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ABSTRACT

Méniere's disease affects 1 in 1000 people and ymesl vertigo and hearing loss
(Morrison, 1981). Endolymphatic sac decompressias been advocated on the basis
that endolymphatic hydrops is the underlying paiggl The endolymphatic sac is said
to be the terminal dilatation of the membranousydabh. It has been proposed that
endolymph flows from the semicircular canals andhtea to the endolymphatic sac.

Portman (1927) devised a procedure for ‘decomprgsshe endolymphatic sac by

removal of the bone from the posterior cranial éossrelieve the symptoms of Méniére’s

disease. Surgery on the endolymphatic sac rencaimtsoversial.

Shea (1979) and Bagger-Sjobéack et al (1990, 19833 ktudied the endolymphatic sac
using different techniques. There are discrepanaiethe results between the two

studies.

The hypothesis that the endolymphatic sac can fedysapproached and decompressed
by a transmastoid route was tested. A total atébn cadaver heads and ten isolated
temporal bones were used. A series of dissectiogi® performed to examine the

endolymphatic sac, perform measurements and analyggcal approaches to the sac.

Histological and electron microscopic study wergqgrened.

The lumen of the endolymphatic sac was not alwalshtifiable in the dura of the

posterior cranial fossa or it frequently lay ovee tsigmoid sinus. In the dura of the
posterior cranial fossa where the endolymphaticisdocated was a thickening of the
dura. This thickening was present even in the rafsef the endolymphatic sac. The
endolymphatic sac can be safely approached bynamrastoid approach, if there is an
extraosseous component to the endolymphatic she.pfoximal endolymphatic sac can

be approached by posterior cranial fossa route.
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FOREWORD

Since | was a second year medical student studgimgfomy at the University of
Glasgow | have always had an interest in head auk mnatomy. As my career
progressed | developed a keen interest in Ear, Biodel'hroat surgery. After graduating
and completing my house officer year | had the ueaigpportunity to return to the
University and demonstrate in Anatomy. It was hinat | was able to embark on a
course of study. Initially | began with a projstidying the temporal bone. This quickly
flourished into a formal research project and timta this PhD thesis. With a particular
interest in the temporal bone | met with Mr O'Rgitonsultant neuro-otologist. We felt
that looking at the endolymphatic sac could provideher scientific evidence in the
debate over the role of surgery on the sac and &fiésidisease.

My research led me to the Massachusetts Eye andnhitanary in Boston where | had

the privilege of examining the temporal bone cditet founded by Harold Schuknecht.
| was given the opportunity of presenting some gfwork at the British Association of

Clinical Anatomists meeting where | was awarded@oerad Lewin Prize. This thesis
which was begun whilst | was demonstrating in amgtavas completed when | was
working as a senior house officer in ENT, havinggsal my Intercollegiate Membership
of the Royal College of Surgeons and completed msiBSurgical Training.

| hope to demonstrate the reasons why surgery@sab may or may not be of benefit in
the management of Méniére’s disease. Ultimat&gnt to show that careful analysis of
the sac and patient selection may theoreticallyravg outcomes in endolymphatic sac

decompression surgery.

This work has been presented in part at the Sho@i®laryngological Society and the
British Association of Clinical Anatomists and wtve Conrad Lewin Prize. It has been
published as an abstract in Clinical Anatomy: LOCKichard R., SHAW-DUNN, John,
O'REILLY, Brian. Clinical Anatomy 17; 5, 444 Anatomy of surgical access to the

endolymphatic sac for the management of Méniére’s iBease



PREFACE

Méniere’s disease was first described in 1861 bgsper Méniére and consists of
tinnitus, progressive sensorineural hearing lossiatermittent vertigo. Méniére was the
first to propose the ear as a source of these $ynmgpas opposed to the central nervous

system.

It is commonly believed that patients with Méniéredisease have endolymphatic
hydrops, a dilatation of the membranous labyrinthis thought that increased volume
within the endolymph compartment results in tingitand sensorineural hearing loss,
with typical resolution when an area of the membrtanlabyrinth ruptures allowing the

endolymh to mix with surrounding perilymph. Thermal membranous labyrinth has a
dilated blind ending projection that extends outhaf petrous temporal bone into the dura
of the posterior cranial fossa called the endolyatighsac (Hall-Craggs, 1993).

Surgical treatment of Méniére’s disease can incliemmpression of the endolymphatic
sac in cases unresponsive to medical managemehereTis great debate as to the
structure and function of the endolymphatic sac #mel surgery of decompression
(Thomsen et al, 1981). Surgery of the endolymphsé#ic is designed to relieve the
symptoms of hydrops by decompressing the endolytigpbac and thereby decompress
the endolymphatic compartment. Portmann (1927 crde=d the first procedure to

decompress the endolymphatic sac via a transmaapicbach; this remains the standard

approach to decompress the endolymphatic sacdal&yi.

| hope to test the following hypotheses:
1. The endolymphatic sac is a simple sac like sirecwith a readily
identifiable lumen
2. The endolymphatic sac is constant in size amdways identifiable in the
dura of the posterior cranial fossa
The transmastoid approach is without hazardimamanding structures
The endolymphatic sac can be satisfactorily dgxressed via a

transmastoid approach.
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Introduction

16



The one thing that is clear about the inner eaha there is a lot which is unclear.
Debate about the structure of the ear dates batketovery first anatomists and their
descriptions. Bartholomeas Eustachio (1520-157dhemently criticised Vesalius’
description of the organ of hearing, going so fart@ say that Vesalius’ entire work

“failed to contain a shred of truth” (Lustis et £998).

There has also been much debate on the aetiolaggnanagement of diseases of the ear.
In 1837, Joseph Toynebee after hearing one ofésekmown “aurists” of the time, John
Harrison Curtis, speak to the Medical Society imélon vowed to “rescue aural surgery
from the hands of quacks.” He believed that adegdesection of temporal bones from
patients with known inner ear disease would be iredquto create a strategy for the

management of ear disease (Baloh, 2000).

THE EAR
The ear contains the peripheral auditory and velstitapparatus. The ear can be divided

into three parts, the external ear, the middleaedrthe inner ear.

Cartilage of o
auricle
Anlercr semicircular duct
Head of
Auricla

I
Stapes MU \\‘

Facial nerve |
|

Tympanic membrang

Tensor tyrnpani

Internal canobid
artery,

- External
aooushc
meahus

Pharyngotyrmganic fube
T Carflaginous

part of meatus

T Qsssous
part of meatus

Lobule af
auricla

Tyrrgani; plabs
M Facial nerve .
Styloid process ¢ Masloid process

@ Elsevier Lid 2005, Standring: Gray's Anatomy 39
Figure 1: Diagram of the external, middle anakeinear
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In figure 1, the external ear can be seen sepafeigdthe middle ear by the tympanic
membrane. The middle ear in turn is separated ftwninner ear by a bony patrtition,
which has two windows, with the oval window beirayered by the stapes. The external
ear is formed by the auricle and external auditogatus which has cartilaginous and
bony components. Each ear acts as a distancetoedep the collection, conduction,

modification, amplification and analysis of complaves of sound reaching them.

The external ear is concerned with directing sotmeards the middle ear. The middle
ear contains the auditory ossicles: malleus, inamsl stapes. The middle ear
communicates with the pharynx by the Eustachiaaryigotympanic, tube. The internal
carotid artery passes through the temporal bopearimity to the inner ear structures.

Due to the structure, human ears are extremelyits@ns$o alterations in frequency,
intensity and phase of sound and can locate theesdluboth ears are used. The normal
adult ear is capable of hearing sound frequenciethe range of 20 to 20000 Hertz
(cycles per second) and is most sensitive to soumtise range of 1500 to 3000 Hertz
(Fletcher et al, 1933). The middle and inner earwithin the petrous part of the

temporal bone.

TEMPORAL BONE

Temporal is derived from the Latin temporalis, orading from tempus, tempor,
meaning time (Oxford dictionary of English, 1995)he hair on the temporal region is
the first to turn white, and therefore the underybone was named the temporal bone, to

mark the passage of time (Oxford English Dictionary

The following description can be obtained fromansfard anatomical text such as Gray’s
Anatomy (Standring et al, 2004). The temporal baoaesists of four fused parts,

squamous part, petrous part, tympanic plate arldidtgrocess, and it forms part of the
lateral wall and base of the skull. Anteriorly tkguamous part articulates with the

parietal bone and greater wing of the sphenoidmm fpart of the pterion. The zygomatic
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process of the temporal bone articulates with §gomatic bone anteriorly. Posteriorly
and medially the temporal bone articulates with ¢leeipital bone. The apex of the
petrous part marks the boundary from the middléh&o posterior cranial fossa and the
tentorium cerebelli attaches to the superior boadé¢he petrous border running medially

until the posterior clinoid process.

The ‘Petrous’ part of the temporal bone is deriftean the Greek, petra meaning rock
and pertaining to the density of the bone surrougdie inner ear. The petrous bone lies
in the skull base; it is pyramidal in shape antinsted posteriorly by the occipital bone
and anteriorly by the sphenoid bone. The apexirsciéd anteromedially, pointing
towards the posterior clinoid processes. The emtsurface lies posterolateral to the
apex and forms the posterior wall of the middlen@bkfossa, the posterior wall forms
part of the anterior wall of the posterior cranfaksa. The petrous temporal bone

contains the tympanic cavity and the inner ear.

THE MIDDLE EAR

The middle ear is formed by two connecting cavjtifee mastoid cavity and the
tympanic cavity. The tympanic cavity contains tdssicles and two muscles attached to
them, tensor tympani and stapedius. The middléageditates the amplification of sound
waves and acts as an impedance match betweenrtbé thie outside and middle ear
cavity and the fluid cavities of the inner ear. o the small size of the inner tympanic
membrane, the oval window compared to the siz@@buter tympanic membrane, there
is an increase in the pressure by fifteen to twéintgs. Sound wave vibrations may also
be suppressed within the middle ear by the contractf stapedius or tensor tympani, to
protect the delicate inner ear structures. Thedtaeidar is connected to the nasopharynx
by the Eustachian tube. The basal turn of theleaglpart of the inner ear, protrudes into

the middle ear forming the promontory.
THE INNER EAR

The inner ear contains the sense organs of heanddgalance. Within the inner ear the

cochlea is concerned with the conversion of souraVewvibrations into electrical
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impulses which are then conducted along the coclde@sion of the vestibulocochlear
nerve. The semicircular canals are concerned théltonversion of angular acceleration
into electrical impulses which are carried along thestibular component of the
vestibulocochlear nerve along with the impulsesnfitie saccule and utricle which are

concerned with the detection of linear acceleragiond gravity.

THE LABYRINTH

Due to the complexity of the structure the inner isareferred to as the labyrinth, the
bony labyrinth and the membranous labyrinth. Latifiris derived from the Greek
laburinthos meaning a complicated irregular netwofkpassages or paths (Oxford
Dictionary of English, 2005

THE BONY LABYRINTH

The description of both the bony and membranougrilaihns are taken from a standard
anatomical text, Grays Anatomy (Standring et alp5)0and a specialised text on
temporal bone anatomy, Anatomy of the Temporal Buwi# Surgical Implications
(Schuknecht et al, 1986). The bony labyrinth isesies of cavities found within the
petrous part of the temporal bone and the membgatadoyrinth is a series of ducts and
sacs found within the bony labyrinth. The threetpaf the bony labyrinth are the
vestibule, the semicircular canals and the cochld#e vestibule is situated medial to the
tympanic cavity with the semicircular canals am#dyi and the cochlea posteriorly.

There are three semicircular canals, lateral piostand superior.

The bony labyrinth is lined by periosteum and ayv#nn serous membrane which
secretes a fluid called perilymph. This membramaioues along with the cochlear vein

along the cochlear duct to communicate with theasathnoid space.

THE MEMBRANOUS LABYRINTH
Within the bony labyrinth is the membranous labyriavhich follows the same general
arrangement as the bony labyrinth, with the exoeptf the vestibule where the utricle

and saccule are present. The membranous labyigntilled with a fluid called
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endolymph which does not communicate with the penih. The membranous labyrinth

is held in place by membranous bands which spapdhlmph from the bony wall.

colrama Ampulla of anterior
- samicinzular duct

Proglior
samicircular
duct

Hamuhiz

Ampuls of latersl
semicirular duct

Cochionr
duct Lateral sami-
circular duct
Vaethule
Ovel window
_ A
Endotymphaiic duct b ) Utriculosaroular duct Ampulla of posterior
Endolymphatic sec NG samiciroular duct

@ Elsevier Lid 2003, Standring: Gray's Anatomy 39e

Figure 5, Diagram of the membranous labyrinth

Figure 5 shows the saccule, which lies in the spakerecess of the vestibule. It receives
innervation form the vestibular nerve, and commai@s with the cochlear duct by the
ductus reuniens of Hensen. The endolymphatic duaiso given off which is joined by

the utriculosaccular duct from the utricle. Thel@ymphatic duct then continues in the
vestibular aqueduct to end in a blind sac calledeghdolymphatic sac on the posterior

wall of the petrous bone.

The utricle is larger than the saccule and liedgrasly in the vestibule. It is oblong in
shape; the part which lies in the elliptical recetthe vestibule has a thicker lining and
receives nerve fibres from the vestibular nervehe Ttricle communicates with the

semicircular ducts by five openings.
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The semicircular ducts are on average about onetegyuaf the diameter of the
semicircular canals and are eccentrically placdadiwthe bony canal. In the ampulla of
the semicircular canals lies the transverse septumvhich the final divisions of the

vestibular nerve innervating the canals end.

Within the cochlea the membranous labyrinth forims ¢ochlear duct which lies upon
the spiral osseous lamina and basal membrane andfesd by the vestibular membrane
which spans from the periosteum of the spiral lartim the bony wall. The cochlear
duct, scala media, is eccentrically located anémdses a triangle with the outer wall
formed by a thickened layer of periosteum. Thiskitned periosteum is called the spiral
ligament and superiorly it contains vascular loapd is called the stria vascularis. The
cochlear duct is closed at the apex and commusiedta the saccule proximally.

ANATOMY OF THE ENDOLYMPHATIC DUCT AND SAC

Within the bony vestibule, on the anteroinferior llwaf the utricle, part of the
membranous labyrinth, is a structure referred tosbgne as the utricoendolymphatic
valve. This valve separates the embryological pdesior, (saccule and cochlea) from
the pars superior, utricle and semicircular canal$e valve is formed by an inward
projection of the wall of the utricle, thickened flrm a rigid lip which is resistant to
movement and presses against the junction of fleeion wall and the utricular duct. It
has been theorised that when endolymph presstrghighe flexible wall is pushed away
from this more resistant lip and the valve opemswahg endolymph to flow from the
utricle into the utricular duct. When pressurdow the wall presses against the lip and
the valve is closed. The utricular duct joins wille endolymphatic duct, which arises
from the saccule, the endolymphatic sinus, a ditatain the wall occurs distal to this
union (Schuknecht et al, 1975).

The sinus is located in a depression on the posterall of the vestibule. The sinus
narrows and forms the endolymphatic duct as itrenteo the vestibular aqueduct of the
petrous bone. Within 2Imm of the vestibular orifibe duct narrows to form the isthmus

of the endolymphatic duct which at 0.3mm in diametethe narrowest part. The
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endolymphatic duct continues in a posterior dimgtthen it bends to pursue a lateral and
inferior course within the bony vestibular aquedu€he arterial supply of the vestibular

agueduct and its contents is from a branch of dstgpior meningeal artery and a branch
of the internal auditory artery. The venous drg;a& through the vestibular agueduct
vein. Within the petrous bone the vestibular agué@nlarges to house the part of the

endolymphatic sac (Schuknecht et al, 1986).

The endolymphatic sac is said to be located pauritlgin the petrous bone covered by a
scale of bone called the operculum and partly withie layers of dura in the posterior
cranial fossa. The sac lies on the posterior sartd the petrous bone in a depression on
the surface called the foveate impression. Thikaested about 10mm lateral to the
internal auditory meatus and 10mm inferior to thpesior petrosal sulcus. The sac can
be divided up several ways, e.g. into subostealimtnadural sections. The length of the
intradural portion is variable and depends on tgrele of pneumatization of the petrous
bone. A short intradural and long subosteal sectmuld be associated with rich
pneumatization. A diagram of the endolymphatictcand sac in relation to the other

parts of the membranous labyrinth can be seemyurdio6.

Semicircul lar Ducts

Superior Utricular Duct

Common Ampullae
Crus

J . Reuniens
3 A A
5 Ampulla
'5' Cul-de-sac of
. Cochlear Duct
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Endolymphatic Duct Sinus of Endolymphatic Duct

Fig 6: Diagram of the membranous labyrinth witlhl@ymphatic sac

From Anatomy of the Temporal Bone with Surgical limgitions, Schuknecht, 1986
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The anatomical structure and variability of the ladadolymphatic sack has been studied
by Shea et al (1979) and Bagger-Sjoback et al (199hea used a method of injecting
the endolymphatic compartment with dye and thenfopming a decompression
procedure, Bagger-Sjoéback et al used 3D recongirucmf specimens processed
histologicaly. The results from the two methodsndb correlate. It also revealed that the
distal portion is separated into tubules runninggltudinally and which do not reunite at
the termination of the sac. The sac was fusifoneh the extraosseous portion was three

times the volume of the intraosseous portion.

Studies have shown that there is great varialilitthe size of the whole endolymphatic
sac. This is not random, because there is a etioelbetween the size of the vestibular
agueduct and the size of the sac, for example 8 gmaeter aqueduct was associated

with a smaller sac (Danckwardt-Lilliestrom, 2000).

As surgery on the endolymphatic sac is normallygoered on the extraosseous portion,
it is also worth noting the great variability iretisize of this particular portion. In some
there may be no extraosseous portion or that payt consist of multiple microscopic
tubules which would not be identifiable at surgéBagger-Sjobéack, 1993). It has also
been shown that, the distal portion of the endolyatic sac, although it may be large in
size may not have any discernable confluent ar¢laimit and that it may also overlap

the sigmoid sinus (Friberg et al, 1988).

From a mastoidectomy approach it has been suggtstethe endolymphatic sac lies on
a line which is projected from the lateral semigiac canal and bisects the posterior
semicircular canal (Shambaugh, 1966). The enddiatip sac can be visualised in
Trautmann’s triangle using the dome of the horiabsemicircular canal, the medial
edge of the sigmoid sinus and the short procegheofncus as identifiable landmarks,
without the need to ‘blue line’ the posterior seimaular canal which would increases the

risk of postoperative hearing loss (Shea et al91L97
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PARAVESTIBULAR CANALICULI

There are normally two paravestibular canaliculiickhaccompany the vestibular

aqueduct and the endolymphatic duct. The courdenamber are variable with many

studies giving varied results. The larger of theo toriginates at the vestibule,

superomedial to the aperture of the vestibular dgcte It follows a path terminating at

the surface of the petrous bone inferior the valibaqueduct. It contains a small artery
and the vein of the vestibular aqueduct, and it poaty with the vestibular aqueduct

(Ogura, 1971, Stahle et al, 1974).

HISTOLOGY AND ULTRASTRUCTURE OF THE ENDOLYMPHATIC S AC

The endolymphatic sac can be divided into threepmaogically distinct regions in
mammals, the proximal portion (pars proximalis)dieg on to the rugose region (pars
intermedius) and then expanding into the distal (pacs distalis). In humans the pars
proximalis and pars intermedius are contained witiie temporal bone and the pars
distalis is the intradural portion. The pars proalis is the section between the isthmus
of the endolymphatic duct and the rugose part @fstc (Bagger-Sjoback, 1993).

The epithelium is simple in nature, ranging fronuagous, through cuboidal to low
columnar. The epithelium is thrown into folds wiplolypoid projections and tubular
formations. There are mitochondria rich cells wigiint cytoplasm, and microvilli on the
cell surface. Schindler (1980) describes two majoithelial cell types. Type | cells
have an ovoid nucleus which is pale. Cytoplasniegairom pale to dark. There is an
ordered arrangement of microfilaments which appearise from the basal region of the
nuclear envelope and extend into the basilar imiglsl of the cell membrane. There is
both smooth and rough endoplasmic reticulum, mestmment in the apex near the
Golgi apparatus. These cells contain many membsanad inclusions and
mitochondria are seen in the region of the golgpasptus and along the plasma
membrane between adjacent cells. This suggeséstare role for these cells, perhaps
secretory. Type Il cells have smaller irregulagest nuclei, without nucleolus. The cells

have fewer microvilli extensions into the sac lumemd there is no well developed
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microfilament network. The cytoplasm is often dark Type | cells make up 80% of the

epithelium of the rugose portion and Type Il cefiake up 20% of the epithelium.

Beneath the basement membrane lies a loose-atgpkarconnective tissue containing
macrophages, fibroblasts and occasional smooth lengstls. It also contains a rich
capillary network which extends into the rugoseoidiings. In the distal section the
connective tissue is denser with prominent colladgaments and less extensive capillary
network. (Schindler, 1980)

BLOOD SUPPLY TO THE LABYRINTH

The petrous temporal bone encases the internatidaadery as it passes through the
carotid canal to gain access to the cranial caviyeinternal carotid artery arises from
the common carotid artery and passes up the neekalao the pharynx to enter the
carotid canal in the temporal bone. The carotitht#s lined by an extremely thin layer
of bone and it is possible for aneurysms of thergrio invade the middle ear resulting in
a pulsatile mass in the middle ear with possibleatile tinnitus (Rhoton, 2000, Dhillon
et al, 1999).

The arterial supply is important in consideringedise in the ear but also extremely
important when considering otological surgery. Tlaege arteries which provide
branches for the temporal bone and its containetttstres are the maxillary artery and
the anterior inferior cerebellar artery which ibranch of théasilar artery (Schuknecht
et al, 1986).

The anterior inferior cerebellar artery gives offiranch which forms a loop adjacent to
the internal auditory meatus. Occasionally thigplas formed from a branch of the
accessory anterior inferior cerebellar artery orstpoor inferior cerebellar artery.
Occasionally the middle meningeal artery or acagssoeningeal arteries enter the
temporal bone (Rhoton, 2000).
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The main vessel supplying the membranous labyristlthe labyrinthine artery, a
branch of the anterior inferior cerebellar artettyict arises from the basilar artery. The
labyrinthine artery arises within the cranial cg\and provides a supply to the dura lining
the internal auditory canal and the bone surroupdie canal. It divides to form the
common cochlear artery and the anterior vestibatery. The common cochlear artery
then divides to form the main cochlear artery, \WWhsapplies the upper three quarters of
the modiolus and cochlea, and the vestibulococlddary. The vestibulocochlear artery
in turn divides to form the posterior vestibulateay and the cochlear ramus, which
supplies the remainder of the cochlea and modiollibe posterior vestibular artery,
along with the anterior vestibular artery, suppliles utricle, the saccule and the three

semicircular canals (Axlesson, 1968).

VENOUS DRAINAGE OF THE LABYRINTH

The anterior vestibular vein drains the ampullag¢hef superior and lateral semicircular
canals and the utricle. The posterior vestibukin\drains the ampulla of the posterior
canal, the saccule and the inferior end of the leach The anterior and posterior
vestibular veins join with the vein of the roundndow forming the vestibulocochlear
vein. The cochlea is drained by the anterior aostgyior spiral veins, which unite to
form the common modiolar vein. There are shuntsvéen the anterior and posterior
spiral veins. The common modiolar vein and thdilvakcochlear vein join to form the

inferior cochlear vein which drains into the interpetrosal sinus (Standring et al, 2004).

The veins of the membranous semicircular canals fmvards the non-ampulated end,
and join to form the vein of the vestibular aqueaduthe vestibular aqueduct vein drains
into the lateral venous sinus. It reaches thipagsing along the vestibular aqueduct or

one of the paravestibular canaliculi (Orgura, 1971)

FUNCTION OF THE MEMBRANOUS LABYRINTH
Sound waves crossing the cochlear duct cause thammnt membrane to vibrate, and
vibrations occur at different points on the memlerdepending on the frequency. As the

basement membrane is displaced the hair cells tdigtiscas they are also fixed by the
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tectorial membrane. The result is electrical inspsl produced at specific areas within
the cochlea depending on specific frequencies ohdo Sound can be distinguished by
the brain as noise, without repeating pattern, osioal, with repeating pattern (Fletcher,
1938).

The organ of Corti within the cochlea contains ltla@ cells, arranged into a row of inner
hair cells and three rows of outer hair cells. HEemer hair cell has between 20 and 50
stereocilia projecting into the tectorial membranglovement of the stereocilia opens
transduction ion channels allowing entry of potassand calcium ions and generating a
transduction current. This then causes the relehseurotransmitters from the base of
the hair cell which stimulates the cochlear ner¥ée transduction channels are partially
open in the resting position, generating spontasemtivity in the auditory nerve. The

frequency of movement of the stereocilia is matdethe frequency of the initial sound

stimulus (Raphael, 2003).

Also contained within the inner ear are the thremiscircular canals and two otoliths,
concerned with balance and the detection of anguidrlinear acceleration. The organs
of balance are responsible for the conversion ofement into electrical impulses which
are conducted along the vestibular component ofélséibulocochlear nerve. Input from

the semicircular canals is required for balance.

The semicircular canals function by moving with tiead as they are fixed in bone. The
fluid contained within the canals will move relatito the fixed canal. Due to the inertia
of the fluid, this movement of the fluid relative the bone is measurable and interpreted
by the brain as acceleration or deceleration. Hdalls on the ampullary crest have
stereocilia which project into the cupula. Movemen the endolymph deflects the
cupula therefore stimulating the hair cells which turn send impulses along the
vestibular nerve. Depending on the direction & bHair cell movement, the cells are
either stimulated or inhibited (Pasha, 1993).
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The three main functions of the vestibular apparaie to maintain the direction of eye
gaze during movements of the head, to help mainipnight posture, and to provide

awareness of position and acceleration of the boslynormal input from the vestibular

apparatus can result in nystagmus, vertigo and dsenapanied with nausea (Pasha,
1993).

ENDOLYMPH PRODUCTION AND CIRCULATION

The endolymph which fills the membranous labyrirgtproduced by the marginal cells
of the stria vascularis in the cochlea. The daksoof the cristae and maculae share
many similarities to the marginal cells of the atviascularis. Endolymph is reabsorbed
within the endolymphatic sac, the nonsensory corapbof the membranous inner ear.
Endolymph is a unique extracellular fluid due ® itinic composition. Endolymph has
low sodium content and high potassium content.thia respect endolymph resembles
intracellular fluid in ionic composition. Recenbgervations have shown multiple
possible control mechanisms for endolymph produactstrial marginal cells may be
stimulated by beta 1 adrenergic receptors and itelcitby M3 and / or M4 muscarinic

receptors (Wangemann, 2002).

Endolymph is maintained within the cochlea andl@grinth at a resting potential by the
cycling of potassium ions, creating an ionic gratlieThis charge is essential for sensory
cell transduction. There is a cycle in which tléggsium ions are transported across the
cells in the stria vascularis of the cochlea, tmantaining endolymphatic potential and
creating endolymph. Potassium ions enter into bells by an apical transduction
channel, opened when the stereocilia on the hlimnme/e. The potassium ions are then
released into the perilymph by basolateral channélstassium ions are released from
intermediate cells into the interstitial space wachannel and thus generating the
endocochlear potential. Potassium ions are thentap by the strial marginal cells and
then finally secreted by apical transporters iti® ¢ndolymph completing the cycle. A
similar cycle exists in the vestibular labyrinthlutations of the potassium ion transporter

genes can result in deafness in humans. (Wangera@ah)
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It has been shown in studies that normally thereoigneasurable flow of endolymph
within the membranous labyrinth and that a smd@h(?) increase in volume results in no
overall flow. This would suggest that in the nolrstate, endolymph is maintained
without significant volume flow. However a largacrease in volume has been shown to
result in longitudinal flow of endolymph towardsetendolymphatic duct and sac (Salt,
1995, 1997). It has also been shown that if thehlear fluid volume is reduced, there is
flow of endolymph from the endolymphatic sac aldhg endolymphatic duct towards
the cochlea. Salt (1995) therefore postulatedttiteendolymphatic sac may have a role
in endolymph production as well as resorption. Bethdies show (however) small

volume changes in endolymph are compensated faliyoc

It is generally believed that endolymph flows, whbka volume is increased, towards the
endolymphatic duct and sac where it is reabsortsegamt of inner ear homeostasis
(Guild, 1927). Studies have shown that obstructidrthe absorptive ability of the
endolymphatic duct and sac, for example by obstmcof the endolymphatic duct,

results in endolymphatic hydrops (Lohuis et al, 999

Further support to the possible secretory role haf €ndolymphatic sac comes from
animal studies which have shown that endolymphattume changes results in
morphological changes. Increasing the volume wtlfin the endolymphatic sac results
in a decrease in the stainable homogenous subgtsetcean be seen within the lumen of
the sac. Decreasing the endolymphatic fluid voluresults in an increase in the
homogenous substance. Macrophages and the epithefithe sac have been implicated
in the process of removal of homogenous substantbiese results show that the
endolymph volume may be regulated by active semretind resorption of a lumen

expanding substance within the sac (Rask-Andersal) £999).

It has also been shown in animal studies that irmab ears the endolymph and
endocochlear potential are insensitive to volun@eases in the scala tympani but are
sensitive to volume increases in the scala vestifiiie authors concluded that as a result

endolymphatic pressure or movements would not lbectad by cerebrospinal fluid
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pressure, which would be transmitted to the soatgpani along the cochlear aqueduct
(Salt 1998). However Konradsson et al using tyngarembrane displacement showed
that conduction of pressure from cerebrospinalfiiw perilymph was more marked in
diseased ears of patients with Méniére’s disedbey speculated that this may be part of
the pathogenesis of Méniere’s disease and thatbrom@nal fluid pressure and
perilymphatic pressure affect endolymphatic pressamd movement (Konradsso et al,
2000).

FUNCTION OF THE ENDOLYMPHATIC SAC

The endolymphatic sac is thought to have a rolendolymphatic volume control and
(possible) pressure regulation. There are stractand physiological mechanisms
described along with theories for endolymph promuctand absorption by the sac.
Wackym et al (1987) postulated possible mechanisipressure regulation by the
endolymphatic sac. These theories were deriveth fedectron microscopy of the

epithelium and structure of the endolymphatic sac.

First was pressure regulation by endolymph resompt passive transcellular movement
of water across the epithelium, and an active telhdar ion exchange and an active
transcellular vacuolar bulk endolymph outflow. $hemechanisms may regulate
endolymphatic pressure by resorbing endolymph andelding the volume in the

endolymphatic compartment.

Secondly pressure regulation by mechanical facttre, sharp angle between the
endolymphatic duct and the endolymphatic sac magvgnt sudden backflow of
endolymph, produced for example by an increasadrdinial pressure. The elasticity of
the sac may be to accommodate transient increasesdolymphatic volume and thus
prevent the pressure becoming too high. Schuknealso described the
utriculoendolymphatic valve which is thought to ntain endolymphatic volume within
the cochlear and semicircular ducts and allow gmdph to flow into the endolymphatic

duct and sac when the pressure rises (Schukneahtl&75).
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Third, it may regulate pressure by secretory meishasy within the smaller tubules a
homogenous substance was found and identifiedaieqgiycans with a high affinity for

water. Secretion of this homogenous material theolumen of the endolymphatic sac
would attract water and thus increase endolymphatluome. By the same principle,
absorption of this material would reduce the watentent and thus volume of the

endolymphatic compartment (Wackym et al, 1987).

There is evidence for possible local control medrana for endolymph haemostasis.
Specific atrial natriuretic peptide receptors hbeen identified within the endolymphatic

sac, with a predominance of the ANP-B receptor k#isc It has been postulated that
inner ear fluid homeostasis could be regulated bgcally effective paracrine system

involving the ANP system, analogous to other orggstems of the body. It would

involve either endolymph production in the strisaalaris or endolymph absorption by
the endolymphatic sac. (Dornhoffer et al, 200Extracts of endolymphatic sacs when
infused intravenously into live rats has been shaavproduce a natriuretic response.
The active substance has been named saccin (Qv01909).

Along with the function of inner ear fluid homecsitg there is also evidence to suggest
an immunological role of the endolymphatic sac.i &ual (1989) found lymphocytes,
mainly T suppressor / cytotoxic cells, lymphocytaad plasma cells within the
endolymphatic sacs of patients with acoustic tumdyrimmunohistochemical means. It
has been shown that after exposure of the nasaphdoyinfection, specific antigen-
sensitised memory cells can be located within theolymphatic sac. The route by
which they get to the endolymphatic sac is not kmowo antigen could be detected in the
Eustachian tube or middle ear. It is speculatatidfter exposure to antigens or infection
in the nasopharynx, systemic memory cells fromcdvwical lymph nodes circulate to the

endolymphatic sac via the bloodstream or lymphdsddek et al, 1998).
EVOLUTION OF THE EAR

The ear is essentially a mechano-electric transdtmeonvert movement into electrical

stimuli that can be conducted along nerve tissaregxample converting the vibrations of
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sound into electrical impulses in the cochlea nemd conversion of movement of the
head into electrical impulses in the vestibularveer The rest of the ear and its
development are concerned with conveying the mom¢wfethe head (angular and linear
acceleration) towards the transducing hair cellee energy of movement is transferred
from movements of the head through the fixed temiplbone, and sound vibrations are
conveyed from the outer, through the middle, and ihe inner ear. The evolution of the
ear can be looked at in many ways. For exampéeetolution of the anatomy of the ear,
and how the movement detectors or semicircular Isanafish have evolved into the
semicircular canals in man. Another eample is hlag cell structure and how it
compares between simple invertebrates and mamnidigdly at the molecular level,
examining the genes that form the ear, and loolsiioilarities and how and when new
genes have been added and where they may haveabedifrom.

A study of the development of the ear in differspécies, vertebrates and invertebrates
may give an understanding of how it has evolvedr dhe past 600 million years.
Fritzsch and Beisel (2001) presented the three megpects of inner ear evolution as:
development and evolution of vertebrate hair cellsyelopment and evolution of the

innervation of ear and development and evolutiothefinner ear morphology.

Parameciumputrinum, a slipper shaped ciliate which is found in oxyated aquatic
environments feeding near vegetative matter, is tlbbalance within water by the use of
hairs immersed in liquid. The first ear may haewaloped in the coelenterates, some
900 million years ago, and is manifest today as dtaocyst in the jellyfish. The
statocyst is a cystic organ at the base of thetded, containing a statolith, small stone
(Taylor, 1969).

The human ear is likely to have originated fromttlo& the fish with increasing
complexity and the transition from water to landl air. Along the sides of fish are the
lateral line organs, a series of pits called neasis formed by pits, cups and ampullae

and innervated by the seventh, ninth and tenthiarawerves. The semicircular canals
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developed form the head section of the lateral éirgans. The cochlear duct is thought

to have developed from the lagena on the floohefdaccule (Taylor, 1969).

As the lateral line organ is bathed in sea watdrthe movement of the water is detected
and correlates to the movement of the fish, the delis of the inner ear are fixed by the
surrounding bony structure and bathed in endolympith moves relative to the rest of

the body allowing detection of motion.

The composition of endolymph is a unique extrataluluid. Figure 7 allows
comparison the perilymphatic fluid within the scakstibule and the scala tympani with

endolymph and cerebrospinal fluid.
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Figure 7: Graphical representation of extracafifiuid salt concentrations

From Washington University, Cochlea Fluid Lab

When sea water is examined the percentage weiglsodium is 30.8%, chloride is

55.3% and potassium is 1.1%. This is similar imposition to that of endolymph.
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There are similarities at the cellular and moleculavel between invertebrate
mechanosensory systems and the vertebrate inndra@gacell system. To create the
receptor potential of hair cells, they are bathadpotassium rich endolymph. A
discontinuous potassium ion gradient is maintaingdhe presence of tight junctions in

the auditory and vestibular organs in Drosophila.

The increasing complexity of the vertebrate innar through species is apparent. The
formation of the horizontal canal in ratfish coatels with the expression the Otx gene
which is absent in the more primitive lamprey whits only two semicircular canals.
Conservation of developmental regulatory genes esstgdhomology between a subset of
invertebrate mechanosensory neurones with vertebnair cells. Constraints are
imposed by certain genes, impairing further evohary divergence; one example may

be the common bilateral mechano-electric transdusystem.

Webster (1966) describes greater morphologicalrsiityein the external ear than in the
middle ear and the least in the inner ear, refigctievelopmental stresses. He noted that
the semicircular canal system with the utricle @adcule are found in all vertebrates.
The middle ear with the tympanic membrane and essare only found in tetrapods and

the pinna is found only in mammals.

DEVELOPMENT OF THE EAR

The human inner ear is a complex structure, withhymalentifiable stages in its
development. The general principles are outlimedtandard textbooks (Larsen 2001,
Strandring et al, 2004)

The external and middle ear develop form structofethe first and second pharyngeal
arches and the first pharyngeal cleft and pouche first pharyngeal pouch gives rise to
tubotympanic recess which then differentiates inh® tympanic cavity and the

Eustachian tube. The three ossicles are formed fhe cartilage of the first and second

pharyngeal arches. The pinna forms from six alarduillocks on the opposing edges of
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the first and second pharyngeal arches. Thegharyngeal cleft lengthens to form the
beginning of the external auditory canal. The tgmp membrane develops from the
pharyngeal membrane separating the first pharyngeath and cleft and as such it
contains a surface ectoderm layer, fibrous, mesodayer and an inner endodermal
layer. The membranous labyrinth develops fromdtie placode which forms from the
epidermis. The bony labyrinth develops from cateiion of the mesenchymal

condensation around the membranous labyrinth wioichs the otic capsule.

POSTNATAL DEVELOPMENT OF THE EAR

Postnatal development of the temporal bone is gaedein part with pneumatisation of
the mastoid and temporal bone, i.e. with the amyear of air cell tracts, which are
communicating air filled spaces within the tempdrsahe. The mastoid communicates

with the tympanic cavity which is aerated by meanthe Eustachian tube.

Conditions that affect aeration of the mastoidp adéfect the growth of the temporal

bone. Failure of aeration results in altered ghowt the bone. This is an important
surgical point, in that when operating on ears wittthology there may be abnormal
anatomical arrangements as a result of reducedtere@ pneumatisation. As well as
allowing air flow, these communications may alldve tspread of infection through the
temporal bone. Sometimes accessory regions bepaganatised, via accessory tracts,
these regions are not normally pneumatised. Tles®#s can involve parts of the

temporal bone or adjacent bones, forming zygomatiogamous occipital or styloid air

cells (Schuknecht et al, 1986)

The tracts mark out a path through the temporalebamund most of the important
structures. A description of these tracts candomd in ‘Anatomy of the temporal bone
with surgical implications’ by Schuknecht (1986)The posterosuperior cell tract
extends from the mastoid anteriorly and lateradlyi¢ in the angle of bone between the
posterior and middle cranial fossa. Twsteromedial cell tractextends anteriorly and
medially from the mastoid to lie under the postesarface of the petrous bone. The

perilabyrinthine tracts extend from epitympanic area of the middle earthe

36



supralabyrinthine area and from the hypotymparea @o the infralabyrinthine area. The
peritubal tract extends form the Eustachian tube towards the ap#®rior to the

internal carotid artery. Thsubarcuate cell tractextends from the mastoid anteriorly
and medially towards the apex, passing inferiothi® arc of the superior semicircular

canal.

Studies have shown that the maturation of the gngathatic sac into its definitive adult
form can occur well after birth in some cases, host specimens had an adult form by
one year. It was shown that development to aduthfand growth to adult size are not
correlated (Matthew, 2000).

MENIERE'’S DISEASE FIRST DESCRIBED

Figure 9: Portrait of Prosper Méniere
(Atkinson, 1961)

Prosper Méniére was born in the Loire Valley o' I8ine 1799, 10 years after the
French Revolution. He became a medical studenhetHotel Dieu in Angers and
moved to the sister hospital in Paris. He was dadithe Gold Medal in 1826 and his
Doctorate in 1828. Méniéere worked as a clinicaistant to Dupuytren. In 1848 Méniére
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published his French translation of Kramer's “Treaton Diseases of the Ear’. He
presented his own four papers to the Paris Acadefimyedicine. Méniére died on™6

January 1862 at the age of 62 from pneumonia (gan;i1997).

In his first paper, presented on January 8, 1881Report on Lesions of the Inner Ear
giving rise to Symptoms of Cerebral Congestion pbplectic Type’, Méniere describes
the autopsy findings of a young woman who presectadpletely and suddenly deaf
with severe vertigo. She had travelled by nighvinter, on the box seat of a stagecoach.
At autopsy the semicircular canals of the innerweare found to be filled with a red,
plastic matter, a sort of bloody exudate, a fewdsaof which were found in the vestibule
but did not exist at all in the cochlea. This masulted in the incorrect belief that
haemorrhage into the labyrinth is linked to Ménermisease (Atkinson, 1961, Baloh,
2001). It is here for the first time that sometloé symptoms previously thought to be
only cerebral in origin have been linked to theeinear, although in the case of the young
patient the diagnosis was more likely to be acateyiinthitis or possibly leukaemia
which can cause haemorrhage into the labyrinthéndte stage. Méniére postulated that
the symptoms of vertigo may originate from the mear, and with the evidence of this
woman who had vertigo and pathological findingshe inner ear, he was able to make
the link.

In the first paper Méniere also presents a serfepatients who have a group of
symptoms ‘which are always the same, apparentip®rgiving the impression of an
organic lesion of the most distressing kind, raogrrfrom time to time over weeks,
months, years, then disappearing suddenly andmregeas a result common to them all
the abolition of a special sense.” It is here tRedisper Méniére initially presented the
symptoms of hearing loss, episodic vertigo and pwisatile tinnitus (Atkinson, 1961).
This paper suggested for the first time that dam@agdisease in the inner ear or more
precisely the semi-circular canals and not cerelbmagestion may result in these
symptoms (Baloh, 2001)
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Further evidence that Méniere’'s disease is pritigipa disease of the inner ear, the
labyrinth, and not a disease of the central nergystem lies in the fact that it is cured by
labyrinthectomy or vestibular nerve section. Tisab say in unilateral disease, surgical
destruction of the labyrinth or surgical transectif the vestibular nerve controls the
vertigo. In a study of 126 patients with verti@acek (1996) found that labyrinthectomy

relieved vertigo in 98.8% of cases and vestibugaractomy in 97.8% of cases.

EPIDEMIOLOGY OF MENIERE'’S DISEASE

Méniere’s disease affects 1 in 1000 in the Uniteagom, both sexes equally. The peak
onset of age is between 20 and 50 years. Thesdiggadominantly affects white people.
(Saeed, 1998) Incidence of disease subsequentgtiafy both ears after initial
presentation in one ear is 40% (Morrison, 1981he d@isease can occur in children, with
up to 3% of Méniére’s patients being children (Mdwdf et al, 1978).

SIGNS AND SYMPTOMS
Méniére’s disease is an idiopathic presentatioMéhiére’s syndrome, characterised by
episodic vertigo lasting from (between) minutes himurs, progressive sensorineural

hearing loss, tinnitus and fullness in the ear{8a$993).

The progression of the disease can be categonsedhree generally recognised stages.
In thefirst stage the main symptom is vertigo (the sensation of moset when the body
is stationary), rotatory or rocking and may be agged with nausea or vomiting. There
is no loss of consciousness and attacks which rmaacbompanied by fullness in the ear
last between 20 minutes and several hours. He&ingrmal in remission. Theecond
stagefeatures sensorineural hearing loss which is gssgve with incomplete recovery
between attacks. The hearing loss is initiallyoster frequencies. Ththird stage is
characterised by progressive hearing loss withlmatifation. Deafness occurs and the
vertigo often lessens, alternatively it may conéinurhe patient has difficulty balancing
(Saeed, 1998).
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Prognosis is poor with continuing loss of hearieguiting in disability. Within a few
years, 10% sufferers are crippled in terms of thenmal everyday life. The outlook is

especially bad if the disease is diagnosed in bbdvd (Morrison, 1989).

AETIOLOGY
Many theories for the causes of Méniére's disease tbeen proposed, but the cause
remains obscure. Méniere’'s disease may be the confimal pathway for different

types of inner ear disease or trauma.

Hallpike and Cairns (1938) described endolymphdiydrops in temporal bone
specimens from patients with Méniere’s diseaseomifrent distension of the entire
membranous labyrinth was seen, but it was mostaqunoeced in the saccule with loss of
the perilymphatic space. Hallpike and Cairns presuli that as the saccule had a thinner
wall than the utricle, approximately one third bétthickness, it would be more prone to
damage from volume changes. The inner ear wasaliBalloon containing fluid placed
inside another container with fluid and a fixed walAs the pressure rose within the
endolymph the membranous wall would dilate to anpoiBeyond this point, small
increases in fluid content would result in largegaure changes. They believed that the
tinnitus and vertigo were due to ischaemia of the ergans as a result of the pressure

effects of hydrops within the inner ear.

Endolymphatic hydrops could be the result of exearsdolymph production, decreased
resorption or altered flow. It can be secondaryital infection, syphilis, autoimmune
disease, trauma, congenital abnormalities, andsiganh ischaemic attacks. Altered
glycoprotein metabolism may result in dysregulatadninner ear fluid volume causing
abnormal osmotic pressure and quantative volunferdiices between perilymph and
endolymph resulting in hydrops. Fibrosis of endghhatic duct and sac impairs

endolymph absorption and may result in hydrops ¢Mon, 1981).
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A further suggestion is that when endolymphaticrbpd causes symptoms of Méniere’s
disease it is because of damage to and tears ohehgbranous labyrinth. Membranous
labyrinth distension may cause micro tears whitédmathe endolymph and perilymph to
mix resulting in instant vertigo and some permargarhage to hair cells. The tear then
seems to seal spontaneously after 2-3 hours. fimer iear fluid re-equilibrates with
resolution of vertigo. Repeated ruptures may thesult in progressive sensorineural

hearing loss, this being characteristic of Méngiisease (Baloh, 2001).

Auto antibodies to the endolymphatic sac in casedMéniére’s disease have been
demonstrated. These are associated with a groofulef patients and with more severe
disease (Alleman et al, 1997). COCH5B2 which watein expressed in the vestibular
system and the cochlea has been shown to be at tangjgen in some cases of

sensorineural hearing loss and Méniere’s diseageléBsel et al, 2001).

Calenoff et al (1995) demonstrated IgE specific H8V-1, HSV-2, Epstein Barr virus
and/ or cytomegalovirus in the serum of 9 out oMéniere’s patients and only 4 out of
10 in the control group. They postulated that immaomplex formation between latent
virus in the inner ear and circulating IgE woulduk in chemotactic and vasoactive
substances being released. Vasoactive substanoakl agesult in excessive
intralabyrinthine fluid formation and inflammatocglls recruited would result in gradual

but permanent damage to the inner ear structures.

Some cells of the endolymphatic sac have been showhave possible endocrine
function, secreting a peptide called, “saccin”’hds been postulated that abnormalities of
this role may affect fluid balance within the innear resulting in Méniére’s disease
(Qvortrup, 1996).

Anatomical variants have been shown to be assdciaitdh Méniére’s disease. It has
been shown that the length of external apertutbewestibular aqueduct is significantly
shorter in patients with Méniere’s disease. Therteh the aperture, the more often

hydrops was present (Shea et al, 2000). Hossezhzeial (1998) reported a case of a
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patient with mechanical obstruction of the endolfuaic duct by an anomalous vein of
the vestibular aqueduct; the vein was approximafely to five times the normal

diameter. This obstruction resulted in endolymghaldrops and the symptoms of
Méniére’s disease. This shows how anatomical trans can result in endolymphatic

hydrops.

ULTRASTRUCTURAL CHANGES OF THE ENDOLYMPHATIC SAC IN
MENIERE’S DISEASE

In a study by Schindler (1980) in which biopsiegeviaken from the endolymphatic sac
of patients undergoing drainage procedures, alpdi&s were abnormal. There was
sloughing of the luminal epithelium with thickening the basilar lamina and fibrosis of
the perisaccular connective tissue. The endoptasaticulum appears less extensive
than commonly seen in normal epithelial cells. réh&re gaps between adjacent surface
cells and collagen fibrils lie on the luminal swéaof the sac (Schindler, 1980). Studies
have shown that a dense product can be seen lartten of the sac along with evidence
of merocrine secretion. A deposition of fibroustenl below the epithelium can also be
seen, and appears to be produced by the epithelRenisaccular fibrosis is believed to
be a feature of Méniere’s disease and it is pasghmt it is produced by the epithelium
itself (Birgitta et al, 2001).

DIAGNOSIS

Diagnosis is based primarily on clinical historxaeination and audiological findings,
to exclude other causes of hearing loss and verfide clinical features as discussed are
recurring attacks of vertigo, tinnitus and ipsitatehearing loss. The tinnitus is non-
pulsatile with improvement following attacks (Ma@on, 1981). On pure tone
audiometry, low frequency fluctuating loss is s@etihh a combination of fluctuating low

frequency and non-changing high frequency loss ¢hsan et al, 2001).
INVESTIGATIONS

Electrocochleography is a way of measuring elegitrimpulses within the cochlear or

auditory nerve induced by stimuli. Within 5 miisonds of stimulation an action
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potential (AP) is produced within the auditory reerand the summating potential (SP),
direct endocochlear potential is measured. Endphatic hydrops is indicated by an
abnormal SP/AP ratio (Odabasi et al, 2000). Ebecichleography has been proposed as
an important prognostic test for Méniére’s syndrderedolymphatic hydrops) and is also
of use in determining likely benefit for endolympileasac surgery (Camilleri et al, 2001).
Glycerol acts as an osmotic diuretic which may iower symptoms temporarily in the

presence of hydrops, within 30 — 60 minutes (Marrib981).

IMAGING OF THE ENDOLYMPHATIC SAC

An important part of the management of inner eaease is imaging.Computerised
tomography and magnetic resonance imaging along with three-dimensional
reconstructive techniques allow clinicians to vithe middle and inner ear in very high
detail (Louryan, 1999). Malformations can be degdcas well as pathology such as
pontine angle tumours which may give rise to symmscimilar to those of Méniére’s
disease. In cases of Méniere’s disease, imagingbeauseful in planning surgery and
assessing the results of surgery. There are atime$ between Méniére’'s disease and
imaging and surgical findings of the endolymphaiax. Kobayashi et al showed that
there was a significant correlation between magmegonance imaging (T2 weighted) of
the endolymphatic sac and that seen in surgeryereftwve MRI could detect normal
sized, atrophic or absent endolymphatic sacs (Kaiayet al, 2000).

It is also possible that MRI can be used in diagnot Méniéere’s disease. Research by
Dimitriy et al showed that MRI scanning (T1 weigig) with gadodiamide contrast
enhancement could distinguish the perilymph andomgph and for the first time,
endolymphatic hydrops could be detected by MRIivo {Niyazov et al, 2001).

Imaging also allows the analysis of possible aeti@s of Méniére’'s disease.
Submillimeter MRI scanning of the endolymphatic dirc patients with and without
Méniere’s disease revealed that the endolymphaiit was significantly less frequently

visualised on the affected sides of patients wiinMre’s disease (Bradley et al, 1996).
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VARIANTS

Cochlear hydrops can occur in isolation withouttiger, and vestibular hydrops can
occur without loss of hearing or tinnitus. Delaysdlolymphatic hydrops can occur with
loss of hearing followed by the typical symptomsMéniére’s disease (Schuknecht,
Tsun-Sheng, 2001). ‘Drop attacks’ or ‘otolithigsts of Tumarkin’ are sudden falls due
to otological causes without loss of consciousnelsaracterised by the feeling of being
picked up and then thrown to the ground. Theseirmpmortant to diagnose as this
condition, potentially serious especially in thdezly, can be cured by ablative vestibular
surgery (Ishiyama et al, 2001).

MEDICAL MANAGEMENT

The majority of treatments for Méniere’s diseasihwhe exception of ablative surgical
procedures, do not have a high level of effectigsnend add to the controversy and
debate around this disease (Merchant, 1995).

Medical management can be divided into those tvomums; those for symptom control

during acute ‘attacks’ and those for preventionatigo.

In prevention of attacks, dietary recommendations given. These are aimed at
attempting to regulate the fluid balance within thaer ear by, for example avoiding
alcohol and caffeine which may produce fluid sh#tsoss the membranous labyrinth by
their presence in the fluids of the inner ear {2fal986). Early medical management
with a low sodium diet and thiazide diuretic may ibgortant (Devaiah et al, 2000).
Storper at al concluded that in combination withow sodium diet and a diuretic,
glycopyrrolate could reduce symptoms of vertigoofBér et al, 1998). The use of
diuretics remains controversial (Merchant, 1995)he glycerol dehydration test results
in a transient improvement in symptoms and is belleby some to be extremely useful

in the diagnosis of Méniére’s disease (Pfaltz, 1986

Among vasodilators, histamine agonists may be u$ed; paradoxically histamine

antagonists are also used to treat acute attack®rtifo. This apparent paradox is
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because histamine agonists improve function of dgahainner ear cells reducing
ischaemia of the stria vascularis. Histamine arigss also act centrally to reduce
vertigo. Cinnarzine, a calcium channel blocked alonazepam, a benzodiazepine, may
also be used as vestibular suppressants. Proehdaipe, a phenothiazine antipsychotic
is commonly used to control vertigo (Brookes, 1996An analysis of randomised
controlled trials of betahistine (histamine agonishowed no overall benefit and
insufficient evidence is available to show any efifeeness for Méniére’s diseases (James
et al, 2000).

Aminoglycosides, gentamycin and streptomycin camde for vestibular ablation with
hearing preservation. These agents are most ieeathen given by intratympanic
injection (Blakley, 2000). Intratympanic gentamycinjection does have a higher
incidence of sensorineural hearing loss than emajoihatic sac decompression (Nadol et
al, 2005).

SURGICAL MANAGEMENT
In patients with significant disease that doesrespond adequately to medical therapy,

surgical options may be considered, along withaigtnpanic gentamycin injection.

The surgical procedures can be divided into aldatv non ablative procedures or
hearing preserving and hearing destructive pro@durAblative procedures involve
arresting the vestibular input from one ear by tise of surgical labyrinthectomy or
chemical labyrinthectomy, intratympanic gentamyci8urgical labyrinthectomy results
in complete sensorineural hearing loss whereas iclaéiabyrinthectomy is more likely

to leave serviceable hearing. Non ablative promsiinclude vestibular neurectomy,
internal shunt procedures such as sacculotomydarneosacculotomy and endolymphatic
sac procedures such as decompression and sterimgplymphatic sac decompression
and stenting, vestibular nerve section and to aeg#egentamycin injection are hearing

preserving.
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Ablative procedures are contraindicated in bildtelsease and in ears with good
serviceable hearing or in the only hearing ear. st¥Malar nerve section or
labyrinthectomy would be contraindicated if the alateral side has reduced vestibular
function. Labyrinthectomy and endolymphatic sacaimpression are contraindicated in
chronic otits media (Schuknecht 1978).

Sacculotomy involves introducing a pick though oval window via the tympanic cavity
which is reached by retracting the tympanic memérahhe pick is thought to produce a
fistula between the endolymph in the saccule aral gbrilymph around it. This
technique fails to take into account that the skc@ioften adherent to the footplate of

the stapes.

Cochleosacculotomy can be performed under a lonaksthetic, making it a more

suitable choice in patients unsuitable for a gdnanaesthetic. The surgical procedure
involves retracting the tympanic membrane to gaioeas to the middle ear and then
introducing a right angled pick through the rounthdew and advancing it in the

direction of the oval window for 3mm. The aim @& dreate a fracture and disrupt the
osseous spiral lamina of the cochlea and the cachilict, so as to create an
endolymphatic — perilymphatic fistula and reducedymphatic hydrops (Schuknecht,

1982).

Labyrinthectomy is the ablation of the vestibulabyrinth on one side and is effective
because the central nervous system can compemsaieiflateral input. It is conducted
via a mastoid approach under general anaesthedieeanlts in complete loss of hearing
on the operative side. Vestibular neurectomy igcs@e division of the vestibular
component of the vestibulocochlear nerve. The ekegof CNS compensation to
unilateral vestibular input is less. Vestibulaureetomy should only be considered if the
hearing loss is mild (Gacek, 1996). It can beiedrout by several techniques, trans-
mastoid (retrolabyrinthine) and retrosigmoid bethg most common (Megerian, 2002).
It has been shown that hearing continues to detdeidollowing vestibular neurectomy

and continuing medical management is required (§uar 1997). Following vestibular
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ablative surgery is important that the patient @ exposed to vestibular suppressant
drugs for an excessive period of time as this redutie compensatory mechanisms
(Smith, 2000).

ENDOLYMPHATIC SAC SURGERY

Surgery on the endolymphatic duct or sac is aimedeareasing the pressure in the
endolymphatic space whilst preserving hearing asdibbular function. Portmann (1927)
presented his paper on an operation to drain tlelgmphatic sac for the relief of
vertigo. He suggested that pressure in the endaigtic sac was affected by changes in
intracranial pressure, because of the position ld sac and also changes in
intralabyrinthine volume changes. His operatiomed to decompress the sac by
removing the lateral bony wall and making a smadlision to allow free drainage of
endolymph. Animal experiments had shown that girainage resulted in reduced tone

on the ipsilateral side suggesting a vestibularaff

Endolymphatic sac surgery can be carried out byaasmastoid approach. Both are
conducted under general anaesthesia. The more conapproach is the mastoid
approach. Access to the mastoid for initial caitimastoidectomy is by a postauricular
incision. The following are the surgical steps ided by Professor Georges Portmann
(1927) for the relief of vertigo. These steps haugce been modified to form the

transmastoid approach to endolymphatic sac decasipreand stenting.

From Portmann’s original work:
Step 1: The incision is made down to the bone albegretro-auricular groove and the
surface of the mastoid is exposed. The spine ofidHand the external petrosquamous

suture are identified.

Step 2: Trepanning of the mastoid is carried outigulane lower than for the classical

trepanning for mastoiditis.
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Step 3: The bony wall of the sinus groove havingrbexposed and its medial part
removed, the dura is detached from the posteridasel of the petrous bone, passing
medially and slightly superiorly for 3 to 4mm. Aogpector is put in place and the bony
area which represents the most external part aéldelymphatic fossa is removed. Care

is taken not to damage the facial nerve whichifigbe aqueductus Fallopian canal.

Step 4: The petrous wall of the endolymphatic sdoeied by removing the greater part of
the endolymphatic fossa. Using a very fine neetbeinted on a luer syringe, one makes
an exploratory puncture of the sac in contact \lig zone of adhesion. The operator,
who can feel the sensation of penetrating the ltdvity of the saccus, then makes, with
a paracentesis knife, an incision from 2 to 3mnglonthe saccus. One or two drops of
clear fluid should flow from the opening of the vl

The retro-auricular wound is now sutured. Sligidiage is possible by the insertion of
a piece of gauze, in the event of any consideraleleding.
(Portmann, 1927)

Among the possible surgical complications are: fation of fistula with the posterior

semicircular canal with possible loss of hearing westibular dysfunction, cerebrospinal
fluid leak, laceration of the sigmoid sinus withsuétant haemorrhage, postoperative
fixation of the ossicles by bone dust, otitis medial meningitis. There may also be

resultant hearing defects (possibly total) andeased vertigo.

The advent of surgical microscopes and high spedlds ¢has led to refinement of

Portmann’s original procedure, figure 10. Thisgstal technique was then modified and
the medial wall of the sac was opened, exposingumen to the subarachnoid space.
The insertion of stents or valves then allowedaimendolymphatic mastoid shunt, and an
endolymphatic subarachnoid shunt. Pulec (1995)xlodes that the endolymphatic

subarachnoid shunt provides a high success rdtecan reduce the risk of permanent
hearing loss, especially if carried out early ia thsease, and if it fails then there remains

the possibility of further surgery.
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Endolymphatic
Sac

Fig 10 Diagram of endolymphatic sac decompression
(Nadol, 1993)

Endolymphatic sac surgery remains controversiahorisen et al (1981) conducted a
double blind, placebo controlled study in whichigats received an endolymphatic
mastoid shunt or placebo procedure. They concltiugtithe efficacy of surgery was not
related to the surgical technique used but plaedtaxt. This study did show however
there was a difference in the objective assessménsensorineural hearing loss,
favouring the endolymphatic sac decompression grdsipdermann et al (1996) believe
that endolymphatic sac surgery has a low rate ofptigations and remains a good first
choice surgical therapy. Endolymphatic surgery ai@s the most commonly used

operation for Méniére’s disease when there isfstilttional hearing (Saeed, 1998).

As otology, neurosurgery and neurotology surgeryehdeveloped, methods and the
specialised equipment to perform them have beerldeed. These allow surgery on
parts of the cranial base including the temporahebavhich have previously been

inaccessible or impossible to perform due to tls®eiated morbidity and mortality.

TEMPORAL BONE SURGERY

There are recognised standard approaches to tfteupgtart of the temporal bone which
can be used surgically (Rhoton 2000, Rhoton 2002jese approaches can be modified
or combined with others to improve access dependmghe aims of the surgery. The
approach used would depend on the condition angdheof the temporal bone affected.
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These are extensively discussed in the literatuié.the approaches, raiddle cranial
fossg aposterior cranial fossa (retro-sigmoid) atransmastoid (with translabyrinthine,
transcochlear, infralabyrinthine and retrolabyrinéh or translabyrinthine presigmoid
variants) and apreauricular subtemporal-infratemporal fossa approach are

recognised.

A middle cranial fossa approach involves a temporal craniotomy superior to the
zygoma and external acoustic meatus. The tempuyal of the brain is retracted along
with the overlying dura, and this allows identificm of the superior surface of the
petrous temporal bone. The approach can be entployegemoving small tumours
within the internal acoustic meatus. The arcuatenence and the greater superficial
petrosal nerve are identified first when elevatthg dura of the floor of the middle
cranial fossa. In a study of 100 temporal bonhks, ltone overlying the geniculate
ganglion and the genu of the facial nerve was dhsepart or completely in 15 bones,
and in a further 15 cases no bone covered theegrpatrosal nerve. It was also noted
that the bone covering the petrous carotid, separatfrom the greater petrosal nerve,
may be absent (Rhoton, 2000).

A posterior cranial fossa, retrosigmoid, approachreaches the posterior surface of the
petrous temporal bone through an occipital cranmgt@xtending laterally as far as the
sigmoid sinus. The suboccipital region is appredclkaking care not to disturb the

vertebral artery. The posterior cranial fossa jpered by dividing the dura. The

cerebellum is carefully retracted medially so attoodisturb the cerebellar veins. The
posterior surface of the petrous temporal bondastified.

A transmastoid approach provides access to the petrous part of the terhpmmae
through the mastoid process. A posterior auriculeision is used to expose the mastoid
cortex which is then drilled to gain access to getrous part. A translabyrinthine
approach involves drilling through the semicircutanals and the vestibule to open the
full length of the internal acoustic meatus. Anseochlear modification allows drilling

through the cochlea to provide wider access top#teous apex. An infralabyrinthine
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approach involves an initial cortical mastoidectomryd then drilling inferior to the

posterior canal, superior to the digastric apex betlveen the vertical segment of the
facial nerve and the sigmoid sinus. The petrousxap reached by a small window
between the jugular bulb and the posterior semitarccanal, making this approach

difficult or inappropriate if there is a high jugulbulb.

The infratentorial presigmoid variant of the transmastoid approach involves a
cortical mastoidectomy and a temporooccipital @amy to expose the posterior edge
of the sigmoid sinus posteriorly. The dura of pusterior cranial fossa medial to the
sigmoid sinus forming Trautmann’'s triangle is thesxcised to expose the
cerebellopontine angle with the tentorium cerehedlualised superiorly. This access can
be gained by drilling the bone posterior to theytaith whilst keeping the labyrinth
intact (retrolabyrinthine presigmoid) or by drijirthrough the labyrinth thus increasing
the exposure (translabyrinthine presigmoid). Thesigmoid approach can also be
extended superiorly, above the level of the teotaricerebelli as a supratentorial and
infratentorial presigmoid transmastoid approachirimyeasing the size of the temporal

craniotomy.

FACIAL NERVE MONITORING

The facial nerve is particularly at risk in tempobane surgery. The aim of temporal
bone surgery is also to remove diseased tissue alteviate symptoms of disease whilst
preserving facial nerve function. Surgeons wiketggreat care to avoid wounding the
facial nerve. Trauma and irritation of the faciaérve may cause conduction
abnormalities and result in varying degrees of rratic facial palsy on the operated
sided. Facial palsy can cause significant motpidicluding drying and scarring of the

cornea with impairment of vision.
It has been shown that intraoperative monitoringhef facial nerve reduces iatrogenic

intraoperative facial nerve injury. In some promex$, facial nerve stimulators are

employed, where electrical stimulation of the fasiarve induces contraction of the
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muscles of facial expression on that side. Thiglires that the face is visible during the
procedure. There were reports of injury to theialaoerve with some of the early
stimulators. Facial nerve stimulators allow eadgntification of the facial nerve and
mapping of the facial nerve in soft tissues, tumand bone and assessment of facial

nerve function and prognosis at the end of sur{@ilyerstein et al, 1991).

The detection of muscle electrical activity by #emyographic recording uses
electrodes placed in orbicularis oculi and orbiaslaris, because they are innervated by
the facial nerve. A ground electrode is situatedttte forehead. This system can use

surface electrodes, bipolar hook wire electrodesubdermal needle electrodes.

A modernised intraoperative video monitoring systems been advocated by some. In
this method the patient wears a custom made masériog half the face which has
video cameras centred on the external side ofyheaad on the labial commisure. The
images are analysed using a digital videoanalystes1. The videomonitoring system
was reported as giving fewer false positive respsnthan the electromyographic

recording (Filipo et al, 2000).
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Materials and Methods
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MATERIAL

63 gross dissections were performed. All dissestiovere performed on embalmed
human cadavers at the University of Glasgow. 6pieta cadavers, 12 half heads and 5
isolated temporal bones were used for dissectidmese were selected from the standard
stock of bodies and temporal bones at the Uniwemsit Glasgow. Cadavers were
preserved using the arterial injection method \ha tight common carotid artery
(appendix 1). All the cadavers used for head antt dessections had the arterial system
injected using coloured latex (appendix 2). Sidaseers for detailed dissection were
selected from the standard stock that had beenfasedPlastic surgery flap course at the
University of Glasgow. Many of the half heads th&tre used for measurements of the
endolymphatic sac had previously been dissectethéyental class; however the dura
covering the petrous temporal bone was intact.

For dissections performed on half headghe head and neck was removed from the rest
of the body in the standard manner with the stmestanterior to the vertebral column
divided at the level of the manubrium and the \wekcolumn divided between C6 and
C7. The soft tissues of the head and neck wetiallgibisected with a scalpel and then

the head was bisected using a band saw.

To demonstrate the osteologyf the head and neck and temporal bone, a drielgtsk,

skull and temporal bone of Asian origin were used.

To demonstrate the normal anatomy, detailed dissecivere performed on a series of
isolated temporal bone blocks, one complete heddhaok and four half heads.

Isolated decalcified temporal bone dissectionwere performed by first removing the
temporal bone in a tissue block by bisecting tredhsith a band saw and then removing
the occipital bone posteriorly with a sagittal cuh sagittal cut anteriorly through the

middle of the greater wing of the sphenoid and themzontal cuts through the squamous
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part of the temporal bone superior to the petrars gnd through the neck at the level of
the first or second cervical vertebrae completedrémoval of the block. The amount of
tissue removed with the petrous part of the tempoome was variable, but a block
would not be used if the petrous part were damagée. blocks of tissue with the
temporal bones were kept in a 10% embalming fl8@#6 water solution until required.
The blocks selected for the following dissectiorsravthen decalcified using the nitric

acid protocol (appendix 9).

Fourteen half heads were dissected sontedsurementsrelating to the endolymphatic
sac could be made. The transmastoid approachctorgeess the ndolymphatic sac was

studied by performing the dissection on three sepaemporal bones.

A series of dissections was used to demonstratesthgical approachesto the
endolymphatic sac. Histological analysis and ebectnicroscopy of the endolymphatic

sac was performed on material obtained from cadsecimens.

METHOD

A Swann Morton size 24 blade on a number 4 handéeaasize 4 blade on a number 3
scalpel handle were used along with fine and codissecting forceps for the dissections.
When required a Carl Zeiss operating microscope wsad, the microscope was
centralised halfway along the focusing depth amshtbet at the lowest magnification to
begin with. The eyepieces were adjusted to cotrecfocusing. A Xomed micro-craft

power system and straight handled drill with a e burr sizes was used when
required. The drill speed was set at 2000 rewvahstiper minute and the flow of

irrigation solution was set at the highest levéln Aerosol Products suction pump was

used as required and the bottle was emptied riosé.

The dissections were adapted from dissections ithescin Cunningham’s Manual of

Practical Anatomy, Volume three, Head and Neck Brain (Romanes, 1985) and A
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New System of Dissection (Zuckerman et al 1981)ssefatial Anatomy for Trainee
Surgeons, a Temporal Bone Surgery Manual produgetiib Brian O’Reilly (2002),

Consultant Otologist and Neuro-Otologist was alsedu

The dissections along with the histology, embryglagd osteology were photographed
using a Nikon Coolpix 4500 digital camera. All pbgraphs were taken at a resolution
of 2272 * 1704 pixels and edited using GST Photpdhim 7.

NORMAL OSTEOLOGY

A full dried skeleton of Indian origin was used fbe normal osteology.

NORMAL TEMPORAL BONE ANATOMY

Temporal bones from dried Indian skulls were usadi @zhotographed to demonstrate the

lateral, inferior, superior and posterior views.

NORMAL GROSS ANATOMY

To demonstrate the normal anatomy in relation ® pltrous temporal bone and the

endolymphatic sac 21 dissections were performed.

The following dissections were performed:

1. Floor of cranial cavity
Eustachian tube
Temporal bone with jugular nerves
Deep neck and temporal and infratemporal fossa
External auditory canal and tympanic membrane
Jugular fossa
Neck and temporal and infratemporal fossa aheérsoid
Tympanic ring and cavity

© ©o N o bk WD

Jugular fossa
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10. Tympanic cavity

11. Left decalcified petrous temporal bone

12. Right decalcified petrous temporal bone
13. Left petrous temporal bone

14. Right petrous temporal bone

15. Posterior surface of petrous temporal bone
16. Genicular ganglion

17. Left cortical mastoidectomy

18. Lateral wall of pharynx

19. Carotid canal and siphon

20. Endolymphatic sac and petrous temporal bone

21. Otic capsule

PREPARATION OF SPECIMENS FOR HISTOLOGICAL ANALYSIS

Otic capsule (Cadavers 9 and 10)

Four drilled otic capsules were decalcified acangdio the EDTA protocol in appendix
7. Two of the bones were then processed for logyol(appendix 3). One in every 10
slices was then retained (appendix 4) and stainéd either hematoxylin and eosin or

masson’s (appendix 5).

Temporal bone histology

Temporal bone blocks were removed from the standtodk of cadaver heads. For
histological analysis, smaller temporal bone bloakse required than the blocks taken
for temporal bone dissections. The heads had queli been bisected and then
dissected by students. The temporal bones howeeer not dissected. The temporal
bone blocks were removed with care so as not toaganthe middle or inner ear

structures. Once the brain had been removed thmertem cerebelli was removed.

Using a band saw the head was bisected, thenwasumade 25mm anterior and parallel
to the superior petrosal sinus. A cut was thenemaelpendicular to the sinus 10mm
medial to the internal acoustic meatus. Anothémas then made perpendicular to the

sinus, medial to the squamous part of the temgmaé which went through the external
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auditory meatus and separated the squamous parttfr® petrous part. A final cut was
then made horizontally through the block 10mm iioieto the internal acoustic meatus.

The block was then decalcified according to the BIpfotocol in appendix 7.

The decalcified temporal bone block was then prasgsccording to the protocol in
appendix 4. The block was then sectioned at 9amieters and every TGection was

stained with hematoxylin and eosin according toptegocol in appendix 5.

Isolated endolymphatic sac histology

The intradural component of an endolymphatic sas maoved from a standard head.
The vault and the brain had previously been remavetithe head had been bisected. To
increase access to the posterior cranial fossadgevef soft tissue from the occipital and

suboccipital region and part of the underlying pieai bone was removed.

A 20mm incision was made in the dura superior anedliel and parallel to the
operculum. The dura was then carefully peeled iofigrand laterally to the operculum.
At this point the endolymphatic sac was visualieatiering the posterior cranial fossa
from under the operculum. Incisions were then nfeata the previous incision down to
the sigmoid sinus. However so as not to damagedhehe incision medially deviated
medially and the incision laterally deviated latigra These two incisions were then
joined by one along the medial and superior wathefsigmoid sinus. A further incision
was made in the opposing wall of the sigmoid sinlise block of tissue comprising dura
mater, endolymphatic sac and part of the sigmaidssivas then carefully stripped from
the underlying bone. The endolymphatic sac wasléed/as it enters the posterior cranial
fossa. Care was taken not to damage the sacsakhwas then processed for histological
analysis according to appendix 4. The sac wasosect perpendicular to the long axis

and stained with hematoxylin and eosin (appendix 5)
ELECTRON MICROSCOPY OF ENDOLYMPHATIC SAC

To confirm that indeed the endolymphatic sac hashlseiccessfully dissected, the medial

wall was removed and prepared for scanning elecimaeroscopy according to the
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schedule in appendix 8. One sac was cut intoaeciperpendicular to the long axis of
the sac to allow visualisation of the sac lumerhe Bections were then processed for

scanning electron microscopy according to the sdlead appendix 8

EMBRYOLOGY

To examine the development of the endolymphatic aad the association with
development of the temporal bone, specimens framptiepared human embryo sets at
the University of Glasgow (27mm, 45mm and 55mm houmabryos) were studied and

photographed

MEASUREMENTS OF THE ENDOLYMPHATIC SAC

(Cadavers 4,5, 6,7,8,9, 10, 11 and 12)

This dissection was performed on 14 half headsm(f@® cadavers), which had been
dissected by the second year dental students.vaiiehad been removed along with the
brain in every case. The tentorium cerebelli hadnbeither completely removed or cut
along the edge of the petrous apex where the supgetrosal sinus is located. The
sigmoid sinus had been opened in the majority sésabut had not been removed. The
cut ends of the trigeminal nerve, the abducensenand the vestibulocochlear and facial
nerves were visible. The heads had been bisetdad the midline with a band saw. In
most cases the dura on the posterior surface gidtreus part of the temporal bone was

intact.

The dissection began by using the band saw to raa&eronal cut that removed the
majority of the occipital bone, to allow easieruasisation of the posterior surface of the
petrous temporal bone. The cut was made about gasterior to the external auditory
meatus, so that the all of the petrous part otéhgporal bone and the sigmoid sinus were
left behind. The superior petrosal sinus was opdneremoving the remaining part of
the tentorium cerebelli with a longitudinal incisiparallel to the long axis of the petrous
temporal bone and immediately posterior to it. ©perculum was located as a ridge on

the posterior surface, which is visible through thea mater. A semi-circular curved
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incision was made through the full thickness of dnea mater superior and medial to the
operculum, with the operculum forming the basehaf semi-circle. The curve started
five millimeters lateral to the operculum and endec millimeters medial to the

operculum, on the same axis as the operculum,lendpgex was five millimeters superior

and medial to the centre of the operculum.

Using forceps the dura was slowly elevated andedulh the direction of the operculum
and then stripped of the operculum. As the duraticoed to be elevated, pulled
inferiorly and medially, it was freed from its attaments medial and lateral to the
operculum and the endolymphatic fossa. The enduaatic sac was noted emerging
from under the operculum, through the opening & testibular aqueduct onto the
posterior surface of the temporal bone, and lymghie endolymphatic fossa. The dura
mater was elevated and stripped from the endolytgpbac until the sigmoid sinus was
reached. A hole was made in the endolymphaticusay a scalpel and the lumen was
identified. A blunt probe was introduced into flaenen to identify the inferior, medial

and lateral limits of the endolymphatic sac.

The following measurements were then taken:
Operculum width (fig 11)
Lateral limit of vestibular aqueduct to internabastic meatus (fig 12)
Medial limit of vestibular aqueduct to internal astic meatus (fig 12)
Medial limit of vestibular agueduct to superiornostl sinus (fig 13)
Lateral limit of vestibular aqueduct to superiotrpsal sinus (fig 13)
Maximum width of the endolymphatic sac (fig 14)
Endolymphatic sac length (fig 15)
Medial limit of vestibular aqueduct from sigmoichss (fig 16)
Lateral limit of vestibular aqueduct from sigmoidiss (fig 16)

(along axis perpendicular to the operculum)
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Operculum width

.....

Figure 7 Diagram showing operculum width

Distance from
operculum to internal
acoustic meatus
(lateral)

Distance from
operculum to internal
acoustic meatus
(medial)

Figure 8 Diagram showing distance from operculam t
internal acoustic
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.....

Figure 9 Diagram showing distance from operculam t
superior petrosal sinus

Figure 10 Diagram showing width of endolymphatc s

Distance from
operculum to superior
petrosal sinus
(lateral)

Distance from
operculum to superior
petrosal sinus
(medial)

Width of endolymphatic
sac

62



Figure 11 Diagram showing length of endolymphagic

Figure 12 Diagram showing distance from operculom
sigmoid sinus

Length of endolymphatic
sac (Lateral)

Length of endolymphatic
Sac (medial)

Distance from
operculum to sigmoid
sinus (lateral)

Distance from

operculum to sigmoid
sinus (medial)
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EXAMINATION OF TEMPORAL BONE SECTIONS FROM THE
COLLECTION AT THE MASSACHUSETTES EYE AND EAR INFIRM ARY

To examine a case of endolymphatic sac stentingaarase of endolymphatic hydrops,
two specimens from the register of temporal bortethe Massachusetts Eye and Ear
Infirmary were studied. The bank contains hanastenporal bones from patients with
known pre-existing ear disease. The bones areaifemd in EDTA and processed in
celloidin and cut at 15 micrometers according ® skkhedule in appendix 4. They are
stained with hematoxylin and eosin. The histolab&pecimens are then stored along
with the patients’ notes and a summary of theidogfical history and otopathology

reports.

The first case was a 12 year old girl with diagmbgeilateral Méniere’s disease. Her full
otological history and temporal bone pathologyligppendix 9. A mid modiolar section

from both ears was photographed for comparison.

The second case is an 81 year old man with longdstg severe bilateral Méniére’s
disease. The left ear had an endolymphatic saang@@ssion and stent insertion prior to

death. The full otological history and temporahbgathology is in appendix 10.

SIMULATED SURGICAL DISSECTIONS
Transmastoid endolymphatic sac decompression (caders 3 and 13)
The initial dissection was carried out by Mr O’'Regilas in appendix 12) and then
repeated by myself to study the procedure.
The following 5 dissections were used to examiree tthnsmastoid endolymphatic sac
decompression.

22. Superficial head and neck

23. Back of head and neck

24. Face

25. Pinna

26. Mastoidectomy
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Posterior cranial fossa retrosigmoid endolymphatic sac decompression and
combined transmastoid and retrosigmoid endolymphati sac decompression
The following 9 dissections as detailed were usedissect the proximal endolymphatic
sac and to examine a means by which both the pedxamd distal, intra and extraosseous
portions, of the endolymphatic sac could be decessgad.

27. Back of neck

28. Suboccipital

29. Deep suboccipital and neck

30. Posterior and middle cranial fossa

31. Suboccipital and brainstem

32. Deep back of neck

33. Deep back of head

34. Extratemporal portion of facial nerve

35. Cortical mastoidectomy and endolymphatic sac

Middle Cranial fossa endolymphatic sac decompressio
This potential means of decompressing the sac wawieed with dissection 38.
36. Middle cranial fossa petrous temporal boneetison

37. Petrous temporal bone dissection

Clinical Cases

Glomus jugulare resection by lateral approach
Performed at the Southern General Hospital, Glas@®02 by Mr. B. O'Reilly. For

excision of a jugular bulb glomus jugulare tumour.

Carotid arteriography with embolisation of the dmadssels was carried out 24 hours
prior to surgery. Electrical monitoring was perfad on the facial nerve during this
procedure. The skin of the head and the neck enetlh side was shaved. The patient

was positioned, lying on his back with his heachping to the right. The mastoid tip and
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the angle of the mandible were marked. Haemostaas maintained by cauterizing

small vessels with diathermy and tying the largessels.

A large reversed C shaped incision was made irskiveof the left side with the upper
limb being about 2cm above the external acoustiataseand the inferior limb passing
down onto the neck about 2cm below the angle ointhedible. The posterior limb of

the C lay about 5cm behind the pinna.

The skin was retracted anteriorly. The externaitaty meatus was divided all the way
through and then lateral part was sewn shut usiiag@al flap. The skin flap was then
taken further forward, dissecting it from the sdijel musculaponeurotic layer covering
the parotid gland. The great auricular nerve vdestified passing over the surface of

sternocleidomastoid.

The posterior fibres of temporalis were retractegesiorly and the periosteum over the
mastoid process and lower part of the squamousop#re temporal bone was removed.

The mastoid was drilled to reveal the sigmoid sipasteriorly, the middle cranial fossa
dura superiorly, the mastoid tip with the digasaépex inferiorly and the posterior wall of
the external auditory canal in front. The vertis@gment of the facial nerve was
uncovered in the Fallopian canal from the stylomidsforamen inferiorly to the junction
of the lateral and posterior canal superiorly. Tdteral and posterior semicircular canals

were identified.
Inferior to the posterior belly of digastric the@mal carotid artery, the external carotid
artery and the internal jugular vein were identifieLoose slings were place around the

internal carotid artery and the internal jugulainve

The posterior external auditory canal wall was reesbdown to the level of the facial

nerve. The main trunk of the facial nerve was idiex entering the parotid gland. The
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facial nerve was separated from the surroundingotghrtissue as a superficial

parotidectomy was performed.

A groove was drilled in the wall of the attic areetfacial nerve was then freed from the
fallopian canal and transposed into the new grodveatures were used to hold the facial

nerve in a flap of the remaining parotid tissue.

The posterior belly of digastric was divided and #tyloid process was fractured. The
bone posterior to the sigmoid sinus was drilledeteeal the dura posterior to it. A small
hole was made in the dura posterior to the sigmsoids. The sigmoid sinus was then
clamped and sewn shut superior to the jugular blle remaining bone around the
anterior, posterior and lateral aspect of the jagbllb was removed.

In the neck the glossopharyngeal nerve was idedtifilong with the vagus nerve,
accessory nerve and the hypoglossal nerve. Tleenadtjugular vein was sewn shut.
The jugular bulb was opened and the tumour removHte inferior petrosal sinus was

then plugged.

The hole in the dura mater was then sewn shut. BOdre defect was repaired by
cranioplasty, using a hydroxyapatite paste, whichs vallowed to cure before the

overlying tissues were closed and then the skisetlo

Retrosigmoid / suboccipital acoustic neuroma reseicin
Performed at the Southern General Hospital, Glas@®02 by Mr. B. O'Reilly. For
excision of an acoustic neuroma; extending fromitiernal acoustic meatus into the

posterior cranial fossa.

During this procedure electrical facial nerve mornitg was employed. The patient was
positioned in the sitting position and the righdesof the head and neck was shaved. A
line was drawn from the inion to the upper bordethe external auditory meatus. A

vertical incision approximately 8cm long was madenf just above the supramastoid
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crest down about 1.5cm posterior to the mastoidgs®. The subcutaneous tissues were
divided down to the depth of the occipital bone.aehhostasis was maintained by
cauterizing small vessels with diathermy and tythg larger vessels. Any veins
encountered on the back of the head, neck or sabitad region were cauterized. The
emissary veins were dissected and cauterized.suUjerficial tissues and divided muscle

were retracted and the periosteum over the octlpitae was exposed.

A craniotomy was performed, beginning with a bustehat the transverse-sigmoid sinus
junction. A rounded craniotomy was performed abtarh in diameter with the anterior

border being the posterior border of the sigmonlisi

The dura was incised and retracted with suturdse arachnoid was opened to expose the
cerebellopontine angle. The right lobe of the lbellem was retracted to increase the
exposure. The part of the acoustic neuroma whxteneled into the cerebellopontine
angle was debulked. The operculum and foveatedssjwn on the posterior surface of
the petrous temporal bone were identified.

The dura lateral to the internal acoustic meatus wesected. The bone lateral to the
internal acoustic meatus was drilled in a U shapth the superior limb of the U being
the superior border of the internal auditory meaiod the inferior limb being the inferior
border of the internal acoustic meatus. The furafuke internal auditory canal was then
opened and the bone was removed from the levdieobtib-arcuate artery superiorly to
the jugular fossa inferiorly. The dura forming tlaéeral wall of the canal was removed
and the tumour resected from the canal along wighduperior and inferior vestibular

nerves. The facial nerve was left intact.

The remainder of the tumour was then removed froenderebellopontine angle. The
dural opening on the posterior surface of the temlgmone was sewn shut and then the
dural opening under the occipital area was repair€tde bone defect was repaired by
cranioplasty, using a hydroxyapatite paste, whichs vallowed to cure before the

overlying tissues were closed and then the skiseclo
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Results
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The skull is positioned at the top of the cervigaitebral column and makes up part of
the axial skeleton. The skull is formed by flanke and irregular bones which, with the
exception of the mandible are joined by fibroususesg. The skull consists of two parts,
the cranium and the facial skeleton. The skulioisned by 22 bones, 8 bones in the

cranium and 14 bones in the facial skeleton (Figd&+ 14).

The facial skeleton is that part which makes notrdmution to the formation of the

cranial cavity. There are two pairs of openingghe facial skeleton, the nasal fossae
either side of the midline in the upper part of flaee, which open anteriorly and

posteriorly. Lateral to the nasal fossae is tHatowhich is occupied by the eye. The
inferior border of the orbit is formed by the méximedially and the zygomatic bone
laterally. The zygomatic bone has a process thas jwith the zygomatic process of the
temporal bone to form the zygomatic arch, a bdrarfe that can be seen projecting from
the inferior margin of the orbit anteriorly to tlamterior aspect of the external acoustic

meatus posteriorly (Figures 13 + 14).

The cranium is formed by two parts, the roof, posteand side walls are referred to as
the calvaria and the floor is referred to as trenial base. The calvaria is formed by a
series of flattened bones, anteriorly by part ef ftontal bone, posteriorly by part of the
occipital bone, in-between by the parietal boneslaterally by the squamous part of the

temporal bone (Figures 13 + 14).

The base of the skull consists of a large blockafe in the midline extending from the
ethmoid anteriorly to and encircling the foramengmam posteriorly and consisting of
the body of the sphenoid and the body of the otadijpione (clivus). These two bones
also have lateral projections forming part of tleeif of the cranial cavity. The floor also
contains blocks of bone that have formed aroundémse organs, the ethmoid anteriorly

and the otic capsule of the ear in the petrous teatfpone laterally.

70



The sphenoid has a cuboid shaped body in the meidivhich contains the sphenoidal air
sinuses. It has two sets of lateral projection®itimer side called the greater and lesser

pterygoid plates on either side.

The basilar part of the occipital bone continuest@aorly and laterally as the lateral
portions forming the foramen magnum is continuoith the squamous part, posterior to
the foramen magnum. The squamous part is compufsiné planum occipitale inferior
to the highest nuchal line and the planum nuchapesor to this line. The lateral parts
have oval shaped condyles on the inferior aspeathndrticulate with the superior facets
of the atlas. The hypoglossal canal is locateth@tbase of each condyle and they point
forwards and laterally. The squamous part is fotndurve both from side to side and
downwards. The external surface has a projectibiciwis midway between the top of
the squamous part and the foramen magnum calleéxteznal occipital protuberance
(Figures 13 + 14).

The mandible which forms part of the skull and riicalates with the temporal bone.
The mandible consists of two rounded bodies whide fanteriorly in the midline at the
symphysis menti. On the upper aspect of the bedipe alveolar ridge which contains
sockets for the roots of the lower dentition. Awjat to the second premolar tooth on the
outer aspect of the body is the mental foramene Bddy is continuous with a flattened
process called the ramus which has two projectsunseriorly, the coronoid process
anteriorly and the condyloid process posteriorlyichhbears the head of the mandible.
The body is continuous with the posterior margintloé ramus at the angle of the
mandible (Figures 13 + 14).

The skull articulates with the spinal column vi@ tbccipital condyles. There are seven
cervical vertebrae. Four cervical vertebrae apectt and three are atypical. A typical
cervical vertebrae consists of a body and a neanet which encloses the vertebral
foramen. The neural arch is formed by two pedided two laminae. Where the
laminae meet in the midline a spinous process isxdowhich for typical cervical

vertebrae is bifid. Where the pedicle and lamingetrare the transverse process and
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superior and inferior articular facets. In cerVieartebrae the transverse processes have

a foramen transversarium (Figuress 13 + 14).

ANATOMY OF THE TEMPORAL BONE

The hair on the head over the squamous portiohetémporal bone is the first to turn
grey on many people, signifying the passage of amz ageing. It is for this reason that
the underlying bone has been named the way it filag. temporal bone consists of four
fused parts, squamous part, petrous part, tympgdaie and styloid process; it forms part
of the lateral wall and base of the skull (Figut&s+ 16). Anteriorly the squamous part
articulates with the parietal bone and greater wohghe sphenoid to form part of the

pterion.

The periotic bone forms by ossification of the aoidi capsule cartilage, the squamous
part forms by intramembranous ossification, fromsamehyme that has been induced by
the developing brain, dermal bone. The tympanatepls also dermal bone which in
other mammals forms the angular which is a bornt@iower jaw. The styloid process
forms by ossification of cartilage from the hyoidtta The periotic bone and the styloid
process therefore represent part of the chondriaocrardeveloped in cartilage and the

tympanic plate and petrous part represent pahefrtembranous neurocranium.

The squamous part forms the base of the temposahfat is smooth and is covered by
and provides attachment for the temporalis musclhe supramastoid crest curves
backwards and upwards on the lateral surface ostjummous part and is continuous
with the root of the zygomatic process. Betweemn tipper and posterior part of the
external acoustic meatus and the supramastoid rdbe suprameatal triangle. The
spine of Henle is a small projection of bone poigtiorwards from the inferior part of

the suprameatal triangle (Figures 15 + 16).
The tympanic plate forms the floor and part of Wedls of the external acoustic meatus

by fusion with the squamous, petrous and mastais pd he fusion of these bones forms

the bony part of the ear canal (Figures 15 + 16).
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There is a sulcus for the middle temporal arterytlom lateral wall and the internal,
medial, surface has impressions correspondingdactinface of the temporal lobe of the
brain and the posterior branches of the middle ngeal artery (Figures 17 + 18). On
the inferior aspect are the articular tubercle #ra mandibular fossa which forms the
superior part of the temporomandibular joint. Thandibular fossa is limited anteriorly
by the articular tubercle and posteriorly by thenpanic plate. Laterally the posterior
edge of the articular surface forms a lip of boaled the postglenoid tubercle. In the
articular fossa lies the squamotympanic fissurectwhis divided medially into the

posterior petrotympanic and anterior petrosquanmsretions by the tegmen tympani

which is an outgrowth of the periotic bone (Figui€s+20).

The styloid process is smooth curved projectiomftbe inferior aspect and is fused with
the tympanic plate. It is formed by the inferiarojection, vaginal process, of the
tympanosquamous fissure. It is of variable leragitl gives attachment to the stylohyoid,
styloglossus and stylopharyngeus muscles. Thersgdtoid foramen is found between
the styloid and mastoid processes and transmitsntia trunk of the facial nerve as it
exits the skull (Figures 19 + 20).

The periotic bone in humans is described in twdspahe petrous and the mastoid parts.
The mastoid part is also partly formed by an imfieprojection of the squamous part.
The mastoid bone is composed of air cells and cancates with the tympanic cavity
via the mastoid antrum. The projection of the miaspart is the mastoid process which
on the lateral aspect bears the attachment ofténmecsleidomastoid, posterior auricular
and occipital muscles. Medial to these attachmeéntthe mastoid notch to which
attaches the posterior belly of the digastric meisciThe occipital artery lies in an
impression medial to the attachment of the digastruscle, and the mastoid branch of
the occipital artery pierces the lateral wall o¢ tmastoid bone along with the mastoid
emissary vein. On the internal surface posteroatigdies the impression of the sigmoid

sinus (Figures 21 + 22).
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The petrous part lies in the skull base; it is pyidal in shape and is limited posteriorly

by the occipital bone and anteriorly by the sphénbone. The apex is directed

anteromedially, pointing towards the posterior @ith processes. The anterior surface
lies posterolateral to the apex and forms the piosterall of the middle cranial fossa, the

posterior wall forms part of the anterior wall betposterior cranial fossa (Figures 21 +
22).

Anteriorly the petrous part has a protrusion, treiate eminence underneath which lies
the superior semicircular canal. Posterolatergihéoapex is the trigeminal impression on
which lies the trigeminal ganglion, which is cowtey a fold of dura mater forming the
trigeminal cave. Posterolateral to the trigemimapression lies the tegmen tympani.
The tegmen tympani is the thin bony roof of the pgmic cavity. The anterior aspect of
the tegmen tympani projects downwards betweengbamsous and tympanic parts of the
temporal bone. The formed petrotympanic part (&las fissure) of the
squamotympanic fissure communicates with the tyntpeawity and at the medial end is
the canaliculus conveying the chorda tympani toetkterior of the skull. There are two
orifices present opening onto the anterior surfdélcsese are the hiatus for the greater

petrosal nerve and more anterolateral hiatus ®tdbser petrosal nerve.

The posterior surface of the petrous part lies uertical plane, superiorly lies the sulcus
of the superior petrosal sinus and inferiorly liee sulcus of the inferior petrosal sinus.
The internal auditory meatus lies posteriorly a& thid-point between the base and apex
of the petrosal pyramid. The internal auditory tneapoints laterally towards the
external auditory meatus. The subarcuate fossis ledo the petromastoid canal. One
centimetre below the superior petrosal sinus and lateral to the internal auditory

meatus lies the orifice of the vestibular aquedkigures 21 + 22).
Within the internal acoustic meatus the horizogtalst can be seen dividing the fundus

of the meatus into superior and inferior partse Shperior part is then further subdivided

by the vertical crest forming the facial canal nadlg and the superior vestibular area
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laterally. The inferior part is divided into a ¢ear area medially and an inferior

vestibular area laterally.

CRANIAL CAVITY

The cranial cavity can be described as having tbrarial fossae, anterior, middle and
posterior. The anterior cranial fossa extends ftoenfrontal bone anteriorly to the lesser
wing of the sphenoid posteriorly (Figures 23 + 24)he middle cranial fossa extends
from the lesser wing of the sphenoid anteriorlythe superior margin of the petrous
temporal bone posteriorly and includes the hypopaly$ossa. The posterior cranial
fossa extends from the superior margin of the pestr@mporal bone posteriorly and
includes the posterior clinoid processes in thedheiavhich are in a line continuous with

the petrous apex to the occipital bone posteri@idyres 25 + 26).

The dura mater lining the inside of the cranialiagonsists of two layers, a periosteum
and the dura mater. These layers are stuck tagetiide dura with periosteum is
adherent to the bones forming the cranial caviowéwver it is more tightly adherent at
suture lines and cranial foramina where it is comus with the periosteum on the

outside of the cranial cavity.

The dura mater also forms partitions in the crawciabity, the falx cerebri and the
tentorium cerebelli. The falx cerebri lies in thned-sagittal plane and is sickle shaped,
narrow (front to back) anteriorly where it attachieshe crista galli and wide (front to
back) posteriorly where it attaches to the tentariuThe free edge extends towards the
corpus callosum. In the attached edge superi@y/the superior sagittal sinus, in the
free edge lies the inferior sagittal sinus andhi@ ¢dge which attaches to the tentorium
cerebelli lies the straight sinus. The transvessrises lie at the attachment of the
tentorium cerebelli to the occipital bone. The evigr sagittal sinus formed the right
transverse sinus and the straight sinus formedefhéransverse sinus at the confluence
of sinuses (figures 23 + 24). The straight sinae eeceives the great cerebral vein. The
falx cerebri and the tentorium cerebelli meet posty at the internal occipital

protuberance where the confluence of sinuses igigoed (figures 25 + 26). The right
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and left cavernous sinuses are joined by the agltleft sphenoparietal sinuses and are
connected by the intercavernous sinus. The causrsiouses are joined to the respective
jugular bulbs by the right and left inferior petabsinuses. The tentorium attaches
laterally to the superior border of the petrousperal bone and contains the superior
petrosal sinus on both sides. Posteriorly theotamh attaches to the occipital bone and
contains the right and left transverse sinusebeattachment. Anteriorly the tentorium
is incomplete to allow passage of the brainstensjldraarteries and cranial nerves
(figures 25 + 26).

The infratentorial segment of the posterior craféaka contains the cerebellum, medulla
oblongata and pons along with the vertebral anddveateries. Above the level of the
tentorium the mid brain can be seen with the sopeamwlliculus and cerebral agueduct

posteriorly and cerebral peduncles anteriorly.

Within the posterior cranial fossa the oculomotavchlear, trigeminal, abducens, facial,
vestibulocochlear, glossopharyngeal, vagus, acoessad hypoglossal cranial nerves
leave the brainstem in the posterior cranial fassd then exit the cranial cavity directly
from the posterior cranial fossa or travel upwaadd forwards into the middle cranial

fossa first (Figuress 27 + 28).

The trigeminal nerve can be seen entering Meckele i the posterior cranial fossa and
then lying under the middle cranial fossa. Thedieand vestibulocochlear nerves can be
seen partially twisting around each other and legavine posterior fossa by entering into
the temporal bone via the internal acoustic meaflise glossopharyngeal, Vagus and
Accessory nerves can be seen exiting the posterdmial fossa via the jugular foramen

with the glossopharyngeal exiting through a sepatramnnel in the foramen (Figs 27 +

28).

THE EAR

The ear was found to consist of three parts, thereal ear, middle ear and inner ear.
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THE EXTERNAL EAR
The two parts of the external ear are the aurinkk the external acoustic meatus. The

external ear extends from the pinna laterally ®tgimpanic membrane medially.

The auricle is oval in shape, widest at the top aadower at the bottom. The auricle
consists of a cartilage model covered in skin with exception of the lobule at the
inferior aspect of the auricle which is formed fofaity tissue covered by skin. The folds
in the cartilage are called the helix and antiheghagus and antitragus. The concha leads
to the opening of the eternal acoustic meatus. alinele is attached to the skull by two
ligaments and three muscles. The extrinsic musaidbe ear are auricularis anterior,
superior and posterior. Auricularis superior is thrgest and is fan shaped arising from
the cranial aponeurosis and inserting into the sopaspect of the pinna. Auricularis
posterior is smaller and flattened, inserting itite inferior aspect of the back of the

pinna (figures 29 + 30). There are anterior arstgrior ligaments.

The pinna is supplied by branches of the posteaiorcular, superficial temporal and
occipital arteries. The external acoustic meatusupplied by branches of the maxillary,
superficial temporal and the posterior auriculaeras. The nerve supply is via the

greater auricular, auriculotemporal, vagus ancelesscipital nerves (figures 31 + 32).

The external acoustic meatus is composed of twts parcartilaginous part and a bony
part and extends from the pinna to the tympanic branme. The meatus from external to
internal is first directed inward, forward and upda It then changes to be directed
inwards, and backwards and then inward, forward @mgdnward. It is approximately
25mm in length and narrows to an isthmus about 1@8ram the auricle. It is composed
of an outer cartilaginous part and an inner bony (fegures 33 + 34). The proximal,
cartilaginous part is formed by an incomplete rioig cartilage which is completed
superiorly by a membrane. The bony part consisésammplete ring of bone formed by
the fused tympanic plate and the mastoid procedshensquamous part forming the roof.
The suprameatal triangle is positioned at the rsaperior and posterior aspect of the

external auditory meatus, at the root of the zygaaocess (figures 35 + 36).
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The tympanic membrane is positioned obliquely st the roof of the meatus is shorter
than the floor. The styloid process of the tempbome can be seen inferiorly projecting
anteriorly, medially and inferiorly. The main tturf the facial nerve is visible as it
leaves the stylomastoid foramen which is positioped below and behind the most
inferior and posterior part of the external acaustieatus, where the tympanic plate
meets the mastoid process. The glossopharyngagis\and accessory nerves are visible
as they pass through the jugular foramen, inféadhe middle ear (figures 35 + 36).

THE MIDDLE EAR

The middle ear has two connecting parts, the tymepeavity and the mastoid cavity
which are linked to the nasopharynx by the Eustachibe. The Eustachian tube can be
seen passing inferior and medial to the trigemiahglion (figures 37 + 38). The
Eustachian tube can be traced anteriorly and nmigdraim the middle ear cavity to the
nasopharynx. The tympanic cavity and the mastamty connect at the aditus ad

antrum which is positioned superiorly.

Inferior to the tympanic cavity is the jugular faswhich contains the jugular bulb and
the glossopharyngeal, vagus and accessory nervieial to the jugular fossa is the
internal carotid artery as it enters the carotitlat#figures 39 + 40).

The tympanic cavity is an irregular, laterally coegsed space contained within the
petrous part of the temporal bone. It is an dedispace containing three bones for the
conduction of tympanic membrane vibrations towatds inner ear: the malleus, incus
and stapes. The cavity is divided into two spaties,tympanic cavity proper and the
attic or epitympanic recess which lies superiortiie tympanic membrane and the
surrounding tympanic ring (figures 41 + 42). Tlead of the malleus and the body of the
incus are visible in the epitympanum. The cavisy lined by ciliated columnar

epithelium.
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The lateral wall is formed mainly by the tympanicemrbrane surrounded by an
incomplete ring of bone. The ring is incompletpeniorly forming a notch. The medial,
labyrinthic, wall is a bony partition separating timiddle ear from the inner ear with two
apertures, the fenestra vestibuli, on which liesftotplate of the stapes, and the fenestra

cochleae (figures 43 + 44).

Medial to the tympanic membrane is found the haraflehe malleus and the long
process of the incus. The articulation betweenithas and the stapes is visible along
with the stapedius muscle. Superiorly the latpratess of the malleus is visible with the
attached anterior and posterior malleolar folddie Thorda tympani passes through the
middle ear cavity from posterior to anterior withire layers of the tympanic membrane
(figures 43 + 44). The bulge on the medial wdle promontory, is formed by the basal
turn of the cochlea. The roof is formed by thenteg tympani. The auditory or
Eustachian tube connects the anterior wall to #smpharynx. The floor, or jugular wall,
is formed by a thin plate of bone which separates d¢avity from the jugular fossa
(figures 45 + 46).

It is through an aperture on the floor adjacenthi® labyrinthic wall that the tympanic
branch of the glossopharyngeal nerve passes. Téterpo wall is wider superiorly and
has the irregularly shaped mastoid antrum whicbwal communication between the
mastoid air cells and tympanic cavity via the aglial antrum. The anterior or carotid
wall separates the carotid artery from the tympaaeity with a thin plate of bone
perforated by the tympanic branch of the interrelottd artery and the deep petrosal
nerve which conveys sympathetic fibres from th@tdmplexus to the tympanic plexus.

Contained within the tympanic cavity are the ogsicWwhich are the three smallest bones
in the human body. The handle of the malleus b&sdo the internal surface of the
tympanic membrane at the umbo. The head of théeusahbrticulates with the body of
the incus. The long process of the incus artieglavith the head of the stapes. The
footplate of the stapes covers the fenestra vdstibilne two smallest striated muscles in

the human body, stapedius and tensor tympani aie falnd in the tympanic cavity.
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Tensor tympani attaches to the head of the maledsstapedius attaches to the stapes
(figures 45 + 46). On the medial wall, in front tdie fenestra cochleae, is the
promontory, formed by the basal turn of the cochl®a the surface of the promontory is
the tympanic plexus, a network of nerve fibres fréne tympanic branch of the
glossopharyngeal nerve, branches from the genewganglion of the facial nerve and
sympathetic branches from the carotid plexus (@gud45 + 46). The promontory is

formed by the basal turn of the cochlea (figures-4%).

FACIAL NERVE

The facial nerve enters the petrous part of theoteal bone through the internal acoustic
meatus. At the fundus of the meatus the facialenées superiorly and medially. The
nerve is traveling anterolaterally, but at the fusdt changes direction to pass medially
and expands to form the genicular ganglion. Tleafanerve makes a sharp right angle
turn at the genicular ganglion and the horizongginsent of the nerve passes posteriorly
and laterally, positioned anterior and lateralhe vestibule. At the genicular ganglion
the greater and lesser superficial petrosal nearesgiven off from the facial nerve
(figures 47 + 48). These branches emerge frontettn@oral bone to pass into the middle
cranial fossa. At the point where the lateral s#nmular canal and posterior semicircular
canal are close, as seen through the mastoid cdkigyfacial nerve changes direction
again with a sharp turn from the horizontal segn#mwnwards to form the vertical
segment. The vertical segment passes to the shgkoid foramen where it leaves the
temporal bone. Just before reaching the foramerfabial nerve gives off the chorda
tympani branch which travels through a bony candhe posterior wall (fiures 49 + 50).
This canal turns on to the lateral wall, and theveecontinues across the tympanic
membrane between the fibrous and mucous layersriteémvards the chorda tympani

canaliculus.

MEDIAL DISSECTION OF THE TEMPORAL BONE
The Eustachian tube extends from the tympanic gawithe nasopharynx. It consists of
two parts, an anterior cartilaginous portion ambaterior bony portion. The opening of

the cartilaginous portion into the nasopharynx eoded by the tubal elevation of
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cartilage covered by respiratory epithelium. Levateli palatini attaches to the medial
aspect of the cartilaginous portion of the Eustchube and the under surface of the
petrous part of the temporal bone (figures 51 + Snsor veli palatini is attached to the
lateral aspect of the cartilaginous portion of tBestachian tube and the adjacent
scaphoid fossa of the medial pterygoid plate (Bgus3 + 54).

The vidian nerve is located in a bony tunnel in lo®r of the sphenoidal air sinus,
extending from the foramen lacerum posteriorly tee tpterygopalatine ganglion
anteriorly in the pterygopalatine fossa. The mjepalatine ganglion is attached to the

maxillary nerve and to the palatine and infraotliterves (figures 53 + 54).

The internal carotid artery is located laterallie tvall of the pharynx with branches of
the superior cervical ganglion and carotid plexoste surface. The sympathetic chain
lay posterior to the carotid sheath and the vagusenlay in the carotid sheath with the
internal carotid artery and the internal jugulainve The internal carotid artery bends
sharply medially and anteriorly at about a 90 degregle as it enters the carotid canal.
The internal carotid then bends sharply again aua®0 degrees to leave the carotid
canal. The carotid plexus winds around the artemfhe internal carotid then bends

sharply around the sphenoid bone to form the ahsayhon within the cavernous sinus.

The internal carotid artery can be seen travellipgrom the bifurcation of the common
carotid at the upper border of the thyroid carglagwards the base of the skull, lying
parallel to the vertebral column. The artery lbetow the mucosa of the pharynx. The
glossopharyngeal nerve also lies below the mucbsheopharynx crossing behind the
internal carotid artery. The sympathetic chaipasallel to the internal carotid along with

the vagus nerve (figures 55 + 56).

THE INNER EAR
The inner ear consists of a series of cavitiesiwithe petrous temporal bone called the
bony labyrinth. Inside the bony labyrinth is a deracavity of similar shape but formed

by a thin membrane, called the membranous labyrinth
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THE BONY LABYRINTH

The three parts of the bony labyrinth are the best, the semicircular canals and the
cochlea. The vestibule is situated medial to gmepinic cavity with the semicircular
canals anteriorly and the cochlea posteriorly (ggu57 + 58). It measures 5mm from
anterior to posterior, 5mm from superior to infemd 3mm from medial to lateral. The
medial wall is perforated anteriorly for the passad nerve filaments to the saccule in a
circular recess. There is a recess inferiorly falrby the bifurcation of a ridge, the crista
vestibuli, which lies posterior to the sphericapssion, and which is perforated by
nerve fibres supplying the vestibular end of thetds cochlearis. Superiorly there is an
oval depression adjacent to the crista vestibUihis is perforated by holes which convey
nerve fibres to the ampulla of the lateral and sop&semicircular canals. Nerve fibres
are conveyed to the utricle via holes in the pydahend of the crista vestibuli. At the
posterior aspect of the medial wall is the openaighe vestibular aqueduct, which
contains the vestibular vein and the endolymphatict, a prolongation of the
membranous labyrinth. The endolymphatic duct isticoous with the endolymphatic
sac which lies in the layers of the dura mater witthe posterior cranial fossa.
Posteriorly are the five orifices of the semicianutanals and anteriorly is the opening

which communicates with the cochlea.

There are three bony semicircular canals, sup€aoterior), posterior and lateral
(horizontal). They measure 0.8mm in diameter amchfapproximate circles of unequal
length. Each has a dilatation at one end whicbalked the ampulla which measures
approximately 1.6mm in diameter. They open in®\hstibule via five orifices because
the posterior and superior canals join to formdhes commune at one end to enter the
vestibule (Figs 59 + 60).

The lateral semicircular canal is the smallesthef tanals. It is positioned horizontally

within the temporal bone projecting backwards aatérblly from the vestibule. It

measures 12 to 15mm. Both right and left lateealats lie in a similar plane. The
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ampulated end is superior and posterior on thebwdst superior to the fenestra vestibuli

and adjacent to the ampulated end of the supeaialc

The posterior and superior canals lie at right engb each other, with the right superior
canal being in the same plane as the left posteaoal. The left superior canal is in the
same plane as the right posterior canal. The supzanal lies in a vertical plane, lying
perpendicular to the long axis of the petrous bffrrures 61 + 62). The superior
projection forms the arcuate eminence. It is am@edl laterally and this end opens into
the superior and lateral aspect of the vestibuldée other end, the crus commune, enters

superiorly and medially. This canal measure 15m@20mm.

The posterior canal lies in a vertical plane patath the long axis of the petrous bone. It
measures 18mm to 22mm and the ampulated end opstesiprly and inferiorly into the

vestibule.

The cochlea lies anterior to the vestibule and dmicircular canals. The cochlea is
essentially a hollow blind ending tube which makes and three quarter turns around a
central axis and projects outwards from the basle @@creasing radius to form a conical
projection. The central axis which it spirals ardus a cone formed of bone called the
modiolus (figures 63 + 64). The base is at thell®f the internal acoustic meatus. It
could be described as like the terminal threadsa@trew. The apex of the cochlea
points anterolaterally and the cochlea is on a deavd inclination. The dimensions of

the cochlea are 9mm in diameter across the basB amd from base to apex.

Within the spiral is the osseous spiral lamina Wwhacojects outwards from the central
modiolus towards the periphery. This lamina isomgplete at the periphery but the
basilar membrane joins it to the side wall and s#pa the canal into two sections, which
are able to communicate at the apex. Below thenkitihe scala tympani is formed and
above the lamina the scala vestibuli is formed.e ®pical communication is formed

because the osseous spiral lamina and basilar remblio not continue to the apex, this

communication is called the helicotrema. The midids perforated by orifices for
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passage of nerve fibres from the cochlear divisibthe vestibulocochlear nerve. Some
of the nerve fibres follow the spiral canal of thediolus, which houses the spiral
ganglion and follow the path of the spiral lamin&he canal of the cochlea has three
openings at the base: the fenestra cochleae whiamenicates with the tympanic cavity
but is closed by the secondary tympanic membrariéeinan opening into the vestibule

and the cochlear duct which communicates with tittase of the petrous bone.

The endolymphatic duct passes posteriorly towandsposterior surface of the petrous

temporal bone and then inferiorly and expands dedpe operculum (figs 78 + 79).

Within the bony labyrinth is the membranous labyriavhich follows the same general
arrangement, with the exception of the vestibuleenghthe utricle and saccule are

present.

THE MEMBRANOUS LABYRINTH
The saccule lies in the spherical recess of thabeds. It receives innervation from the
vestibular nerve and communicates with the cochikext by the canalis reuniens of

Hensen.

The utricle is larger than the saccule and lieggr@sly in the vestibule. It is oblong in
shape; the part which lies in the elliptical recetthe vestibule has a thicker lining and
receives nerve fibres from the vestibular nervehe Ttricle communicates with the

semicircular ducts by five openings.

The semicircular ducts are on average about onetegyuaf the diameter of the

semicircular canals and are eccentrically placediwthe bony canal.

Within the cochlea the membranous labyrinth forims ¢ochlear duct which lies upon
the spiral osseous lamina and basilar membranéandfed by the vestibular membrane
which spans from the periosteum of the spiral larim the bony wall. The cochlear

nerve can be seen entering the modiolus of theleach The cochlear duct, or scala
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media, is eccentrically located and in section mésdes a triangle with the outer wall
formed by a thickened layer of periosteum. Thiskitned periosteum is called the spiral

ligament and superiorly it contains vascular loapd is called the stria vascularis.

The endolymphatic duct is also given off from trecaile which is joined by the
utriculosaccularis duct from the utricle (figure )65 The endolymphatic duct then
continues in the vestibular aqueduct to end inradldac called the endolymphatic sac on

the posterior wall of the petrous bone.

THE ENDOLYMPHATIC DUCT AND SAC

Within the bony vestibule on the anteroinferior M@l the utricle, is a thickened inward
projection, a lip which forms the inner wall of tlériculo-endolymphatic valve. The
outer wall is formed by the wall of the utricle dfire 65). This separates the
embryological pars inferior, saccule and cochleamfrthe pars superior, utricle and
semicircular canals. The utricular duct joins witie endolymphatic duct, which arises
from the saccule. The endolymphatic sinus is atalilon of the endolymphatic duct

proximally (figure 65).

The sinus is located in a depression on the posterall of the vestibule. The sinus
narrows and forms the endolymphatic duct as itrentgo the vestibular aqueduct of the
petrous bone. Within 1mm of the vestibular orifibe duct narrows to form the isthmus
of the endolymphatic duct which at 0.3mm in diametethe narrowest part. The
endolymphatic duct continues in a posterior digecthen it bends to follow a lateral and
inferior course within the bony vestibular aqueduéiong side the endolymphatic duct
within the vestibular aqueduct are other smallectsluthe paravestibular canaliculi.
Within the petrous bone the vestibular aqueducargek to house the proximal part of

the endolymphatic sac.
The endolymphatic sac is located partly within fe¢rous bone covered by a sliver of

bone called the operculum and partly within theetayof dura in the posterior cranial

fossa. The sac lies on the posterior surface @fptrous bone in a depression on the
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surface called the foveate impression. This iatied about 10mm lateral to the internal
auditory meatus and 10mm inferior to the superairgsal sulcus. The operculum is also
inferior to the subarcuate fossa on the postenofase of the temporal bone. The
extraosseous portion of the endolymphatic sac pi®j@ithin the dura mater towards the
sigmoid sinus laterally and the jugular bulb mdgliffigures 66 + 67).

The endolymphatic sac lies posterior to the pastesemicircular canal. The
extraosseous portion of the endolymphatic sacuaddo lie within a fibrous thickening
in the dura mater. When opened, adhesions arblevigiithin the endolymphatic sac
(figures 66 + 67). The proximal part of the endabhatic sac can be found deep to the
operculum within the vestibular aqueduct, a chamwi¢hin the petrous temporal bone
(figures 68 + 69). The superior border of the @&x$seous portion lay in the same place
as the lateral semicircular canal. The medial &oad the intraosseous part of the sac is
found to lie posterior to and at the medial linfittkee posterior semicircular canal, where
it communicates with the vestibule (figures 70 4.7As the endolymphatic sac extends
towards and emerges from under the operculum, dtande between the sac and the

posterior canal increases to about 2mm of dense @igures 72 + 73).

HISTOLOGY OF THE MEMBRANOUS LABYRINTH

The bony labyrinth was seen as a series of comectvities within the petrous part of

the temporal bone. Within the bony labyrinth is thembranous labyrinth. The outline
of the bony labyrinth can be drilled from the pesdemporal bone. The bony labyrinth
can be seen with the internal and external acouostiti attached, pointing towards each

other, and the tympanic cavity opened (figures 7%t

The cochlea consists of the bony canal within wHiek the smaller cochlear duct, or
scala media. The scala vestibuli lies above tlhlear duct and the scala tympani lies
below the cochlear duct. The roof of the cochldact is formed by the vestibular

membrane (of Reissner) and the floor is formedheyltasilar membrane. The vestibular

membrane consists of flattened epithelial cellshe Dasilar membrane attaches to the
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osseous spiral lamina around the modiolus andtsg&o the spiral ligament around the
periphery. The limbus of the spiral lamina liestba osseous spiral lamina and provides
attachment for Reissner's membrane and the tettmeanbrane which lies within the
cochlear duct. The peripheral part of the tectamambrane lies on the spiral organ
(figure 76).

The spiral organ consists of a row of inner hallsogith adjacent pillar cells followed by
three rows of outer hair cells and then the cdlldensen. The Tunnel of Corti is formed
by the pillar cells between the inner and outer balls and the basilar membrane. The

tectorial membrane lies on the stereocilia of tiver and outer hair cells (figure 77).

The stria vascularis is located on the externall wélthe cochlear duct between
Reissner's membrane and the spiral prominence. sEha vascularis consists of a

stratified epithelium with an underlying plexushddod vessels (figure 77).

A horizontal section through the cochlea reveadstthins of the cochlea in cross-section
with the modiolus in the middle. The scala vedtibnd scala tympani are visible with
the interscalar septum. The organ of Corti lyimgtbe basilar membrane contains the
inner hair cells. The inner hair cells are asgedawith the spiral ganglion where
ganglion cells are present. These cells are in associated with the cochlear nerve
(figure 78).

HISTOLOGY OF THE ENDOLYMPHATIC SAC

The proximal and intermediate parts of the endolyatic sac are lined with cuboidal
epithelium. The proximal part and the majority thfe intermediate part of the
endolymphatic sac are found within the petrous taapbone. The proximal part
consists mainly of a single tubular structure wibnvoluted cuboidal epithelium.
Surrounding the duct and within the vestibular ayoe are paravestibular canaliculi

containing numerous small blood vessels. The $iegiment of the endolymphatic duct is
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essentially horizontal and ‘J’ shaped. The inemtrate part which is contained within

bone is formed by multiple tubules with a cuboiépithelium (figure 79)

The distal segment of the sac lies on a vertia@lpartially within and on the surface of
the petrous temporal bone. The distal endolympledc is lined with a low cuboidal
epithelium. In the distal endolymphatic sac twdtegial cell types were identified. One
cell type has a dark nucleus positioned adjacetitdduminal edge of the cell. The other
cell type appears to have slightly lighter cytoptaand a centrally placed nucleus (figure
80).

The distal endolymphatic sac is arranged in lomiyital parallel tubules which do not
communicate with the sigmoid sinus or any otheuafised space or cavity. A colloid

like material was visualised within the lumen of gac (figure 80).

Large longitudinal veins run parallel with the loagis of the sac at the distal end of the
endolymphatic sac, deep to the sac, within the duaer. There is a thickening of the
dura mater around the endolymphatic sac which estémthe sigmoid sinus, beyond the

end of the sac itself (figure 81).

SCANNING ELECTRON MICROSCOPY

In a cross section of the distal part of the enahgllyatic sac, the tubular structure of the
sac can be seen adjacent to the dura mater. A@eulbular structure of the sac has been
partially damaged. A blood vessel can be seen teepe epithelium. Debris can be

seen in the lumen of the sac (figure 82).

In a section of the distal endolymphatic sac wiiak been de-roofed the epithelial lining
of the sac is arranged in flattened sheets of.céls either side of the flattened epithelial
cells the roughened fibrous tissue of the dura metevisible (Fig 83). At higher

magnification the cells of the sac appear to haverganised arrangement with central
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areas protruding into the lumen, representing tiden of the cells, similar to the lining

of the membranous labyrinth in the vestibule.

Deep to the epithelial lining there is a fibrous&aent membrane on which were found

large macrophages with many processes presentgfg).

EMBRYOLOGY OF THE ENDOLYMPHATIC SAC

In a 27mm human embryo (about 54 days) the devadomialleus and incus can be seen
with the tubotympanic recess behind. Medial tes¢hes the developing inner ear. On
this section the upper part of the membranous iatbyrs visible, the pars superior of the
labyrinth (figure 85).

In a 55mm human embryo, on coronal sectioning,ratfe@ main parts of the external,
middle and inner ears can be seen. The fusedoaydiillocks forming the pinna can be
seen laterally and again the external auditory nsed filled with a meatal plug. The
malleus, incus and stapes are visible in the tympawity. The facial nerve is visible
adjacent to the basal turn of the cochlea (figie &Extending from the vestibule of the
labyrinth the endolymphatic duct is visible wittime vestibular aqueduct as it makes its
way to the posterior cranial fossa (figure 87).e ®mndolymphatic duct in the vestibular
aqueduct lies on the same plane as the endolynepdeatiand the vestibule at this stage.

The association of the endolymphatic sac and tjra@d sinus is seen.

The hollowed cavities of the membranous labyrirftthe inner ear are visible. Medially
lie the turns of the developing cochlea which isrfed from the pars inferior. Laterally
are the semicircular canals formed from the pamgsesar. On the left the lateral

semicircular canal and the crus communae are eisildn the right the endolymphatic
duct can be seen arising from the vestibule andirtgrsharply backwards towards the
posterior cranial fossa (figure 87).

The distal endolymphatic sac is visible as the teamdilatation of the endolymphatic

duct within the dura mater of the posterior crafigisa. The endolymphatic sac is seen
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to lie on a similar plane to the endolymphatic dard the vestibule. The sac can be seen
at this stage to be a simple structure with a sitiginen. Medial to the endolymphatic
sac and duct which can be seen in the vestibulagdagrt is the internal auditory meatus
lying between the developing semicircular canald e cochlea. Nerve fibres can be

seen entering the internal auditory meatus (fi@e

MEASUREMENTS

From the series of fourteen dissected temporal 9&oen 9 bodies, measurements of the
endolymphatic sac and the relationship to surraumdiructures were made. Peeling the
dura down from the operculum revealed the endolatiptsac as it emerges from the
temporal bone (figures 88 + 89). Removal of theaddown to the sigmoid sinus then
revealed the dural thickening which contains thdogymphatic sac and the sac itself

(figures 90 + 91). The measurements are detaildtk following tables.
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Cadaver Sex | Age Operculum distance Distance W::th length of Distance
width from 1AM from SPS sac from SS
sac

M L M L M L M L
4 Left1 F | 81 6.5 86 |133|10.7| 91 | 144 | 75 | 72 | 82 | 8.0
4 Left2 5.6 96 |139|109| 99 | 138 | 76 | 106 | 86 | 8.2
4 Left mean 6.1 91 | 136|108 | 95 | 141 | 76 | 89 | 84 | 8.1
4 Right 1 4.6 11.0|133| 85 | 53 | 1565 | 99 | 105| 9.0 | 55
4 Right 2 3.5 99 | 138| 74 | 6.7 | 102 |10.1| 96 | 7.7 | 7.6
4 Right mean 4.1 10.5 | 13.6 | 8.0 6 129 | 100|101 | 84 | 6.6
5 Right 1 M | 92 6.0 10.2 | 144 | 141 | 104 sac lumen not 11.8 | 10.7
5 Right 2 6.2 11.4 | 133 | 132 | 11.1 identified 107 | 13
5 Right mean 6.1 10.8 | 13.9 | 13.7 | 10.8 not identified 11.3 | 119
6 Left 1 F | 96 3.8 88 | 11.2 114|112 | 159 | 138 | 125|104 | 11.3
6 Left 2 4.0 87 |122|119|113| 16.0 | 129|119 | 10.1 | 11.8
6 Left mean 3.9 88 | 11.7|11.7 | 113 | 16.0 | 134 | 12.2 | 10.3 | 11.6
7 Right 1 F | 88 4.2 98 | 126 |11.3 | 10.6 | 11.4 | 12.0 | 12.0 | 11.2 | 10.7
7 Right 2 4.9 99 | 134 |11.3|104 | 10.2 | 126 | 12.3 | 11.3 | 11.7
7 Right mean 4.6 99 | 130|11.3|105| 10.8 | 123 | 12.2 | 11.3 | 11.2
8 Left 1 M | 90 1.2 10.7 | 10.7 | 11.8 | 12.3 | 13.8 | 16.4 | 12.6 | 14.4 | 16.7
8 Left 2 2.2 10.3 | 115|119 | 122 | 158 | 16.0 | 144 | 15.0 | 16.5
8 Left mean 1.7 105|111 | 119|123 | 148 | 16.2 | 135 | 14.7 | 16.6
8 Right 1 2.3 10.2 | 115|130 | 129 | 134 | 17.2 | 149|141 | 148
8 Right 2 1.6 10.3 | 11.3 | 12.2 | 123 | 142 | 17.4 | 15.2 | 15.2 | 149
8 Right mean 2.0 10.3 | 114 | 126 | 126 | 13.8 | 17.3 | 15.1 | 14.7 | 149

Table 1: Table of measurements of endolymphatic s
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Width

Number sex | Age Operculum distance Distance of length of Distance
width from IAM from SPS sac from SS
sac
9 Left1 F | 83 4.2 85 |11.2| 87 | 57 | 68 | 99 | 104|113 | 103
9 Left2 5.0 87 | 104 | 83 | 57 | 7.2 |10.7|10.8|12.2 | 10.6
9 Left mean 4.6 86 |108| 85 | 57 | 70 | 103 |10.6|11.8 | 10.5
9 Right 1 3.5 99 | 132 62 | 6.2 | 127 | 96 | 87 | 146 | 9.3
9 Right 2 4.3 97 | 133 6.1 | 64 | 125 | 9.7 | 86 | 14 | 8.7
9 Right mean 3.9 98 | 133|6.15| 6.3 | 126 | 9.7 | 87 | 143 | 9.0
10 Right 1 3.7 10.2 | 125|104 |10.2| 98 | 111|119 |122 | 145
10 Right 2 34 89 | 11.8|10.2|10.2 | 10.3 | 11.7 | 11.8 | 12.3 | 14.9
10 Right mean 3.6 955|122 |10.3|10.2 | 10.1 | 114 | 119 | 12.3 | 14.7
11 Left1 5.7 10.2 | 15.7 | 10.2 | 94 sac lumen not 83 | 84
11 Left 2 81 |105|14.4 |10.210.2 identified 88 | 85
11 Left mean 6.9 10.4 | 15.1 | 10.2 | 9.8 not identified 855 | 85
11 Right 1 F | 78 55 92 | 136|121 |11.7| 9.2 | 95 |10.7| 119|121
11 Right 2 5.2 88 | 128 | 117|116 | 9.7 | 9.2 |11.2| 120 | 123
11 Right mean 5.35 90 | 132|119 |11.7| 95 | 94 | 110|120 | 12.2
12 Left1 6.5 89 |133|123| 93 | 11.7 |10.7| 88 | 105| 8.1
12 Left 2 6.6 89 | 127|124 | 9.2 | 122 | 10.3| 88 | 10.3 | 8.0
12 Left mean 6.6 89 | 13 | 124 | 93 | 120 | 105| 88 | 104 | 8.1
12 Right 1 F | 65 3.5 82 |105|10.7| 92 | 103 | 33 | 43 | 75 | 113
12 Right 2 4.2 88 | 11.3|103| 9.2 | 96 | 3.7 | 46 | 82 |12.2
12 Right mean 3.9 85 (109 |105| 9.2 | 100 | 35 |445| 79 | 118
mean values 84 4.5 96 | 126 |10.7| 9.6 | 119 | 11.0 | 106 | 111 | 111

Table 2: Table of measurements of endolymphatic s
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In summary the width of the operculum was 4.5mrhe @istance of the operculum from
the internal acoustic meatus was 9.6mm to the rhédid and 12.6mm to the lateral
limit. The distance of the operculum to the sumepetrosal sinus was 10.7mm on the

medial limit and 9.6mm on the lateral limit.

The endolymphatic sac itself was on average 11.9mmhe, 11.0mm in length on the
medial edge and 10.6mm long on the lateral edgen tWb temporal bones the
extraosseous part of the endolymphatic sac could beo identified, although the
thickening of the dura in which the sac would liassstill visible. The medial limit of the
operculum was 11.1mm from the sigmoid sinus andateral limit was 11.1mm from

the sigmoid sinus or jugular bulb.

The internal acoustic meatus was 5.6mm from thersoppetrosal sinus medially and
7.1lmm at the lateral limit of the meatus. The agerheight of the internal acoustic

meatus was 4.4mm.

There is great variability in the size of the egseous portion of the endolymphatic sac,
between cadavers and between each side in the ad&ver. There may be no

extraosseous portion identifiable, and it may alserlap the sigmoid sinus.

PATHOLOGY IN MENIERE’S DISEASE
In two cases of known Méeéniére’s disease, post morsxamination of the temporal

bones revealed the presence of endolymphatic spstemsion in the affected ears.

The first case (appendix 9) is a 12 year old giHowvas diagnosed with unilateral
Méniere’s disease affecting the right ear priordeath. Post-mortem histological
examination of the left ear, conducted in 1995, whésically normal but revealed

distension of the endolymphatic space at the ap&xeacochlea, close to the helicotrema.
Otherwise the left ear appeared normal with ontifeat changes. Examination of the
right ear revealed extensive and diffuse endolyriphepace distension affecting both

the vestibular and cochlear (scala media) parth@imembranous labyrinth. Reissner’s
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membrane was identified herniating through thecoélema of the cochlea (figure 92).

The organ of Corti essentially appears normal. r@lage breaks present in the wall of the
utricle. The saccule is extensively dilated, toanghthe footplate of the stapes. The
endolymphatic duct and sac appeared normal in éearth

In the second case, an 81 year old man with loagdstg severe bilateral Méniére’s
disease, post-mortem histological examination dhlbears revealed essentially normal
bony labyrinths. Both membranous labyrinths showtemsive dilatation of the
endolymphatic compartment. Reissner's membrandisglaced into scala vestibuli.
There is also herniation of Reissner's membraneutjin the helicotrema in both ears.
Both saccules are dilated and are in contact wighfdotplate of the stapes. Examination
of the left utricle revealed a break in the wallhe endolymphatic sacs in both ears were

small (figure 93).

The patient had a left endolymphatic sac decomjagresand silastic stent insertion for

Méniere’s disease. The bone of the mastoid wasnahs the area from the posterior
semicircular canal medially to the sigmoid sinusrally. The outline of the silastic stent
is visible penetrating the layers of the dura m&taral to the endolymphatic sac on the
left side and surrounded by fibrous tissue. A hslpresent in the dura mater where it is
penetrated by the stent. The stent is not innatantact with, the endolymphatic sac
(figure 94).

ENDOLYMPHATIC SAC DECOMPRESSION BY NEURO-OTOLOGIST

As this cadaver had previously been dissectedumests, there was little to demonstrate
of the structures superficial to the mastoid bon€learing of the mastoid however
revealed the mastoid emissary foramen with the erdhgmissary vein lying in it. The
spine of Henle was uncovered at the superior astepor aspect of the external auditory

meatus adjacent to the suprameatal triangle (fi§gje
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The sigmoid sinus posteriorly with an overlying pgrate was found to lie posteriorly.
Anteriorly is the posterior bony wall of the extalrauditory canal and superiorly is the

dura of the middle cranial fossa.

Drilling medially from MacEwan'’s triangle, the s@pneatal triangle, to about the depth
of 10mm revealed the aditus ad antrum, the comnatioit between the mastoid cavity
and the tympanic cavity of the middle ear. Thes#geamooth bone around the lateral
semi-circular canal was identified protruding irttee mastoid antrum. Through the
antrum the body and short process of the incusiaitedle along with the incudostapedial

articulation in the tympanic cavity.

Following removal of the air cells of the mastdme ateral aspect of the posterior semi-
circular canal was identified posterior and slighthedial to the lateral semi-circular

canal.

Removal of the air cells inferiorly towards the toés tip adjacent to the sigmoid sinus
revealed the superior part of the digastric ridggom inside the mastoid the digastric
ridge appears as the digastric apex, passing amkerand medially and then superiorly
and medially, from posterior to anterior, towarkle stylomastoid foramen. The vertical
segment of the facial nerve is located in the falla canal running from the stylomastoid
foramen to the point above where the inferior aspédhe lateral semicircular canal

abuts the posterior semicircular canal (figure 96).

The dura of the posterior cranial fossa is visiblem the superior petrosal sinus
superiorly to the jugular bulb inferiorly and fromie posterior semicircular canal
medially to the sigmoid sinus laterally. A trapekzshaped thickening of the dura is
visible extending from a narrow apex behind thetgrasr semicircular canal to a wide
base adjacent to the sigmoid sinus. The supeanot of this thickening appears to be
parallel to, and on the line of the axis of, theedal aspect of the lateral semicircular

canal (figure 97).
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SIMULATED ENDOLYMPHATIC SAC DECOMPRESSION

The craniofacial muscles are found immediately deephe overlying skin and often

adherent to the skin. The circular muscles arotinedorifices are visible: orbicularis

oculi around the eye with palpebral and orbitaltfgaand orbicularis oris around the
mouth. The other muscles around the mouth areedspr anguli oris and levator anguli
oris, depressor labii inferioris and levator lakiiperioris, and zygomaticus major. The
broad musculofibrous sheet, occipitofrontalis, egte from the eyebrows anteriorly to
the highest nuchal line on the occipital bone pomtiy. Frontalis is the anterior

muscular part which is long and broad and is adtiei® the superficial fascia of the

eyebrows and the muscle fibres blend with thoseiratathe eye. Occipitalis is the

posterior muscular part which is shorter than tlenthl part; it originates from the

highest nuchal line and the mastoid part of theptaa bone. Platysma is visible around
the anterior part of the neck extending up ontoitiierior part of the face and merging
with the muscles around the mouth. Risorius is &isible, an extension of platysma
projecting posteriorly and superiorly onto the facBemporoparietalis lies between the
auricularis superior and anterior muscles andriatélis muscle (figures 98 + 99).

The great auricular nerve is visible emerging fréwhind sternocleidomastoid and
extending towards the inferior part of the auriddeanching as it approaches the auricle.
The lesser occipital nerve also emerges from bestiechocleidomastoid and branches as
it travels up towards the back of the head, pdriléhe direction of sternocleidomastoid.
One large branch is seen coursing to the supeaitrop the auricle where a branch of the
nerve appears to join with a branch of the posteaaricular nerve. The posterior
auricular nerve emerges from under the deep fasfaaor to the auricle (figures 100 +
101).

Anterior to the pinna is the superficial tempordkgy, a terminal branch of the external
carotid artery. The superficial temporal arteryp b@ seen dividing into an anterior and a
posterior division proximally. The artery appetduous. The posterior auricular artery
is seen on the scalp posterior to the pinna. Bramof the auriculotemporal nerve are

visible running with the superficial temporal agterThe auriculotemporal nerve can be
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seen as separate from the facial nerve. Posterithre superficial temporal artery is the

superficial temporal vein (figures 102 + 103).

The fan shaped auricularis superior can be seannating from the temporal part of the
epicranial aponeurosis and inserting onto the emtpart of the helix of the pinna (Figs
102 + 103). The cartilaginous parts of the ear\aséle, including the helix which
extends along the posterior border from the top rdow the tail of the helix
posteroinferiorly. The lamina of the tragus isilis anteriorly along with the spine of
the helix. The small nerves and vessels lyinghensurface of the cartilage are branches
of the facial nerve, great auricular nerve and l#sser occipital nerve along with the
vagus and glossopharyngeal nerves. The slendmubauis posterior muscle is visible
extending from the mastoid process onto the véntidge on the posterior aspect of the
concha. The posterior auricular ligament lies sopdo the posterior auricular muscle
and it also extends from the mastoid process taitlye on the back of the concha. A
branch of the posterior auricular artery is alssible coursing onto the superior part of
the medial surface of the pinna (figures 104 + 105)

Division of the muscles and ligaments followed bynoval of the pinna shows that the
posterior auricular artery passes the external simoumeatus posteriorly, and the
superficial temporal artery passes it anteriorlyhere is still fascia and periosteum

overlying the mastoid process (figures 106 + 107).

With the temporalis fascia removed, along with gegiosteum overlying the mastoid
process, the fibres of temporalis can be seen cgimge and passing deep to the
zygomatic arch. The posterior, horizontal, fibcags be seen parallel to the superior edge
of the mastoid process. With sternocleidomasteithaved, the insertion of splenius
capitis onto the mastoid can be seen. The lafégmas of occipitalis are visible at the
posterior aspect of the mastoid process. The madt@uditory meatus and the tympanic
plate are visible anterior to the mastoid. Themtaink of the facial nerve can be seen as

it passes anterior and inferior to the mastoid,rgiog from medial to lateral. The
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posterior auricular artery winds from inferior toprior over the surface of the mastoid,

superficial to it (figures 108 + 109).

With removal of the cortex of the mastoid from thgramastoid crest superiorly, to the
line of the sigmoid sinus posteriorly, the mastijpdand along the posterior aspect of the
bony wall of the external acoustic meatus anteyjdHe mastoid air cells become visible.
The middle cranial fossa dura is identified supdyiat the level of the supramastoid
crest. With the removal of the bone between th@asuastoid crest superiorly and the
posterior and superior bony wall of the externalustic meatus the bone of the lateral
semicircular canal is visualised along with thetasliad antrum into which it protrudes
(figures 110 + 111).

The posterior canal is then identified posteriothe lateral canal and lying on an axis
approximately at 90 degrees to the lateral cafle facial nerve is identified lying in a
canal from the stylomastoid foramen inferiorly i@ junction of the posterior and lateral
semicircular canals superiorly (figures 112 + 11Removal of the bone between the
posterior canal and the sigmoid sinus reveals thia df the posterior cranial fossa from
the superior petrosal sinus superiorly to the jaguulb inferiorly. Once again a
thickening of the dura is present projecting froosterior to the posterior semicircular

canal and downwards toward the sigmoid sinus (gurl4 + 115).

ALTERNATIVE PROCEDURES

Suboccipital Posterior Cranial Fossa Approach

The upper fibres of trapezius are visible attacteedhe medial third of the superior

nuchal line, the external occipital protuberancd #re ligamentum nuchae. The upper
part of sternocleidomastoid is attached to thetithe mastoid. Splenius capitis is partly
visible lying deep to trapezius and then passingfram under the muscle to run under
sternocleidomastoid to attach to the mastoid pmoces the triangle formed between

trapezius, the visible part of splenius capitis #mal occipital bone, the greater occipital

nerve emerges to run up the back of the head whées next to the occipital artery.
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Parallel to and immediately posterior to the ugpaat of sternocleidomastoid is the lesser

occipital nerve (figures 116 + 117).

Removal of the upper part of trapezius and steamamastoid muscles allows the
visualisation of both splenius capitis muscles. eytoriginate from the ligamentum
nuchae and spinous process of C7 and the uppeciborertebrae and insert onto the
mastoid process and the lateral third of the soperiuchal line. The greater occipital
nerves can be seen emerging from between the fdfrése upper part of semispinalis
capitis on both sides and then coursing superemty laterally onto the back of the head
(figures 118 + 119). Deep to splenius capitis siesispinalis capitis, the inferior part of
which is crossed by splenius cervicis, originatingm the upper thoracic spinous
processes and inserting into the posterior tubemidhe transverse processes of C1, C2

and C3. The accessory nerve is visible passiagtie reflected part of trapezius.

Longissimus capitis can be seen inserting ontontastoid process; inferiorly however
the muscle lies deep to serratus posterior supetdah itself is deep to rhomboid major
and rhomboid minor. Levator scapulae originatemfthe transverse processes of C1 to
C4 and inserts onto the superior part of the mdubadler of the scapula. Superiorly this

muscle is crossed by a large vein (figures 1201.12

Retraction of the scapula and levator scapulaésidiv of serratus posterior superior and
removal of the inferior part of semispinalis cersiallows the visualisation of some of

the other muscles of the upper part of the backe 3eparation between the different
muscles is not clear. Semispinalis capitis carsd®n attaching to the thoracic spinous
process and lateral to this, the attachment of igsingus thoracis into the transverse

processes of the thoracic vertebrae is visiblai(Gg 122 + 123).
Removal of semispinalis capitis reveals the undgeglyascia, which removed in turn,

reveals a very dense venous plexus around the esusdl the suboccipital triangle
(figures 124 + 125).
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The posterior belly of digastric can be seen oatiimg from the digastric groove and
passing superficial to the transverse processeohtlas, the first cervical vertebrae (C1).

Deep to digastric, the occipital artery is visiffigures 126 + 127).

The muscles of the suboccipital triangle can nowgden. Superior oblique runs from the
transverse process of C1 to the base of the oaktipine. The inferior oblique muscle
runs from the transverse process of C1l to the spirqocess of C2. Rectus capitis
posterior major extends from the spinous process2ofo the base of the occipital bone
and rectus capitis posterior minor extends fromgihi@ous process of C1 to the base of
the occipital bone. In the floor of the subocapitriangle the vertebral artery was
identified adjacent to the posterior arch of atasl the first cervical nerve positioned
below the vertebral artery. The internal carotittry is visible inferior and anterior to

the origin of levator scapulae (figures 126 + 127).

Removal of the inferior oblique muscle, round whikhk greater occipital nerve winds by
passing inferior to the inferior edge of the musamhel then coursing superiorly, allows
visualisation of the posterior arch of the atlasl ahe lamina of the second cervical
vertebra. The greater occipital nerve is the doesaus of the second cervical nerve; the
ventral ramus courses around the vertebral art€he third cervical nerve lies inferior to
the greater occipital nerve. The deep cervicah vsi visible lateral to semispinalis
cervicis (figures 126 + 127).

Removal of the muscles of the suboccipital triaralews the visualisation of the atlas
and the axis, the first and the second cervicdakbeae. The vertical part of the vertebral
artery can be seen in part between the foramesueasarium of C1 and C2. The close
proximity of the vertebral artery and the internatotid artery in this region is apparent.
The internal jugular vein can be seen lateral ®ititernal carotid artery (figures 128 +
129).

The dura mater overlying the cervical spinal cadisible between the posterior arches

of C1 and C2. The dorsal rami of the first, secand third cervical nerves are visible.
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The ventral rami of the second cervical nerve wiladisrally around the vertebral artery.
The rounded dorsal spinal root ganglion of the sdarervical nerve lies inferior to the

posterior arch of C1. The dense posterior atlactmpital membrane runs between the
posterior part of the base of the occipital bone e posterior arch of C1 (figures 128 +
129).

With removal of the bone posterior and superioth® mastoid process, the dura of the
posterior and middle cranial fossa can be visudlis€he posterior limb of the middle
meningeal artery lies superficial to the dura madeep to the bone and runs posteriorly

and superiorly (figures 130 + 131).

The transverse venous sinus of the skull runs ftben confluence of sinuses at the
internal occipital protuberance laterally and apotdy, curving upwards towards the
sigmoid sinus. The sigmoid sinus curves inferi@g medially, posterior and medial to

the mastoid process (figures 130 + 131).

With retraction of the dura mater of the postedmnial fossa, the subarachnoid space is
opened and the pia mater can be seen on the suffabe cerebellum with the vessels

coursing over the surface.

With the aid of an operating microscope the duréemeovering the posterior surface of
the petrous temporal bone can be visualised. Tbssgpharyngeal nerve enters the
jugular fossa through a notch in the superior aspéthe jugular foramen. A fibrous

band separates this from the rest of the foramearavthe vagus and the cranial and
spinal components of the accessory nerve leavertreal cavity. The vertebral artery

can be seen inferior to the cranial roots of theeasory nerve.

The trigeminal nerve along with the anterior indericerebellar artery can be seen
entering the trigeminal cave, or Meckels cave, wfith dura of the tentorium cerebelli
superiorly, and the cerebellum posteriorly. Theadhand vestibulocochlear nerves pass

into the internal acoustic meatus (figures 132 3)13
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The superior petrosal sinus lies in the attachegk enf the tentorium cerebelli to the
petrous temporal bone. The internal acoustic nse& positioned inferior to the
superior petrosal sinus. Along with the facial &inel vestibulocochlear nerve the nervus
intermedius enters the internal acoustic meatugh e microscope focused on the dura
of the posterior surface of the temporal bone imatety lateral to the internal acoustic
meatus, the foveate impression is visible. Theesapand medial border of the foveate
impression is formed by the operculum. The operoulorms a ridge with the overlying
dura. The foveate impression is visible as théolad area inferior to the ridge formed

by the operculum (figures 134 + 135).

Combined retrosigmoid, suboccipital and transmastal approach

The posterior triangle of the neck is bounded a@migr by the posterior border of
sternocleidomastoid, posteriorly by the lateraldeorof trapezius and inferiorly the base
is formed by the clavicle. The floor of the trid¢egs formed by fascia covering the
underlying muscles: semispinalis capitis and spleapitis superiorly, levator scapulae
in the middle and the scalene muscles inferioillize occipital artery is visible overlying
semispinalis capitis at the apex of the posteri@mngle. The great auricular and
transverse cervical nerves are seen to perforatelelep fascia at Erb’s point and wind
around the posterior edge of sternocleidomastdide spinal accessory nerve perforates
the fascia about 1cm above Erb’s point as it ensefigen under sternocleidomastoid to
cross the posterior triangle superficially and etibe superior border of trapezius. The
lesser occipital nerve courses up the posteriangtie behind and parallel to the posterior
border of sternocleidomastoid.

With splenius capitis and semispinalis capitis reetbon both sides the suboccipital
triangle is visible. The greater occipital nensnde seen winding around the inferior
margin of the inferior oblique before passing sup®r onto the back of the head.

Semispinalis cervicis inserts onto the spinous ggs®f C2 (figures 136 + 137).
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Rectus capitis posterior minor attaches to thegpmsttubercle of the atlas. Removal of
the muscles of the suboccipital triangle and then&t-occipital membrane reveals the
base of the occipital bone and the posterior agfeitie foramen magnum (figures 138 +
139).

Removal of the posterior aspect of the basilar mdrtthe occipital bone and the
underlying dura reveals the posterior and infegorface of the cerebellum. The pia
mater can be seen on the surface of the cerebellang with the cerebellar vessels
(figures 140 + 141).

Following removal of the posterior part of the le@spart of the occipital bone on both
sides and removal of the cerebellum the posterianial fossa can be visualised from
below, looking up to the tentorium cerebelli. Tirainstem can be seen lying against the
clivus (figures 142 + 143).

The medulla oblongata extends down to the foramagnum. The inferior, middle and
superior cerebellar peduncles can be seen laterdlhe rhomboid fossa, or floor of the
fourth ventricle, lies between the cerebellar petiesion each side and is formed by the
dorsal surface of the pons and the cranial hathefmedulla. Superiorly the ventricle
communicates with the cerebral aqueduct and imtgribcommunicates with the central
canal of the spinal cord. A sulcus in the midldiedes the floor of the ventricle in two.
Either side of the midline sulcus are medial emogsnwhich extend to the sulcus
limitans laterally. The facial colliculus forms @&xpansion of the median sulcus. The

vestibular area is located lateral to the infefimea (figures 142 + 143).

The ridge formed by the operculum lies superior amadlial to the foveate impression in
which lies the endolymphatic sac. The ridge istpmsed approximately 1 cm inferior to
the superior petrosal sinus and 1cm lateral tartte¥nal acoustic meatus. The superior
petrosal sinus lies in the attached edge of thotieim cerebelli, where the tentorium
attaches to the petrous part of the temporal boRemoval of the dura superior and

medial to the foveate impression reveals the opencfigures 144 + 145).
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Removal of the bone immediately above and extending the lateral part of the vault,
and removal of the squamous part of the occipitedebalong with the posterior part of
the parietal bone, reveals the transverse venaus giosteriorly and the posterior limb of
the middle meningeal artery lying on the dura mat&he sigmoid sinus grooves the
inside of the skull where the temporal bone aréitag with the occipital bone. From the
inside this grove is “s” shaped and runs to thalf@mgfossa. Removal of the occipital
bone and part of the mastoid process from behindate the posterior edge of the

sigmoid sinus continuing on from the transversesifiigures 146 + 147).

The posterior auricular nerve leaves the main trohkhe facial nerve and passes
laterally, superior to the posterior belly of digas It pierces the fascia and then passes
posteriorly over the attachment of sternocleidowmidsio the mastoid and then superiorly
behind the pinna (figures 148 + 149).

The branch of the facial nerve that innervatespib&terior belly of digastric can be seen
leaving the main trunk of the facial nerve posteyioinferior to the tip of the mastoid,
and passing vertically downwards to the digastricsale. The facial nerve can then be
seen turning forwards to enter the posterior boafethe parotid gland (figures 150 +
151).

Drilling of the mastoid now reveals the sigmoidusirfrom in front, as the groove which
it forms has been removed. The vertical segmernheffacial nerve passes superiorly
from the stylomastoid foramen to the lateral seroidar canal adjacent to the posterior
semicircular canal. The chorda tympani arises ftbhm vertical segment of the facial
nerve close to the stylomastoid foramen and paggesrds and anteriorly towards the

tympanic membrane (figures 152 + 153).
A thickening of the dura of the posterior cran@dga is present extending from posterior

to the posterior semicircular canal and positiowbére the foveate impression would be.

The continuation of the transverse venous sinub@sigmoid sinus can be seen, along
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with the point where the superior petrosal sinwsrdr into the sigmoid sinus. The roof
of the mastoid is formed by the dura of the flobthe middle cranial fossa (figures 154
+ 155).

The relationship of the petrous temporal bone &edtiddle and posterior cranial fossae
can be seen. The proximal endolymphatic sac canb®ovisualised from the posterior
cranial fossa and the thickening of dura with tistall endolymphatic sac can be seen via

the mastoid.

Middle Cranial Fossa Approach

The fan shaped temporalis muscle can be seen igitige temporal fossa deep to the
temporalis fascia. Temporalis muscle is attacloethe temporalis fascia superiorly and
posteriorly but inferiorly it is separated from tli@scia by a fat pad. The superior
temporal line where the temporalis fascia insextasible and the temporalis can be seen
originating from the inferior temporal line. Thatarior fibres are vertically arranged,
the middle fibres are obliquely arranged and thstgrtor fibres are almost horizontal.
The fibres converge, running deep to the zygomadich, anterior to the
temporomandibular joint. Temporalis inferiorlydigleep to the thick masseter muscle
which takes origin from the lower border of the agwatic bone and inserts into the
mandible at the angle (figures 156 + 157).

Temporalis and the overlying fat pad can be sedill the temporal fossa lying between

the zygomatic arch and the deeper sphenoid andremsapart of the temporal bone.

The zygomatic arch is formed posteriorly by theaygtic process of the temporal bone
which is continuous with the suprameatal line om ltteral aspect of the temporal bone.
This line can be seen to mark the level of therflobthe middle cranial fossa (figures

158 + 159).

Lying between the dura mater and the overlying bare the anterior and posterior

branches of the middle meningeal artery. The amtdivision is seen to run deep to the

pterion, about 2cm above the zygomatic arch andmYposterior to the frontal process
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of the zygomatic bone. The posterior branch istacloser to the floor of the middle

cranial fossa, lying about 1cm above the suprarniaga(figures 158 + 159).

Raising the dura of the floor of the middle craradsa reveals the anterior surface of the
petrous temporal bone. This wedge of bone hasde Wwase where it contacts the
squamous part and a narrow apex. Anteriorly theope bone is continuous with the
cerebral surface of the squamous part and limitedhb sphenoid and posteriorly the
tentorium cerebelli attaches to the superior edfke arcuate eminence bulges into the
middle cranial fossa. The greater superficial gezl nerve leaves the temporal bone
through the facial hiatus and runs on the bonyrflobthe cranial floor towards the

foramen lacerum and deep to the trigeminal ganghgares 158 + 159).

Removal of the dura mater reveals the cerebraéxadvered with pia mater and part of
the arachnoid mater. Along the line of the supesayittal sinus, lateral to it, bridging
cerebral veins are present; crossing what wouldhee subarachnoid space. These
bridging veins pass from posterior to anterior befentering the superior sagittal sinus.
Arachnoid villi are present lateral to the supegagittal sinus in the lacunae laterales. A
meshwork of cerebral veins and arteries is visiblghe pia mater running over the
surface of the cerebral cortex. Removal of the meter and the superficial vessels
reveals the gyri and sulci of the cerebral cortekhe frontal, temporal, parietal and
occipital lobes are visible. The lateral sulcus t& seen separating the temporal lobe
from the frontal and parietal lobes. The centtdtiss separates the frontal and parietal
lobes. On the temporal lobe the inferior and tingesior temporal gyri can be seen. The
inferior temporal gyrus lies closest to the surfatéhe temporal bone. Over the surface
of the cerebral hemisphere the small holes creayeitie perorating vessels can be seen.
Removal of the frontal, parietal and temporal opkraeveals the deeper cortex of the
insula. Deep to the insula is the external capatilieh lies on the surface of the putamen
of the lentiform nucleus. Inferior to the extercapsule, and running from front to back
is the inferior occipitofrontal fasciculus and amady the uncinate fasciculus. The
corona radiata can be seen superiorly extendinglhadrom the internal capsule out

towards the cortex. The internal capsule lies deejhe putamen and passes inferiorly
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towards the cerebral peduncle, deep to the omat.tr The injected perforating vessels
are visible in the substance of the brain. Atahterior part of the optic tract, close to the
optic chiasm is the middle cerebral artery which haen divided. The posterior cerebral
artery lies inferior to the optic tract passingnfrdhe circle of Willis posteriorly. With

removal of the undersurface of the temporal lobthefbrain the dura of the floor of the

middle cranial fossa can be seen. Cerebral veealao evident (figures 160 + 161).

The superior semicircular canal lies under the ae@minence, forming the eminence.
The removal of the bone approximately 60 degredsrian and medial to the superior
canal reveals the roof of the internal auditory mea Underlying the facial hiatus is the
greater superficial petrosal nerve. This can beed posteriorly and laterally to the
genicular ganglion. The horizontal, perilabyrimi segment of the facial nerve
continues laterally and posteriorly from the getacuganglion. Drilling above the
internal acoustic meatus reveals the dura whiagslithe roof of the meatus. The contents
of the internal acoustic meatus can be seen omcduta, which lined, the roof has been
excised. The facial nerve is in the superior aretlial (anterior) aspect of the internal
acoustic meatus and the superior vestibular nerire the superior and lateral (posterior)
part. Drilling anterior to the fundus of the canaeals the cochlea. The facial nerve can
be seen winding around the cochlea towards thecgkamiganglion. A vertical bar of
bone, the vertical crest, separates the facialenitom the superior vestibular nerve at the
fundus (figures 162 + 163).

The cochlear nerve lies in the meatus inferior he tacial nerve and the inferior
vestibular nerve lies inferior to the superior uasar nerve. The cochlear and vestibular
arteries which are branches of the labyrinthinergrare visible within the meatus. A
small artery can be seen lying on the surface@ttithlea and inferior vestibular nerves.
At the fundus a horizontal bridge of bone, the $xeanse crest separates the facial and
superior vestibular nerves from the cochlea aneriof vestibular nerves (figures 162 +
163).
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Removal of the dura reveals the petrous temporakbthe base of which lies at the
junction of the petrous and squamous parts, wighajhex lying medially and anteriorly
close to the impression for the trigeminal nervBemoval of the roof of the trigeminal
cave and the surrounding dura reveals the fibretheftrigeminal nerve which expand
into a large flattened ganglion, the trigeminalgam. Arising from the ganglion are the
three divisions, the mandibular passing to therfma ovale, the maxillary passing to the
foramen rotundum and the ophthalmic which runs &dmvn the wall of the cavernous
sinus. The cavernous sinus can be seen mediardaador to the ganglion. Immediately
lateral and posterior to the foramen ovale is thrarhen spinosum which is transmitting

the middle meningeal artery (figures 164 + 165).

The greater superficial petrosal nerve runs from genicular ganglion anteriorly and
medially to pass deep to the trigeminal ganglidfedial to the nerve and deeper within
the petrous bone is the horizontal segment ofriteznal carotid artery within the carotid
canal (figures 164 + 165).

The tegmen tympani forms the roof of the tympamicity. Within the tympanic cavity
the malleus articulates with the incus and incti€wates with the stapes. The head of
the malleus can be seen anterior to the incustaaticulates with the body of the incus.
Inferiorly the long process of the incus can bensadiculating with the head of the
stapes. The short process of the incus is dirqmsteriorly and is attached to the fossa
incudis in the epitympanic recess. The Eustachiba opens into the tympanic cavity at

the anterior tympanic wall (figures 164 + 165).

Perpendicular to the axis of the superior canadtgroorly, lies the posterior semicircular
canal. Anterior to the posterior canal and deeg lateral to the superior canal is the

lateral semicircular canal (figures 164 + 165).

Removal of the mastoid air cells and bone postdddhe posterior semicircular canal
reveals the dura of the posterior cranial fossanftbe posterior canal to the sigmoid

sinus. Anterior to the mastoid is the externalitang canal. The sigmoid sinus extends
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inferiorly, medially and anteriorly towards the jpgr bulb. The upper part of the
thickening in the dura of the posterior cranialstss identifiable (figures 164 + 165).

CLINICAL PROCEDURES

Retrosigmoid / suboccipital acoustic neuroma reseicin

A retrosigmoid craniotomy allows the surgeon toeenthe posterior cranial fossa.
Division of the tissues in the back of the neckulesl in bleeding from a rich venous
plexus in the sub-occipital region along with blieedfrom the emissary veins. The
anterior margin of the craniotomy is the sigmoiausi and superior margin the transverse
sinus. The dura mater and the arachnoid matetchéde opened and the cerebellum

retracted to visualise the posterior surface ofpbious temporal bone (figure 166).

In the cerebellopontine angle, the vestibulocochlaad facial nerves are revealed
coursing into the internal acoustic meatus, and tttgeminal nerve coursing to the
trigeminal cave. The abducens nerve is seen ® thasugh a hole in the dura posterior
to the cavernous sinus. Inferiorly the glossophgeal, vagus and accessory nerves are

seen.

The foveate impression is seen with the bulge fdrimg the operculum more superior

and medial on the surface of the petrous tempanad b

Glomus jugulare resection by lateral approach

With the external auditory meatus divided throupk tartilaginous portion and sewn

shut it can be retracted anteriorly with the skapf The root of the zygomatic process
can be seen superior to the bony part of the eattewnditory meatus and can be seen to
be continuous with the supramastoid crest. Stéerdmmastoid can be seen attaching to
the mastoid process with the great auricular neressing in front of the muscle from

posterior to anterior (figure 167).
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With the superficial part of the parotid gland remd and the facial nerve dissected out
of the vertical segment of the fallopian canalahde seen transposed into a new canal
drilled in the attic of the tympanic cavity. Themains of the mastoid and tympanic
cavities are continuous, filled with tumour. T$igmoid sinus forms the posterior limit
of the mastoid, however the posterior cranial fahsa is visible posterior to the sigmoid

sinus (figure 168).

Division of the posterior belly of digastric andad¢turing of the styloid process allows

visualisation of the infratemporal fossa and thiacitires deep to the infratemporal fossa
from behind. Ties can be seen around the intgugallar vein and the internal carotid

artery. The lower four cranial nerves are visilale they enter the neck. The

glossopharyngeal is visible passing superficialhe internal carotid artery as it travels

downwards and forwards. The vagus and the hypsglogrves pass into the neck deep
to the internal jugular vein and then move downwar@ihe accessory nerve loops around
the anterior border of the internal jugular veionfr medial to lateral and then passes
backwards and downwards (figure 168).

This surgical procedure then allowed for removaltlod lateral part of the petrous

temporal bone.

110



Figure 13 Photograph showing an oblique posterior and lateral view of the
skeleton of the head and neck
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Figure 14 Diagram showing an oblique posterior and lateral view of the
skeleton of the head and neck



Figure 15 Photograph of lateral view of right temporal bone
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Figure 16 Drawing of lateral view of right temporal bone



Figure 17 Photograph of superior view of right temporal bone
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Figure 18 Drawing of superior view of right temporal bone



Figure 19 Photograph of inferior view of right temporal bone
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Figure20 Drawing of latera view of right temporal bone



Figure 21 Photograph of posterior view of right tempora bone
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Figure 22 Diagram of posterior view of right temporal bone



Figure 23 Photograph of posterior view of |eft anterior, middle and posterior
cranial fosaae
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Figure 24 Diagram of posterior view of |eft anterior, middle and posterior cranial
fosaae



Figure 25 Photograph of floor of cranial cavity showing anterior, middle and
posterior crania fossae
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Figure 26 Diagram of floor of cranial cavity showing anterior, middle and posterior
cranial fossae



Figure 27 Photograph of posterior aspect of left tempora bone with internal acoustic meatus and jugular foramen
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Figure 28 Diagram of posterior aspect of left tempora bone with internal acoustic meatus and jugular foramen



Figure 29 Photograph of left superficial temporal region




Figure 30 Diagram of superficial left head and neck dissection
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Figure 32 Diagram of left pinna dissection



Figure 33 Photograph of anterior view of superior view of |eft temporal bone with
tympanic cavity de-roofed and genicular ganglion exposed
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Figure 34 Diagram of anterior view of superior view of |eft temporal bone with
tympanic cavity de-roofed and genicular ganglion exposed



Figure 35 Photograph of lateral view of left temporal bone with glossopharyngeal, hypoglossal,
vagus and accessory nerves and the internal jugular vein and internal carotid artery
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Figure 36 Photograph of lateral view of left tempora bone with glossopharyngeal, hypoglossal,
vagus and accessory nerves and the internal jugular vein and internal carotid artery



Figure 37 Photograph of inferior view of the jugular fossa and the parts of the ear
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Figure 38 Diagram of inferior view of the jugular fossa and the parts of the ear



Figure 39 Photograph of inferior view of nerves within the jugular fossa
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Figure 40 Diagram of inferior view of nerves within the jugular fossa



Figure41 Photograph of lateral view of tympanic membrane, tympanic cavity and superior semicircular canal
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Figure42 Diagram of lateral view of tympanic membrane, tympanic cavity and superior semicircular canal



Figure 43 Photograph of medial view of the course of theinternal carotid artery




Tympanic ring

Anterior malleolar fold

Notch of tympanic ring — ————

Lateral process of malleus

Posterior malleolar fold

Long process of incus

Chorda tympani

Footplate of stapes

Handle of malleus

Promontary

Fenestra cochleae

Figure 44 Diagram of media view of the course of the internal carotid artery



Figure 45 Photograph of cochlea after removal of the bony wall of the promontory
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Figure 46 Diagram of cochlea after removal of the bony wall of the promontory



Figure 47 Photograph of superior view of left temporal bone with tympanic cavity de-roofed and genicular ganglion exposed
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Figure 48 Diagram of superior view of left tempora bone with tympanic cavity de-roofed and genicular ganglion exposed



Figure 49 Photograph of vertical segment of facial nerve visualised through
mastoid
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Figure50 Diagram of vertical segment of the facial nerve visualised through
mastoid cavity



Figure 51 Photograph of medial view of nasopharynx
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Figure 52 Diagram of media view of nasopharynx



Figure 53 Photograph of media view of intraoesseous course internal carotid artery
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Figure 54 Diagram of medial view of intrapoesseous course internal carotid artery
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Figure56 Diagram of medial view of the course of theinternal carotid artery



Figure 57 Photograph of right temporal bone showing opened internal acoustic
meatus, cochlea and semicircular canals
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Figure 58 Diagram of right temporal bone showing opened internal acoustic
meatus, cochlea and semicircular canals



Figure 59 Photograph of left superior, lateral and posterior semicircular canals
opened
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Figure60 Diagram of left superior, lateral and posterior semicircular canals opened



Figure61 Photograph of membranous labyrinth within the bony labyrinth
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Figure 62 Photograph of membranous |abyrinth within the bony labyrinth



Figure 63 Photograph cochlea and cochlear nerve
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Figure64 Diagram of cochlea and cochlear nerve
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Figure 65 Photograph of histological specimen of saccule, utricle and endolymphatic duct stained with
haemotoxylin and eosin



Figure 66 Photograph of posterior aspect of right temporal bone with dura mater partly removed
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Figure 67 Diagram of posterior aspect of right tempora bone with dura mater partly removed



Figure 68 Photograph of posterior aspect of right temporal bone showing intra and extra osseous parts of the endolymphatic sac
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Figure 69 Diagram of posterior aspect of right tempora bone showing intra and extra osseous parts of the endolymphatic sac



Figure 70 Photograph of the intraosseous part of the endolymphatic sac
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Figure 71 Diagram of the intraosseous part of the endolymphatic sac



Figure 72 Photograph of posterior view of right temporal bone revealing labyrinth
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Figure 73 Diagram of posterior view of right temporal bone revealing labyrinth



Figure 74 Photograph of superior view of drilled |eft temporal bone
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Figure 75 Diagram of superior view of drilled left temporal bone
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Figure 76 Photograph of section of cochlea stained with haematoxylin and eosin
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Figure 77 Photograph of section of cohlea duct stained with haematoxylin and eosin
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Figure 78 Photograph of section of cohlea stained with massons trichrome



Figure 79 Photograph of section of intermediate endolymphatic sac stained with
haemotoxylin and eosin



Figure 80 Photograph of section of distal endolymphatic sac stained with
haemotoxylin and eosin




Sigmoid sinus
Longitudinal veins

Endolymphatic sac

Dura mater

Thickening of the
dura mater

Figure81 Photograph of section of distal endolymphatic sac stained with
haemotoxylin and eosin
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Figure 82 Electron micrograph of transverse saabf endolymphatic sac
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Figure 83 Electron micrograph of the internaface of the endolymphatic sac
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Figure 84 Electron micrograph of the basement brane of the endolymphatic sac
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Figure 85 Photograph of a section of a 27mm huemaloryo head stained with haemotoxylin and eosin
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Figure 86 Photograph of a section of a 55mm huemaloryo head stained with haemotoxylin and eosin
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Figure 87 Photograph of a section of a 55mm huemalbryo head stained with haemotoxylin and eosin



Figure 88 Photograph of the opperculum and endohatic sac
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Figure 89 Diagram of the opperculum and endolyrtiplsac



Figure 90 Photograph of the endolymphatic sah thié lumen opened
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Figure 91 Diagram of the endolymphatic sac whih lumen opened
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Figure 92 Photograph of a section of the affectazhlea, right, from a patient with
unilateral Méniere's disease stained with haemditoand eosin
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Figure 93 Photograph of a section of the leftgeral bone showing the endolymphatic sac from a
patient with long standing menieres disease, staintdhaemotoxylin and eosin
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Figure 94 Photograph of a section of the rightgderal bone from a patient with previous endolynigha
sac decompression and stent insertion stained &#mbtoxylin and eosin
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Figure 95 Photograph of aright mastoid process
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Figure 96 Photograph of aright cortical mastoidectomy and endolymphatic sac
decompression
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Figure 97 Photograph of aright cortical mastoidectomy and endolymphatic sac
decompression



Figure 98 Photograph of aright superficial head dissection
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Figure 99 Diagram of aright superficial head dissection



Figure 100 Photograph of the superficia structures behind the pinna
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Figure 101 Photograph of the superficia structures behind the pinna



Figure 102 Photograph of superficia left head and neck dissection
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Figure 103 Diagram of superficial left head and neck dissection
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Figure 105 Diagram of posterior view of left pinna dissection



Figure 106 Photograph of left bony external acoustic meatus
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Figure 107 Diagram of left bony external acoustic meatus



Figure 108 Photograph of left mastoid process with periosteum removed
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Figure 109 Diagram of left mastoid process with periosteum removed



Figure 110 Photograph of left mastoid process with cortex removed
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Figure 111 Diagram of left mastoid process with cortex removed



Figure 112 Photograph of left cortical mastoidectomy and endolymphatic sac
decompression




Lateral canal

v

v

Posterior canal 2

Facial nerve

v

Figure 113 Photograph of left cortical mastoidectomy and endolymphatic sac
decompression



Figure 114 Photograph of left mastoid post endolymphatic sac decompression
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Figure 115 Diagram of left mastoid post endolymphatic sac decompression



Figure 116 Photograph of superficial back of head and neck dissection2
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Figure 117 Diagram of superficial back of head and neck dissection



Figure 118 Photograph of neck dissection following removal of trapezius
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Figure 119 Photograph of neck dissection following removal of trapezius
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Figure 120 Photograph of lateral view of neck dissection
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Figure 121 Diagram of |ateral view of neck dissection



Figure 122 Photograph of longissimus capitis
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Figure 123 Diagram of longissimus capitis



Figure 124 Photograph of posterior view of right suboccipital triangle
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Figure 125 Diagram of posterior view of right suboccipital triangle
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Figure 126 Photograph of posterior view of left suboccipital triangle
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Figure 127 Diagram of posterior view of left suboccipital triangle
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