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Foreword

Two years before the First World War began in
1914, Dr Porter, an Edinburgh otolaryngologist,
wrote a book that became a ‘best-seller’. We do not
know how his career would have progressed, nor
how his book would have developed, because he,
like so many other young professional men, was
killed before the end of the war.

Fortunately his Edinburgh colleagues revived
the book the year after the war ended in 1919 under
the editorship of Dr Arthur Logan Turner, who
became President of the Royal College of Surgeons
of Edinburgh. Between then and 1982 there were
nine editions; the contributing authors tradition-
ally were the consultants in post at the time in
the Edinburgh department of otolaryngology.
The tenth edition in 1988 was edited by Professor
Arnold Maran who, like Dr Logan Turner, became
a President of the Royal College of Surgeons of
Edinburgh, and the edition he edited was also
written by Edinburgh laryngologists.

Many plans for further editions were discussed,
but they were in the years during which written
works were being replaced by electronic publish-
ing, and there was doubt about the value of an
‘old-fashioned” text book. During this period of
uncertainty there were many ‘false starts’, and for a
time it looked as if this historic book would disap-
pear. However, we are grateful to Musheer Hussain,
who has had the perseverance to create a team of
contributors to complete this eleventh edition.

So much time has passed and so many changes
have occurred in the delivery of health care in

Scotland that the authors of the chapters are now
no longer confined to Edinburgh. That in itself is a
marker of the development of the delivery of health
care in Scotland, where now every centre has a
standard of excellence that was once confined to
the big cities.

This new edition reflects the huge change that
has occurred in the specialty since the last cen-
tury. Although otolaryngology was originally a
specialty that was created in order to remove pus
from bony boxes in the skull to avoid intracranial
complications, it has morphed into a form that
would be unrecognisable to the original innova-
tors. These changes are elegantly presented in this
book, which now covers neuro-sensory deafness,
head and neck cancer, paediatric airway disease,
skull base surgery and the rhinological revolution
brought about by the endoscope.

Should there still be a place for the printed
word? My answer would be in the affirmative,
because electronic publishing has not reached the
point where instant access to a single topic is as
easy as it is with the printed word.

Is there still a place for a single work on a whole
specialty? My answer would again be in the affir-
mative, because 95% of that specialty is between
these hard covers. The more specialised areas are
the domain of single-subject volumes, but in this
book, the jobbing otolaryngologist will find most
of the answers to everyday problems.

Professor Arnold A G Maran






Preface

When I was asked to edit the eleventh edition of
Logan Turner’s Diseases of the Nose, Throat and
Ear: Head and Neck Surgery, 1 felt deeply honoured
but did not quite grasp the magnitude of the task.
Itis a great privilege to edit this famous textbook in
its centenary year. Not many medical books have
been in continuous publication for 100 years.

The response I received from the chapter
authors, all leaders in their field who un-hesitantly
completed their chapters, was overwhelming.
Many mentioned their feelings about the textbook.
T still keep my copy of the ninth edition’, said one.
‘Tt was the book that got me through the exams’,
said another. ‘It was my introduction to otolar-
yngology’ was another comment. The last three
editions of this book were popular not only in the
British Isles, but also in South Asia, the Far East
and the Middle East. The fifth edition was sold in
North America and was well received.!

This edition has been completely revised to
meet the needs of aspiring otolaryngologists. All
four sub-specialities are represented in the chap-
ters, along with a fifth section on radiology.

" Hussain SM: Three textbooks and the ‘Edinburgh
Brand’. ENT and Audiology News 2010; 19 (3): 52-53.

I must acknowledge the previous editors of the
book: Dr Proctor, who first published the book in
1914 but died in the service of his country; and
Dr Logan Turner, who edited Dr Proctor’s book
and contributed additional material.

Several editions followed. The ninth and tenth
editions were prepared by Professor Arnold Maran,
an acknowledged leader in field of otolaryngology
who has very kindly written the Foreword to the
book.

I would like to thank my former colleague,
Robin Blair, and my colleague Brian Bingham for
their trust.

If there are errors in the text, the responsibil-
ity is entirely mine. The publishers Taylor and
Francis, and in particular Henry Spilberg and
Linda Van Pelt, were unfailingly helpful, and this
book would not have been completed without their
support.

S Musheer Hussain
Editor

Xi
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EMBRYOLOGY OF THE NOSE
AND PARANASAL SINUSES

The nose and paranasal sinuses are interlinked during
development. At the end of the gestational fourth
week, branchial arches, branchial pouches and primi-
tive gut make their appearance. This is when the
embryo gets its first identifiable head and face with
an orifice in its middle known as the stomodeum
(primitive mouth). The stomodeum is surrounded
bilaterally by mandibular and maxillary prominences,
which are derivatives of the first arch. The stomo-
deum is limited superiorly by the presence of the
frontonasal eminence and inferiorly by the mandibu-
lar arch. Inferiorly, the frontonasal process gives two
projections, the nasal placodes. These fuse to form the
nasal cavity and primitive choana. The primitive cho-
ana forms the point of development of the posterior
pharyngeal wall and the various paranasal sinuses.!

Physiology of the nose and
paranasal sinuses

Respiration

Olfaction

Key learning points
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DEVELOPMENT OF THE NOSE
AND NASAL CAVITY

Development of the nasal cavity

The primitive nasal cavity forms as the maxillary
process of the first branchial arch and grows ante-
riorly and medially, fusing with the medial nasal
folds and the frontonasal processes. The bucco-
nasal membrane initially separates the primitive
nasal cavity from the mouth, but it eventually
breaks down, forming the primitive choanae. The
palatal processes derived from the lateral maxil-
lary mesoderm grow medially, fusing in the mid-
line with each other and the septum to separate the
nasal and oral cavities anteriorly. Posteriorly, this
midline floor separates the nasopharynx and oral
cavities and forms the soft palate.!
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Development of the external nose
and nasal septum

The lateral nasal folds form the nasal bones and
the upper and lower lateral cartilages during the
tenth to eleventh weeks. The nasal septum arises
from a dorsal extending midline ridge from the
posterior end of the frontonasal processes. This
is continuous with the partition of the primitive
nasal cavities anteriorly. The superior and poste-
rior part of the primitive nasal septum ossifies to
form the perpendicular plate and vomer, respec-
tively. The anterior and inferior portions remain
cartilaginous to form the quadrilateral cartilagi-
nous septum.

DEVELOPMENT OF THE
PARANASAL SINUSES

Development of the maxillary sinus

The maxillary sinus is the first to develop, appear-
ing as a shallow groove in the primitive ethmoidal
infundibulum into the maxilla at 7-10 weeks. At
birth it measures 7 x 4 x 4 mm. It shows a biphasic
growth at 3 and 12 years of age.

Development of the ethmoid sinus

The fetus develops six to seven folds in the lateral
nasal wall at the ninth and tenth weeks. These folds
fuse, forming crests termed ethmoturbinates from
which the permanent ethmoidal structures develop.
The first crest gives rise to the agger nasi and the
uncinate process. The ethmoidal bulla arises from the
second crest. The third crest is the basal lamella of the
middle turbinate that divides the ethmoidal air cells
in the anterior and posterior groups. The other struc-
tures that arise from these crests include the middle,
superior and supreme turbinates, and all are seen to
be attached to the lateral nasal wall by their basal
lamella.

Development of the sphenoid sinus

The sphenoid sinus appears at the third intrauterine
month as an evagination from the sphenoethmoidal

recess and is about 2 x 2 x 1.5mm at birth, to reach
adult size at the age of 12-18 years.

Development of the frontal sinus

The frontal sinus starts developing at the fourth
intrauterine month. The frontal sinus, the anterior
ethmoidal complex and the complex array of the
frontoethmoidal cells develop from five or so pits
that lie between the first and second ethmoturbi-
nates. The frontal bone is very poorly pneumatized
at birth and the frontal sinuses not distinguish-
able from the anterior ethmoid complex. The fetal
pits start to pneumatize the frontal bone and can
be noted at the end of the first year of life. One of
these fetal pits continues to pneumatize both plates
of the frontal sinus such that by the twelfth year of
life the frontal sinuses have largely developed.

ANATOMY OF THE NOSE
AND PARANASAL SINUSES

THE EXTERNAL NOSE

The external nose is a pyramidal structure with
a framework of bone and cartilage, covered by
connective tissue and skin. The bony structure is
made of the nasal bones, which unite superiorly
with the frontal bone at the nasion and laterally
with the frontal processes of the maxilla. The dis-
tal two-thirds of the nose is formed by the upper
and lower lateral cartilages, which overlap each
other at the margins. The upper lateral cartilages
fuse medially with the quadrilateral cartilage,
forming the cartilaginous part of the nasal dor-
sum. The lower lateral cartilages, also called the
alar cartilages, are each composed of the medial
and lateral crus connected by the intermediate
crus. The latter forms the dome of the nostril and
the tip-defining points. The medial crus contrib-
utes to the columella attached posteriorly with the
membranous septum. The lateral crus forms the
alar or nostril rim.

Branches of the facial artery supply the alar
region, and branches of the ophthalmic and max-
illary artery supply the dorsum and lateral walls.
The venous drainage is to two units: the angular
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vein and the ophthalmic veins. The latter interlinks
with the anterior ethmoid system and thence into
the cavernous sinus. The submandibular and sub-
mental nodes provide the main lymphatic drain-
age to the external nose.?

THE NASAL CAVITY AND
PARANASAL SINUSES

The nasal cavity extends from the nostrils anteri-
orly to the choanae posteriorly, where it becomes
continuous with the nasopharynx. The nasal cav-
ity is divided in the midline by the nasal septum,
which forms the medial wall of the nasal passages.
The roof is formed anteriorly by the undersurface
of the upper lateral cartilages and nasal bones, and
posteriorly by the cribriform plate, which houses
the olfactory epithelium. The rest of the nasal cav-
ity is lined by respiratory epithelium. The nasal
floor is made up of the palatine process of the max-
illary bone anteriorly, fused with the horizontal
process of the palatal bones posteriorly.

Nasal septum

The nasal septum is composed of a small anterior
membranous portion, the cartilaginous portion
called quadrilateral cartilage and the bony por-
tions of the perpendicular plate of the ethmoid,
the vomer and the nasal crests of the maxilla and
palatine bones. These components articulate as
shown in Figure 1.1. The medial crura of the
lower lateral cartilages attach to the thin mem-
branous septum anteriorly, forming one of the
major tip support structures. At its upper mar-
gin, the quadrilateral cartilage is connected to
the upper lateral cartilages, contributing to the
projection and height of the mid-third of the
nose. The keystone area represents the attach-
ment of the quadrangular cartilage to the bony
septum and nasal bones at the rhinion. Continuity
and fixation at this point are important both aes-
thetically and functionally because it supports
the projection of the upper third to mid-third of
the nose.

Figure 1.1 Left lateral nasal wall on removal of the turbinates. A, sphenoethmoidal recess; B, basal
lamella; C, palatine bone; D, ethmoid bulla; E, uncinate process; F, hiatus semilunaris; G, aggar cell; H,
maxillary process of inferior turbinate; |, lacrimal bone; J, frontal process of maxillary bone; 1a, posterior

fontanel; 1b, anterior fontanels.
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Lateral nasal wall

The lateral wall of the nasal cavity is predomi-
nantly composed of the maxilla, with contribu-
tion from the perpendicular plate of the palatine
bone and the medial pterygoid plate posteriorly.
The anterior aspect of the lateral wall has contribu-
tions from the nasal bones and upper lateral carti-
lage, the latter forming the internal nasal valve at
its junction with the nasal septum. There are three
prominences on the lateral nasal wall termed infe-
rior, middle, and superior turbinates, respectively.
Occasionally, there may be a fourth turbinate
called the supreme turbinate. The spaces lateral to
the turbinates are called meati. Figure 1.2 illus-
trates this anatomy.

The inferior turbinate develops as a separate
bone whilst the middle, superior and supreme
turbinates are medial projections of the ethmoid
complex. Lateral to the inferior turbinate is a recess
called the inferior meatus into which the nasolac-
rimal duct opens.?

2 4 6 8 10
Depth in Nose (cm)

Nasal Resistance (cm H,0O/I per s)

Figure 1.2 Nasal resistance and laminar airflow
within the nasal cavity.

The middle turbinate has a complex con-
figuration and attachment. Anterosuperiorly it
is attached to the skull base, and posteriorly it
curves laterally to attach to the lamina papyrecea
forming a lamella termed the basal lamella. The
basal lamella divides the ethmoidal complex into
an anterior and a posterior group. Lateral to the
middle turbinate is a recess termed the middle
meatus. The middle meatus is a recess into which
drain the frontal, maxillary and anterior ethmoid
sinuses.

Two distinct bony prominences are seen later-
ally on removal of the vertical portion of the middle
turbinate: the uncinate process and the ethmoid
bulla. The uncinate process is a thin, boomerang-
shaped bone anterior to the ethmoid bulla. It
attaches to the lacrimal bone anteriorly and to the
inferior turbinate inferiorly. The posterior margin
of the uncinate process is unattached and forms a
sickle-shaped cleft between its free margin and the
anterior face of the ethmoid bulla, called hiatus
semilunaris. The hiatus semilunaris communicates
laterally with a three-dimensional space, the eth-
moidal infundibulum, bounded anteriorly by the
aggar nasi and frontoethmoidal cells, medially by
the uncinate process, posteriorly by the bulla eth-
moidalis and laterally by the lamina papyracea.*
See Figure 1.3.

The blood supply to the lateral nasal wall and
septum is mainly provided by the branches of the
sphenopalatine artery with contribution from the
anterior and posterior ethmoid artery, the greater
palatine artery and the facial artery. Nerve sup-
ply is from the nasociliary branch of the anterior
ethmoidal nerve, branches of the pterygopalatine
ganglion and anterior palatine nerves. Lymphatic
drainage is to the submandibular nodes anteriorly
and to the retropharyngeal and upper deep cervi-
cal nodes posteriorly.

The ethmoid sinus

The ethmoid sinuses are the most variable of the
sinuses and develop from pneumatization of the
ethmoid bone. When this pneumatization extends
to the middle turbinate, it is termed a concha
bullosa. Occasionally, the pneumatization of the
ethmoid bone can extend beyond the ethmoid
bone. These extra-ethmoidal pneumatizations
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Figure 1.3 Direction and movement of mucociliary activity within the frontal sinus.

are often allocated with specific terms: orbit bone
(supraorbital cell), roof of the maxillary sinus
(Haller cell), floor of the frontal sinus (fronto-
ethmoidal cell) and superolateral to the sphenoid
sinus (onodi cell).

The ethmoid roof is seen to slope medially and
posteriorly. Medially, it forms the fovea ethmo-
idalis and the cribriform plate. The lamina papy-
racae separates the ethmoid sinus laterally from
the orbit. The sphenoid sinus forms the posterior
boundary of the ethmoid sinuses.

A number of bony septa divide the ethmoidal
sinus into up to 18 air cells, and these are grouped
to form the anterior and posterior ethmoid air
cells depending on their relationship to the basal
lamella. The attachment of the basal lamella of the
middle turbinate divides the anterior and posterior
ethmoid systems.

The largest of the anterior ethmoid air cells
is the ethmoid bulla. This is the most consistent
surgical landmark. It may be unpneumatized in
8 per cent of patients. The ground lamella consti-
tutes the posterior boundary of the bulla ethmo-
idalis. Suprabullar and retrobullar recesses may be
formed when the ethmoid bulla does not extend
to the skull base. The suprabullar recess is formed
when there is a cleft between the roof of the eth-
moid bulla and the fovea. The retrobullar space
is formed when there is a cleft between the basal
lamella and the bulla. These spaces are collectively
called the lateral sinus. The ostia of the anterior
ethmoid cells open into the ethmoid infundibu-
lum in the middle meatus. The most anterior eth-
moid air cell is called the agger nasi cell. The face
of the bulla attaches to the skull base immediately

anterior to the anterior ethmoid artery. The ante-
rior ethmoid artery exits the orbit through the
lamina papyracae and courses horizontally across
the roof of the ethmoid sinus in a thin bony mesen-
tery (dehiscent inferiorly in 40 per cent of patients)
to enter the cribriform plate and anterior cranial
cavity through the fovea ethmoidalis. It then ver-
tically penetrates the most anterior aspect of the
cribriform plate to enter the nasal cavity to supply
the septum and the anterosuperior nasal cavity
as the terminal septal branch. The posterior cells
drain into the superior or supreme meatus. The
most posterior ethmoidal air cell may extend supe-
riorly and laterally to the sphenoid in 10 per cent of
cases (the onodi cell) and may have the optic nerve
and internal carotid artery bulging into it.

The blood supply to the ethmoid sinus is from
branches of the anterior and posterior ethmoidal
and sphenopalatine arteries. Venous drainage
follows the arterial supply. Lymph drainage is to
submandibular and retropharyngeal nodes. The
innervation is from the supraorbital, anterior eth-
moidal and orbital branches from the pterygopala-
tine ganglion.

The maxillary sinus

The maxillary sinus lies within the maxillary bone
and is pyramidal in shape, with its base forming
part of the lateral nasal wall and its apex point-
ing towards the zygomatic process. The roof of
the sinus constitutes the orbital floor and contains
the infraorbital nerve, which may be dehiscent in
14 per cent of cases. The alveolar process of the
maxilla and the hard palate form the floor of the



8 Anatomy and physiology of the nose and paranasal sinuses

maxillary sinus. The thinnest part of the anterior
wall corresponds with the canine fossa. The pos-
terior wall separates the maxillary sinus from the
pterygomaxillary fossa and its contents, i.e. the
internal maxillary artery, sphenopalatine ganglion
and greater palatine nerve.

At the superior aspect of the medial wall of
the sinus, opening into the region of the inferior
aspect of the ethmoid infundibulum, is the natu-
ral ostium. This is normally hidden from view by
an intact uncinate process and therefore cannot be
visualized endoscopically. The nasolacrimal duct
runs 4-9mm anterior to the ostium. The medial
wall of the maxillary sinus has areas of bony dehis-
cence usually covered by mucosa called the ante-
rior and posterior fontanels. In up to 30 per cent of
cases these may be patent, usually at the posterior
fontanel, to form an accessory ostium. The acces-
sory ostia are nonfunctional.

Branches of the internal maxillary artery,
ie. the infraorbital and greater palatine arter-
ies, provide the blood supply, and venous drain-
age is through the pterygoid plexus and facial
vein. Lymphatic drainage is to the submandibular
lymph nodes. The infraorbital, greater palatine and
superior alveolar nerves provide the nerve supply
to the maxillary sinus mucosa.

Frontal sinus

Frontal bone pneumatization to develop the fron-
tal sinus is variable, with approximately 5 per
cent of the population demonstrating no frontal
sinuses. Being a midline sinus, the two sides are
usually separated by intersinus septa, with both
frontal sinuses draining independently at the low-
est medial portion of the cavity. The frontal sinus
drains into the superior aspect of the ethmoid
infundibulum via the frontal recess.

The anterior and posterior walls of the frontal
sinus are composed of diploeic bone. The posterior
wall separates the frontal sinus from the anterior
cranial fossa and is much thinner. The floor of the
sinus also functions as a portion of the orbital roof.
The supraorbital and supratrochlear branches of
the ophthalmic artery provide its blood supply,
but venous drainage is to the cavernous sinus via
the superior ophthalmic veins and to the dural

sinuses through the posterior wall venules. The
supraorbital and supratrochlear nerves provide its
innervation.

Sphenoid sinus

The sphenoid sinuses are the deepest of the para-
nasal sinuses pneumatizing the sphenoid bone.
The sinus can be absent in about 1 per cent of
the population. Like the frontal sinus, sphenoid
sinuses are divided, often asymmetrically, by
a septum in the paramedian position. Antero-
inferiorly, the sphenoid rostrum articulates
with the perpendicular plate and vomer of the
nasal septum. The sphenoid sinus ostium lies in
the anterior medial wall of the sinus and drains
medial to the superior turbinate into the spheno-
ethmoidal recess.

Several important vascular and neural struc-
tures lie in the walls of the sphenoid sinus and can
indent the walls to a variable degree depending
on the degree of pneumatization. The posterior
wall is formed by the sella turcica superiorly and
clival bone inferiorly. The clival carotid artery
traverses vertically in the clival portion of the
posterior wall and loops forward in the cavern-
ous portion. Together with the optic nerve, these
are prominences evident in the superolateral wall
of the sphenoid sinus, with an indentation sepa-
rating the two called the lateral oculo-carotid
recess. The maxillary part of the trigeminal nerve
traverses the lateral wall and the vidian nerve of
the floor of the sphenoid sinus. Some bony dehis-
cence over structures such as the optic nerve (6
per cent of the population) and carotid arteries
(8 per cent of the population) are not infrequent.
Intersinus septa can often be in continuity with
the carotid and the optic canal, and uncontrolled
avulsion can result in a catastrophic bleed or
blindness.*

Apart from the roof, which is supplied by the
posterior ethmoid artery, the rest of the sphenoid
receives its blood supply from the sphenopala-
tine artery. Venous drainage is via the maxillary
veins to the jugular and pterygoid plexus systems.
The nasociliary nerve supplies the roof, whilst the
floor receives its innervations from branches of the
sphenopalatine nerve.
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PHYSIOLOGY OF THE NOSE AND
PARANASAL SINUSES

The two main functions of the nose are respiration
and olfaction.

RESPIRATION

The nose is solely responsible for the warming
and humidification of air that reaches the lungs.
Humidification is facilitated by evaporation of the
secretions of the numerous serous glands found in
the mucosal blanket and condensation of expired
air at the anterior nose. Air is humidified to 75-80
per cent.

Warming occurs as cool, inspired air creates a
temperature gradient as it comes into contact with
the counterflowing rich arterial blood from the
sphenopalatine artery, especially the inferior tur-
binate mucosa, such that the air reaching the post-
nasal space is approximately 31°C. Although this
countercurrent exchange creates a more efficient
heat exchange, this process remains imperfect,
with as much as 10 per cent of total body heat being
lost through the nose with expired air. Filtration of
inspired air occurs first in the nose. The vibrissae
filter the largest particles, and the mucous blanket
filters the rest. The mucous membrane is enriched
with immunoglobulin A (IgA), providing the first
line of immunological defence.®

OLFACTION

Olfaction is the perception of smell and is a primal
sense for humans and animals, allowing receptors
to identify food and mates, and provide warnings
of danger (such as fires or chemical dangers) as
well as sensual pleasures (such as perfumes). For an
odorant molecule to reach the olfactory area, tur-
bulent airflow from the anterior nares is required.
About 15 per cent of inspired air reaches the olfac-
tory area within the nose, where it interacts with
the mucus secreted by the Bowman’s glands in
the lamina propria and respiratory epithelium.
To reach the olfactory receptors, the odorant mol-
ecules must be soluble in the mucus and need high
water and lipid solubility. These molecules react

with the lipid bilayer of the receptor cells at spe-
cific sites, which causes an efflux of K+ and CI-,
resulting in depolarization of the cells. This pro-
cess is mediated by G-protein coupled receptors in
the cells that interact with a specific adenyl cyclase
within the neuroepithelium.

Olfactory responses show variations in both
thresholds and adaptation depending on the chem-
ical nature of the stimuli. Thresholds of perception
are lower than identification, because smells are
sensed before they are recognized. Changes in the
composition of the mucus can influence the diffu-
sion time required for odorant molecules to reach
the receptor sites. The beta-adrenergic, choliner-
gic, and peptidergic agents’ effect on the sensory
perception of smell is through their effect on the
secretory activities of the mucosal layer.

These functions are facilitated by a number of
physiological systems, which are described in the
following sections.

Airflow

The biomechanics of airflow and nasal resistance
is described by Bernoulli’s and Raymond’s equa-
tions, given below. Based on laminar flow equa-
tions, decreases in r, or the nasal airway radius,
cause four-fold decreases in flow, as described by
Bernoulli’s equation.

Q=APrM/(8nL)

Reynolds number = 2rQ p/n (Reynolds number
greater than 2000 is equated
with turbulent flow)

where L = length, r = radius, P = pressure, 1 = vis-
cosity, and p = density.

The presence of laminar or turbulent flow is
pertinent to the physiology of air exchange. The
cross section within the nose is variable, and
this continuously alters the pressure and velocity
within the system. During inspiration, the airflow
is directed upwards and backwards from the nasal
valve mainly over the anterior part of the inferior
turbinate, below and over the middle turbinate
and then into the posterior choana. Air reaches
the other parts of the nose to a lesser degree. The
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Figure 1.4 Lateral nasal wall with the superior, middle and inferior turbinates.

velocity at the anterior valve is 12-18 m/s during
quiet respiration, and it is considered laminar,
although in practice it is turbulent even in quiet
respiration, producing eddies in the olfactory
region. Turbulent flow results when the velocity of
nasal flow is increased. Expiration lasts longer than
inspiration, and flow is more turbulent. A sniff is
required to facilitate olfaction with turbulent air-
flow. Narrowing or alterations at the nasal valve
area (septal perforations, septal deviations) result
in turbulent flow within the nose, which can cause
a sensation of obstruction regardless of nasal pas-
sage patency.® See Figure 1.4.

The nasal cycle

This feature of normal nasal physiology is a cycli-
cal alteration in nasal resistance between the two
nostrils secondary to alteration in vascular activ-
ity that regulates the volume of venous sinusoids
(capacitance vessels) in the nasal erectile tissue
(located primarily in the inferior turbinate and
to a lesser extent in the anterior septum). These
changes occur between 4 and 12 hours and enhance
humidification, warming and mucociliary clear-
ance. The nasal cycle is affected by factors such as

allergy, infection, exercise, hormones, pregnancy,
emotions, sexual activity and recumbent position.

The mucociliary system

The mucociliary system is a vital component of the
normal sinonasal function of humidification, fil-
tering of inspired air, and elimination of secretions
and debris from the paranasal sinuses and nasal
airway. This system consists of three components:

a. Ciliated, pseudostratified columnar epithelium
lines nasal and paranasal sinuses. Cilia on the
surface of these cells propel mucus backwards
in the nose towards the postnasal space. Each
cilium has a surface membrane and encloses an
organized ultrastructure of nine paired outer
microtubules that surround a single inner pair
of microtubules. Outer-paired microtubules
are linked together by nexins and to the inner
pair by central spokes. Outer pairs also have
inner and outer dynein arms.

b. Double-layered mucous blanket has a less
viscous, watery layer (sol phase) in which
cilia move freely as well as a superficial, more
viscous mucous fluid (gel phase) into which the
tips of the cilia enter to move it.
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Figure 1.5 Nasal septum and its components. A, nasal spine of frontal bone; B, perpendicular plate of
ethmoid; C, nasal bones; D, vomer; E, palatine process of maxillary bone; F, maxillary crest; G, anterior
nasal spine; H, quadrilateral cartilage; |, upper lateral cartilage; J, lower lateral cartilage; K, columella.

Figure 1.6 Direction and movement of mucociliary activity within the maxillary sinus.
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¢. Mucous-producing glands include goblet
cells, seromucinous glands and intraepithe-
lial glands. The major composition of nasal
mucus is water (95 per cent), glycoproteins or
mucin (3 per cent), salts (2 per cent), immuno-
globulins (IgA), lysozymes (bacteriolytic) and
lactoferrin (bacteriostatic).

The ciliated cells beat in a specific direction,
resulting in a pattern of mucus flow. The cilia
actively beat to propel mucus to the nasophar-
ynx. This mucociliary flow occurs at 1cm/min,
and mucus stasis as a result of decreased beat fre-
quency may allow noxious substances to penetrate
the mucosa, resulting in disease. Pathological pro-
cesses such as bacterial and viral infections impede
ciliary beating by altering the ultrastructure or the
viscosity of the mucous blanket.”

In the paranasal sinuses, the cilia beat such
as to move material towards the sinus ostia. This
means that cilia often move mucus against gravity
to drain the sinus at its ostium. See Figure 1.6.

KEY LEARNING POINTS

e Continuity and fixation at the keystone
area are important because this supports
the projection of the upper third to mid
third of the nose.

e The frontal, maxillary and anterior
ethmoid sinuses drain into the middle
meatus.

e Intersinus septa within the sphenoid sinus
can often be in continuity with the inter-
nal carotid artery and the optic canal.

e Turbulent airflow within the nose can
cause a sensation of obstruction regard-
less of the patency of the nasal passage.

e The nasal cycle is affected by allergy,
infection, exercise, sexual activity and
recumbent position.
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INTRODUCTION

Rhinological diseases are very common, and whilst
an array of investigative tools exists for them,
many of these are not common practice in routine
ear, nose and throat (ENT) clinics. The advent of
the endoscope and the significant improvements
seen in the imaging and image capture technology
have allowed us to better see inside the nose and
beyond. This not only gives the clinician a much
more comprehensive assessment of the nose and
sinuses, but also facilitates education and engage-
ment of the patients themselves as they too can
see the effects of their disease and the response to
any treatments. The ‘European Position Paper on
Rhinosinusitis and Nasal Polyps’ (EPOS) has been
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a key document for guiding clinicians involved
in managing chronic rhinosinusitis, and it brings
guidance as to the logical flow of investigation in
this condition. This chapter will lay out the full
armoury of investigations available for rhinologi-
cal disease that are suitable both in clinical prac-
tice and in the research domain, or even in tertiary
centres. It will also give some direction as to how
these fit with the EPOS guidance and a framework
for investigating rhinological disease.

HISTORY AND EXAMINATION

As with any part of medicine, history taking is
the crucial step that should ideally precede all

13
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investigations, but symptom scores filled in by
patients in the waiting room can certainly help to
focus both the patient’s and clinician’s mind on the
key symptoms that have brought the patient to the
clinic. These questionnaires are discussed in fur-
ther detail later, but the key is to utilize a validated
questionnaire that is relevant to the patient’s pre-
senting complaint. Use of open questions initially
will allow patients to address their concerns and
the reason they believe they are sitting in front of
you (which may not always be the reason they were
referred). Following this, closed questions may be
needed to checklist key rhinological symptoms that
the patient may not have covered. These include:

e Congestion/blockage/obstruction

e Rhinorrhoea - anterior and posterior

e Olfactory disturbances — quantitative (reduced
or absent) and qualitative (distorted)

® Facial pressure/pain

e Epistaxis and crusting

Other related symptoms include sneezing,
itching, cough, fever, dental pain, otalgia/aural
fullness, snoring, visual disturbances and nasal
deformity, but this list is not exhaustive. It is also
crucial to explore what patients actually mean
because ‘congestion’ and ‘facial pressure’ often
overlap for many, and it is common for patients
to say, T've got sinus, doc’ or something to that
effect. Because the symptoms and their duration
are the centre point to making the diagnosis of
both rhinitis and rhinosinusitis, it is important to
have focused on this in order to proceed with the
appropriate investigations. When faced with olfac-
tory disorders, it is equally important to listen to
the patient carefully and explore exactly what his
or her prime complaints are. Many patients will
talk about loss of taste without there being any
true gustatory disturbance. Also, patients may be
significantly affected by olfactory distortions such
as parosmia and phantosmia, which may even out-
weigh any actual loss of olfactory acuity.

The social and occupational history of many
patients will also be relevant, especially in the
presence of atopy, and may influence the subse-
quent management of the patient. Thus explora-
tion of the presence of any animal contacts, work
environment and smoking status is needed, and

alcohol intake may also influence symptoms and
may give a key to salicylate sensitivity. This leads
to key factors in the medical history such as any
adverse effects of aspirin and nonsteroidal anti-
inflammatory drugs (NSAIDs) as well as other
drugs that may influence nasal physiology such as
B-blockers. Many patients will have concomitant
respiratory disease, and the severity of this should
be quantified along with an understanding of
any key areas of interaction between the two (e.g.
common triggers, exacerbations linked to upper
airways).

Examination of the external nose can easily
be achieved by carefully viewing the nose from
in front of the patient as well as from above and
underneath and finally from the side (profile view).
Traditionally, using a head mirror and Mills lamp
along with a Thudicum’s forcep allowed a clinician
to perform anterior rhinoscopy. Most modern ENT
clinics provide a battery-operated headlight, and
this can be used to perform anterior rhinoscopy,
which is useful in assessing the nasal vestibule,
nasal valve and anterior nasal septum, especially
the position of the columella. Internal examination
of the nose is best achieved with a rigid nasendo-
scope connected to a monitor and image capture
device, and this should be considered the gold stan-
dard. In the face of most rhinological symptoms,
this is the only sure way to carefully assess the
nasal cavity and the relevant meati. Use of a flexi-
ble nasendoscope will reduce the ability to use suc-
tion or take biopsies. A common approach with the
rigid endoscope is to use the three-pass technique,
working from inferior to superior in the nose and
identifying the three meati, the three turbinates
and the postnasal space (Fig. 2.1). In this method
a 0° endoscope is passed first along the nasal floor
towards the postnasal space and if possible under-
neath the inferior turbinate. The second pass is into
the middle meatus lateral to the middle turbinate
allowing identification of the ethmoid bulla and
uncinate process. The third pass is medial to the
middle turbinate and into the sphenoethmoidal
recess to identify the superior turbinate, superior
meatus and sphenoid ostium. However, an alter-
native strategy is to use a 30° endoscope inserted
into the nose with the bevel facing superiorly and
insert the scope into the middle meatus. By rotating
the light post, the endoscope can then be turned
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Figure 2.1 Endoscopic view of nose.

to visualize the middle meatus both laterally and
then inferiorly and then passed under the middle
turbinate towards the postnasal space. Here, rota-
tion of the light post again will allow visualization
of the superior meatus and sphenoid ostium. In a
post-operative patient (after sinus surgery), the 30°
endoscope should be mandatory to allow visual-
ization of the sinus cavities, with a 70° endoscope
in reserve if needed.

There are two schools of thought on the use
of decongestant preparations prior to endoscopy.
Some clinicians will routinely apply a spray such
as co-phenylcaine to the nose before any exami-
nation, whereas others will choose to examine
the nose without the influence of any vasocon-
strictor. The latter approach gives the physician
the advantage of being able to view the diseased
mucosa in the nose in its current state as relevant
to the patient’s symptoms; this may be distorted by
decongestants. Endoscopy requires a careful hand
to avoid discomfort to the patient but can be seen
as an extension of endoscopic sinus surgery where
avoiding contact with the nasal mucosa reduces
trauma to the mucosa and the need to clean the
endoscope tip frequently. Nonetheless, some
patients will need a local anaesthetic to tolerate the
procedure or decongestant to enable visualization
where anatomical variations such as a septal devia-
tion are present.

MICROBIOLOGY

In chronic sinusitis without nasal polyps
(CRSsNPs) identification of mucopus on endos-
copy is one of the two ways in which the diagnosis
based on the symptoms can be confirmed, and in
the current EPOS guidelines indicates the potential
use of long-term antibiotics (macrolides). However,
retrieval of this material can also help to guide
the clinician further in the appropriate choice of
antibiotics because it will yield information on
the bacterial sensitivity and resistance profiles.
In the case of chronic sinusitis with nasal polyps
(CRSwNPs), retrieval of thick eosinophilic mucin
may be important in the process of defining a case
of allergic fungal rhinosinusitis. This material
should be sent for fungal smear and culture along-
side the usual culture and sensitivity. Collection
of such material can be achieved either by using a
swab or by using one of a variety of suction traps
such as a Leukens trap or a Xomed sinus secretion
collector (Fig. 2.2). The latter has a more significant
advantage in a post-operative patient in whom use
of a curved suction tip can allow retrieval of mucus
from sinus cavities. Although the evidence for the
use of topical antibiotics is at present limited with
formal randomized control trials (RCTs) lacking,
culture-directed management can still be imple-
mented so that any antibiotics given either orally
or topically can be based on material sampled
directly from the site of the disease process. This

Xomed Sinus Secretion Collector
V o

Figure 2.2 Xomed sinus secretion collector.
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has the advantage of ensuring that antibiotic use is
appropriate and helps to avoid resistant strains in
common pathogens such as methicillin-resistant
Staphylococcus aureus (MRSA). Liaison with col-
leagues in microbiology will also help to ensure
that they understand your requirements, especially
with respect to fungal specimens, for which it can
be notoriously difficult to yield positive results.

BLOOD AND ALLERGY TESTS

The choice of chemical pathology testing will be
largely influenced by the history. Investigation of
atopy can be undertaken by either skin prick test-
ing (SPT) or radioallergosorbent test (RAST), with
the former considered the gold standard. However,
this is dependent on staft availability to perform
the skin prick. RASTs, on the other hand, are less
involved in terms of staff resources in the clinic but
are more costly to perform owing to the analysis
required in the laboratory. RASTs do provide the
option to test for allergens not available in routine
sets of aeroallergens available for SPT, which may
be useful for specific patient exposures or patients
with suspected allergic fungal rhinosinusitis. The
prevalence of atopy in chronic rhinosinusitis (CRS)
varies in the literature but probably accounts for
50 per cent of CRS with nasal polyps (CRSwNPs).
Detection of atopy in rhinitis will influence medical
management and should be checked for if the his-
tory is unclear and initial medical measures have
failed; in fact rhinitis cannot ultimately be classified
as allergic or non-allergic without formal testing.

When considering blood tests, a total IgE level
may indicate a patient’s overall level of aller-
gic response; in the latest EPOS guidelines, this
is recommended in CRS without nasal polyps
(CRSsNPs) to determine a patient’s suitability for
the use of macrolides. Other blood tests to be con-
sidered include:

e Full blood count (eosinophilia seen in aller-
gic fungal rhinosinusitis and Churg-Strauss
Syndrome, anaemia from epistaxis)

e Clotting screen - for epistaxis where antico-
agulants used or deficiency suspected from
history

e Immunoglobulin screening

e Blood markers of systemic diseases such
as anti-neutrophil cystoplasmic antibody
(ANCA), angiotensin-converting enzyme
(ACE)

e Exclusion of potential underlying medical
comorbidities (e.g. renal/hepatic dysfunction,
hypothyroidism, Cushing’s disease, sarcoid-
osis) in cases of suspected idiopathic anosmia

In patients with recurrent sinusitis or with CRS
refractory to combined medical and surgical ther-
apy, immunodeficiency should be considered (e.g.
common variable immunodeficiency). An array of
specific and complete immunodeficiencies is pos-
sible, with the most common ones found in the
immunoglobulin G subclasses such as 2 and 3,
which confer protection against common encap-
sulated nasal pathogens such as Haemophilus
influenzae. The relevance of specific deficiencies
should be assessed by referral to an immunology
specialist; this may simply result in additional vac-
cinations being given. Severe combined immuno-
deficiencies will need much greater input from an
immunologist.

If factors in the history or clues from examina-
tion suggest the possibility of systemic diseases
such as sarcoidosis, these should be investigated
on their own merit and, where appropriate, further
corroborated with nasal biopsies.

CYTOLOGY AND HISTOLOGY

NASAL BRUSHINGS

Patients with rhinitis can grossly be divided into
those with atopy (persistent or intermittent allergic
rhinitis) and those who are not atopic. In a subset
of those with non-allergic rhinitis, entopy may be
present. This implies a local allergic response in the
nasal mucosa that is not associated with a systemic
atopic response seen on positive SPT/RASTs. This
can be determined by taking a nasal brushing and
sending it for cytological examination to look for
eosinophilia. A positive result suggests a diagno-
sis of non-allergic rhinitis eosinophilia syndrome
(NARES), which can be treated much the same as
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allergic rhinitis, although it may require a nasal
allergen challenge to confirm this. A nasal brush-
ing can be performed easily with a bronchial brush
rubbed along the anterior inferior turbinate.

HISTOLOGICAL EXAMINATION

Unilateral nasal masses should always be viewed
with suspicion, especially in the older patient,
and consideration should be given to performing
a biopsy. This decision will be taken on a case-by-
case basis influenced by any sinister symptoms in
the history such as unilateral epistaxis, crusting,
orbital symptoms, numbness or cranial neuropa-
thies. In certain cases it may be prudent to arrange
imaging before a biopsy is undertaken, as follows:

e Possibility of the lesion arising from the
skull base with intracranial extension (e.g.
meningo-encephalocoele)

e DPosterior unilateral nasal mass in a juvenile
male patient (juvenile angiofibroma)

Other circumstances for taking a biopsy will
include suspicion of systemic diseases such as
Wegner’s granulomatosis or as part of investi-
gation of a septal perforation. The location in
which the biopsy is performed will be influenced
by patient suitability for local anaesthesia, equip-
ment available in the clinic and the nature of the
lesion/condition being investigated, but biopsy of
many lesions can be appropriately performed in
the clinic.

RADIOLOGICAL
INVESTIGATIONS

In the modern era the use of plain film radiog-
raphy is negligible, and it has no real place in the
investigation of rhinological diseases, with per-
haps the occasional exception of a lateral film
in the case of a young child in whom adenoidal
hypertrophy is suspected but who will not toler-
ate endoscopic examination. The use of computed
tomography (CT) imaging in patients who are due
to undergo any form of nasal polypectomy or sinus
surgery should be considered mandatory because

this allows the clinician to assess any unfavour-
able anatomic features and provide a targeted
approach to the affected sinuses as part of careful
preoperative planning. CT scans in the presence
of nasal polyposis can also give a clearer picture
of the likelihood of an adequate response to medi-
cal and surgical treatment. For instance, a scan
showing a Lund-Mackay score of 24 out of 24 and
double-density signs would alert the clinician to
the possibility of allergic fungal rhinosinusitis. A
guide to the timing of imaging in the management
of CRS can be found in the EPOS guidelines. As
mentioned earlier, any case of suspected neoplasia
will require imaging to assess and stage the lesion
and will often require both CT and magnetic reso-
nance imaging (MRI). Asymmetrical symptoms,
even in the absence of endoscopic findings, usu-
ally warrant radiological investigation to ensure
that no sinister pathologic organism is responsible.
Liaison with radiological colleagues for unusual
cases and neoplasia is important to ensure that the
imaging is relevant and, when performed, answers
the clinical question intended. However, clinicians
should always aim to review all imaging person-
ally to ensure that patient symptoms are carefully
correlated with the findings. In cases proceed-
ing to surgery, review of the imaging should be
mandatory.

NASAL AIRWAY MEASUREMENTS

SPATULA MISTING

A simple test of the nasal airway is to place a cold
metal spatula underneath the nose to look for any
signs of unequal misting relating to each nasal cav-
ity. It is a crude test but will demonstrate any gross
asymmetry.

PEAK INSPIRATORY NASAL FLOW

This is performed using a peak flowmeter similar to
the expiratory one used for lower airway function.
The device has a mask that is placed over the nose
and mouth. With the mouth closed, the patient is
asked to take a deep breath in through the nose.
The measurement is repeated twice more, and
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the best of the three readings is taken as the final
result. Limitations to the test include the presence
of alar collapse and lower respiratory tract disease.
A guide to interpreting the results is as follows:

<50 L/min = severe nasal obstruction
50-80 L/min = moderate nasal obstruction
80-120 L/min = mild nasal obstruction
>120 L/min = normal

ACOUSTIC RHINOMETRY

In what is effectively sonar of the nose, acoustic
rhinometry relies on the reflection of a sound wave
to measure the cross-sectional area of the nose and
estimate volume. A frequency of 150-10,000 Hz in
the form of an audible sound pulse is used by prop-
agating the sound from a click in a tube positioned
under the nostril. The differing cross-sectional
areas of the nose created by the anatomical struc-
tures of the nasal valve and beyond create reflected
sound waves that are picked up by the microphone.
These are then plotted by the attached computer
software as a trace. This is largely a research tool
because it is cumbersome to perform and the
user needs practice to get a meaningful reading.
However, a standardization committee has written
guidelines for the application and interpretation of
the results.

RHINOMANOMETRY

Similar to acoustic rhinometry, rhinomanom-
etry is generally performed in a research setting
but may provide a useful tool in selected patients
who complain bitterly about nasal obstruction
in the absence of objective blockage. Nasal air-
way resistance is measured using a combination
of flow and pressure readings from the nose. The
technique can be performed actively or passively
via anterior or posterior approaches. Typically,
active anterior rhinomanometry is the choice. One
nostril is blocked, and a mask is placed over the
mouth and nose with a firm seal created on the
face. One nostril is blocked using a sponge seal or
tape, but within this is a catheter that will measure
the pressure. With the patient breathing in and out
moderately through the other nostril and with the

mouth closed, the mask will measure the flow rate
in the attached pneumotachograph. The combined
readings produce a sigmoid-shaped curve on the
attached computer software. This is repeated on
the opposite nostril by switching the catheter over.
Following the standardization protocols of the
European committee, the resistance is measured
at a fixed pressure of 150 pascals. Taking mea-
surements before and after nasal decongestion is
standard. Although results can vary significantly,
rhinomanometry may still provide an objective
before-and-after comparison in an individual
subject.

RHINOSTEREOMETRY

This is a rarely performed investigation involving
examination of the nasal cavity before and after
an allergen challenge or mucosal moderator to
assess the two-dimensional change in the inferior
turbinate.

SPIROMETRY

This is traditionally a measure of lower respiratory
tract function using peroral exhalation to measure
forced expiratory volume; however, spirometers
can be adapted with nasal prongs to provide the
same function for measurement of the nasal air-
way, in the same way that peak inspiratory nasal
flow (PINF) achieves the equivalent of peak expi-
ratory flow rate (PEFR). Standard spirometry will
usually be obtained by a respiratory department or
a cardiorespiratory assessment unit and will pro-
vide measurements of forced expiratory volume in
one second (FEV)) and forced vital capacity (FVC)
as well as the ratio of these two measurements.

OTHERS

PEFR is a well-recognized test of pulmonary func-
tion and simply requires a best of three peroral
exhalations using a handheld flowmeter, which
can be readily available in the clinic. Patients with
concomitant lower respiratory disease may already
be well versed in this measurement, but, nonethe-
less, it can provide a useful measure of the impact
of upper respiratory tract (URT) disease on the
lower airways.
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NASAL PHYSIOLOGICAL
MEASUREMENTS

MUCOCILIARY CLEARANCE TIME

A simple measure of the mucociliary train inside
the nose is the saccharin test. This relies on the
normal function of the nasal cilia, which pass the
mucus blanket posteriorly towards the postnasal
space. To perform the test, the patient is asked
to identify when a sweet taste in the back of the
mouth is detected. This moment is considered the
end point of the test. To begin, a saccharin tablet
is placed just underneath the anterior end of the
inferior turbinate on one side of the nose, and a
stopwatch is started. The stopwatch is then stopped
when the patient experiences the sweet sensation.
Normal mucociliary function is considered to be a
duration of less than 20 minutes; however, the test
may be used to compare function before and after
treatment by looking for a decrease in the duration
of the time interval. Those patients with a duration
of 30 minutes or more should certainly be consid-
ered for further investigation for underlying cili-
ary dysfunction or dyskinesia. Clues in the history
to primary ciliary dyskinesia include middle ear
effusions and situs inversus, which can be seen in
Kartagener’s syndrome.

CILIARY BEAT FREQUENCY

This is a very specialized test to investigate ciliary
dyskinesias and is performed in only three centres
in the UK: Leicester, Royal Brompton (London)
and Southampton. A normal-functioning sino-
nasal epithelium will beat at a frequency of 12-16
Hz, but if lower than 11, it is considered in keeping
with ciliary dyskinesia, although ciliary beat pat-
tern analysis may pick up some cases with a nor-
mal frequency. Abnormal responses will usually be
correlated with electron microscopy of the tissue
itself.

ELECTRON MICROSCOPY

As an adjunct to ciliary beat frequency and an
abnormal mucociliary clearance test, electron
microscopy (EM) allows detailed examination of

the microstructure of the sinonasal epithelium,
which may be relevant to any findings of poor
function. Typical abnormalities detected include
microtubule array anomalies in the cilia, such as
incorrect number of pairs of microtubules, com-
pound cilia and dynein arm irregularities.

NITRIC OXIDE

Aswith many of the airway parameters already dis-
cussed, measurement of nitric oxide (NO) remains
largely a research tool. NO levels in the sinuses
appear to have an optimum level; levels above or
below can be associated with disease states. The
ostiomeatal complex is believed to act as an inter-
face controlling NO levels between the nose and
sinuses. Nasal nitric oxide can be measured by
inserting a probe into one nostril, and, while the
patient holds her breath, a reading is taken by the
attached gas analyzer. Normal levels are consid-
ered to be 450-900 parts per million (ppm); a level
above 900 ppm infers inflammation, one less than
450 ppm is associated with blockage and one less
than 100 ppm indicates ciliary dyskinesia. The
measurement is performed for both nostrils and
the mean value derived.

SWEAT TEST AND OTHER CYSTIC
FIBROSIS TESTS

Many cases of cystic fibrosis (CF) are now detected
perinatally, but if the family history or presentation
of a paediatric patient with nasal polyps suggests
the need to investigate for CF, the patient should
be referred for a formal sweat test. Other clues to
the diagnosis may be found in the medical history
(lower respiratory tract or gastro-intestinal symp-
toms) or from CT imaging, because patients with
CF typically have hypoplastic frontal and sphenoid
sinuses in addition to the opacification associated
with the apparent rhinosinusitis. Most units will
have the facility to refer locally to their paediat-
ric colleagues for sweat testing. Should this test be
positive, patients will also require further testing
for the CF transmembrane regulator (CFTR) gene
and genetic counselling for future implications. A
finding of two CFTR mutations in association with
clinical symptoms is diagnostic. The pilocarpine
iontophoresis sweat test remains the gold standard
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and will produce a chloride concentration of
greater than 60 mmol/L in CF. However, this result
should be found on two separate occasions when
the individual is not suffering any infective exac-
erbations before a diagnosis of CF is confirmed.
Although nasal potential difference across the epi-
thelium is a sensitive test for CF, the equipment to
perform this is rarely available; hence few centres
perform this test as part of a diagnostic workup.

OLFACTORY TESTS:
PSYCHOPHYSICAL

Although olfaction is a key function of the nose
that most of us take for granted, it is rarely tested
as a matter of routine. There are a number of com-
mercially available kits for olfactory testing with a
variety of prices, and they vary in the aspects of
olfaction that they address. Validation in a local
population is key to the relevance of an olfactory
test because cultural influences have a significant
impact on their suitability. This is particularly the
case when employing an identification test, owing
to the need for a subject to verbalize the odour
names and to have sufficient familiarity with them
for the test to be relevant. Hedonics also have a
role to play in this context, because what may be a
pleasant odour to one cultural group may be con-
sidered repulsive to another.

Olfactory threshold testing

This is the olfactory equivalent of determining
hearing thresholds in audiology. However, in con-
trast to audiology, olfactory threshold testing starts
by using small odour concentrations and work-
ing towards greater ones as the test progresses.
Odours typically used for this purpose include
phenethyl alcohol (PEA) and 1-butanol (1-BUT);
the former has a rose-like smell, but the latter is a
more nonspecific solvent-like smell. However, both
are considered to be pure olfactory stimulants in
the concentrations used for testing and therefore
avoid the issue of trigeminal pathway activation.
Recognition of the odour here is not relevant,
because subjects are required to simply detect
the presence or absence of an odour stimulus. To
perform this test, the internationally recognized
format is the alternative forced-choice format

using a ladder progression. This can include two
alternative choices, as found in the Connecticut
Chemosensory Clinical Research Centre Test
(CCCRCT), or three alternative choices, as found
in the Sniffin’ Sticks test. Subjects are asked to
choose which of two or three stimuli contains an
odour, even if the subjects cannot detect anything.
Some subjects struggle to understand why they
must name a choice regardless of definitive detec-
tion, but this avoids allowing a subject to skew the
test when close to his or her threshold and tempted
to give a null response. Starting with the small-
est odour concentration, subjects are given two
or three sets of stimuli (two for three alternative
forced-choice and vice versa for two), and any
incorrect response will automatically mean that
the next stimulus will be from a level up on the
odour concentration chart. In Sniffin’ Sticks, this
means a jump up of two levels during the first part
of the test, allowing quicker focus on the threshold
level relevant to the subject. Once a subject detects
two or three correct sets for one odour concentra-
tion, the level is then moved down to a smaller
concentration. This ladder approach is repeated
until seven reversals have occurred; the first three
reversals are excluded. The average of the final four
reversals is then taken as the threshold. This test
is time consuming and at present usually requires
a member of staff to perform the test. However, it
is considered the most sensitive indicator of over-
all olfactory function, especially because it avoids
recognition and verbalization of odours in the test.

Olfactory discrimination

Tests of discrimination examine a subject’s ability
to distinguish one odour from another. For exam-
ple, in the Sniffin’ Sticks test, subjects are asked
to identify which of three stimuli represents the
‘odd one out’, where two of the three stimuli are
the same odour. All odours presented are supra-
threshold to avoid an additional dimension to the
test.

Olfactory identification

One of the most widely recognized formats of olfac-
tory testing is identification. Its greatest advantage
is that it can often be performed by subjects with
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little or no supervision, such as is seen with the
University of Pennsylvania Smell Identification
Test (UPSIT). The disadvantage is that this form
of testing is culturally specific and requires verbal-
ization of the odour in question, although research
has shown some good correlation with threshold
testing. In essence it is dependent on individual
experience and familiarity with the odours being
tested. Common formats for the test include
scratch-and-sniff booklets, pens and diskettes,
such as seen in the Zurich Smell Diskettes test.
All identification tests include a four alternative
forced-choice format with three possible distrac-
tors listed alongside the correct answer for each
stimulus presented.

Retronasal testing

All of the previously discussed test modalities are
orthonasal tests. In daily life we smell in two ways:
orthonasally when something is in the environ-
ment around us, and retronasally when we are
eating food. This is why many patients with olfac-
tory loss may complain of taste disturbances in
the absence of any true gustatory dysfunction. If
there are specific issues around perceived loss of
flavour, then this can be better evaluated using a
retronasal test kit. This involves placing a selection
of food powders on the back of the tongue using a
dispenser and then asking the subject to perform
an identification test, much as in the aforemen-
tioned format. This may be relevant in subjects
with pathologic disorders causing blockages to the
spheno-ethmoidal recesses or postnasal space.

OLFACTORY TESTING: OBJECTIVE

Most objective forms of testing currently lie in the
research domain owing to the costs, manpower
and time involved in performing them. A sum-
mary of those tests follows.

Olfactory event-related potentials

Akin to the electroencephalogram of smell, the
olfactory even-related potentials (OERP) test is
conducted using electrodes placed on the scalp,
measuring a cortical response to an odour stimu-
lus. The key apparatus involved is an olfactometer,

which delivers a continuous stream of humidified
air to one nostril with pulsed bursts of one of two
odours that are released into the stream at varying
intervals and durations. Airflow presented during
the inter-stimulus interval must be odour free and
warmed to body temperature and have more than
80 per cent relative humidity. Odours typically
used are phenethyl alcohol (PEA) and hydrogen
sulphide, to give both a pleasant and an unpleas-
ant odour. For OERPs three midline electrodes are
placed on the scalp (FZ, CZ, and PZ) referenced
to linked earlobes (A1A2). In most circumstances,
obtaining reliable OERPs requires the recording
and averaging of 10-30 consecutive trials. The
waveforms recorded are analyzed for the presence
of negative-positive complexes consisting of an ini-
tial negative peak (N1) followed by a positive peak
(P2) that have characteristic latencies and ampli-
tudes. In simple terms, this is an all-or-nothing
test where waveforms either exist or do not exist,
but various factors can confound the result, such as
signal noise and facial movements. Typically, sub-
jects are given a distraction task and made to wear
headphones producing white noise to reduce the
influence of such factors. Testing takes 30-45 min-
utes and requires trained personnel, not to men-
tion the cost of the olfactometer, which is typically
in excess of £80,000.

The same setup can be used to deliver carbon
dioxide to the nose, which produces a mildly pain-
ful response to trigger the trigeminal pathway.
Then the responses can be measured as mentioned
previously. The presence of an OERP implies
that the olfactory apparatus is functioning, but
its absence does not definitely imply a complete
absence of function, although it is much less likely.
Thus, in medicolegal work, it does have a limitation
in dealing with malingerers.

Olfactory bulb volume and
functional MRI

Using standard MRI sequences that include the
entire olfactory bulbs (OBs), volumetric mea-
surement of the right and left OB usually is per-
formed by manual segmentation of the coronal
slices through the OB. Usually, a 1.5 Tesla MRI
with planimetric contouring of the bulb surface
is performed, and the volume is calculated by
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multiplying the obtained surface by slice thick-
ness. The OB volume has been shown to correlate
well with psychophysical testing and can also indi-
cate recovery of olfactory function when sequen-
tial imaging shows an increase in volume.

Giving a topographical representation of higher
neural centres activated by odour stimuli, func-
tional MRI (fMRI) has been correlated with both
orthonasal psychophysical testing and OERPs. By
using the large olfactometer needed for OERPs,
subjects can be provided with stimuli whilst in
an MRI scanner. Activity in the orbitofrontal and
entorhinal cortex as well as the cingulate gyrus
can be mapped and measured, with a ratio to total
functioning brain area calculated. For obvious
reasons, this remains in the domain of research in
specialist centres.

Electro-olfactogram

Electro-olfactograms (EOGs) show the electrical
potentials of the olfactory epithelium that occur
in response to olfactory stimulation. The EOG
represents the sum of generator potentials of olfac-
tory receptor neurons. In combination with nasal
endoscopy and air-dilution olfactometry, the EOG
can help to provide a comprehensive picture of
olfactory processing. Again, because of the intri-
cacies involved as well as costs and resources, it
remains in the research domain.

PATIENT REPORTED OUTCOME
MEASURES AND SYMPTOM
SCORES

A number of symptom scores have been devel-
oped for rhinological disease internationally,
and all of them typically address disease-specific
quality-of-life complaints. These symptom scores
are now referred to as patient reported outcome
measures (PROMs) and have been validated in
both healthy and diseased subjects in several

countries as a means of evaluating the response
to interventions in affected patients. In the
United Kingdom, the most widely used PROM is
the SNOT-22, which is the third iteration of the
original SNOT-16 questionnaire. It contains spe-
cific symptom questions that can be divided into
nasal and ear/facial pain and quality-of-life top-
ics divided between mood/affect and sleep dis-
turbances/concentration. Each item has a scale of
0-5, with 0 indicating no problem and 5 indicat-
ing the worst problem ever. Patients are asked to
rate these symptoms for the preceding 2 weeks. A
score of less than 10 is considered to be normal,
and the maximum possible score is 110.

Other commonly used symptom scores for
CRS include the Rhinosinusitis Outcome Measure
(RSOM-31), Rhinosinusitis Disability Index (RSDI)
and Chronic Sinusitis Survey (CSS). For rhinitis
other questionnaires are available that are more
disease-specific, including the Rhinoconjunctivitis
Quality of Life Questionnaire (RQLQ) and related
questionnaires developed by Professor Juniper in
Montreal. All these have been validated and, where
appropriate, can be used for routine clinical and
research purposes to monitor outcomes.

KEY LEARNING POINTS

® A careful history is crucial to accurate
diagnosis of inflammatory nasal/sinus
diseases.

® Objective measures often correlate
poorly with subjective symptoms.

e Patient reported outcome measures such
as SNOT-22 are recommended for moni-
toring response to treatment.

® A range of objective measurements and
investigations are available for selection
on a case-by-case basis.
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BACKGROUND

Epistaxis, derived from the Greek term epistazein,
is defined as bleeding from the nose. It is one of the
most common emergencies dealt with by otolaryn-
gologists, although its severity and management
can vary significantly.

The overall incidence of epistaxis in the general
population is difficult to determine because most
cases are unreported minor self-limiting episodes
or those controlled with simple first-aid measures.
Fewer than 10 per cent of patients seek medical atten-
tion for this condition and, again, fewer than 10 per
cent of those requiring hospitalization require sur-
gical intervention for control of bleeding. However,
because many cases involve the elderly population,
epistaxis is a significant cause of morbidity and even
mortality in general otolaryngology practice.

ANATOMY

The nose has an extremely rich blood supply with
contributions from both the internal and external
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carotid arteries. Vessels from both these sources
anastomose extensively within the nasal cavity,
including the lateral wall, the septum and also
across the midline. The Kiesselbach plexus, or
Little’s area, is the most frequently associated anas-
tomotic site for epistaxis and is located on the ante-
rior cartilaginous septum. Woodruft’s plexus is a
confluence of vessels on the lateral wall posterior
to the inferior turbinate and is often implicated in
‘posterior’ bleeds.

The external carotid artery’s contribution to
the nasal cavity is via the facial and maxillary
arteries. The superior labial artery is one of the
terminal branches of the facial artery, and it
supplies the anterior nasal septum. The lateral
nasal artery and ascending palatine artery are
two further branches that supply the nasal ves-
tibule and a small area of the nasal cavity. The
maxillary artery supplies the nose via the greater
palatine branch to the anterior nasal floor and
septum. The sphenopalatine branch of the max-
illary artery is the most recognized and is a sig-
nificant contributor to the vascular supply of the
nasal cavity. It enters the nasal cavity through the
sphenopalatine foramen and then divides into

23
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posterior, lateral and septal branches. The lateral
branches give rise to the arteries for the middle
and inferior turbinates whilst the septal branch
supplies the posterior septum and then termi-
nates in the Kiesselbach plexus anteriorly on the
septum.

The internal carotid artery contributes to the
nasal vasculature through both the anterior and
posterior ethmoidal branches of the ophthalmic
artery. The larger anterior ethmoidal artery and
the smaller posterior one run below and above the
superior oblique muscle, respectively, and exit the
orbit through their named foramina. They both
cross the ethmoid roof and enter the nasal cavity
through the cribiform plate and then divide into
branches to supply the lateral nasal wall and nasal
septum.

EPIDEMIOLOGY

Epistaxis can occur at any age, but there is a notable
bimodal age distribution with peaks in childhood
and then in the more elderly population, between
the ages of 60 and 80. It is rarely seen in infants
and tends to be less common in early adulthood.
There is a slight male preponderance (male:female
ratio, 55:45).

CLASSIFICATION

Epistaxis can be classified in several ways. The
pronounced age distribution, for example, lends
itself to the classification of adult and childhood
epistaxis. Descriptive parameters can also be used
for classification such as recurrent or acute/severe
epistaxis. The anatomical site of bleeding has also
been proposed as a basis for classification into
anterior and posterior epistaxis. This system, how-
ever, requires a consistent definition of the terms
anterior and posterior epistaxis for it to be univer-
sally applicable, whereas in practice, these terms
vary from author to author.

Perhaps the most useful classification is by aeti-
ology, but rather than employing an exhaustive
list, a broader division into primary and second-
ary epistaxis can be used. This has the advantage of
guiding management, which can be quite different
between the two groups.

AETIOLOGY

The majority of epistaxis cases (80 per cent),
across the age groups, will be primary or idio-
pathic (Table 3.1). It is quite possible that with

Table 3.1 Table of aetiological factors and associations

Aetiological factors

Idiopathic
Trauma
Coagulopathy

Drugs

Chronic granulomatous disease
Neoplastic
Hereditary

Aetiological associations

Septal abnormalities
Alcohol
Hypertension

(80%)

Digital, acute facial/nasal, iatrogenic

Idiopathic thrombocytopaenia (ITP)

Disseminated intravascular coagulopathy (DIC)

Warfarin, aspirin, clopidogrel, nonsteroidal anti-
inflammatories (NSAIDs)

Wegener's, sarcoidosis

Angiofibroma, inverted papilloma, squamous cell cancer

Hereditary haemorrhagic telangiectasia (HHT), haemophilia,
Von Willebrand's factor deficiency

Spurs, perforations
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advancement in our knowledge of the aetiologi-
cal factors involved, this percentage will decrease.
Minor trauma may be implicated but not identi-
fied in many cases that are classified as idiopathic.
Currently, only 20 per cent of cases will be classi-
fied as secondary epistaxis with a determined local
or systemic underlying cause. Significant physical
trauma, either acute maxillofacial or surgical inju-
ries, is an important cause of secondary epistaxis.
The majority of other cases of secondary epistaxis
are due to underlying coagulopathy induced by
either medication or systemic disease (haemato-
logical disorders, liver disease).

In a case of epistaxis it is important to thor-
oughly examine the nose. Such a nasal exami-
nation locates the source of bleeding and helps
exclude sinister causes such as benign or malignant
tumours and granulomatous conditions. Juvenile
angiofibroma of the postnasal space should be
considered in cases of unilateral epistaxis in the
young/adolescent male population. Nasal endos-
copy is required for a competent and complete
examination of the nose.

Hereditary haemorrhagic telangiectasia (or
Osler-Rendu-Weber disease) is an important
hereditary cause of epistaxis and is discussed at the
end of this chapter.

AETIOLOGICAL ASSOCIATIONS

Septal deviations and spurs may disrupt the nor-
mal nasal airflow, leading to dryness and epi-
staxis. The bleeding site is usually located anterior
to the septal spur. The margin of a septal perfora-
tion may not be covered by epithelium. This lack
of epithelium promotes granulation and crusting
and is a common source of epistaxis. Alcohol will
cause prolongation of bleeding time, although
platelet counts and coagulation factor activity
can be recorded as normal. Epistaxis patients are
more likely to consume alcohol than matched
control patients and, also, more likely to have
consumed alcohol within 24 hours of admission
for epistaxis.

The relationship between hypertension and epi-
staxis is often misunderstood. Patients with epi-
staxis commonly present with an elevated blood
pressure. Epistaxis is more common in hyperten-
sive patients, perhaps owing to vascular fragility

from long-standing disease. Hypertension, how-
ever, is rarely a direct cause of epistaxis. More
commonly, epistaxis and the associated anxiety
cause an acute elevation of blood pressure.

Children with migraine headaches have a
higher incidence of recurrent epistaxis than
children without the disease. The Kiesselbach
plexus, which is part of the trigeminovascular
system, has been implicated in the pathogenesis
of migraine.

MANAGEMENT

PRIMARY EPISTAXIS

Effective management of this condition should fol-
low a logical sequence from simple first-aid mea-
sures and resuscitation to targeting and treating
the bleeding point (Figure 3.1).

Simple first-aid measures should always be
employed first because often the bleeding point
is anterior and, therefore, amenable to such tech-
niques. The soft cartilaginous portion of the nose
should be pinched continuously for 10 minutes to
exert pressure internally on the anterior nasal sep-
tum. The patient should sit down with head hang-
ing forward breathing through an open mouth. If
this is unsuccessful some cotton wool soaked in
xylometazoline (Otrivine) can be inserted gently
into the anterior nose and the 10-minute compres-
sion technique repeated. This correct technique
should be reiterated to all patients seeking medical
attention for epistaxis.

Any patient requiring further medical attention
for epistaxis should be resuscitated appropriately
after establishing intravenous access. Initial investi-
gations should include a full blood count, coagula-
tion screen, and group and save sample. A detailed
and targeted history should be taken to elucidate
the pattern and severity of bleeding and to take into
account any underlying aetiological factors.

Direct therapies

The effective management of epistaxis relies on
treating the underlying bleeding point, and key
to this is close and careful examination with the
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appropriate equipment following adequate prepa-
ration of the nose (Figure 3.2). A combined local
anaesthetic/vasoconstrictor solution should be
applied topically to the nose and anterior rhinos-
copy performed with a headlight and Thudichum’s
speculum. The nasal cavity should be cleared of all
clots and then inspected with a view to identify-
ing an anterior bleeding point. Chemical cautery
with silver nitrate sticks or electrocautery with
bipolar diathermy can then be applied to coagu-
late the appropriate vessel. If an anterior source is
not visualized, rigid nasendoscopy should then be
performed to try to identify a bleeding point more
posteriorly in the nasal cavity. Even following suc-
cessful identification of anterior bleeding points,
nasendoscopy should be performed to exclude
other posterior sources or underlying sinister
pathology. Electrocautery rather than chemical
cautery should ideally be used to coagulate these
more posterior bleeding points to avoid inadvertent
cauterization of normal nasal anatomy. Cautery by
either method should always be performed cau-
tiously and with precision to avoid complications
such as chemical burns to the lips/nares or longer-
term septal necrosis/perforation. Occasionally, a
small localized pack (e.g. sinus pack) or an absorb-
able haemostatic agent such as Surgicel can be used
to apply direct pressure to an identified bleeding
point that is not amenable to cautery.

Indirect therapies

If after adequate inspection of the nasal cavity a
bleeding point is not identified, then indirect ther-
apies are employed to control the epistaxis. Nasal
packs are the most commonly employed indirect
techniques, but others such as hot water irriga-
tion and anti-fibrinolytics are occasionally indi-
cated. There are a variety of anterior nasal packs
available; these include ribbon gauze, nasal tam-
pons (Merocel) and balloon catheters (Brighton).
Posterior packs may be required if bleeding per-
sists despite anterior packing. In an awake patient
this is most easily achieved with a Foley catheter
advanced nasally past the posterior choanae of the
nasal cavity in the nasopharynx. Formal posterior
packing requires a general anaesthetic.

Once in place, nasal packing should be left in
situ for 24-48 hours; in patients with prosthetic

heart valves, antibiotic cover should be provided.
Local complications of packs include sinusitis, sep-
tal perforation and alar necrosis.

More recently, topical haemostatic compounds
have been proposed as an alternative, indirect
treatment option for epistaxis. Floseal, a com-
pound consisting of gelatin granules and human
thrombin, is such an agent, and it has been shown
to be effective in cases refractory to packing.
These compounds are relatively easy to use and
are associated with low morbidity. They are, how-
ever, much more costly when compared to simple
chemical cautery, although they become much
more cost effective when compared to surgical
intervention.

Surgical management

Surgical intervention is required if indirect ther-
apies fail to control the bleeding. There are sev-
eral procedures that can be performed under a
general anaesthetic in the management of refrac-
tory epistaxis, and they can be either facilitatory
or more targeted. A general anaesthetic may be
required to perform adequate packing of the
nose, to apply anterior packing in an uncoopera-
tive patient or to insert formal posterior packing.
In the uncooperative individual, a general anaes-
thetic may allow adequate endoscopic inspection
and effective nasal cautery. Correction of a devi-
ated nasal septum, under general anaesthesia,
can facilitate good access to the bleeding site and
permit cautery, effective packing or surgical arte-
rial ligation.

In recent times, surgery has evolved in epi-
staxis management towards more formal arterial
ligation. Arterial ligation should be performed at
the most distal (nasal) point with a progression
to more proximal ligation if the initial proce-
dure is unsuccessful. Endoscopic sphenopalatine
artery ligation is, therefore, the most commonly
employed procedure. Internal maxillary artery
and, thereafter, external carotid artery ligation are
infrequently used. Anterior ethmoidal artery liga-
tion is employed in cases of traumatic epistaxis
(particularly nasal ethmoid fracture) or as an
adjunct in the management of refractory epistaxis
in combination with a sphenopalatine or internal
maxillary artery ligation.
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Embolization

Arterial embolization has a greater than 80 per
cent success rate for severe epistaxis, but its usage
depends on the availability and experience of an
interventional radiologist. Arterial emboliza-
tion is indicated either after failure of ligation
techniques or in patients who are assessed to be
unsuitable or for whom general anaesthetic carries
a high risk. Transfemoral angiography is used to
demonstrate the bleeding point with subsequent
selective embolization of the maxillary or facial
arteries performed with materials such as Gelfoam
or microcoils. Complications from this technique,
although relatively unusual, are more common
than following surgical ligation and include facial
skin necrosis, paraesthesia, cerebrovascular acci-
dent and groin haematoma.

RECURRENT EPISTAXIS

Nonsevere recurrent (primary) epistaxis is com-
monly seen in the paediatric population. In the
adult population, recurrent epistaxis can be pri-
mary but is often secondary; therefore, a detailed
history is vital to elucidate any causative factors.
Examination in adults should always include nas-
endoscopy to fully visualize any potential bleed-
ing points but also to rule out sinister underlying
pathology. Any identified bleeding point can be
treated with cautery, and areas of vestibulitis are
treated with topical antiseptic creams. The efficacy
of chlorhexidine and neomycin creams (Naseptin)
is well established as an important part of treat-
ment in paediatric recurrent epistaxis. These
chlorhexidine and neomycin creams, together
with instillation of Vaseline, are commonly used

Management algorithm for adult

Assessment & resuscitation

| Thorough examination including nasendoscopy |

"

| Bleeding point identified |

Direct therapy:
Chemical cautery
Electro cautery

s | Bleeding controlled

>

| No identified bleeding point |

Indirect therapy:
Nasal packs (24-48 hrs)
Haemostatic compounds

Observe, discharge home with antiseptic cream (Naseptin) and advice

on further management

é | Refractory epistaxis

Vascular intervention: surgery vs. embolization depending on patient and

circumstance

Figure 3.1 Management algorithm for adult acute idiopathic epistaxis.
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in the adult population to reduce the incidence of
recurrent epistaxis. In all consultations for recur-
rent epistaxis, it is worthwhile to reiterate the sim-
ple first-aid measures that should be employed to
control each new episode.

SECONDARY EPISTAXIS

Coagulopathies

In coagulopathic cases, indirect therapies may be
indicated in preference to direct measures to control
the bleeding. The reason for this course of action
is that the bleeding can arise from several sites

and instrumentation can lead to further mucosal
trauma and exacerbate the bleeding. In these coag-
ulopathic cases haemostatic compounds and nasal
packs form the mainstay of treatment, in addition
to close collaboration with the haematology services
to guide anticoagulant therapy or reversal. If anti-
platelet therapies are implicated as a cause of epi-
staxis, there can be benefit in temporary cessation
of this medication. In a patient using warfarin tab-
lets, the international normalized ratio (INR) needs
to be considered when managing the epistaxis. If
the bleeding is easily controlled with nasal packs,
then the warfarin dose may be continued. A war-
farin dose can be omitted if the INR is above the

Figure 3.2 Epistaxis management: equipment and medicines.

Nasal cream (Naseptin).

Head light.

Silver nitrate cautery sticks.

Adrenaline vial + patties for application.
Nasal speculum.

Rigid nasal endoscope.
Tilley's dressing forceps.

0PN UAWN

—
©

Large bore cannula.
11. Suction.

Topical anaesthetic + decongestant (Co-phenylcaine).

Blood bottles: full blood count, coagulation, group and save.

Cautery principles: examination and silver nitrate cautery steps.

Suction clots.

Apply topical local anaesthetic/vasoconstrictor (topical spray or cotton pledget).
Identify bleeding point; anterior rhinoscopy and nasendoscopy.
Apply silver nitrate cautery (no more than 5 seconds).
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therapeutic range. Unfortunately, if the bleeding is
not controlled, then intravenous vitamin K can be
administered to reverse the anticoagulant effect of
warfarin. The INR will require close monitoring in
this often difficult time for the patient.

Septal perforation

Crusting of the margin of a septal perforation
should be treated with chlorhexidine and neomy-
cin creams (Nasetin), followed by regular instilla-
tion of Vaseline. If bleeding persists despite simple
measures, then options include (1) cautery of gran-
ulations and bleeding spot, (2) insertion of septal
button to allow re-epithelialization of the margin
or (3) surgery to the margin to trim back bare/
granular cartilage and re-epithelialize the margin
with a local flap.

Trauma

Epistaxis following trauma or surgery may require
nasal packing but may also be amenable to direct
electrocautery or arterial ligation techniques.

HEREDITARY HAEMORRHAGIC
TELANGECTASIA

Hereditary haemorrhagic telangectasia (HHT) is
an autosomal dominant condition associated with
recurrent bleeding from vascular anomalies. The
disease affects vessels — ranging from capillaries
to arteries in the skin - mucous membranes and
viscera, leading to the formation of telangiecta-
sia, arteriovenous malformations and aneurysms.
Although the disease is almost universally associ-
ated with recurrent epistaxis, the severity can be
extremely variable. The need for blood transfusion

can help to quantify the severity of HHT, which
in turn can be a guide to the management of this
condition. Milder cases may be simply and effec-
tively managed with topical emollients and oes-
trogens with interval laser photocoagulation as
required. The more severe cases warrant consider-
ation of other measures such as septodermoplasty,
arterial ligation and arterial embolization. In the
most severe cases (those necessitating significant
volumes of blood transfusion), an obturator or
surgical closure of the nostrils (Young’s proce-
dure) should be considered. Surgical closure of the
nostrils is effective in reducing the need for blood
transfusion, but the patients find the loss of the
sense of smell and taste a difficult side effect of this
procedure.

KEY LEARNING POINTS

® Epistaxis is a common ENT emergency.

® Primary idiopathic epistaxis should be
managed using a stepwise algorithm.

® Definitive treatment of primary epistaxis
involves therapy directed towards an
identified bleeding point.

® Refractory epistaxis may require surgery
or embolization to control bleeding.

® Recurrent idiopathic epistaxis, com-
monly occurring in children, can be
more successfully treated with topical
antiseptic creams and rarely requires
surgery.

® Secondary epistaxis management
requires treatment of the underlying
cause.
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DEFINITIONS OF ACUTE
RHINOSINUSITIS

Rhinosinusitis is specifically defined in the current
European Position Paper on Sinusitis and Nasal
Polyps 2012 (EPOS 2012).! Because rhinitis and
sinusitis usually coexist, the correct and accepted
terminology is now rhinosinusitis. The more strin-
gent definition includes symptoms as well as endo-
scopic or computed tomography (CT) findings.
However, the criteria have to be adaptable to wider
groups beyond otorhinolaryngologists.

The following features are necessary for a diag-
nosis of acute rhinosinusitis (ARS) in adults to be
acceptable for epidemiological/primary care pur-
poses where there is no ear, nose and throat (ENT)
examination or imaging:

e Sudden onset of two or more symptoms,
one of which must include nasal blockage/
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obstruction/congestion, or anterior nasal dis-
charge/posterior nasal drip

e + Facial pain/pressure

® -+ Reduction of loss of smell for less than
12 weeks

This differs in children in that they should have
sudden onset of two or more of the following
symptoms:

® Nasal blockage/obstruction/congestion
® Or discoloured discharge
® Or cough (daytime and nighttime)

Children with adenoiditis or adenoidal enlarge-
ment/hypertrophy can have identical symptoms,
but these are normally long-term and in excess of
12 weeks once seen in an ENT clinic.

Most acute episodes occur during the common
cold: The duration of symptoms for ARS during

31
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the common cold/acute viral rhinosinusitis should
be less than 10 days.

Extension of symptoms beyond 10 days is
defined now as post-viral ARS; a small percentage
of such patients will develop acute bacterial rhino-
sinusitis (ABRS). The criteria for ABRS require at
least three of the following symptoms/signs:

e Discoloured mucus, predominantly from one
side, with mucopus within the nasal cavity

e Severe local pain, mainly on one side

® Pyrexia >38°C

e Elevated C-reactive protein (CRP)/erythrocyte
sedimentation rate (ESR)

e ‘Double sickening’, referring to deterioration
after an initial milder phase of illness

THE COMMON COLD

Most people will have experienced ARS during the
course of a viral upper respiratory tract infection
or common cold. The common cold is in fact the
most common infectious disease known to man:
Adults are likely to suffer from two to five episodes
of ARS per year and children seven to 10 colds per
year. The prevalence of ARS is high, affecting 6-15
per cent of the population, and increases in winter
months, climatic variations, damp environments
and air pollution. There is good evidence to sup-
port the hypothesis that allergic inflammation and
cigarette smoke are predisposing factors (EPOS
2012).

The common cold is caused by airborne viruses,
mainly rhinoviruses and coronaviruses. However,
other viruses include adenovirus, influenza and
parainfluenza viruses, respiratory syncytial
virus and enterovirus. The viruses attach to the
host cells: Normal ciliary action is disrupted, the
mucosa becomes very congested and mucus glands
over-secrete. The mucosal congestion extends to
the paranasal sinuses, and sinus ostia are likely to
become blocked.

The familiar features include nasal obstruction,
a mucous nasal discharge and a sense of pressure
or heaviness over the cheeks. This is one condition
where self-diagnosis is reasonable because we are
all familiar with the symptoms and virology is not
feasible. The symptoms generally start to subside
after a few days, but it may take 2 to 3 weeks to

resolve. Investigations such as plain radiographs
and culture swabs are normally unnecessary.

The first-line treatment is generally to await
natural resolution and alleviate symptoms with
medication when necessary. Oral analgesics will
alleviate facial discomfort; nasal obstruction is
relieved by topical and/or systemic decongestants;
and excess mucus discharge is treated with saline
rinses or sprays.

Antibiotics are generally unnecessary, and
recent Cochrane research has shown that they
offer a minimal advantage and are more likely to
induce a number of unwanted side effects such as
nausea and vomiting, abdominal pain, diarrhoea
and the risk of bacterial resistance.!

Topical steroid sprays have been shown to aid
resolution of symptoms in moderate and severe
episodes of viral ARS and in bacterial ARS in com-
bination with antibiotics.

PURULENT RHINOSINUSITIS

Undoubtedly, some episodes of acute viral rhino-
sinusitis will progress to acute bacterial sinusitis.
This has been estimated to occur in 0.5-2.0 per
cent of patients.

The clinical features include a purulent nasal
discharge and worsening of facial discomfort,
often accompanied by dental neuralgia, general
malaise and pyrexia.

The usual bacteria are Streptococcus pneumonia
and pyogenes, Haemophilus influenza, Moraxella
catarrhalis and Staphyloccocus aureus. Although
patients with immune deficiency may well develop
acute purulent bacterial sinusitis, often with more
unusual organisms such as pseudomonas, there is
normally an underlying chronic sinusitis.

The pathogenesis of bacterial infection has been
studied for the maxillary sinus. Ostial obstruction
leads to the development of low-pressure mucosal
congestion and a hypoxic environment within the
maxillary sinus, thus favouring bacterial prolifera-
tion and increasing ciliary disruption.

Antibiotics are certainly justified in this sce-
nario, but resolution will often progress at the
same rate even without antibiotics (EPOS 2012).!
Amoxicillin or erythromycin is a suitable choice,
but there is a lack of evidence showing a significant
difference between short 5-day courses and longer
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courses of a week or more. Although amoxicillin
is the most commonly prescribed antibiotic, bac-
terial resistance, particularly to S. pneumonia and
M. catarrhalis, is increasing.

ACUTE RHINOSINUSITIS
IN CHILDREN

Most ARS cases in children are viral and self lim-
iting. Some understanding of sinus development
is helpful in understanding the management of
children with severe infection and complications
of ARS.

The ethmoid and maxillary sinuses are present
in small children: The frontal sinuses only begin to
enlarge from the age of 4 years, and growth con-
tinues into the late teens. After the twelfth year,
the floor of the maxillary sinus descends below the
level of the nasal floor as the secondary dentition
erupts. The sphenoid is very small at birth but has
pneumatized in 85 per cent of children by the age
of 8 years and continues to grow until the age of
15 years, although further aeration may occur into
adulthood.

In children with ARS, it is important to exclude
a foreign body and unilateral choanal atresia, and,
in recurrent infection, underlying CRS and ade-
noiditis may be difficult to differentiate. Children
with cystic fibrosis may present with exacerbations
of acute sinusitis but normally have an underlying
chronic sinus disorder. Examination may include
rhinoscopy with an otoscope and large-diameter
speculum, headlight or endoscope, according to
preference and availability. A CT sinus scan is
occasionally required should there be prolongation
of symptoms or a suspected complication.

The main bacteria that have been implicated
are S. pneumonia, H influenza, M. catarrhalis,
S. pyogenes, and anaerobes. Although resolution
will occur without antibiotics, it is likely to be faster
with an antibiotic, but the advantage is modest.
Antibiotics should, however, be prescribed for
children with a complication of ARS, or those with
concomitant chest disease such as asthma or bron-
chitis. There is evidence to supportadding an intra-
nasal steroid, although compliance will be an issue
with younger children. There is a lack of evidence
to support the use of topical and systemic decon-
gestants, antihistamines and saline irrigation.

RECURRENT ACUTE
RHINOSINUSITIS

Some patients are prone to developing recurrent
episodes of ARS. It is important to differentiate
these patients from those with chronic rhinosi-
nusitis with recurrent exacerbations of their con-
dition. By definition, patients with recurrent acute
sinusitis are asymptomatic between episodes. Such
episodes can become clinically significant, owing
to either their severity or their frequency, and lead
to frequent courses of antibiotics.

The assessment of such patients should include
a search for predisposing factors such as allergic
rhinitis or exposure to nasal irritants. Underlying
dental disease should also be considered. Typically,
nasal endoscopy shows narrow nasal cavities, espe-
cially in the region of the middle meati, and a CT
scan of the sinuses normally shows osteomeatal
complex obstruction with generally clear parana-
sal sinuses or mild mucosal thickening of the max-
illary sinuses.

Daily application of a topical nasal steroid,
either as a spray or sometimes as nasal drops in
a head-down position, is often an effective strat-
egy for preventing recurrent infection. If medi-
cal management fails and the CT scan confirms
osteomeatal complex obstruction, endoscopic
sinus surgery to open the middle meatal drainage
channels is often beneficial. However, the latter
can be challenging and must not be underesti-
mated owing to the technical difficulties of oper-
ating in a narrow nose.

COMPLICATIONS OF ACUTE
RHINOSINUSITIS

Fortunately, most cases of ARS resolve without
the development of complications. The incidence
of serious complications is low, but they are more
likely in the winter months. It is also of interest to
note that oral antibiotics do not necessarily protect
patients from developing complications.

Acute infective complications can arise from
acute or chronic rhinosinusitis: The former is
more common in children and the latter in adults.
Complications may affect the orbit (60-75 per cent),
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the intracranial tissues (15-20 per cent) or the fron-
tal bone (5-10 per cent). In a recent UK survey, the
orbit was most commonly affected (76 per cent of 78
patients), followed by intracranial infection (9 per
cent) and bone infection (5 per cent).> Occasionally,
multiple sites can be affected simultaneously.

ORBITAL COMPLICATIONS

Orbital infection secondary to sinusitis is often
referred to as periorbital cellulitis, but this term
lacks precision. Orbital infections have been clas-
sified into five subgroups of worsening severity.*
Although this classification is still in common use
today, itis not strictly true, and the increased esca-
lation of infection is not necessarily sequential.
However, the classification does provide a clinical
aide de memoir to the possible complications that
may arise with severe infection (Table 4.1).

Infections of the orbit are initially contained
by the fibrous sheet of the orbital septum, and it
is much more helpful to refer to preseptal cellulitis
and orbital cellulitis according to whether infec-
tion is anterior or posterior to this septum.

Infection is most likely to spread from the eth-
moid sinus, by direct or vascular spread across the
thin lamina papyracea, although some may arise
from the maxillary, the frontal or, rarely, the sphe-
noid sinus.

Any age group can be affected, but the incidence
is much greater in children. Most cases in chil-
dren are preseptal cellulitis that is relatively mild,
may not be referred for an ENT opinion and may
occur in the absence of sinusitis: 60-90 per cent are
reported to be secondary to acute rhinosinusitis.
In contrast, orbital cellulitis is always secondary to
acute rhinosinusitis.

Table 4.1 Complications of periorbital cellulitis
as modified and described by Chandler et al.*

Preseptal cellulitis
Orbital cellulitis
Subperiosteal abscess
Orbital abscess
Cavernous thrombosis

Clinical features

PRESEPTAL CELLULITIS

Preseptal cellulitis presents with unilateral swell-
ing of the eyelids, erythema, local pain and some-
times pyrexia (Figure 4.1a). There should be no
proptosis and no limitation of eye movement.

Identifying clinical features in the acute stage
of infection may be challenging, particularly in
children, and tender, swollen eyelids may cause
significant difficulty in performing a proper exam-
ination of the eye and globe. Normally, a scan is
unnecessary unless there is diagnostic uncertainty
or clinical progression despite adequate treatment
(Figure 4.1D).

It is important to be aware that infection can
progress rapidly, and spread beyond the orbital
septum could lead to abscess formation and
threaten vision.

ORBITAL CELLULITIS

The following are important clinical features that
should be identified, documented and monitored:
conjunctival oedema (chemosis), limitation of eye
movement (ophthalmoplegia), painful eye move-
ments, proptosis, pupillary reaction, visual acuity
and colour vision. Colour vision as assessed by an
Ishihara chart is typically impaired first, affecting
particularly red colour perception, and any element
of doubt should instigate an urgent opinion from an
ophthalmologist. In the pre-antibiotic era, blindness
following periorbital cellulitis was not uncommon,
the possible causes being retinal artery occlusion,
compression or inflammation of the optic nerve,
panophthalmitis and corneal ulceration.

It is of paramount importance to determine
whether the infection is complicated by the devel-
opment of a subperiosteal abscess. These abscesses
typically arise adjacent to the lamina papyracea,
although some extend or arise superiorly beneath
the thin floor of the frontal sinus. Displacement of
the globe, proptosis and ophthalmoplegia can all
arise from orbital cellulitis or a subperiosteal or
orbital abscess. However, it can be very difficult to
fully examine the eye in a sick, unwell, uncoopera-
tive child, and the presence of painful eye move-
ments, chemosis and/or proptosis should instigate
an urgent CT scan.



Complications of acute rhinosinusitis / Orbital complications 35
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Figure 4.1 (a) Preseptal cellulitis in a 16-year-old male. (b) Axial CT scan showing ethmoid opacity and

preseptal opacity in soft tissues.

Initial management

An early opinion from an ophthalmologist is wise
at this stage.

Although oral antibiotics may be effective for
the early stages of periorbital cellulitis, intrave-
nous antibiotics are essential for patients with
significant infection. It is generally not possible
to determine the bacterial profile at the time of
instigating treatment, but prior to starting an
antibiotic, a blood culture should be considered,
particularly if the patient is pyrexial or has rig-
ors. Similar to acute bacterial sinusitis, the spec-
trum of cover should include the likely pathogens
such as Streptococcus spp., Pneumococcus spp. and
Haemophilus influenza. It should be noted that
anaerobic bacteria may cause severe infection, and
the antibiotic profile should cover these virulent
organisms. Early advice from a microbiologist
should be sought.

Supplementary treatment with decongestant
nasal drops is often practised, but there is no evi-
dence base to support this.

Imaging

A scan is not essential in patients with preseptal
cellulitis unless the condition worsens despite
treatment with intravenous antibiotics.

If a subperiosteal abscess is suspected, an
urgent CT scan of the sinuses and orbits should be

obtained (Figure 4.2a and b). It is wise to include
brain settings with this request to avoid missing a
coexisting intracranial complication.

A magnetic resonance image (MRI) will provide
supplementary information if there is diagnostic
uncertainty, a subperiosteal abscess or suspected
intracranial infection (Figure 4.3a and b).

The specific features to note on scans in patients
with orbital infection include a subperiosteal
abscess, oedema or bowing of the medial rectus
muscle, displacement of the globe, loss of clarity
of posterior extraocular muscles and optic nerve
and orbital abscess formation. Gas bubbles in the
soft tissues develop in anaerobic infection owing to
gas-producing bacteria (Figure 4.4).

Surgical intervention

Surgery is indicated in patients who fail to improve
on intravenous antibiotics after 24-48 hours, or in
those with a subperiosteal or an orbital abscess. A
small or early subperiosteal abscess may respond
to non-operative treatment, but if this strategy is
chosen, the response to treatment should be closely
monitored and abscess drainage instigated if the
patient fails to respond.

The standard way to explore and drain a sub-
periosteal abscess is by an external incision, but in
the day of the endoscope, there is much discussion
about endoscopic drainage. However, the latter
approach is likely to be challenging in the acute
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Figure 4.2 CT scan showing a left subperiosteal abscess secondary to acute sinusitis. Coronal image
(a), axial image (b).

Figure 4.3 MR scan of a superior periorbital abscess with frontal sinusitis and dural inflammation second-
ary to localized encephalitis. T1 image (a), T2 image (b).
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Figure 4.4 Axial CT scan showing gas bubbles in
soft tissues in a child with periorbital cellulitis and
frontal sinusitis.

situation, particularly in young children, and has
not gained popularity within the United Kingdom.
External drainage facilitates complete drainage of
multilocular abscesses and access to an abscess
sited superiorly above the globe (Figure 4.3a and
b).

Orbital exploration should be accompanied by
drainage of pus within the sinuses, by maxillary
antral washout or frontal trephine. Simultaneous
endoscopic drainage of the anterior ethmoid
should also be considered.

INTRACRANIAL INFECTION

Fortunately, intracranial infection secondary to
acute sinusitis is unusual, but the consequences
are potentially very serious and include long-term
morbidity: Death is reported in up to 19 per cent
of cases. In contrast to otogenic intracranial infec-
tions that often develop in patients with chronic
ear disease, rhinogenic brain abscesses are much
more likely to occur during an episode of acute
sinusitis.

Infection may reach the intracranial cavity by
haematogenous or direct spread. Intracranial com-
plications of acute sinusitis include meningitis,
cerebritis, extradural abscess, subdural empyema,

cerebral abscess and superior sagittal and cavern-
ous thrombosis.

Because intracranial infection is typically rap-
idly progressive, early recognition, rapid referral
and effective treatment are essential to promote the
likelihood of successful recovery.

The clinical features that should alert the cli-
nician are an unwell patient with a persistent
headache, altered level of consciousness, spiking
pyrexia, nausea and vomiting. Other clinical fea-
tures may include neck stiffness, photophobia,
confusion, seizures, limb dysfunction, cranial
nerve abnormalities and dysphasia.

MENINGITIS

Meningitis presents as a rapidly progressive illness
in an acutely unwell patient who develops an inces-
sant headache, photophobia and neck stiffness.
Straight leg-raising may induce pain - Kernig’s
sign. The diagnosis is confirmed by performing
a lumbar puncture and sending the aspirate for
cellular analysis and culture. Lumbar puncture
should be done only after exclusion of an intracra-
nial abscess owing to the risk of coning.

Perhaps the most important consideration to
remember in such patients is to look for a defect in
the bony anterior skull base, particularly if there
is a history of previous or recurrent meningitis.
Significant head injuries with associated frac-
tures of the skull or facial bones from many years
ago may heal with areas of dehiscent bone and
exposed dura that predispose to the development
of meningitis.

INTRACRANIAL PUS

Most rhinogenic brain abscesses are sited in the
cerebrum or frontal lobes, and the clinical features
are determined by the site and stage of abscess for-
mation. It is important to appreciate that some
patients will have relatively few symptoms or the
abscess may be silent, particularly if symptoms
have been masked by the previous use of antibiot-
ics. Eventually, meningeal irritation, raised intra-
cranial pressure and focal deficits may occur.

In a subdural empyema, areas of the brain sur-
face are covered by pus. The characteristics are a
rapidly progressive, dramatic clinical presentation
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in a very ill patient. Focal features will depend on
which parts of the brain are covered at any one time.
Haematogenous spread of infection may result in
numerous intracranial sites of pus accumulation.

An epidural abscess is normally associated
with frontal sinusitis and may not be recog-
nized until shown by a CT/MRI scan of the head
(Figure 4.5a and b).

Imaging

Once the possibility of intracranial infection is
considered, an urgent scan should be requested. A
CT of the head with brain settings and contrast is
essential: It will be helpful to include simultaneous
sinus images as well (Figure 4.3a). An MRI of the
head will provide important supplementary infor-
mation (Figure 4.3b). Once the diagnosis has been
confirmed, urgent referral to a neurosurgeon is
imperative.

Management

The management priority once an intracranial
infection is recognized is to seek advice from a

neurosurgeon. Treatment options include long-
term high-dose intravenous antibiotics, burr-hole
drainage, craniotomy or image-guided aspiration.

Otorhinolaryngological intervention is based
on the principle of drainage of pus and eradication
of the source of infection and may include antral
lavage and frontal trephine if there is frontal infec-
tion. An alternative is to open the anterior eth-
moid cells with the option of draining the frontal
sinus endoscopically, expertise allowing, although
bleeding is likely to be an issue in the acute stage.
Frontal sinus ostial drainage may be facilitated by
balloon dilatation if the equipment is available.
These drainage procedures can often be combined
with neurosurgical drainage during the same
anaesthetic administration.

THROMBOPHLEBITIS

Superior sagittal vein thrombosis

This rare complication is likely to arise with epidural
or subdural sepsis. The characteristics include a
severe headache and focal deficits, especially affect-
ing the legs, because venous thrombosis spreads

Figure 4.5 Axial images showing a left frontal epidural abscess secondary to acute sinusitis with perior-

bital cellulitis. CT image (a), T1 MR image (b).
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and leads to cerebral infarction. Progression leads
to raised intracranial pressure and coma.

Cavernous sinus thrombosis

Cavernous sinus thrombosis is fortunately a rare
complication of acute sinusitis but is associated
with a significant risk of death. It usually arises
from extension of purulent sphenoid sinus infec-
tion and adjacent intracranial vein thrombosis.
Cavernous sinus thrombosis secondary to acute
sinusitis is associated with rapid onset of symp-
toms, beginning with swelling of one eye, to be fol-
lowed by the other as the thrombosis progresses to
the contralateral side. The clinical features include
a spiking pyrexia, ptosis, deep retro-orbital pain,
papilloedema and complete ophthalmoplegia due
to involvement of the ITI, IV and VI cranial nerves.
There may be corneal hypersensitivity of the
affected eye to be followed by anaesthesia due to
disruption of trigeminal sensation. Septic emboli
may reach the brain, orbit, lungs, kidney, spleen
and liver.

An MRI venogram should confirm the diagno-
sis by demonstrating absent venous flow from the
cavernous sinus. High-resolution CT with contrast
should also show a filling defect around the cav-
ernous sinus.

Treatment includes high-dose intravenous anti-
biotics and drainage of purulent sinus collections,
particularly from the sphenoid sinus. Systemic ste-
roids and anticoagulants are often used, but their
use remains controversial.

FRONTAL OSTEOMYELITIS

Frontal osteomyelitis is a condition that achieved
notoriety when it acquired its well-known synonym
of Pott’s puffy tumour, described by Sir Percivall
Pott, surgeon at St Bartholomew’s Hospital, in 1760.

It develops as an acute frontal abscess that
complicates an acute sinus infection and frontal
sinusitis. The frontal bone that forms the anterior
wall of the frontal sinus becomes osteomyelitic:
Bone necrosis leads to a subperiosteal abscess that
presents as fluctuant tender lump of the forehead.
In some instances, the abscess points and bursts
before surgical intervention can take place, and
this may lead to a fronto-cutaneous fistula.

Figure 4.6 MR image showing soft tissue swell-
ing and frontal sinusitis in acute frontal osteomy-
elitis (Pott’s puffy tumour).

Although the condition presents as an acute
purulent infection, patients often have underly-
ing chronic rhinosinusitis, and this is important to
appreciate to prevent a later recurrence.

A CT sinus scan, often combined with brain
images, is necessary to assess the disease and plan
operative intervention (Figure 4.6).

Treatment includes an intravenous antibiotic
that is likely to cover the bacterial profile and also
penetrate bone. Following microbiological advice,
clindamycin is often recommended as the pre-
ferred antibiotic.

Operative intervention is normally required.
Emergency procedures should be limited to simple
drainage of pus. This can be achieved by placing
a small incision directly over the abscess within a
skin crease on the forehead. This facilitates curet-
tage of necrotic bone and clearance of the puru-
lent contents and loculi within the frontal sinus.
A drain can be inserted into the frontal sinus to
prevent recurrence of a purulent collection.
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There is often infection within the other para-
nasal sinuses, and the maxillary antra should be
checked and lavaged at the same time. Should
endoscopic surgery be contemplated, this should
be restricted to opening of the anterior ethmoid
and frontal recess.

Oral antibiotics are often required for several
weeks following acute infection. Once the patient
has recovered from the acute infection, more
definitive surgery can be undertaken to prevent
recurrence and address any unsightly depression
or scarring on the forehead. This may include per-
forming a Draf type 3 sinuplasty median frontal
drainage procedure in special cases.

KEY LEARNING POINTS

® Acute rhinosinusitis is most often viral.

® Recurrent acute rhinosinusitis may
be secondary to allergy, irritants or
immune deficiency.

e Complications arising from acute rhi-
nosinusitis are uncommon but may be
serious.

e Acute collections of pus within the orbit
or intracranial cavity should be drained
urgently.

e Purulent infections within the orbit or
intracranial cavity are serious and gener-
ally require urgent additional specialist
ophthalmic or neurosurgical care.
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A granuloma is an organized collection of mac-
rophages, often referred to as epithelioid cells,
which tend to fuse to form multinucleated giant
cells. Granulomatous conditions of the nose and
paranasal sinuses may be secondary to infection,
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inflammation, trauma or substance abuse, or may
be due to an autoimmune or neoplastic condition.
The disease process may be confined to the nose or
be part of a systemic condition involving multiple

organ systems.
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GRANULOMATOSIS WITH
POLYANGIITIS (WEGENER'S
GRANULOMATOSIS)

HISTORY AND EXAMINATION

Granulomatosis with polyangiitis (GPA) is a
systemic autoimmune disease of unknown aeti-
ology, histologically characterized by granulo-
matous inflammation of the respiratory tract
with necrotizing vasculitis of small and medium-
sized blood vessels and focal or proliferative glo-
merulonephritis. It has previously been known
as Wegener’s granulomatosis, but its name has
changed, initially to cANCA-positive vasculitis
and most recently to GPA.! Classically, it affects
the nose, lungs and kidneys, but it can affect any
organ. It is also now recognized that more local-
ized forms of the disease can occur, and up to 25
per cent of patients may only complain of sino-
nasal symptoms. The true incidence is therefore
likely to be under-reported, but is estimated at
approximately 10 per million per annum, with a
prevalence of up to 100 per million in Europe.
The average age at onset is 40-55 years, but it may
occur at any age. Men and women are equally

affected, but it is predominantly a disease of
Caucasians (93 per cent).

The presenting symptoms are rhinological in
60-90 per cent of cases, including nasal obstruc-
tion, crusting, discharge, epistaxis, hyposmia or
anosmia, pain, epiphora or change in shape of the
nose.? Otological symptoms occur in up to 40 per
cent, primarily conductive or sensorineural hear-
ing loss. Approximately 16 per cent of patients have
subglottic stenosis, which may prove fatal; this per-
centage is higher (23 per cent) in younger patients.
Lower respiratory tract symptoms such as cough,
haemoptysis and dyspnoea can occur, and patients
may complain of constitutional symptoms such as
fever, lethargy and weight loss.

Examination reveals friable granular mucosa,
often with old blood and crusting or excessive
adhesion formation (Figure 5.1a and b). There may
be a septal perforation, and in advanced cases there
may be loss of normal internal nasal architecture
with a single large cavity. The classic ‘saddle’ defor-
mity of the nose is seen in 5-20 per cent of patients
with GPA (Figure 5.2); the only other condition
that produces a similar deformity is relapsing poly-
chondritis. Middle ear effusions may be present.
The differential diagnosis of GPA includes all other
nasal granulomatous conditions.

Figure 5.1 (a) Endoscopic photograph showing significant nasal crusting in GPA. (b) Endoscopic photo-

graph showing marked adhesion formation in GPA.
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Figure 5.2 Clinical photograph showing collapse
of nasal bridge in GPA.

INVESTIGATIONS

Anti-neutrophil cytoplasmic antibodies (ANCAs)
are strongly associated with three vasculitides:
GPA, eosinophilic granulomatosis with polyangiitis
(Churg-Strauss syndrome) and microscopic polyan-
giitis (MPA). They are therefore not 100 per cent sen-
sitive or specific for the diagnosis of GPA. However,
cytoplasmic ANCA (cANCA) specific for proteinase
3 (PR3) is 90 per cent sensitive and 98 per cent spe-
cific for generalized GPA; the sensitivity falls to 50
per cent in localized disease. Ten per cent of patients
with GPA will have a positive test for perinuclear
ANCA (pANCA) against myeloperoxidase (MPO),
and up to 30 per cent may have a negative ANCA
test initially. This result may change over time, and
cANCA may therefore be used to monitor disease
activity.® It is often difficult to obtain a positive
biopsy from nasal mucosa; lung and renal biopsies
have a higher yield. Histological diagnosis of GPA
requires the presence of granulomatous inflamma-
tion, vasculitis and necrosis. Computed tomogra-
phy (CT) imaging of the paranasal sinuses shows
non-specific mucosal thickening in more than 85
per cent of patients, but up to 75 per cent may have
evidence of bony destruction, and new bone for-
mation is seen in up to half of patients (Figure 5.3).
However, sinus scans can also be normal. Chest

Figure 5.3 Axial CT scan of a patient with GPA
showing loss of septum, ethmoids and anterior
lamina papyracea together with marked sclerosis
of residual bone.

x-ray (CXR) and urinalysis may be helpful in con-
firming the involvement of other organ systems.

MANAGEMENT

The European Vasculitis Study Group has classi-
fied GPA as localized (respiratory tract involve-
ment only), early systemic or generalized disease.*
If the disease is suspected, then a multidisciplinary
approach with involvement of a rheumatologist
or vasculitis specialist should begin at an early
stage. Survival in generalized GPA was previ-
ously very poor, but the advent of corticosteroid
treatment has reduced mortality rates to 50 per
cent. The introduction of cyclophosphamide has
further improved remission rates to 90 per cent,
and steroid-sparing agents such as azathioprine,
methotrexate and mycophenolate mofetil are then
used to maintain remission. Monoclonal antibod-
ies such as rituximab and infliximab have also
been used recently with good effect. For disease
localized to the nose, or for symptomatic relief of
sinonasal involvement, nasal douching and topical
nasal steroids are the mainstay of treatment. Nasal
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lubricants may also be used. Sinus surgery should
be avoided if possible, as post-operative scarring
can make symptoms significantly worse, but may
be required in selected patients. Surgical repair
of septal perforations is unlikely to be successful,
but a Silastic button may be inserted in addition
to the use of topical treatments. Reconstruction of
a saddle deformity requires the use of cartilage or
bone grafts and generally has poor results if dis-
ease is active; however, if the disease has been qui-
escent for at least one year, it may be considered
in selected cases. Grommets should be avoided
owing to the risk of chronic discharge, and hearing
aids are the treatment of choice for hearing loss.
Subglottic stenosis can usually be managed with
regular dilatation, intralesional steroid injection
and endolaryngeal laser treatment. Mortality rates
remain approximately 5 per cent despite immu-
nosuppressant treatment, and up to 10 per cent of
patients will never enter remission. Of those who
do, up to 50 per cent will relapse.

EOSINOPHILIC
GRANULOMATOSIS WITH
POLYANGIITIS (CHURG-STRAUSS
SYNDROME)

HISTORY AND EXAMINATION

Eosinophilic granulomatosis with polyangiitis
(EGPA) is a rare but potentially fatal systemic nec-
rotizing vasculitis of unknown aetiology, affecting
small to medium-sized vessels. It is associated with
asthma, eosinophilia and extravascular eosinophilic
granulomas and was previously known as Churg-
Strauss syndrome.! The asthma is characteristically
late-onset and, together with allergic rhinitis and
nasal polyps, may predate the vasculitis by several
years. The average time from onset of asthma to
diagnosis of EGPA is 12 years (range 1-34 years).
It is less common than GPA, with an incidence of
2.4-4.2 per million per year in Europe. However,
it has been reported in up to 67 per million asth-
matics. The mean age at onset of the vasculitis is 50
years, but it has been reported in children. Men and
women are equally affected, and most patients are
Caucasian (up to 98.2 per cent).’

Three overlapping disease phases have been
described: (1) a prodromal phase that may last for
several years, during which time nasal and pul-
monary symptoms tend to worsen; (2) the devel-
opment of peripheral eosinophilia of greater than
10 per cent, which may be associated with other
organ involvement as a result of eosinophilic infil-
trates; and (3) the onset of systemic vasculitis and
its associated symptoms. There are peripheral ner-
vous system (PNS) symptoms in 50-78 per cent,
primarily mononeuritis multiplex; skin involve-
ment in 40-70 per cent, with purpura and nodules;
gastro-intestinal symptoms in one-third; renal dis-
ease in 21-80 per cent; and cardiac involvement,
usually myocarditis, in 10-49 per cent. It has been
reported to occur after treatment with zafirlu-
kast, a leucotriene receptor antagonist, but this is
thought to be due to unmasking of the vasculitis
by the reduction in oral steroid treatment that zaf-
irlukast allowed.

Nasal obstruction and rhinorrhoea are the most
common sinonasal symptoms, occurring in up to
95 per cent of patients, but anosmia (90 per cent),
sneezing (80 per cent), crusting (75 per cent) and
epistaxis (60 per cent) are also common.

The American College of Rheumatology 1990
criteria for diagnosis of EGPA (Churg-Strauss)
require at least four of the following: asthma;
eosinophilia of greater than 10 per cent differential;
mono- or polyneuropathy due to vasculitis; non-
fixed pulmonary infiltrates; abnormalities of the
paranasal sinuses; and extravascular eosinophils
on biopsy. This gives a sensitivity of 85 per cent
and a specificity of 99.7 per cent. The differential
diagnosis includes idiopathic hypereosinophilic
syndrome, GPA, MPA, sarcoidosis, allergic bron-
chopulmonary aspergillosis and parasite infection.

INVESTIGATIONS

EGPA is another ANCA-associated vasculitis, but
PANCA (against MPO) is only positive in 31-50
per cent of cases. There is less cardiac involve-
ment in ANCA-positive cases, but ear, nose and
throat (ENT), renal and PNS symptoms are more
common.’ There is eosinophilia, and acute phase
proteins are often elevated. Histological diagnosis
requires the presence of extravascular eosinophilic
granulomas and necrotizing vasculitis, but nasal
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Figure 5.4 Coronal CT scan showing widespread
chronic rhinosinusitis with nasal polyps in a
patient with EGPA (Churg-Strauss).

biopsy is generally unhelpful. Skin, nerve, muscle
or lung tissue has a higher positive yield. There is
pan-opacification of the paranasal sinuses on CT,
due to chronic rhinosinusitis (CRS) with nasal pol-
yps, and there may be associated bony expansion
and mucocoele formation (Figure 5.4). CXR may
show nodular infiltrates.

MANAGEMENT

Again, this should be multidisciplinary, involving
a respiratory physician or one with an interest in
vasculitis. Outcomes have been shown to be bet-
ter if patients are treated at an experienced vascu-
litis centre. Immunosuppression is the mainstay of
treatment, with corticosteroids and steroid-sparing
agents, but cytotoxic drugs such as cyclophospha-
mide may also be required. Rituximab has been
used, and interferon-a has been tried in refrac-
tory cases with limited success. Sinonasal symp-
toms may be managed with topical treatments
such as alkaline nasal douching and intranasal
steroids, but surgery may be required for polyps
or mucocoele formation. Remission is achieved in
81-92 per cent of patients, but more than a quar-
ter will relapse. The French Vasculitis Study Group

reported 5-year survival rates of 88.9 per cent, fall-
ing to 78.6 per cent at 10 years; survival was better
with ANCA-positive disease.” Mortality rates can
be as high as 46 per cent if there is cardiac involve-
ment, which is the major cause of death in EGPA.
The presence of cardiomyopathy at diagnosis, older
age at diagnosis and a diagnosis of EGPA prior to
1996 were all found to be independent predictors
of death in the French study.

SARCOIDOSIS

HISTORY AND EXAMINATION

Sarcoidosis is a chronic granulomatous disease
of unknown aetiology, although it appears to be
immune mediated.® It has a reported incidence of
1.2-19 per 100,000 per year but is more common
in northern Europe and the southeast United
States. It is significantly more common in African
Americans, with an incidence of 36.5-81.8 per
100,000 per year. It can affect any age group, but
its onset is most common in the third and fourth
decades, and women are affected twice as often
as men.

It is a multisystem disease that affects the lungs
in more than 90 per cent, but cutaneous lesions
are also common with a classic purple discolou-
ration, known as lupus pernio (Figure 5.5), and

Figure 5.5 Clinical photograph showing lupus
pernio affecting tip of the nose.
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subcutaneous nodules. The upper respiratory
tract is affected in up to 9 per cent of cases. Nasal
obstruction, crusting, bleeding and facial pain are
the most common symptoms. The ears and mouth
may also be affected, as can the larynx, classically
with supraglottic lesions. The nasal mucosa tends
to have a characteristic ‘strawberry’ appearance of
inflamed erythematous mucosa covered with pale
granulomas. Crusting is often seen, and there may
be an anterior septal perforation. The differential
diagnosis includes all other granulomatous condi-
tions of the nose.

INVESTIGATIONS

Sarcoidosis was previously diagnosed using the
Kveim test, but this has been withdrawn in the
United Kingdom due to health and safety reasons.
Serum angiotensin-converting enzyme (ACE)
level may be elevated, although this is also seen
in other conditions such as tuberculosis (TB) and
lymphoma and so is not specific. Serum calcium
may be elevated in systemic disease, but only in 11
per cent of patients. Histology shows non-caseat-
ing epithelioid granulomas; nasal biopsy is usu-
ally negative if the mucosa appears normal, but
a positive result is obtained in 91 per cent if it is
clinically abnormal. CT of the paranasal sinuses
may show changes consistent with CRS, and lac-
rimal gland enlargement is common. Sometimes
there may be soft tissue infiltration of the nasal
bones. CXR classically shows bilateral hilar
lymphadenopathy.

MANAGEMENT

Management should be multidisciplinary with
a respiratory physician. The Krespi staging clas-
sifies sarcoidosis into mild (stage I), moder-
ate (stage II) or severe (stage III). The mainstay
of treatment is systemic steroids and steroid-
sparing agents. Topical treatment for the nose
includes nasal douching, topical steroids and
lubricants. Intralesional steroids may be used in
cutaneous or laryngeal lesions. Surgery has only
a limited role. Sarcoidosis may remit spontane-
ously, but severe pulmonary or cardiac involve-
ment may be fatal.

COCAINE-INDUCED MIDLINE
DESTRUCTIVE LESION

HISTORY AND EXAMINATION

Chronic intranasal cocaine abuse can cause gran-
ulomatous inflammation and destruction of the
nose, sinuses and palate that may be clinically indis-
tinguishable from GPA. This process is thought to
be due to the marked vasoconstrictive effect of
cocaine. A history of intranasal substance abuse
should therefore be sought in all patients present-
ing with such symptoms.

INVESTIGATIONS

ANCA is often positive in this condition, with
PR3 reactivity in more than 50 per cent, which
compounds the similarity with GPA, but there are
some subtle differences in capsase 3 and 9 expres-
sion and ANCA reactivity with neutrophil elastase
that can distinguish the two conditions.

MANAGEMENT

Cessation of cocaine abuse is most important, and
topical nasal treatments may provide symptom-
atic relief. Surgical reconstruction is often difficult
with poor outcomes.

NATURAL KILLER/T-CELL
LYMPHOMA

HISTORY AND EXAMINATION

Previously known as midline destructive granu-
loma or midline lethal granuloma, this tumour is
now known to be a lymphoma but usually presents
with midface destruction.

INVESTIGATIONS

Representative biopsy from beneath necrotic tis-
sue is required for diagnosis. Imaging shows wide-
spread bony and soft tissue destruction.
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MANAGEMENT

Treatment is with radiotherapy plus or minus
chemotherapy. Long-term follow-up is required
because there may be late relapses.

GRANULOMATOUS INFECTIONS
OF THE NOSE

Most of these infections are rare in the developed
world, and treatment should be given by an infec-
tious diseases specialist.

TUBERCULOSIS

HISTORY AND EXAMINATION

Nasal TB is uncommon, and primary nasal TB
accounts for only one-third of cases. The causative
organism is usually Mycobacterium tuberculosis.
Ulcerative and nodular (lupus vulgaris) forms are
seen in the nose, with an isolated granuloma occa-
sionally found in the paranasal sinuses.

INVESTIGATIONS

Biopsy reveals caseating epithelioid granulomas,
but acid-fast bacilli may not be seen and cultures
may be negative. Skin testing for TB may prove
infection, and serum testing such as QuantiFERON
is now available.

MANAGEMENT

Extrapulmonary TB is usually managed with com-
bination antituberculous chemotherapy.

LEPROSY

HISTORY AND EXAMINATION

leprae. 1t is unusual in developed countries, but
there are 12-15 million cases worldwide. There are
two main forms of the disease, tuberculoid lep-
rosy, which is localized, and lepromatous leprosy,
which is systemic. The nasal skin is often involved
with anaesthetic plaques, and nasal mucosa may be
affected in systemic cases.

INVESTIGATIONS

Diagnosis is based on clinical findings with
microbiological confirmation of the bacillus on
biopsy.

MANAGEMENT

Long-term dapsone remains the standard therapy.

SYPHILIS

HISTORY AND EXAMINATION

Syphilis is a sexually transmitted disease caused
by the spirochaete Treponema pallidum. It is classi-
fied into primary, secondary, tertiary and congeni-
tal forms. Primary chancre of the nose is rare but
may be seen on the skin or within the vestibule.
Secondary syphilis is an infectious systemic condi-
tion, with rhinitis the most common nasal symp-
tom. Tertiary syphilis may cause a perforation
of the bony septum or present as a subcutaneous
nodule (gumma) which then ulcerates. Congenital
syphilis most commonly presents with ‘snuffles’, a
purulent rhinitis with eventual excoriation of the

upper lip.

INVESTIGATIONS

Syphilis is usually diagnosed with serological tests,
but smears from a lesion may show the organism.

MANAGEMENT

Leprosy is a chronic granulomatous condition
caused by the acid-fast bacillus Mycobacterium

Parenteral penicillin is the antibiotic of choice for
all stages.
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MUCOCUTANEOUS
LEISHMANIASIS

HISTORY AND EXAMINATION

Leishmaniasis, a parasitic disease caused by
Leishmania spp., is endemic in more than 80 coun-
tries, with 12 million cases worldwide. It may
present in cutaneous, mucocutaneous or visceral
forms. The mucocutaneous form can cause swell-
ing and erythema of the external nose with erosion
of the internal nose, septum, palate and trachea,
and has been reported to mimic GPA.

INVESTIGATIONS

Diagnosis is difficult, but biopsy may show granu-
lomatous inflammation without vasculitis. Biopsy
of involved skin may be more helpful than nasal
mucosa.

MANAGEMENT

Treatment is usually with amphotericin or a penti-
valent antimony compound.

RHINOSPORIDIOSIS

HISTORY AND EXAMINATION

Rhinosporidiosis, a chronic granulomatous infec-
tion caused by Rhinosporidium seeberi, is most
commonly seen in India and Sri Lanka. The nasal
mucosa becomes granular and polypoidal with a
strawberry-like appearance.

INVESTIGATIONS

Histological examination shows the organism’s
spores.

MANAGEMENT

Treatment typically involves surgical excision of
the lesions followed by medical therapy such as

dapsone, griseofulvin, amphotericin and diami-
nodiphenylsulfone, but none of these preparations
has proved particularly successful.

RHINOSCLEROMA

HISTORY AND EXAMINATION

Klebsiella rhinoscleromatis causes this progressive
granulomatous infection of the nose and upper
respiratory tract, with laryngeal involvement in
up to 50 per cent of cases. There are three stages:
atrophic, with crusting similar to atrophic rhinitis;
granulomatous or proliferative, with nodule for-
mation; and cicatrizing, with stenosis and adhe-
sion formation.

INVESTIGATIONS

The diagnosis is usually made in the later stages,
based on the typical histological findings of granu-
lomatous infiltrates and Mikulicz cells.

MANAGEMENT

Prolonged antibacterial treatment with ciprofloxa-
cin or trimethoprim-sulfamethoxazole is required,
but initial surgical debridement may be helpful.

KEY LEARNING POINTS

e Systemic granulomatous conditions
often present with ENT symptoms.
Although they are unusual diseases, it is
important to have a high index of suspi-
cion to avoid delay in diagnosis.

e Always suspect a vasculitis if there is
general malaise disproportionate to the
clinical findings.

® Nasal crusting and abnormal mucosa
should prompt investigation for granu-
lomatous disease, as should recalcitrant
symptoms of chronic rhinosinusitis
despite appropriate management.
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e There is no one diagnostic test; diagnosis
is based on the clinical picture together
with examination findings, imaging,
serological and histological tests.

REFERENCES

1. Jennette JC, Falk RJ, Bacon PA, et al. 2012
Revised International Chapel Hill Consensus
Conference Nomenclature of Vasculitides.
Arthritis and Rheumatism. 2013; 65: 1-11.

2. Rasmussen N. Management of the ear, nose
and throat manifestations of Wegener gran-
ulomatosis: an otorhinolaryngologist’s per-
spective. Current Opinion in Rheumatology.
2001; 13: 3-11.

3. Sproson E, Jones N, Al-Deiri M, Lanyon
P. Lessons learnt in the management of
Wegener’s Granulomatosis: Long-term
follow-up of sixty patients. Rhinology. 2007;
45: 63-67.

4. Rasmussen N, Jayne DRW, Abramowicz D,
et al. European therapeutic trials in ANCA-
associated systemic vasculitis: disease
scoring, consensus regimens and proposed
clinical trials. Clinical and Experimental
Immunology. 1995; 101 Suppl 1: 29-34.

5. Cormorand C, Pagnoux C, Khellaf M, et al.
Eosinophilic granulomatosis with polyan-
giitis (Chrug-Strauss syndrome): clinical
characteristics and long-term follow-up
of the 383 patients enrolled in the French
Vasculitis Study Group cohort. Arthritis and
Rheumatism. 2013; 65: 270-281.

6. Morgenthau AS, Teirstein AS. Sarcoidosis of
the upper and lower airways. Expert Review
of Respiratory Medicine. 2011; 5: 823-33.

FURTHER READING

Fuchs HA, Tanner SB. Granulomatous disorders
of the nose and paranasal sinuses. Current
Opinion in Otolaryngology and Head Neck
Surgery. 2009; 17: 23-27.

Lund VJ, Howard DJ, Wei W. Granulomas
and Conditions Simulating Neoplasia. In
Tumours of the Nose, Paranasal Sinuses and
Nasopharynx. New York: Thieme, 2014.

Bahadur S, Thakar A. 2008. Specific
Chronic Infections. In Scott-Brown's
Otorhinolaryngology, Head and Neck
Surgery. Eds. Gleeson M, Browning GB,
Burton MJ, et al. London: Hodder Arnold,
2008: 1458-68.






Chronic rhinosinusitis

ROBIN YOUNGS

Chronic rhinosinusitis 51
Definition 51
Aetiology 52
Clinical presentation 52
Diagnosis 53
Treatment 54
Sinusitis of dental origin 55
Nasal polyps 55
Nasal polyps in association with chronic
rhinosinusitis 55

CHRONIC RHINOSINUSITIS

Rhinosinusitis is the term used to describe inflam-
mation and infection within the nasal cavity and
paranasal sinuses. This condition frequently coex-
ists with nasal polyps. Chronic rhinosinusitis (CRS)
is very common and accounts for a large number
of visits to both primary care physicians and spe-
cialists. It is estimated that chronic rhinosinusitis
affects between 5 per cent and 15 per cent of the
general population in Europe and the United States.

DEFINITION

The 2012 update of the European Position Paper on
Rhinosinusitis and Nasal Polyps (EPOS) defines
chronic rhinosinusitis in adults as the following:

e Inflammation of the nose and parana-
sal sinuses characterized by two or more
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symptoms, one of which should be either
nasal blockage/obstruction/congestion
or nasal discharge (anterior/posterior
nasal drip)

® /- Facial pain/pressure

® +/- Reduction or loss of smell

and either

e Endoscopic signs
Nasal polyps, and/or
Mucopurulent discharge primarily from
middle meatus and/or
Oedema/mucosal obstruction primarily in
middle meatus and/or

e Computed tomography (CT) changes

® Mucosal changes within the osteomeatal com-

plex and/or sinuses

for at least 12 weeks without resolution.

51
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AETIOLOGY

The aetiology of CRS is multifactorial. The dis-
ease process depends on the complex interactions
between the sinus respiratory epithelium, micro-
organisms, allergy, and external factors such as
environmental pollutants and tobacco smoke.

The role of micro-organisms in the aetiology of
CRS is not fully understood. This is partly because
the nasal cavity is home to a normal microbial
population. The most common bacterial pathogen
associated with CRS is Staphylococcus aureus. One
possible explanation for the inflammation seen in
CRS is the staphylococcal superantigen hypoth-
esis, which suggests that bacterial toxins produce
inflammation in the sinus mucosa. The presence
of bacterial biofilms has been implicated as a fac-
tor in CRS. The aggregation of bacteria in biofilms
renders them more resistant to host defences and
antibiotics. Fungal infection has also been impli-
cated in the aetiology of CRS, although this is con-
troversial and not universally accepted.

The mucosa of the nasal cavity and paranasal
sinuses is of a ciliated respiratory type. Diseases
in which the function of the nasal and paranasal
sinus cilia is impaired are associated with CRS.
The most notable of these is cystic fibrosis, which
is commonly associated with CRS and nasal pol-
yps (Figure 6.1). Other ciliary disorders associated
with CRS include primary ciliary dyskinesia and
Kartegener’s syndrome.

The role of nasal allergy in CRS is not com-
pletely clear. It may be that the inflammation of
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Figure 6.1 Chronic rhinosinusitis in an 11-year-old
patient with cystic fibrosis.

the nasal mucosa in allergic rhinitis predisposes
to CRS, with swelling of the nasal mucosa produc-
ing obstruction of sinus ventilation and thereby
infection.

Patients with immune deficiency are more likely
to suffer with CRS. This includes human immuno-
deficiency virus (HIV)-related immune deficiency,
in which opportunistic micro-organisms such as
fungi, microsporidia and Pseudomonas aeruginosa
can infect the sinuses.

Anatomical variation within the paranasal
sinuses and nasal cavity such as nasal septal devia-
tion and an enlarged cystic middle turbinate (con-
cha bullosa) can be associated with CRS, and it is
thought that these variations can cause blockage of
the sinus ostia. These variations, however, are com-
mon in the general population without CRS, and it
is unlikely that they can cause CRS in the absence
of other aetiological factors.

CLINICAL PRESENTATION

Local symptoms of CRS include nasal blockage,
nasal discharge, facial discomfort and reduction in
sense of smell.

Nasal blockage in CRS is due to oedema of the
nasal cavity mucosa. Co-existing nasal polyps can
also block the nasal cavity. The blockage can be
unilateral or bilateral.

Nasal discharge can be anterior, coming out
of the nostrils, or posterior, where ciliary flow
takes it into the pharynx. It can be unilateral or
bilateral. The discharge in CRS is usually muco-
purulent, having a yellow/green colouration
(Figure 6.2). Many people wrongly interpret the
normal physiological postnasal discharge, in
which clear white mucus passes into the pharynx,
as representing CRS.

Facial discomfort is not a prominent feature
of CRS, although a mild dull ache, particularly in
unilateral cases, can occur. Of the patients who are
referred to ear, nose and throat (ENT) departments
from primary care with a possible diagnosis of rhi-
nogenic facial pain, less than 15 per cent actually
have CRS. Other causes, such as migraine, cluster
headaches, tension headaches and facial neuralgia,
should also be considered.

A reduction (hyposmia) or loss (anosmia) of
the sense of smell can occur with CRS but is much
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Figure 6.2 Endoscopic view of purulent post-
nasal discharge in CRS.

more common when co-existing nasal polyps are
present.

CRS can also be accompanied by systemic and
distant symptoms, such as malaise, pyrexia, cough,
hoarse voice and sore throat (Table 6.1).

DIAGNOSIS

Most cases of CRS in primary care are diagnosed
on symptoms alone. In secondary care, nasal
endoscopy and CT scanning are used as additional
diagnostic tools.

Table 6.1 Symptoms of chronic rhinosinusitis

Local

Nasal blockage
Nasal discharge (anterior and posterior)
Facial discomfort

Reduction in sense of smell
Distant and systemic

Cough
Sore throat
General malaise and pyrexia

Dysphonia

Figure 6.3 Endoscopic view of mucopurulent
discharge in the middle meatus in CRS.

Nasal endoscopy

Nasal endoscopy can be undertaken in an outpa-
tient setting. A rigid or flexible endoscope can be
used, and the examination can be facilitated by the
application of topical local anaesthetic and decon-
gestant nasal spray. In CRS the presence of mucosal
oedema, mucopurulent discharge and nasal polyps
will be noted (Figure 6.3). In addition anatomical
variation such as septal deviation or large turbi-
nates will also be recorded. Endoscopically guided
microbiological swabs can be taken if purulent
discharge is seen. Anterior rhinoscopy alone, in
which the nasal cavity is inspected by means of a
torch or headlight, is of limited value in the diag-
nosis of CRS because only the anterior part of the
nasal cavity can be clearly seen.

Sinus CT scanning

CT scanning is the radiological investigation of
choice in CRS. Normally, however, this investiga-
tion is undertaken only when initial medical treat-
ment has failed and surgical treatment is planned,
or when complications are suspected. Most sinus
CT data are collected in the axial plane and then
reconstructed in the axial, coronal and sagittal
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Figure 6.4 Coronal sinus CT showing sinus opac-
ity in CRS.

planes. In CRS the usual finding on CT scan-
ning is sinus opacity (Figure 6.4) due to swelling
of the sinus mucosa and/or retained secretions.
A commonly used method of quantifying CT
involvement in CRS is the Lund-Mackay scoring
system, in which individual sinuses are rated for
opacity and then aggregated. CT scans cannot be
used alone to diagnose CRS because radiological
abnormalities are common in the ‘normal’ asymp-
tomatic population. The diagnosis should be made
by considering symptoms and endoscopic findings
in addition to CT abnormalities. Plain sinus x-rays
are of little value in the diagnosis of CRS. CRS can
also be diagnosed with magnetic resonance imag-
ing (MRI) scans, which have the advantage of no
radiation dose. MRI scans, however, do not show
the bony anatomy well and frequently demonstrate
minor mucosal swelling of doubtful significance.

TREATMENT

Medical management of CRS includes cortico-
steroids, antibiotics and saline irrigations. In a
proportion of patients, surgical treatment is also
needed (Table 6.2).

Table 6.2 Treatment of chronic rhinosinusitis
Medical

Intranasal corticosteroids
Short-term antibiotics
Long-term antibiotics
Saline nasal irrigation

Surgical

Functional endoscopic sinus surgery (FESS)

Medical management of CRS

CORTICOSTEROIDS

Corticosteroids act in CRS by moderating the
inflammatory processes in the disease, particularly
those mediated by eosinophils. These drugs
are usually administered in spray or drop form
directly to the nasal mucosa. Because of their
mode of action, symptomatic relief is noticed only
after about 7 days, and they have to be adminis-
tered daily to be effective. There is little evidence
to favour one preparation over another, although
those that are used once a day may have better
patient compliance. Preparations in common use
are beclomethasone, fluticasone and mometasone.
Long-term use of intranasal corticosteroids is safe,
although side effects can occur, including nasal
dryness, crusting and epistaxis. In CRS without
nasal polyps, systemic corticosteroids are generally
not used owing to the potential for serious long-
term systemic side effects.

ANTIBIOTICS

Antibiotics are an important treatment for CRS,
and they can be used in short or long-term courses.
Antibiotics used in short courses (less than 4 weeks)
are usually prescribed for acute infective exacerba-
tions and are broad spectrum drugs such as amoxi-
cillin/clavulanic acid, cephalosporins, macrolides
or doxycycline. There has been much interest in
the use of long-term antibiotics for CRS following
their initial success in patients with chronic lower
respiratory conditions such as diffuse panbronchi-
olitis. There is evidence that long-term antibiotics
may influence the inflammatory response in CRS
in addition to any antimicrobial effects. Macrolide
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antibiotics such as clarithromycin or azithromycin
have been most frequently used, although doxy-
cycline is an alternative preparation. Long-term
antibiotics in CRS should be considered when
treatment with nasal steroid sprays and saline irri-
gation fail to control symptoms.

SALINE NASAL IRRIGATION

Saline nasalirrigation isa treatment for CRS that has
seen a revival in recent years. Regular saline irriga-
tion produces symptomatic relief possibly through
washing away purulent secretions, although the
mode of action is not certain. This treatment is well
tolerated with minimal side effects.

Surgical management of CRS

Modern surgical management of CRS is normally
by the technique of functional endoscopic sinus
surgery (FESS). In this technique, endoscopes
are used to remove tissue that is considered to be
blocking the ostia of the paranasal sinuses. The
common method is to follow the disease using
an anterior to posterior dissection. In this way
removal of the uncinate process provides access
to the anterior ethmoidal sinuses, and partial
removal of the basal lamella of the middle turbi-
nate provides an opening into the posterior eth-
moidal sinuses. The ostium of the maxillary sinus
can be enlarged. Clearance of the anterior eth-
moid may facilitate ventilation of the frontal sinus
through the frontal recess. The optimal extent of
surgery in CRS is controversial and ranges from
minimal approaches with mucosal preservation
to complete sinus exenteration with removal of
diseased mucosa. Surgery is particularly effective
where nasal obstruction is a prominent feature.
Post-nasal discharge and hyposmia are much less
likely to respond to surgery. A major effect of FESS
surgery in CRS is to produce a larger ‘sinus cavity’,
which is more accessible to topical corticosteroids
and saline irrigation.

Endoscopic balloon dilatation of paranasal
sinus ostia (balloon sinuplasty) has also been advo-
cated as a treatment for CRS with the rationale of
improving sinus ventilation. Its use, however, is
controversial, and long-term clinical evaluation is
awaited.

Figure 6.5 CT scan showing maxillary sinusitis
secondary to chronic dental disease with an oro-
antral fistula.

SINUSITIS OF DENTAL ORIGIN

Chronic sinus infections can also arise secondary
to dental infection (Figure 6.5). This is by virtue of
the upper molar teeth being related to the floor of
the maxillary antrum. In some cases, particularly
after dental extraction, an oro-antral fistula can
form. Treatment is with antibiotics and appropri-
ate dental treatment to the diseased dental root.

NASAL POLYPS

The term polyp when applied to the nasal cavity is
purely a descriptive one, referring to the appear-
ance of an abnormal pedunculated lesion. Nasal
polyps are frequently associated with chronic rhi-
nosinusitis. Other types of nasal polyps include
antrochoanal polyps and neoplastic polyps.

NASAL POLYPS IN ASSOCIATION
WITH CHRONIC RHINOSINUSITIS

This condition, which is also known as chronic
rhinosinusitis with nasal polyps (CRSwNP),
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produces the largest group of patients with nasal
polyps.

AETIOLOGY

CRS; hence, there may be additional symptoms of
nasal discharge and facial discomfort.

DIAGNOSIS

Many of the inflammatory changes seen in CRS are
also seen in patients with nasal polyposis. In par-
ticular, inflammation mediated by eosinophils and
to a lesser extent neutrophils is important. There
are a number of important clinical associations in
patients with nasal polyps (Table 6.3). The most
common association is with coexisting asthma, par-
ticularly non-atopic and late onset. In this subgroup
of asthmatics, 10-15 per cent have nasal polyps.
Nasal polyps are common in patients with cystic
fibrosis, with about a third of these patients having
nasal polyps. Cystic fibrosis should be considered in
children with nasal polyps, although the diagnosis
will have normally been made in early childhood.
The so-called aspirin triad is the association of nasal
polyps, asthma and aspirin hypersensitivity. The
disease manifestation in these cases is particularly
severe. Nasal polyps are also seen in allergic fungal
sinusitis, a condition that is not completely under-
stood. Allergic fungal sinusitis is associated with
nasal polyps, thick eosinophilic mucus, lack of fun-
gal invasion into tissues and type-1 hypersensitivity
to fungi. The condition is also characterized by bony
erosion seen on CT scanning.

CLINICAL PRESENTATION

The principal symptoms of nasal polyps are nasal
obstruction and a reduction in or loss of the sense
of smell. There is a large variation in disease sever-
ity. Some patients have minor symptoms or small
nasal polyps that are discovered as an incidental
examination finding. Other patients may have
severe symptoms with complete nasal obstruction
and anosmia. Nasal polyps are associated with

Table 6.3 Conditions associated with nasal
polyps (CRSWNP)

Asthma (non-atopic and late-onset)
Cystic fibrosis

Aspirin hypersensitivity

Allergic fungal sinusitis

Nasal endoscopy

In advanced cases, nasal polyps can sometimes be
seen in the anterior part of the nasal cavity with the
naked eye. Occasionally, on anterior rhinoscopy
alone the inferior turbinate is mistaken for a nasal
polyp. Nasal endoscopy is the key diagnostic tool,
with nasal polyps having the appearance of pale,
gelatinous pedunculated lesions (Figure 6.6). There
have been numerous attempts to stage or grade
nasal polyps, usually with reference to the extent
of disease in relation to the middle turbinate. Most
nasal polyps originate from the anterior and poste-
rior ethmoidal sinuses. Anterior ethmoidal polyps
tend to present in the middle meatus, whereas pos-
terior polyps occupy the spheno-ethmoidal recess
and the posterior nasal cavity.

CT scanning

CT scanning is undertaken in nasal polyposis
when surgery is planned or complications are
suspected. As in CRS, the degree of sinus opac-
ity and any anatomical variation that may affect
a surgical approach are noted. In the most severe

Figure 6.6 Endoscopic view of nasal polyps.
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Figure 6.7 CT scan of severe nasal polyps show-
ing widening of the ethmoidal sinuses.

Figure 6.8 CT scan of allergic fungal sinusitis
showing mixed opacity of ‘fungal’ mucus and
bony erosion of the roof of the posterior eth-
moidal sinuses.

cases of nasal polyps, there can be widening of the
ethmoidal air cells with lateral displacement of
the lamina papyracea, usually bilaterally. In cases
where nasal polyps are seen in association with
allergic fungal sinusitis, characteristic additional
features are mixed density of ‘fungal’ mucus and
bony erosion (Figures 6.7 and 6.8).

Histological examination

Histological examination of polyps removed at the
time of surgery is normally undertaken. In nasal

polyps associated with CRS, the notable features
are an oedematous stroma with eosinophilic or
neutrophilic infiltration and the absence of any
features suggesting neoplasia.

TREATMENT

Because nasal polyposis is a reflection of under-
lying mucosal inflammation, there is no surgical
cure in the majority of cases. Medications, surgery
and combinations of both are used in an individu-
alized manner depending on symptom profile,
symptom severity and extent of disease.

Medical treatment

The most effective medical treatment for nasal pol-
yposis is corticosteroids, which can be adminis-
tered locally in spray or drop form, or systemically.
As in CRS, commonly used corticosteroid sprays
for nasal polyps are mometasone, beclomethasone
and fluticasone. Nasal corticosteroid drops can
be more effective than sprays in the treatment of
hyposmia associated with nasal polyps. Common
corticosteroid nasal drops are betamethasone and
fluticasone. Care must be taken in the use of nasal
corticosteroid drops because overdose can lead to
significant systemic absorption and subsequent
side effects. Systemic corticosteroids can be given
in short courses of up to 3 weeks as initial therapy,
in severe cases and as an adjunct to surgical treat-
ment. Prednisolone is the most commonly used
preparation in doses of up to 50mg daily. When
nasal polyps are associated with infection, antibi-
otics can be given in addition in a similar fashion
as in CRS.

Surgical treatment

Surgical treatment is often indicated when nasal
blockage is a prominent symptom and is best
undertaken using endoscopes for visualization.
Simple removal of nasal polyps is known as nasal
polypectomy. As in CRS without nasal polyps,
the optimal extent of surgery is controversial and
ranges from polypectomy to radical sinus exenter-
ation. Creation of a larger space in the nasal cavity
to facilitate topical corticosteroid treatment after
surgery is important. Patients in whom a loss of
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sense of smell is the prominent symptom are fre-
quently disappointed with the outcome of surgery,
because their symptoms often recur within a few
months after initial transient improvement.

ANTROCHOANAL POLYPS

Antrochoanal polyps originate from the maxillary
antrum and pass into the nasal cavity, where they
occupy the floor and posterior part of the nasal cav-
ity (Figures 6.9 and 6.10). They are almost always
unilateral and often occur in children and young
adults, presenting as unilateral nasal obstruction.
The maxillary antral component is often fluid filled
and cystic and passes through an abnormally large
accessory maxillary ostium. In advanced cases,
the polyp can pass into the nasopharynx and
oropharynx.

Diagnosis is by nasal endoscopy and CT scan-
ning. Treatment is surgical because these polyps
are resistant to corticosteroid therapy. Complete
removal of the nasal and antral components is
required; otherwise recurrence is common. An
endoscopic approach is adequate using angled
endoscopes and curved instruments to access the
antral portion. Histological analysis is mandatory
to exclude neoplasia because inverted papilloma
originating from the maxillary antrum can pres-
ent in a similar way.

Figure 6.9 Endoscopic view of an antrochoanal
polyp lying in the posterior nasal cavity.

Figure 6.10 CT scan showing an antrochoanal
polyp.

PARANASAL SINUS MUCOCELES

A mucocele is an epithelial-lined sac containing
mucus within one of the paranasal sinuses. This
is in contrast to a blocked sinus simply contain-
ing retained or infected secretions. Mucoceles can
be seen in association with CRS and nasal polyps,
or they can be an isolated finding. Mucoceles have
the capacity to expand and erode the bone of the
sinus walls. The fronto-ethmoidal region is the
most common site for mucoceles, where they can
present with displacement of the orbital structures
and subsequent proptosis (Figure 6.11). Erosion
of the posterior table of the frontal sinus can also
occur with large mucoceles. Treatment is surgical

Figure 6.11 CT scan showing a left frontal muco-
cele with displacement of the orbit.
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by endoscopic marsuplialization into the frontal
recess.

KEY LEARNING POINTS

® Chronic rhinosinusitis is characterized
by nasal blockage, nasal discharge and
facial pain.

® Nasal endoscopy and CT scanning are
key tools in diagnosis.

® Medical treatment of CRS is with antibi-
otics, topical corticosteroids and saline
irrigation.

® Nasal polyps present with nasal blockage
and decreased sense of smell.

e Treatment of nasal polyps is medical
(with corticosteroids) or surgical.
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Nasal obstruction or nasal blockage is the sensa-
tion of reduced airflow through the nose and can
be bilateral or unilateral. In normal respiration,
the physiological pathway is via the nose, and the
sensation of nasal obstruction occurs when this
process is impaired. If this is severe, mouth breath-
ing will also be evident. In emergency situations,
and during extreme exercise, the higher ventila-
tion requirements mean that physiological mouth
breathing may have to come into play, as a neces-
sary supplement to nasal respiration. Occasionally,
athletes may become concerned about this and are
best reassured that it is not unusual to have to resort
to some mouth breathing during exercise. Normal
physiological changes mean that nasal patency can
be influenced by factors other than exercise. These
include the humidity and temperature of the sur-
rounding air and the position of the body, with
the supine position being associated with more
congestion when compared with being erect. The
average rate of ventilation during nasal breathing
at rest is approximately 6 litres per minute. During
exercise, this will increase to 50-60 litres per min-
ute, and at this level will be shared jointly as nasal
and mouth breathing.

The highest velocity of flow occurs through the
internal nasal valve, which is the narrowest point
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in the nasal airway. Consequently, disorders act-
ing to reduce the cross-sectional area in the nasal
valve will have a disproportionate effect on the
reduction in nasal patency and the increase in
resistance to flow. Conditions that interfere with
the normal airflow pattern in the nasal valve area
can also accentuate the symptom of nasal obstruc-
tion. Examples of this include deformities such as
anterior septal perforation, which interfere with
the laminar flow patterns necessary for the sensa-
tion of normal nasal breathing.

The sensation of normal nasal flow occurs
through stimulation of flow receptors in the nasal
valve area. The nose, when compared with the
oral airway, is a resistant airway, and the normal
perception of flow requires a background level of
resistance along with the presence of a laminar
airflow pattern. Nasal resistance is the difference
between air pressure at the nasal vestibule and
air pressure in the nasopharynx. This is normally
between 8 and 20mm H,O, and supplementary
mouth breathing begins at pressure differences
above 40 mm H,O. This explains why conditions
associated with low resistance, such as ‘empty nose
syndrome’ caused by excessive loss of turbinate
tissue, are associated with the sensation of nasal
obstruction, because a minimum level of resistance
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(normally greater than 6-8 mm H,O) is needed for
the normal perception of flow. Physiologically, the
resistance of the nasal airway is necessary for the
fulfillment of complex functions of the nose as a
respiratory and olfactory organ.

Another factor affecting physiological airflow
is the nasal cycle, during which each side of the
nasal airway undergoes an alternating cycle of
congestion and decongestion. In the normal state,
this cycle is not noticeable, but when concurrent
disorders such as rhinitis affect the nasal airway,
cyclical alternating nasal obstruction may become
apparent. The regulation of the nasal cycle is con-
trolled by the influence of the parasympathetic
and sympathetic nervous systems on vascularity
of the erectile tissue of the inferior turbinate and
septum. This, in turn, will cause a variation in the
respective nasal resistance of each nasal airway.
This explains the positive influence of exercise,
during which increased sympathetic nervous sys-
tem tone enables vasoconstriction via stimulation
of nasal mucosal vascular a-adrenergic receptors.
Adrenaline analogue drugs such as xylometaza-
line work in the same way. This demonstrates
why intranasal vasoconstrictors may relieve nasal
obstruction by causing mucosal decongestion.

AETIOLOGY

Otolaryngology is a specialty that covers a broad
demographic; when considering possible under-
lying aetiologies, it is useful to keep in mind the
influence of patient age, race and geographic
location. Choanal atresia, if bilateral, will be evi-
dent at birth. Because neonates are obligate nasal
breathers, the resultant posterior nasal airway
obstruction causes a potentially life-threatening
situation. Adenoid hypertrophy is generally a
condition affecting young children and is rare in
adults. In contrast, vasomotor rhinitis is a con-
dition usually seen in adults and is a frequent
cause of nasal obstruction and/or rhinorrhoea in
the elderly. It is also commonly seen in pregnant
women and patients on anti-hypertensive medi-
cation. Cross-border variations in aetiology are
sometimes evident. For example, when compared
with its prevalence in other European counties,

perennial allergic rhinitis due to house dust mite
(HDM) allergy is especially common in the United
Kingdom. The nature of home environmental con-
ditions in the United Kingdom is such that levels of
the HDM allergen are high. Racial differences are
another factor to consider. For example, differences
in facial structure mean that septal deformities
are more frequently seen in Caucasians compared
with other racial groups, such as Asians and Black
Africans. It follows that there are many different
causes of nasal obstruction (Table 7.1), with the
most common aetiologies being the various forms
of rhinitis. When considering relevant causes, it is
useful to consider four different subdivisions:

1. Conditions affecting the mucosa, e.g. rhinitis,
polyps, sinusitis and neoplasms

2. Septal disorders including deviation and
perforation

3. Nasal valve collapse

4. Nasopharyngeal disease

Many patients with nasal obstruction will have
more than one disorder. Examples of this include
the child who has both allergic rhinitis and ade-
noid hypertrophy, the atopic individual with rhi-
nitis and nasal polyps, and the elderly patient with
internal valve collapse secondary to age-related
degeneration of the upper lateral cartilages who
also has vasomotor rhinitis.

Certain patterns of nasal obstruction may her-
ald the presence of underlying neoplasia or a dif-
ferent need for urgent treatment. Children with
unilateral nose block, especially when associated
with discharge, may have an underlying foreign
body. Nasal polyps in children are rare and require
further investigation to exclude conditions such
as mucoviscidosis, encephalocoele and juvenile
angiofibroma. In general, unilateral nasal obstruc-
tion, especially if associated with pain or bleeding,
should be investigated as a matter of urgency.

EVALUATION AND DIAGNOSIS

The symptom of nasal obstruction is the most
common complaint seen in the various dis-
ease processes that affect the nose and paranasal
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Table 7.1 Different causes of nasal obstruction
Subdivision Aetiology

Mucosa/skin/lining Common cold

Seasonal allergic rhinitis
Perennial allergic rhinitis

Vasomotor rhinitis
Nasal polyps
Nasal vestibulitis

Chronic infective sinusitis

Acute sinusitis

Rhinitis medicamentosa

Inverting papilloma
Atrophic rhinitis
Antriochoanal polyp
Sarcoid

Wegener's granulomatosis

Encephalocoele

Olfactory neuroblastoma

Septal Septal dislocation
Septal fracture
Haematoma

Perforation

Bleeding polyp of the septum

Nasal valve Weak upper laterals
Weak lower laterals
Post-rhinoplasty
Saddle deformity
Foreign bodies
Adenoids

Choanal atresia

Nasopharynx/ posterior

Nasopharyngeal angiofibroma
Nasopharyngeal carcinoma

Lymphoma

Common characteristics

Coryzal prodrome

Sneezing, rhinorrhoea, itch

House dust mite, animal dander
Temperature, posture, stress
Hyposmia, post-nasal discharge
Bleeding and crusting

Purulent discharge

Pain, fever, discharge

Increasing need for vasoconstrictors
Unilateral blockage gradual progression
Ozaena, crusting and blockage
Unilateral blockage, nasopharynx mass
Can mimic rhinosinusitis

Bleeding, crusting, systemic symptoms
Unilateral mass, may pulsate

Slowly progressive hyposmia

Can be familial

History of trauma or childhood trauma
Sudden bilateral block after trauma
Crusting, whistling, epistaxis

Unilateral bleeding mass

Can be with narrow middle third

Seen more often in the elderly

Main effect on the nasal valve
Reduced septal height affects valve
Usually impact in the valve

Mouth breathing and snoring

Evident at birth or early childhood
Increasing blockage +/- epistaxis

Neck mass and other symptoms
Systemic and middle ear manifestations

sinuses. It is worth noting that there may be subtle
differences between subjective nasal obstruction or
‘nose block’ and the sensation of nasal congestion
or nasal stuffiness. Some patients will use the terms
congested or stuffy to describe a mid-facial or nasal
discomfort; this may or may not be associated with
true blockage, and only with good history taking
can these relative meanings be teased out.

HISTORY

One should begin by characterizing the nature
of the obstruction, taking into account duration,

periodicity, nocturnal variation, seasonal effects,
laterality, association with trauma, and any allevi-
ating or provoking factors. Knowledge of the pres-
ence or absence of associated symptoms, such as
hyposmia, anosmia, rhinorrhoea and post-nasal
discharge, is not only useful diagnostically but also
helps to create a picture of the level of quality of
life impairment suffered. Chronic nasal obstruc-
tion is often associated with sleep disturbance and
may be a contributing factor to snoring. Persistent
hyposmia or anosmia is frequently seen with nasal
polyposis and/or allergic rhinitis. It is impor-
tant to enquire about allergies and any previous
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allergy tests, hay fever, asthma and the presence
of any animals in the home. A history of cigarette
smoking is relevant because it may potentiate the
symptoms of allergic rhinitis, and vasomotor rhi-
nitis is sometimes seen as a cause of nasal obstruc-
tion during smoking withdrawal. The presence
of psychosomatic overlay is common in patients
with rhinological conditions, and, although rare,
perceptive nasal obstruction is occasionally seen
in patients whose symptoms are found to have no
organic basis. Such individuals should be investi-
gated thoroughly, including formal nasal airflow
testing, because results of these tests often prove to
be a valuable tool in subsequent patient counseling.
Although empirical medical treatment for rhinitis
in this situation is worth contemplating, the temp-
tation to perform speculative surgical interven-
tions such as septoplasty without a clear diagnostic
basis should be avoided.

The character of any nasal discharge can give
clues to an infective versus an allergic origin. In
children with constant chronic nasal obstruction
and mouth breathing, the possibility of adenoid
hypertrophy should be considered. In this case,
there will usually be a history of snoring and occa-
sionally sleep apnoea. A previous history of nasal
trauma including fractured nose and epistaxis may
suggest nasal obstruction resulting from traumatic
septal deformity. Increasing nasal obstruction
associated with epistaxis, especially when unilat-
eral, may be suggestive of a benign or malignant
neoplasm.

It is relevant to consider the previous medical
history. Surgical procedures such as rhinoplasty,
alar base reduction and cleft palate surgery can all
have a restrictive effect on the nasal airway. Many
systemic diseases have nasal manifestations includ-
ing nasal obstruction. Wegener’s granulomatosis is
a systemic vasculitis in which nasal obstruction
is associated with diffuse crusting of the nasal
mucosa. Other conditions with a similar symptom
profile include sarcoidosis, Churg-Strauss vasculi-
tis and Bechet’s syndrome. Chronic infections such
as rhinoscleroma, tuberculosis and rhinosporido-
sis can cause local nasal tissue destruction such as
septal perforation and consequent nasal obstruc-
tion. Cocaine abuse and habitual nose picking can
cause septal crusting, septal perforation and saddle

deformity, all of which have the potential to cause
nasal airway impairment.

The pharmaceutical history will sometimes
reveal nasal obstruction occurring as an unwanted
drug side effect. Nonsteroidal anti-inflammatory
drugs (NSAIDs) such as aspirin and ibuprofen in
patients who have NSAID/aspirin hypersensitivity
can trigger non-infective rhinitis and rhinosinus-
itis. Nasal obstruction associated with vasomotor
rhinitis (VMR) is seen as a potential side effect of a
number of drugs. These include anti-hypertensives
(such as P-blockers and calcium channel block-
ers), sedatives, phenothiazines, antidepressants,
oral contraceptives and drugs used to treat erectile
dysfunction. Also, overuse of decongestant nasal
sprays can cause a type of VMR called rhinitis
medicamentosa.

CLINICAL EXAMINATION

A comprehensive approach to examination of the
nose can be developed with practice. This should
include the examination of the external nose, ante-
rior rhinoscopy, nasendoscopy and an evaluation
of flow.

Examination of the external nose should begin
with careful inspection and palpation of the nasal
bones and cartilages. The detail should include
an evaluation of skin type, skin scars, soft-tissue
envelope thickness, integrity of the alar cartilages,
nasal tip support, nares shape and integrity of the
nasal valve. These factors can offer useful informa-
tion on the more subtle causes of nasal obstruction,
such as nasal valve insufficiency. Relevant abnor-
malities will include saddle deformity, septal devi-
ation and deficiency of the alar cartilages. Anterior
rhinoscopy is performed with an appropriate-sized
Thudichum’s speculum prior to any decongestion.
Specific evaluation of the turbinates, anomalies
of the septum, secretions and crusting as well as
the presence of any mass lesions such as polyps is
noted. Determining the relevance of subtle septal
deviation can be difficult, especially because most
Caucasian individuals will have some degree of
septal misalignment. In this regard a simple grad-
ing system for each of Cottle’s areas of the septum
can help to improve inter-observer agreement
(Table 7.2).
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Table 7.2 Grading system for classification of
septal deviation for use in conjunction with
each Cottle’s area

Grade of deviation

0 Central
1 Minimal
2 Deviated but less than 50 per cent
3 Deviated greater than 50 per cent
4 Mucosal contact with lateral wall
Cottle’s areas

Caudal

Nasal valve

High mid-septum
Low mid-septum

a b~ W N =

Posterior

Simple clinical patency tests such as the digital
occlusion test, Cottle’s test and the nasal vapour
condensation test may be helpful. The occlusion
test is achieved by occluding one nostril with a
thumb, then asking the patient to sniff through
the nose. The vapour condensation test can be per-
formed with a metal tongue depressor or a Glatzel
calibrated mirror (Figure 7.1) and gives a ready
reckoning of relative flow.

In Cottle’s manoeuvre, the cheek is pulled lat-
erally with the index finger applying traction to
the alar to increase the internal nasal valve angle.
When applying Cottle’s test (Figure 7.2) in patients
with nasal valve collapse, the sensation of nasal
flow should improve, although differentiation

between internal or external valve insufficiency is
not possible. In addition, other causes of obstruc-
tion, including septal deviation in the nasal valve
area, will often give a positive test.

When the suspicion of nasal valve insufficiency
is raised, other clinical tests can help confirm the
diagnosis. Internal valve collapse caused by weak-
ness of the upper laterals may respond to a useful
diagnostic trial of Breathe Right strips. Similarly,
nasal vestibule stents such as Francis alar dilators
can have a positive effect on both valve areas.

NASENDOSCOPY

Nasendoscopy is a necessary investigation for all
patients referred for a specialist investigation of
nasal obstruction. This is best performed after the
application of local anaesthetic and decongestant,
when the effect of the vasoconstriction on the tur-
binate mucosa will give a useful indication of the
reversibility of any rhinitic congestion. Endoscopic
evaluation using a three-pass technique should
encompass imaging of the inferior meatus, middle
meatus, superior meatus, spheno-ethmoidal recess,
olfactory cleft, septal areas and nasopharynx.
Conditions causing severe obstruction of the ante-
rior airway such as a dramatic septal deviation or
a large polyp may preclude endoscopy beyond this
level, but they will emphasize its clinical relevance.
Any nasal masses should be evaluated for colour,
consistency, vascularity and origin. Classic bilat-
eral nasal polyps need not be biopsied unless the
mucosal appearance is unusual. Biopsy performed
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Figure 7.1 Nasal vapour condensation shadow as seen with a calibrated Glatzel mirror.
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Figure 7.2 Cottle’s cheek retraction test.

in a clinic situation for a unilateral mass should be
considered if the risk of vascularity is low and the
origin does not appear to be from the skull base
area. Preparations should be made for the potential
for epistaxis following biopsy. Vascular-appearing
masses that raise the suspicion of a diagnosis of
juvenile angiofibroma should first undergo com-
puted tomography (CT) imaging with enhance-
ment. If biopsy is then considered necessary, it is
best performed in the operating theatre.

INVESTIGATION OF NASAL
OBSTRUCTION

Nasal airway testing can offer supportive diagnos-
tic information for conditions such as nasal valve
collapse, subclinical septal deviation and percep-
tive nasal obstruction. These investigations can
also be useful in situations where there is some
diagnostic uncertainty, for which they offer sup-
portive objective information beyond the usual
subjective clinical evaluation. Although advanced
functional tests such as acoustic rhinometry and
rhinomanometry may not be available in all cen-
tres, PNIFR (peak nasal inspiratory flow rate)
measurement is inexpensive and offers good cor-
relation with patient symptoms.

Acoustic rhinometry (AR) is a technique in
which acoustic wave pulses are directed into the
internal structures of the nasal airway and the
measured acoustic reflections are used to con-
struct a static map of the nasal airway. These

depict the cross-sectional area (CSA) of the nasal
airway as a function of distance from the nares,
which is exhibited as a characteristic waveform
(Figure 7.3). Narrow points in the airway are rep-
resented as depressions or troughs in the CSA. The
first depression after the nosepiece is the minimal
cross-sectional area (MCA). This corresponds
to the narrowing of the internal nasal valve and
includes a contribution from the anterior end of
the inferior turbinate. Reliability of AR can be
affected by test/retest error; to achieve appropriate
levels of reproducibility, it is best performed by a
trained technician.

Rhinomanometry is a test of nasal flow that mea-
sures nasal resistance, the ratio between differential
pressure and airflow. It offers a genuinely objective
measure of the degree of impairment of nasal air-
flow. In contrast to AR, it is a dynamic technique; it
measures flow as a function of the differential pres-
sure as this changes during the nasal breathing cycle.
It is normally represented as a sigmoid pressure-flow
curve plotted with inspiration and expiration, and
a different graph for the right and left nasal airway
(Figure 7.4). Accordingly, patients with genuine nasal
obstruction will be expected to have high resistance,
which graphically is seen as a decreasing slope on
the pressure-flow curve because greater negative
pressures are required to generate flow. The roles of
acoustic rhinometry and rhinomanometry are com-
plementary. Rhinomanometry is a valuable objective
test for substantiating complaints of nasal obstruction
and quantifying nasal resistance, whereas AR is use-
ful for confirming specific sites of airway restriction.
Both are useful measures of response to treatment.
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Figure 7.3. A typical acoustic rhinogram waveform showing the depressions that occur at narrow points
in the nasal airway. The first depression after the nosepiece, the minimal cross-sectional area (MCA), cor-

responds to the narrowing of the internal nasal valve.
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Figure 7.4 Rhinomanometry pressure-flow curve, with airflow increasing with increased transnasal pres-
sure. With the obstructed airway, flow fails to increase, and nasal resistance is shown to be high.

Peak nasal inspiratory flow is a straightfor-
ward and inexpensive means of measuring nasal
obstruction, because test results have been shown
to correlate well with the severity of symptomatic
nasal obstruction (Figure 7.5). The patient is
required to perform a forced sniff at maximum
effort via a flowmeter, with the flow peak being

measured using a cursor. Peak nasal inspiratory
flow appears to be the best validated technique for
home monitoring of nasal obstruction in clinical
trials and is quick to perform in a clinic situation.
Because readings are effort dependent, they mea-
sure peak nasal inspiration, which may not neces-
sarily mirror nasal breathing at rest. Furthermore,



68 The blocked nose

Figure 7.5 Face mask and flowmeter used for
measuring peak nasal inspiratory flow (PNIF).

the level of patient cooperation required may gen-
erate false positive results in patients unable to
generate the necessary inspiratory effort.

ALLERGY TESTING

Patients with rhinitis and polyps should be assessed
for inhalant allergy. This can comprise skin testing
and/or measurement of allergen-specific IgE by the
radioallergosorbent test (RAST). The skin prick test
is performed on the volar aspect of the forearm and
tests a wide variety of allergens including house
dust mite, various pollens and animal dander.
These are compared with positive (histamine) and
negative (saline) controls, the latter being impor-
tant to exclude patients with dermatographia. If
skin testing is inconclusive or contraindicated, then
the RAST, although less sensitive than skin testing,
should be performed. These investigations offer
the patient useful information on the nature of any
allergic conditions causing the nasal obstruction
and can bring about options for behavioural change
in terms of allergen avoidance. In addition, clinical
knowledge of the presence of atopy can influence
decisions on drug interventions.

IMAGING

Although not normally indicated in the evalua-
tion of the more common causes of nasal obstruc-
tion such as rhinitis and septal deformity, both CT
and magnetic resonance imaging (MRI) are useful
for the evaluation of nasal obstruction caused by
mass lesions and other conditions such as choanal

atresia. In this context, CT scanning is most com-
monly performed as a preoperative investigation of
patients undergoing endoscopic sinus surgery for
chronic rhinosinusitis or nasal polyps.

TREATMENT OF NASAL
OBSTRUCTION

The individual choice of treatment for nasal
obstruction is determined by the relevant underly-
ing diagnosis and by patient preference. The goal
of treatment is to address all the specific prob-
lems that are causing the obstruction, which can
be multifactorial. More common conditions such
as chronic rhinitis will usually respond to medi-
cal treatment and, where appropriate, behavioural
change such as allergen avoidance. Significant
structural deformities cannot be resolved with
medication and will usually require surgical
management. However, if medical treatment has
failed, surgeons should avoid the ‘workman-like’
approach of recommending nasal airway surgery
on account of medical treatment failure. Instead,
a comprehensive diagnostic workup should be
completed to exclude conditions such as nasal
valve collapse and perceptive nasal obstruction.
Septoplasty, turbinate surgery and nasal valve sur-
gery should be considered when appropriate. Care
should be taken not to be overly aggressive with
tissue removal when performing turbinate reduc-
tion surgery, because the normal functions of the
nose require preservation of a minimum level of
resistance. In other words, ‘more space’ does not
necessarily mean better function.

KEY LEARNING POINTS

e The history is a good source of diagnos-
tic information.

e The aetiology is often multifactorial.

e Structural causes may have complex
involvement of the nasal valve.

e The nose is a resistant airway - radical
surgery to create ‘more space’ may not
equate with better function.
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INTRODUCTION

Allergic rhinitis is a disease characterized by
inflammatory nasal changes secondary to expo-
sure to inhaled allergens termed aeroallergens. It
occurs in previously exposed individuals who have
gone on to express allergen-specific immunoglob-
ulin E (IgE), which coats tissue mast cells through
binding to cell surface receptors. Any later aeroal-
lergen exposure acts through this complex to trig-
ger mast cell activation, with release of preformed
histamine granules (‘degranulation’) and synthesis
of other inflammatory mediators.

Clinically, this results in the classic features of
allergic rhinitis: mucosal irritation, nasal vascular
engorgement and loss of mucosal integrity result-
ing in sneezing, itching and rhinorrhoea acutely
and nasal obstruction with more chronic exposure.

Our greatest scientific understanding of the dis-
ease is well presented in the report of the Allergic
Rhinitis and its Impact on Asthma (ARIA) work-
shop! in conjunction with the World Health
Organization (WHO) and the 2008 update.?
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EPIDEMIOLOGY

Allergic rhinitis is a common disease, affecting
roughly a quarter of populations with a Western
lifestyle, which in common with most forms of
allergy has an increasing international prevalence.
It is often associated with other allergic diseases,
especially allergic asthma.

The traditional explanation for the increasing
prevalence (the ‘germ theory’ or ‘hygiene hypoth-
esis’) relates abnormal immune function to a lack
of exposure to infection (mainly bacterial and viral)
in childhood, resulting from modern standards of
cleanliness and safety (with fewer significant wounds).

A more recent explanation is the ‘worm theory’.
This is a similar concept but with a greater focus
on the striking changes in parasitic disease seen in
modern society. Intestinal worms were uniformly
widespread until the early twentieth century but
in developed countries have now become a rarity.
There are supporting comparative epidemiologi-
cal studies and early interventional studies dem-
onstrating that iatrogenic helminth infections lead
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to symptomatic improvement in some allergic and
autoimmune diseases. A simplified pathophysiol-
ogy is presented in Figure 8.1.

In addition to this backbone of allergic drive,
other mechanisms contribute. Allergens are pro-
teins, often with enzymatic activity and likely direct
immunological effects. These effects are certainly
implicated in the development of initial sensitivity.

IgE receptors are also found on basophils and
low affinity varieties on the broader spectrum of
leucocytes, antigen presenting cells, and platelets,
allowing for a more complicated pathophysiology.

The inflammatory cascade released by mast cell
degranulation includes not only histamine but also
other granule contents (serine proteases, heparin)
and newly synthesized eicosanoid mediators (leu-
cotriene C4, prostaglandin D2, thromboxane and
platelet-activating factor, or PAF).

The most acute effects are, however, driven by
histamine released from mast cells, as is reflected
in the clinical efficacy of antihistamines in most
acute allergic reactions.

Although allergic rhinitis symptoms are
focused on the nose, the disease is best consid-
ered systemic. We now recognize that aeroaller-
gen sensitization affects the nose (allergic rhinitis)
and the lungs (allergic asthma) together. Indeed,
these diseases are increasingly considered to be a
single entity, with a spectrum of respiratory aller-
gic response, termed the unified allergic airway.
They have a common epidemiology, pathophysi-
ology and, in many cases, treatment approach.
Treatment of allergic rhinitis can improve asthma
control, reduce medication requirements and pre-
vent hospital admissions. There is some evidence
that early treatment of allergic rhinitis may prevent
the later onset of asthma.

Recent exposure of the nose to an allergen may
lead to asymptomatic eosinophil infiltration and
a pro-inflammatory mucosal environment - a
concept known as priming. Such changes are also
likely to be reflected in the bone marrow, with an
increased production of allergy-associated cellu-
lar and biochemical mediators that are effective
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Figure 8.1 Pathophysiology of allergic rhinitis. Reproduced with permission from International
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systemically. These changes further unite the clini-
cal diseases we identify in the nose and lung and
rationalize the demonstrated need to treat both
together for optimal therapeutic control.

PRESENTATION, DIAGNOSIS
AND DIFFERENTIAL DIAGNOSIS

Allergic rhinitis is primarily a clinical diagnosis.
Pattern recognition is paramount. The disease is
very common, but there are rarer important differ-
ential diagnoses to exclude. The typical presenta-
tion to an ear, nose and throat (ENT) department
in the United Kingdom is of chronic persistent
allergic rhinitis (predominantly young to middle-
aged adults with obstructive complaints) or severe
intermittent allergic rhinitis (irritant symptoms,
often in association with ocular symptoms and
most commonly in a recognized severely atopic
child or young adult).

In primary care, and often undiagnosed and
uncomplaining in the community, is a larger group
of individuals with intermittent or less severe aller-
gic rhinitis. Some will self medicate, and others
dismiss their own symptoms as an upper respira-
tory tract infection or hay fever that they simply
live with. It is all too easy to be dismissive of the
significant impact of their disease (see the follow-
ing section on Complications/Prognosis).

Endonasal examination is obligatory and may
demonstrate the ‘textbook” appearances of mucosal
congestion with pale, sticky exudate. This is typical
of the acute presentation, but in more chronic cases,
generalized congestion and prominent engorged
turbinates may be more subtle findings.

Additional pointers to the diagnosis include the
association with asthma and other forms of atopy,
as well as recognized triggers (e.g. the season, pets
at home).

COMPLICATIONS/PROGNOSIS

Allergic rhinitis is an underestimated disease in
terms of not only its prevalence but also its impact.
It is easy to be dismissive of a ‘snotty’ nose or

‘a touch of hay fever’, but it should be appreciated
that this disease leads to a significant impact on
quality of life, affecting many domains, including
sleep, work and school performance. Performance
is further exacerbated by ill-informed adminis-
tration of sedative antihistamines. The economic
impact of this highly prevalent disease is enormous
- 39 million sufferers in a 1994 study, totalling $1.2
billion in health care costs.

Children with allergic rhinitis are three times
more likely to develop asthma than negative
controls, and poor allergic rhinitis control leads
to a higher risk of severe asthma and hospital
admission.

CLASSIFICATION

The variation in clinical presentation relates pri-
marily to two factors: whether exposure is inter-
mittent or constant, and how severely the patient
manifests the disease. On this basis, contempo-
rary classification (after the ARIA guidelines?) is
divided into intermittent or persistent and mild/
moderate or severe allergic rhinitis (Figure 8.2).
As already described, chronicity may lead to
more obstructive, less irritant type symptomatic
presentations.

DIFFERENTIAL DIAGNOSIS AND
INVESTIGATIONS

Nasal polyposis and chronic rhinosinusitis are
excluded clinically (by the mucopurulent character
of rhinorrhoea, facial pressure, aspirin sensitivity
and more prominent anosmia) and by endoscopy
(visualization of polyps, congestion or oedema
focused on the middle meatus or mucopurulent
discharge). Sinonasal computed tomography (CT)
scans may be helpful, although changes associated
with transient infection or simple allergy may be
misleading.

In patients presenting with nasal congestion,
septal deviation and adenoid hypertrophy should be
excluded by endoscopy, noting that adenoid hyper-
trophy may be associated with allergic exposure.
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- Normal sleep

- No impairment of daily activities, sports, leisure
- No impairment of work and school

- Symptoms present but not troublesome

Intermittent Persistent
symptoms symptoms
« <4 days per week « >4 days/week
- or <4 consecutive weeks - and >4 consecutive weeks
A'§ <
4 hY
Mild Moderate-Severe
all of the following one or more items

- Sleep disturbance

- Impairment of daily activities, sports, leisure
- Impairment at school or work

- Troublesome symptoms

Figure 8.2 Classification of allergic rhinitis. Licensed for reproduction from the ARIA Pocket Guide for

Physicians and Nurses.>

Turbinate congestion should be noted; it is an
inflammatory marker of the condition, also seen
transiently in upper respiratory tract infections.

Ultimately, diagnosis is based on the recogni-
tion of this clinical pattern, in conjunction with
demonstrated exposure and proven sensitivity
through radioallergosorbent test (RAST) or skin-
prick tests.

In severe or atypical presentations (especially in
the presence of cartilage or mucosal loss, cosmetic
changes, systemic illness or refractory bleeding),
exclusion of other inflammatory or neoplastic dis-
eases is important.

Initial inflammatory markers - erythrocyte
sedimentation rate, plasma viscosity, C-reactive
protein and a blood eosinophil count — may be
helpful screening tests. When presentation is
markedly atypical, a direct assay of anti-neutrophil
cytoplasmic antibodies (ANCA), serum angio-
tensin-converting enzyme, serum calcium levels,
IgE total and fungal antigen specific titres can aid
diagnosis.

Positive ANCA results with a cytoplasmic stain-
ing pattern (c(ANCA) suggest granulomatosis with
polyangiitis (previously termed Wegener’s granu-
lomatosis). Specific auto-antibody aflinity can then
often be demonstrated for proteinase (PR3) and
myeloperoxidase (MPO) by enzyme-linked immu-
nosorbent assay. Positive cANCA and pANCA
(perinuclear staining pattern) may also be seen in
Churg-Strauss syndrome.

Elevated serum angiotensin-converting enzyme
(ACE) and occasionally calcium levels may be
seen in sarcoidosis. A chest X-ray may demon-
strate lymphadenopathy, infiltrates, or fibrocystic
changes, and in cases with identifiable mucosal
changes a biopsy can be diagnostic.

Serum total IgE levels are a non-specific
marker but may be markedly elevated in allergic
disease, Churg-Strauss syndrome, and allergic
fungal sinusitis. In the latter, skin-prick or RAST
specific IgE may be demonstrated towards fungal
antigens.

Neoplasia tends to present with unilateral symp-
tomatology — nasal discharge, blockage, refractory
(usually minor) bleeding or anosmia. The diagno-
sis may become clear on endoscopy or CT.

MEASURING ACTIVITY

The ARIA workshop recommended quantification
of severity in allergic rhinitis on the basis of the
impact of symptoms on daily activities, leisure,
work, school or sleep (see Figure 8.2).

Direct patient questioning may be sup-
plemented by symptom or visual analogue
scores and patient reported outcome measures
(PROMs). Well-established PROMs include the
Rhinoconjunctivitis Quality of Life Questionnaire,
the Chronic Sinusitis Survey, and the Sino-Nasal
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Outcome Test 22 (SNOT-22). The latter is rec-
ommended by the Clinical Audit and Practice
Advisory Group of ENT-UK.?

Limited objective assessments can be made of
the endonasal mucosal appearance.

Formal acoustic rhinometry and rhinomanom-
etry may have little advantage over peak nasal
inspiratory flow rates, which are readily and
cheaply obtained in clinic.

Systemic inflammatory markers, including
blood eosinophil counts and eosinophil cationic
protein (ECP) assays, are more often used in
research settings, as are local inflammatory mark-
ers such as nasal lavage eosinophil counts, nasal
nitric oxide levels and reactivity to nasal chal-
lenge (with, e.g. allergen, histamine or adenosine
monophosphate).

MANAGEMENT

MEDICAL

Management is well guided by the recommenda-
tions of the ARTA workshop group? (Figure 8.3).
Allergen avoidance is advocated in all cases, but
there is little evidence base of eflicacy - total avoid-
ance tends to be impossible, and symptomatic
disease persists, requiring pharmacotherapeutic
intervention. Significant pet dander, for example,
remains present in a house for several years after
removal of the animal, and total avoidance of
house dust mite can only really be achieved by
moving the patient to an environment where it is
too dry for the mite to live - e.g. the Swiss Alps.
Identification of sensitization through skin-prick
or RAST testing can, however, consolidate diag-
nosis and improve patient understanding and
possibly compliance with treatment. In the case
of industrial exposure or animal sensitization out-
side the home, avoidance may be important and
effective.

In mild intermittent disease (primarily ‘hay
fever’), systemic antihistamines are effective, but
these patients may self-medicate or be treated in
primary care, rarely presenting to an ENT clinic.
First-generation antihistamines should be avoided,
noting their sedative effects, which exacerbate the

adverse effects of the disease on school and work
performance.

This leaves the mainstay of treatment in the
form of topical intranasal corticosteroids, the
choice of which should be based on efficacy,
adverse effects and cost. Efficacy is well estab-
lished for common corticosteroids, but early
examples (beclometasone and especially beta-
methasone) have a greater systemic bioavailabil-
ity and potential side effects. Cost savings may
not justify these compromises.

The greatest concerns with regard to adverse
effects are those of growth reduction in children,
bone density loss and exacerbations of diabe-
tes, hypertension or glaucoma. The topical nasal
administration of modern corticosteroids within
licensed doses rarely causes any form of measur-
able systemic activity; certainly less than com-
monly administered regimens in asthma. In
patients (as commonly encountered) requiring
concomitant asthma treatment, care should be
taken, although nasal administration may also be
effectively ‘steroid sparing’ for the inhaled dose.
More common corticosteroid side effects are mild
- nasal dryness and minor bleeding - but muco-
sal injury and even septal perforation have been
attributed to their use.

In those with persisting symptoms despite
maximal licensed dose topical corticosteroids, sys-
temic corticosteroids can give significant benefits.
However, prolonged treatments are usually inap-
propriate. Equally, short courses may be inadvis-
able, unrealistically raising expectations. Further
treatments in such refractory cases tend to be
best directed at specific symptomatic complaints
or, where possible, immunotherapy (see later
discussion).

Those with prominent rhinorrhoea may benefit
from topical ipratropium nasal sprays, although
these can be over-effective and lead to problems
with dryness. Rhinorrhoea in the elderly may be
usefully addressed in this way.

Persistent nasal obstruction or congestion
may benefit from short courses of topical decon-
gestant, noting that courses in excess of 10
days can lead to rhinitis medicamentosa (RM)
and should be avoided. Concomitant intrana-
sal corticosteroid may reduce the likelihood of
RM, but the problem is very common in cases
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Figure 8.3 Management of allergic rhinitis. Licensed for reproduction from the ARIA Pocket Guide for
Physicians and Nurses.®

of self-medication and should not be underesti-
mated. Oral decongestants are much less likely to
cause RM but are associated with systemic side
effects, and they should be avoided in those with
hypertension.

In cases of more severe allergic symptoms (often
in children), acute type irritant symptoms tend to
be prominent (itch, sneeze, rhinorrhoea, ocular
irritation, redness and tearing). Antihistamines
and leucotriene receptor antagonists may have
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some additional benefit as add-on to topical cor-
ticosteroids in such cases. Topical antihistamines
may have a greater benefit, and cromones are a
further option, although their eflicacy is limited at
best.

Saline douching is a recent and important
addition to our therapeutic options. Although
frequently used as a placebo in clinical trials, the
symptomatic benefits of topical nasal saline are
marked, and large-volume douches especially may
exceed the clinical effects of more typical pharma-
ceutical agents.

IMMUNOTHERAPY

Immunotherapy is a treatment designed to induce
tolerance to an allergen and therefore to reduce
symptoms caused by exposure to it. Desensitization
and hyposensitization are terms that refer to the
same treatment.

Immunotherapy is generally reserved for
patients with more severe symptoms who have
responded poorly to standard medical treatment.

The common allergens (grass and tree pollen;
dog, cat and dust mite; as well as bee and wasp
venom) are widely available. Allergens can be
presented to the immune system by subcutane-
ous injection (SCIT) or by the sublingual route
(SLIT) as dissolving tablets or drops. Treatment
generally involves an updosing phase over several
weeks and then a prolonged (3-year) maintenance
phase.

Immunotherapy has the potential to signifi-
cantly reduce symptoms in the long term but has
a small risk of inducing anaphylaxis, so treatment
should be carefully supervised.

SURGERY

Finally, surgery may have a role in selected cases.
Where symptomatic nasal obstruction has any
structural element, surgical techniques may have a
role, but it should be noted that an improved nasal
airway may lead to an increased allergen delivery,
so medical treatment must be maintained and
optimal. Inferior turbinate reduction may be of
particular benefit in chronic cases when turbinate
engorgement has become irreversible.

KEY LEARNING POINTS

o Allergic rhinitis is better considered as the

e Diagnosis is based on symptomatic pre-

o The disease has a strong association with

o There are important differential diagno-

e The mainstay of contemporary treat-

unified allergic airway, or even a systemic
disease — with inflammatory changes in
the circulation and bone marrow.

sentation, exposure and demonstration
of sensitization.

asthma and an underestimated preva-
lence, cost and impact on quality of life.

ses in atypical/severe presentations.
ment is topical corticosteroids, but

immunotherapy has a reemerging role,
and surgery can be an adjunct.
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Most patients who are referred to an ear, nose and
throat (ENT) clinic with facial pain or headache
have received a provisional diagnosis of sinus-
itis. There is an increasing awareness that non-
sinugenic causes of headache and facial pain are
responsible in the majority of patients. If facial
pain and pressure are the primary symptoms, it is
unlikely to be due to sinus disease, particularly in
the absence of any nasal symptoms.

In patients with facial pain who have no objec-
tive evidence of sinus disease at nasal endoscopy,
it is very unlikely that sinusitis is the cause. Most
patients with pain due to sinusitis have acute bac-
terial sinusitis with nasal symptoms and signs and
respond to antibiotic therapy. It is of note that more
than 80 per cent of patients with purulent secre-
tions visible at nasal endoscopy and chronic infec-
tive sinusitis have no facial pain,! and those who do
normally have pain during an acute exacerbation.
The majority of patients with idiopathic nasal pol-
yposis do not have pain unless they have an acute
infective episode.? In previous series of patients
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undergoing endoscopic sinus surgery, a significant
proportion of patients were noted to have persist-
ing facial pain,"* making it likely that other causes
were overlooked.

Headaches are common in the general popula-
tion and are rarely due to sinusitis. Pain of vascu-
lar origin such as migraine, cluster headache and
paroxysmal hemicrania? can be associated with
autonomic rhinological symptoms such as nasal
congestion and rhinorrhoea. This has led to confu-
sion in arriving at a correct diagnosis.

It is important to be aware that a proportion of
patients who mistakenly undergo surgery for non-
sinogenic pain experience temporary relief from
their symptoms, although their pain returns within
a few weeks and nearly always within 9 months. It
is hypothesized that the reason for a temporary or
partial reduction in their pain is either the effect
of cognitive dissonance or the effect of surgical
trauma on the afferent fibres going to the trigemi-
nal nucleus, which alters its threshold for sponta-
neous activity in the short term. In some patients
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surgery does not significantly affect the pain, and
in a third the pain is made worse.’

PAIN SECONDARY TO SINUSITIS

In cases of facial pain secondary to genuine sinus-
itis, patients almost invariably have coexisting
symptoms of nasal obstruction, hyposmia and/or
a purulent nasal discharge,? and there are usually
endoscopic signs of disease.® In those who fail to
respond to medical treatment, endoscopic sinus
surgery has been shown to alleviate facial pain in
75-83 per cent of cases.!

In examining the criteria for diagnosing
chronic rhinosinusitis, it is important to note that
the inclusion of facial pain/pressure ‘on its own
does not constitute a suggestive history for rhi-
nosinusitis in the absence of another major nasal
symptom or sign’” The evidence that a vacuum
within a blocked sinus can cause protracted pain
is poor. Transient facial pain in patients with other
symptoms and signs of rhinosinusitis can occur
with pressure changes when flying, diving or ski-
ing, but this resolves. Patients who repeatedly suf-
fer these symptoms during a pressure change are
often helped by surgery to open the ostia. It is
interesting to note that patients with ‘silent sinus
syndrome’, which is due to a blocked maxillary
sinus with resorption of its contents to the extent
that the orbital floor prolapses into the maxillary
sinus, experience no pain.

HISTORY

Acute sinusitis usually follows an acute upper
respiratory tract infection and is usually unilateral
and severe and associated with pyrexia and unilat-
eral nasal obstruction. In maxillary sinusitis, uni-
lateral facial and dental pain are good predictors
of true infection confirmed by nasal endoscopy,
and the condition is helped by antral lavage if it
does not respond to antibiotics. This differs from
chronic sinusitis, where there is a poor correla-
tion between the site of facial pain and evidence
of sinus pathology. Chronic sinusitis is usually

painless, with pain occurring only during an acute

exacerbation or if there is obstruction of the sinus

ostia. An increase in the severity of pain on bend-

ing forward has traditionally been thought to be

diagnostic of sinusitis, but this is non-specific and

it can occur in many other types of facial pain.
Here are some of the key points to ask:

1. What are the main symptoms you have now?
This provides a starting point and is often
efficient because it can help to direct further
questioning.

2. Ask the patient to point to the area of his or
her pain.

The manner and the gestures used can give
useful information about the emotional
significance of the symptom as well as its site.
If it is symmetrical across the forehead, then
tension-type headache should be considered,
and if it is symmetrical involving the face,
then mid-facial segment pain is likely. Severe
unilateral pain centred near the medial can-
thus may be cluster headache or paroxysmal
hemicrania. A vague motion that crosses the
midline asymmetrically may make it difficult
to arrive at a recognized diagnostic category.
Seeing the patient on later occasions, after he
or she has kept a diary of symptoms, may help
to clarify the clinical picture.

3. Is the pain continuous or intermittent?

Pain described as continuous or present on

a daily basis is unlikely to be sinogenic or
migrainous in origin, and is more likely to
represent mid-facial segment pain or be neu-
ropathic. Intermittent pain that occurs more
than twice a year is unlikely to be due to bacte-
rial sinusitis unless there are other coexisting
symptoms (nasal obstruction, mucky dis-
charge, pyrexia) or endoscopic signs of disease.
Having more than two episodes of bacterial
sinusitis a year is unusual unless the patient’s
immunity is deficient. Pain that is unilateral
and progressive can be due to infection or a
tumour; although the latter is rare, this pos-
sibility must be considered and excluded.

4. Character of the pain: Is it sharp, dull, throb-
bing, burning, aching or pressure, and what
score out of 10 would the patient give it for
severity?
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Pain that is vascular in origin tends to be
throbbing in nature, with cluster headaches
being particularly severe, and is scored 10

out of 10. Mid-facial segment pain is often
described as pressure, although the term
blockage can be used. The patient may point
over the dorsum of the nose, yet there is no
restriction to the nasal airway. Trigeminal
neuralgia causes a stabbing pain that is initi-
ated by a trigger point. A burning or a nag-
ging ache describes neuropathic pain.

. What precipitates or is associated with the pain?
Sinogenic pain usually only occurs after an
upper respiratory tract infection and is associ-
ated with the rhinological symptoms of nasal
obstruction and infected secretions. The symp-
toms of catarrh, postnasal drip, lethargy, dark
rings under the eyes, puffy eyes, clicking and
popping in the sinuses, worse pain bending for-
wards and tenderness when touching the cheeks
are unreliable, although they have historically
been said to be associated with sinusitis. Classic
migraine may have an aura, but common
migraine usually does not. However, both are
often associated with nausea. Cluster head-
aches are frequently triggered by alcohol and
wake the patient. The pain of temporoman-
dibular joint dysfunction is exacerbated by
chewing, and trigeminal neuralgia is normally
provoked by trigger points in the mandibular
or maxillary division of the trigeminal nerve.

. What relieves the pain?

Patients with facial pain due to sinusitis
generally respond to antibiotics. Be aware that
patients with intermittent severe episodes of
pain due to migraine may often say that they
respond to antibiotics because when they are
given them their pain stops within 72 hours of
onset. However, this would have happened in
any event because migraine rarely lasts more
than 72 hours.

. What effect does the pain have on daily life?
Patients with atypical facial pain often describe
their pain in dramatic terms as severe and
unrelenting despite sleeping and not appear-
ing to be in pain. There is often a mismatch
between the description of their symptoms
and the patients’ affect. Severe crippling pain
that wakes the patient, who is then incapable of

10.

11.

doing anything during its duration because of
its severity, is typical of cluster headache.

Has the pain progressed?

Continuous pain for more than a year is
unlikely to be vascular in origin and is

more likely to be mid-facial segment pain,
tension-type headache or neuropathic pain;

it is unlikely to be due to sinusitis. Pain that
progresses day to day warrants investiga-

tion because there is likely to be a significant
underlying pathologic disorder, whether it be
an infected pyocoele, pachymeningitis from
vasculitis or a tumour.

What is the response to treatment?

There are few investigations that are diagnostic
for most types of facial pain, so a provisional
diagnosis should be made, and response to
treatment can then help confirm or refute

the provisional diagnosis. A good response

to antibiotics makes sinusitis likely. Response
to indomethacin helps confirm a diagnosis of
paroxysmal hemicranias. A response to four or
more out of six triptan tablets, each given early
in the onset of the pain, results in a diagnosis
of migraine.

Is the history unclear?

If the history is unclear or uncertain, ask the
patient to keep a diary of symptoms, then
review his or her history. This often helps
define the frequency, the distribution and the
severity of the symptoms.

Was a holistic assessment considered?

A holistic assessment of the patient is worth-
while. Patients who have a history of myalgic
encephalomyelitis, chronic fatigue or irritable
bowel syndrome are over-represented in
clinical groups with tension-type headache
and mid-facial segment pain, although many
patients with the latter do not have the former
three symptoms. Some patients somatize; a
history of many other symptoms and investi-
gations without any pathological findings may
raise this possibility. To effectively manage
patients with facial pain, the psychological
aspects of this condition must be considered,
and in some patients these may be an impor-
tant factor. An example is a patient with facial
pain who has previously sustained a nasal
injury during an assault without resolution
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of the psychological insult. This is more likely
to persist if there is ongoing compensation or
legal issues that are outstanding.

EXAMINATION

Neurological signs are uncommon, but when they
occur they often indicate significant underlying
pathologic disorder due to an inflammatory disease
such as vasculitis, demyelination or a skull base
tumour. Rigid nasal endoscopy is helpful in con-
firming infective rhinosinusitis. If the findings are
normal, it is unlikely that the paranasal sinuses are
responsible.

INVESTIGATIONS

Beware ordering either computed tomography
(CT) or magnetic resonance imaging (MRI) of
the paranasal sinuses, because these have a high
prevalence of an incidental finding of mucosal
thickening in an asymptomatic population. Plain
sinus x-rays are so insensitive and non-specific that
they are deemed to be of no use in the diagnosis
of chronic sinusitis. CT scans must also be treated
with caution. If CT is clear, this helps exclude rhi-
nosinusitis as a cause, but the presence of mucosal
swelling or a fluid level is not necessarily the cause
of any pain; these changes might well be inciden-
tal, as they are in a third of asymptomatic people.
Specific investigations are warranted to confirm
or refute particular diagnoses (e.g. cANCA for
Wegener’s granulomatosis), and a biopsy is justified
for most masses or abnormal tissue. MRI should be
considered for suspected trigeminal neuralgia, in
the young to consider demyelinating disease or for
someone who develops migraine over the age of 55.

Patients who have two or more bacterial sinus
infections within 1 year should be investigated for
an immune deficiency.

TREATMENT

The majority of patients with bacterial sinus-
itis respond to treatment with antibiotics. The

common pathogens are Streptococcus pneumoniae
and Haemophilus influenzae and less commonly
Staphylococcus aureus, Moraxella catarrhalis and
various streptococci. A minority have anaerobes
such as bacteroides and anaerobic streptococci.

In chronic bacterial rhinosinusitis, defined by
its persistence for more than 12 weeks, anaerobes
and staphylococci are more prevalent, and pseu-
domomas is cultured in a small proportion of
patients. In patients who fail to respond to medical
treatment, the possibility of a fungal infection or
immunodeficiency should be investigated.

It is unusual for acute sinusitis not to respond
to medical treatment, but when there is progres-
sive excruciating pain, the patient will benefit
from drainage of the affected sinus. Placing a
dressing soaked with a vasoconstrictor adjacent
to the ostium of the affected sinus will occasion-
ally be enough to establish drainage; otherwise,
maxillary antral lavage or trephining the frontal
sinus will be required. Acute frontal sinusitis is
normally an isolated event and does not warrant
an intranasal approach because this runs the risk
of causing stenosis of the frontal recess. In acute
or intermittent sinusitis, antral washouts have not
been shown to add any benefit to a 10-day course
of antibiotic.

TENSION-TYPE HEADACHE

Eighty per cent of the population suffers from a
headache every year, and 50 per cent have at least
one a month, 15 per cent one a week and 5 per
cent one a day. The main quality of the pain is
symmetrical pressure that may be confined to a
small area just above the nasion or extend across
the whole forehead. There is often an occipi-
tal component. There are often no exacerbating
or relieving factors, although bending forwards
can sometimes aggravate them, a symptom often
incorrectly said to mean that the patient must
have rhinosinusitis. There is often some hyper-
aesthesia of the soft tissues in the area. Patients
are often taking many analgesics although they
say they do little to help. Analgesic-dependent
headache can complicate the picture. Withdrawal
from analgesics for several weeks alone may be
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sufficient in this group but is rarely tolerated
without starting other treatment for headache.
However, this is an option. The prevalence of
headache increases sharply during the second
decade and then levels off until the age of 40-50,
after which it reduces.

MID-FACIAL SEGMENT PAIN

Over the past decade or more, studies on facial
pain have shown that there is a distinct group
of patients who have a form of facial neuralgia
that has all the characteristics of tension-type
headache with the exception that it affects the
midface; this is called mid-facial segment pain.?
Patients describe a feeling of symmetrical pres-
sure, although some patients may say that their
nose feels blocked when they have no nasal air-
way obstruction. Mid-facial segment pain may be
located at the nasion, under the bridge of the nose,
on either side of the nose, in the peri- or retro-
orbital regions, or across the cheeks. The forehead
and occipital region may also be affected at the
same time in about 60 per cent of patients. There
are no consistent exacerbating or relieving factors.
Patients often take a range of analgesics, but they
have no or minimal effect apart from ibuprofen,
which may help a few to a minor extent. There may
be hyperaesthesia of the skin and soft tissues over
the affected area. This is similar to the tender areas
over the forehead and scalp seen with tension-type
headache. Nasal endoscopy and CT, if done, are
typically normal. (Note the reservations expressed
earlier about ordering these because of the inci-
dence of false-positive changes.) The majority of
patients with this condition respond to low-dose
amitriptyline but usually require up to 6 weeks
of 10mg at night and occasionally 20 mg before
it works. Amitriptyline should then be continued
for 6 months. In the 20 per cent of patients whose
symptoms return when they stop it, amitriptyline
should be restarted if the pain returns. Other anti-
depressants are not effective; again, this is akin
to tension-type headache. If amitriptyline fails,
then relief may be obtained from gabapentin or
pregabalin.

MIGRAINE

Migraine is an episodic headache lasting 4-72
hours with distinguishing features. Migraine with-
out aura (previously called common migraine)
affects almost 75 per cent of migraine sufferers. It is
characterized by a headache, which can be severe,
and is typically unilateral, pulsating and often
accompanied by nausea and photophobia that last
4-72 hours. There is no premonition. The second
type, migraine with aura (previously called classic
migraine), affects 25 per cent of migraine sufferers.
The attacks are preceded by neurological symp-
toms such as visual disturbances or numbness. It
is three times more common in women, and there
is often a family history. Stress, diet, the premen-
strual state and barometric pressure can induce
attacks. Coexisting nasal obstruction and rhinor-
rhoea occur in many patients with facial migraine.

CLUSTER HEADACHE

Cluster headache is characterized by recurrent, uni-
lateral attacks that typically wake the patient and are
retro-orbital or centred at the medial aspect of the
orbit, of great intensity and usually last up to 1 hour
and rarely 3. The pain is also accompanied by ipsi-
lateral signs of autonomic dysfunction, such as the
parasympathetic signs of rhinorrhoea, lacrimation,
and sympathetic signs of miosis and ptosis. Bouts
may last 8-10 weeks annually and are separated by
remission when the patient is pain free for 2 weeks.

PAROXYSMAL HEMICRANIA

Paroxysmal hemicrania has been described as an
excruciating unilateral pain that is usually ocular and
frontotemporal with short (5-45 minutes) frequent
attacks (usually more than five a day). At least one of
the following autonomic symptoms should be pres-
ent: nasal congestion (40 per cent), rhinorrhoea (40
per cent), conjuctival injection (40 per cent), lacri-
mation (60 per cent) or, rarely, ptosis, eyelid oedema,
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heart rate changes (bradycardia, tachycardia and
extrasystoles), increased local sweating, salivation
and facial flushing. Attacks may occur bilaterally
even though they are usually more pronounced on
the symptomatic side. These last between 5 and 45
minutes on each occasion, and they recur many
times a day. Remission ranges from 4 months to 3
years. Rarely do these headaches develop into the
chronic form. Overall, the average age of onset is
usually 30-40 years, but the spectrum ranges from 6
to 80 years. The episodic form tends to have an ear-
lier age of onset. The condition’s complete or rapid
response to indomethacin is said to differentiate par-
oxysmal hemicrania from cluster headache.

SUNCT

Short-lasting unilateral neuralgiform headache
with conjunctival injection and tearing (SUNCT)
is an uncommon idiopathic headache syndrome. It
is a form of primary headache marked by trigemi-
nal pain, particularly in the orbital or periorbital
area, associated with autonomic symptoms, in
which conjunctival injection and tearing are the
most prominent features. Attacks last 15-60 sec-
onds and recur 5-30 times an hour. These attacks
may be precipitated by chewing movements and
certain foods such as citrus fruits.

ANALGESIC-DEPENDENT
HEADACHE

This entity is all too often unrecognized and mis-
managed. Patients with tension-type headache or
mid-facial segment pain often take a great number
of analgesics in spite of the fact that they have little
effect. Drug-induced headache is usually described
as dull, diffuse and band-like and usually starts in
the early morning. The original headache (migraine
or tension headache) has often been present for
many years, and the regular intake of drugs often
started several years earlier. Patients take on aver-
age 30 or more tablets per week, often containing
several different substances. Withdrawal is prob-
lematic because patients’ symptoms take several

weeks to resolve. However, chronic headache dis-
appears or decreases by more than 50 per cent in
two-thirds of the patients.

TRIGEMINAL NEURALGIA

The characteristic presentation of trigeminal neural-
gia — paroxysms of severe lancinating pain induced
by a specific trigger point — is well recognized. In
more than one-third of sufferers, the pain occurs
in both the maxillary and mandibular divisions,
while in one-fifth it is confined to the maxillary
division. In a small number of patients (3 per cent),
only the ophthalmic division is affected. Typical
trigger points are the lips and naso-labial folds, but
pain may also be triggered by touching the gingivae.
A flush may be seen over the face, but there is no
sensory disturbance in primary trigeminal neural-
gia. Remissions are common, but the condition can
also increase in severity. Younger patients should
undergo MRI to exclude other pathology such as
disseminating sclerosis, which is identified in 2 to
4 per cent of patients with trigeminal neuralgia.
Tumours such as posterior fossa meningiomas or
neuromas are found in 2 per cent of patients pre-
senting with trigeminal neuralgia, reinforcing the
need for imaging to exclude such disorders.

ATYPICAL FACIAL PAIN

This is very much a diagnosis of exclusion, and care
must be taken in reaching this conclusion, even
when the patient has received previous opinions
and no pathologic disorder has been identified.
The history is often vague and inconsistent, with
widespread pain extending from the face into other
areas of the head and neck. The pain may move
from one part of the face to another between dif-
ferent consultations, and other symptoms, such as
‘mucus moving’ in the sinuses, are often described.
A number of patients have such completely fixed
ideas about their condition that they will not be
convinced otherwise, whatever the weight of evi-
dence to the contrary. Pain is often described in dra-
matic terms in conjunction with an excess of other
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unpleasant life events. Many of these patients have
a history of other pain syndromes, and their exten-
sive records show minimal progress despite various
medications. They have often undergone previous
sinus or dental surgery and may be resentful about
their treatment. Many patients with atypical facial
pain exhibit significant psychological disturbance
or a history of depression and are unable to func-
tion normally as a result of their pain. Some project
a pessimistic view of treatment, almost giving the
impression that they do not wish to be rid of the
pain that plays such a central role in their lives.

A comprehensive examination (including nas-
endoscopy) is essential, and imaging studies such
as MRI are advisable to exclude pathologic disor-
ders before the patient is labeled as having atypical
pain. The management of such patients is chal-
lenging, and confrontation is nearly always coun-
terproductive. Patients should sympathetically be
made aware that psychological factors may play a
role in their condition, and referral to a clinical
psychologist or psychiatrist may be helpful. Drug
treatment revolves around a gradual build-up to
the higher analgesic and antidepressant levels of
amitriptyline (75-100mg) at night. Referral to a
pain clinic is often helpful.

KEY LEARNING POINTS

e If facial pain and pressure are the pri-
mary symptoms, this is unlikely to be
due to sinus disease in the absence of
any nasal symptoms or signs.

e Patients with facial pain who have no
objective evidence of sinus disease at
nasal endoscopy are very unlikely to be
helped by surgery.

® Neurological causes are responsible for
a large proportion of patients with head-
ache or facial pain.

e Pain that is unilateral and progressive
can be due to infection or a tumour;
although the latter is rare, this possibil-
ity must be considered.

e Facial pain described as continuous or
present on a daily basis is unlikely to be

sinogenic or migrainous in origin and
more likely to represent mid-facial seg-
ment pain or be neuropathic.
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INTRODUCTION

Significant facial trauma can result in acute life-
threatening situations, permanent disfigurement
and disability. Up to 10 per cent of all emergency
department visits involve injury to the face.
Fortunately, the majority of this facial trauma is
relatively minor, with nasal fractures making up
approximately 40 per cent of all facial fractures
seen. Because of the sensitive cosmetic nature of
the face, as well as the major functions undertaken
in the foreface, trauma to this area often involves
litigation. This necessitates good note keeping and
timely clinical care to ensure appropriate outcomes
for the patient.

MECHANISM OF INJURY

The pattern of the injuries found in facial trauma is
directly related to the mechanism of injury to the
face. It ranges from simple soft tissue injuries to the
life-threatening situation caused by massive tissue
loss and airway compromise. Therefore, initial

Central facial fractures 86
Lateral facial fractures 90
Mandibular fractures 91
Key learning points 92

assessment is dictated by the mechanism of injury
as well as the stage of treatment that is involved.

INITIAL ASSESSMENT

The initial assessment should focus on managing
and stabilizing the potential life-threatening inju-
ries. This is done using the structured approach of
the advanced trauma life support (ATLS) primary
survey, a compulsory part of all surgical training.

THE PRIMARY SURVEY

e Airway with cervical spine control
The potential of airway compromise may
be apparent or predictable. Significant
facial trauma may lead to instability of the
mandible or foreface, significant airway
oedema, or haemorrhage into the airway.
With evaluation, early involvement of the
anaesthetist will allow for appropriate

85
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management of the airway, be this observa-
tion, intubation or a surgical airway.
The cervical spine must also be managed in
this first part of the survey, to prevent long-
term disability. It is potentially damaged
in all cases of major facial trauma. In the
unconscious patient, it will need to be sta-
bilized with a collar, sandbags/head blocks,
and strapping to prevent movement. Only
when the patient is conscious and the
cervical spine has been cleared should they
be removed. In the conscious patient, the
symptoms, signs and radiological findings
will dictate when the cervical spine protec-
tion can be removed.

e Breathing
After establishing that there is an adequate
airway, effective ventilation is required
to optimize gas exchange — deliver oxy-
gen and remove carbon dioxide. Thoracic
trauma should be identified and addressed.

e Circulation
Life-threatening haemorrhage will generally
be apparent and must be controlled. After
establishing large-bore intravenous access,
pressure should be used to prevent ongo-
ing loss until definitive management can be
undertaken. Epistaxis is managed with cau-
tion. If there is potential of a skull base frac-
ture, care is required with packing to prevent
intracranial penetration of the packing.

e Disability
With significant facial and head trauma,
intracranial consequences may occur.
Conscious level needs to be frequently
assessed, as well as examination for cranial
nerve or other neurological dysfunction.

® Exposure

o Adequate exposure of the patient should be

undertaken to ensure that all other injuries are
identified and managed.

TYPES OF FACIAL FRACTURE

When considering fractures of the midface, they
can be classified as central (nasal, naso-orbito-eth-
moid and maxillary) and lateral (zygomatic).

CENTRAL FACIAL FRACTURES

Nasal trauma

HISTORY AND EXAMINATION

Nasal trauma is frequently seen in assault, sports
injuries and road traffic accidents. It can reflect
injury to more than just the external structures
of the nose. Swelling and bruising become estab-
lished rapidly, making early assessment difficult.
After initial presentation to the emergency depart-
ment, uncomplicated cases should be reviewed at
5 to 7 days after the injury. This will allow for the
swelling to improve and for adequate assessment of
any deformity.

Required history

® Details of mechanism of injury, though often
unreliable
® Change in function
Breathing
Sense of smell
Change in appearance
Change in vision
Epistaxis
Watery rhinorrhoea

Examination (with clear documentation)

e Condition of skin
e External deformity
Bony alignment
Septal and cartilage alignment
e DPalpable fractures of the nose
e Integrity of orbital rim
e Internal
Septal alignment
Septal haematoma?
e Nasal function/air entry
® LEye movements
e Infraorbital nerve sensation

Classification of nasal deformity

1. Straight nasal bones

2. Bones deviated, displaced less than half the
width of the nasal bridge

3. Bones deviated, displaced half to one full width
of the nasal bridge
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4. Bones deviated, displaced more than one full
width of the nasal bridge
5. Bones almost in contact with cheek

Patterns of nasal fractures

Class 1: A blow to the anterior nose, caus-
ing depression or displacement of the distal
portion of the nasal bone. A fracture of the
cartilaginous septum, running from the dor-
sum towards the bony septum, may also occur
(Chevallet fracture).

Class 2: Lateral trauma to the nose, resulting in
lateral deviation of the bony nasal pyramid,
and a horizontal or C-shaped fracture of the
nasal septum.

Class 3: A high-energy injury to the nose, which
leads to a complex fracture which extends
into the ethmoid bone. The bony septum at
the perpendicular plate of the ethmoid rotates
backwards, taking the septum with it into the
face. The nasal tip is also rotated upwards, giv-
ing greater show of the nostrils. There will be a
saddle-type deformity, and the nose will have a
‘pig-like” appearance. As a result of the disrup-
tion of the medial canthal ligament attach-
ment, there may be telecanthus.

INVESTIGATION

No investigation is needed in simple cases of nasal
fracture. However if there is concern of facial or
skull fracture, plain radiographs will assist in iden-
tifying such fractures. CT scanning may be subse-
quently used to assess the extent of these injuries.

MANAGEMENT
Soft tissue

Wounds to the nose should be cleaned and closed
at the first opportunity after the injury. Tetanus
immunization status should be checked in open
wounds. Swelling and bruising can be reduced
with the use of ice.

The nasal bones

Timing. Once assessment is made and deformity
of the bones is identified, there is a limited win-
dow of opportunity to manipulate the fracture to
improve position. This is ideally 7-10 days postin-
jury, but can be attempted at up to 3 weeks. The

longer after the injury, the more callus will have
formed, and the less likely the manipulation will be
successful. Fractures can also be reduced straight
after the injury (within 1 hour), before the oedema
has developed.

Anaesthesia. Either local or general anaesthe-
sia is appropriate for reduction of nasal fractures.
Both have been shown in studies to be suitable,
with similar outcomes. The choice therefore is
determined by patient choice, service design and
local expertise. Local anaesthetic can be injected
into the dorsum of the nose along the fracture sites,
over the nasal bridge, and to the infraorbital fora-
men to give a field block to the nose. Additional
topical local anaesthetic may be applied to nasal
cavities by spray or patties soaked in the chosen
preparation.

Reduction techniques. Closed digital manipu-
lation, with or without instruments, is the main
technique for reduction of nasal bone fractures.
The bones should be reduced to their original
position by disimpaction and realignment with
appropriate lateral force. If there is infracture,
or posterior displacement, a Walsham’s forceps
should be used to elevate the fragment. Following
elevation, temporary packing under the previously
depressed nasal bone may be required to maintain
the position. External splinting or taping is advis-
able when the bones are very mobile and unstable
following manipulation because they are at risk
from inadvertent displacement.

Nasal septum. Management of the septum is
often unsuccessful when managing acute nasal
bone fractures. Digital manipulation may lead to
improvement; however, the septum will usually
return to its pre-intervention position. Therefore, it
tends to be addressed after at least 6 months, once
the swelling has resolved and healing is complete.
Septoplasty or septorhinoplasty may be required
for significant septal deformities.

COMPLICATIONS

Epistaxis

Traumatic epistaxis usually settles once the tissue
oedema is established and vessels tamponaded.
However, patients who present with severe brisk

bleeding episodes, greater than 48 hours after a
nasal fracture, can prove challenging and require
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surgical intervention. Because the bleeding is com-
monly from the fracture site high in the nose, ante-
rior ethmoid artery ligation may be required.

Cerebrospinal fluid leak

A cerebrospinal fluid (CSF) leak may occur after
nasal or facial trauma when the fracture involves
the cribiform plate or the lateral lamella of the
cribriform plate. These are the thinnest areas of the
skull base, where the dura is very adherent to the
bone and tears when the bone fractures. The most
common presentation is unilateral watery rhinor-
rhoea, with a positive result for P2-transferrin
(asialotransferrin) on testing the rhinorrhoea.
B2-Transferrin is a product of neuraminidase
activity within the central nervous system and
is therefore only found within the CSF, the peri-
lymph and the aqueous humour.

The majority of traumatic CSF leaks resolve
within 7-14 days with conservative management.
This includes strict bed rest and elevation of the
head with avoidance of straining, retching or nose
blowing. Antibiotics may mask meningitis, and
discussions with the neurosurgeon are advised to
check local policy. If the leak does not settle, the
location should be identified with high-resolution
computed tomography (CT) scanning of the skull
base, with magnetic resonance imaging (MRI)
if required. Endoscopic repair of the leak should
be undertaken as soon as possible if conservative
management is not sufficient because there is a sig-
nificantly increased risk of meningitis (0.3-10 per
cent per year).

Septal haematoma

This is the presence of a haematoma under the
perichondrium of the septum. The blood supply
to the cartilage is disrupted when the perichon-
drium is elevated by bilateral haematoma. This
may lead to ischaemia and septal necrosis with
perforation or septal collapse. Another risk is
infection, which carries the risk of meningitis,
brain abscess, cavernous sinus thrombosis and
septal collapse. It can easily be confused with an
anterior septal deformity. To differentiate, the
area should be gently probed; a haematoma will
be fluctuant and compressible, a deviation of the
septum will not. Aspiration will also confirm the
presence of blood.

Management involves draining the haematoma
and securing the perichondrium back to the carti-
lage with quilting sutures, packing or nasal splint-
ing. This can be achieved under local or general
anaesthetic. Because the collection will often be too
organized to aspirate, it is often best approached
with formal incision and drainage. Owing to the
high re-accumulation rate, the patient will need to
be reviewed 2 to 4 days after discharge to ensure
that there is not an additional collection, which
would require a further procedure.

Traumatic anosmia

The olfactory nerve fibres within the nose and crib-
riform plate may be damaged with nasal or head
injuries. This can lead to a loss of sense of smell,
which is rarely recovered.

Naso-orbital-ethmoid
complex fractures

DEFINITION

These are fractures involving the nose, orbits and
frontals, ethmoids and skull base. They are fre-
quently comminuted and complex.

HISTORY AND EXAMINATION

Patients who have fractures of the complex may
present with loss of nasal projection, upward rota-
tion of the nasal tip, widening of the nasal base,
telecanthus, epiphora and CSF leak. The telecan-
thus reflects disruption to the medial canthal liga-
ment insertion, which migrates laterally, while the
epiphora is secondary to damage to the nasolacri-
mal system.

INVESTIGATIONS

Plain films are of little use in the assessment of
these complex fractures. Three-dimensional imag-
ing is required to adequately assess the fractures to
allow reconstruction.

MANAGEMENT

Surgery is generally required to restore normal
anatomy. The fractures are managed with mini-
plates, and the instability of the medial canthal
tendon needs to be addressed with miniplates or
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wires. If there is evidence of damage to the naso-
lacrimal system, it may require lacrimal intubation
or dacryocystorhinostomy.

Orbital floor fractures

HISTORY AND EXAMINATION

The orbit is a smooth, bony box in which the
orbital muscles, fat, optic nerve, vessels and globe
sit. For it to function normally, the orbit must be
intact. Trauma to the globe or orbital bones can
lead to fracture of the weak orbital floor, and this
disruption to the orbit will affect the function of
the contents.

The signs of an orbital floor fracture are the
following:

Enophthalmos

Subtarsal hollowing

Infraorbital nerve paresthesia

Palpable step in orbital rim

Restricted vertical movement of the eye
Subconjunctival haemorrhage

Diplopia

Periorbital ecchymosis

Surgical emphysema around orbit on nose
blowing

INVESTIGATIONS

Plain radiography (occipitomental views) is used to
screen for orbital floor fractures. Features to sug-
gest fracture include the following:

e Teardrop sign. A polypoidal mass hanging from
the orbital floor into the maxillary antrum,
usually in the shape of a teardrop. It represents
the herniation of orbital contents through the
fracture, usually periorbital fat and inferior
rectus muscle. It is this herniation that leads to
possible entrapment of the inferior rectus and
limited vertical movement of the globe.

e Opacification or an air-fluid level in the maxil-
lary sinus. This occurs as a result of the pres-
ence of blood in the sinus from the fracture.

CT scanning is subsequently used to show in
greater detail the soft tissue and bone involvement
(Figure 10.1).

Figure 10.1 Orbital floor fracture.

MANAGEMENT

Surgical management is required when there is
evidence of restriction of eye movement, diplopia,
significant enophthalmos (>2mm) or significant
loss of support due to the fracture (>50% of orbital
floor). The aim of surgery is to fill the defect in the
orbital floor. This is done with either a graft of the
patient’s own bone or an implant. Those who do
not require surgery will heal without significant
consequence.

Maxillary fractures

HISTORY AND EXAMINATION

The maxilla is intimately related to the nose,
orbits, skull base and oral cavity. Therefore the
signs and symptoms of fractures in the area will
be related to these sensitive functional and cos-
metic areas. High energy to the face is required
to fracture the maxilla; because of this, other
injuries to the brain or cervical spine should be
considered.
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Swelling makes assessment of the underlying
deformity challenging, so careful examination
of the internal relations of the maxilla will point
to possible fracture. Signs of maxillary fracture
include the following:

Facial oedema

Flattening or lengthening of the face
Periorbital ecchymosis

Malocclusion of bite with premature contact of
the molars and anteriorly open bit

Facial emphysema

Mobility of the mid-face

Haematoma at junction of soft and hard palate
Airway compromise due to posterior maxillary
displacement

The Le Fort Classification of mid-face frac-
tures provides a simplistic but helpful structure to
understanding fractures in this area (Figure 10.2).

A Le Fort 1 fracture runs above the floor of the
nasal cavity, through the nasal septum, maxillary
sinuses and inferior parts of the pterygoid plates.

A Le Fort 2 fracture runs from the floor of the
maxillary sinuses superiorly to the infraorbital mar-
gins, then extends through the zygomaticomaxillary
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Figure 10.2 Le Fort classification.

suture. In the orbit, it passes across the lacrimal
bone to the nasal bridge. The infraorbital nerve can
be damaged if it is involved with this fracture.

A Le Fort 3 fracture traverses the medial wall
of the orbit to the superior orbital fissure and
exits across the greater wing of the sphenoid and
zygomatic bone to the zygomaticofrontal suture.
Posteriorly, this fracture line runs inferior to the
optic foramen, across the lesser wing of the sphe-
noid to the pterygomaxillary fissure and sphe-
nopalatine foramen. The zygoma arches are also
broken. This fracture disconnects the facial skel-
eton from the cranial base.

INVESTIGATIONS

Plain radiographs may provide some information
as to the likelihood of maxillary fracture and are
required to assess the cervical spine. However, CT
is the imaging modality of choice. It will allow for
analysis of the fracture, and 3D reconstruction is
used for planning of fracture treatment.

MANAGEMENT

Initial management focuses on treating the life-
threatening injuries. Subsequent surgery targets
fixation of unstable fracture segments and realign-
ment of significant anatomical relationships. This
is undertaken for two reasons: (1) to improve the
cosmetic appearance by restoring mid-facial height
and projection and (2) to realign the occlusional
plate for the functional outcomes of mastication
and dental occlusion.

Historically, this was done with external fixa-
tion. However, this has now been superseded by
internal fixation with miniplates.

LATERAL FACIAL FRACTURES

Zygomatic complex fractures

HISTORY AND EXAMINATION

Trauma to the lateral aspect of the mid-face is
common, second only to nasal fractures. The
zygomatic complex has important roles in cos-
mesis, providing the definition of the cheeks, and
in function, supporting the globe and anchoring
the muscles of mastication. Patients may com-
plain of diplopia (due to reduced eye movements),
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pain on mouth opening/trismus, or reduced
projection of the cheek (due to zygoma depres-
sion, a late sign caused by swelling). There is usu-
ally lateral subconjunctival haemorrhage, and
if the zygomaticotemporal or zygomaticobuccal
branches of the infraorbital nerve are involved,
there will be paraesthesia of the overlying skin.
Examination should look directly at the area for
bony deficiency or displacement, as well as those
structures that can be indirectly involved - the
eye and brain.

INVESTIGATIONS

Plain radiography (15° and 30" occipitomental
views) will show most fractures. To identify frac-
tures, it is advisable to study the following:

e The orbital outline: Look for a break in the
outline or a ‘teardrop’ sign for orbital floor
fracture.

o The sinus outline: Opacification or fluid level
within the maxillary sinus suggests a fracture
involving the sinus.

e The ‘elephant’s trunk’: Follow the zygomatic
line laterally and the maxillary line medially to
check the zygomatic arch’s integrity.

® The coronoid processes: These should be
equidistant from the maxillary line bilater-
ally. If one is not, it suggests that a fracture is
present.

CT is useful to plan when surgery is required.
There is a potential role for ultrasound to identify
fractures and check reduction to reduce radiation
exposure through imaging.

MANAGEMENT

When there is no significant displacement of the
fracture, conservative management is appropriate.
Patients should be advised not to blow their nose
for 2 to 3 weeks, and they should be reviewed after
the swelling has resolved (approximately 10 days)
to make sure there is no subsequent displacement.
If there is enough displacement to lead to func-
tional or cosmetic issues, reduction of the fracture
is required. This is done with simple elevation or
open reduction with internal fixation, depending
on the fractures.

MANDIBULAR FRACTURES

History and examination

Mandibular fractures are seen predominantly in
the young male population, with women and chil-
dren being much less at risk unless involved in
domestic violence (Figure 10.3).

The most commonly fractured sites are the
following:

Body (29 per cent)
Condyle (26 per cent)
Angle (25 per cent)
Symphysis (17 per cent)
Ramus (4 per cent)
Coracoid (1 per cent)

Presentation usually reflects a significant force
to the mandible as a result of sports, assault, road
traffic accident or fall. Other injuries to structures
such as the neck and brain should be suspected and
excluded. Patients may report pain on eating, an
inability to occlude their teeth properly, or miss-
ing teeth. Examination should note any abnormal-
ity in facial symmetry and shape of the mandible.
Movement should be assessed as best as possible
and occlusion checked. Palpation may demon-
strate a step or bony crepitus. Loose and fractured
teeth should be counted and assessed. If any are
missing and unaccounted for, a chest x-ray should
be considered to ensure that teeth have not been
aspirated. Neurological status of the supplying
branches of the trigeminal and facial nerve should
be checked and documented (inferior alveolar and
marginal mandibular nerves).

Investigation

Plain radiology is used for initial assessment of the
mandible in many centres. It does not show the
mandible well, with large areas of overlap, making
fracture identification difficult. Panoramic radio-
graphs, known as orthopantomograms (OPGs), are
plain x-rays taken while moving the x-ray detector
around the mandible to generate a flat image of
the mandible. This allows for satisfactory fracture
identification in all areas but the condyles. It has
been shown to be almost as good as CT in fracture
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Ramus 3%

Angle 25%

Coronoid process 2%

Body 25%

Parasymphyseal/
mental 15%

Figure 10.3 Frequency by location of nasal mandibular fracture.

identification, and the choice of CT or OPG is deter-
mined by local facilities, expertise and preference.

Management

The mandible is a highly functional part of the
skeleton, and therefore fractures are painful and
readily affect function. After management of the
acute life-threatening injuries has taken place,
reduction will be required to allow for return of
function and pain control.

Antibiotics have been shown to be of benefit and
should be given. The fractures should be consid-
ered open into the mouth, owing to the thin cover-
ing of mucosa and connection with dental sockets.

Reduction of the fracture can be undertaken
open or closed. Because of the significant forces
across the mandible resulting from the various

KEY LEARNING POINTS

e Facial trauma can be life threatening.

® Mechanism of injury will point to pos-
sible fractures and other craniofacial
injuries.

e Early manipulation of nasal fractures is
advisable.

muscles that attach, fixation will be required to
maintain the reduction. This can be done by indi-
rect or direct skeletal fixation.

Indirect fixation involves using the teeth as an
anchor for an arch bar or wire. They are placed so
as to support either side of the fracture intraorally
and are left for 2 to 8 weeks depending on the age
of the patient and the pattern of fracture. It is used
in the paediatric population, because direct fixa-
tion risks damage to the unerupted teeth still lying
within the mandible.

In direct fixation, the open approach is used, and
wires or plates with screws are placed over the frac-
ture site. This method has higher morbidity and
complication rates than indirect fixation. It is used
in complex fractures or in edentulous patients.
Newer absorbable plates may increase the use of
open reduction techniques.

® Septal haematoma needs to be identified
to prevent septal necrosis.

e Plain radiographs are useful in the iden-
tification of facial fractures, but CT is
the main imaging modality used.

e Unsafe/unstable facial fractures or those
with significant cosmetic impact will
require surgical intervention.
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INTRODUCTION

This chapter provides an overview of plastic sur-
gery of the nose, ear and facial flaps. The chapter
covers septorhinoplasty, nasal reconstruction, pin-
naplasty, ear reconstruction, and the commonly
used bilobed and rhombic flaps.

Patient assessment and selection are of key
importance, and the various aspects of this are dis-
cussed. Informed consent must be taken from any
patient undergoing surgery; it is particularly impor-
tant in the field of facial plastic surgery, where there
is a higher incidence of medico-legal action.

PATIENT SELECTION

The fundamental decision in facial plastic surgery
is whether the individual patient is a candidate for
surgery. It is of key importance that patients have
realistic expectations and accept the limitations of
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surgery. This is particularly important when a rhi-
noplasty is being considered, and for this reason
most surgeons will see patients on two occasions
to discuss this operation.

Facial plastic surgery can be a very positive
experience for many patients. However, this is
not always the case, and a significant minority of
patients should not undergo surgery. In the preop-
erative discussion, the surgeon must make sure that
the patient does accept that a ‘perfect’ result is not
achievable.

On occasion, patients exhibit extreme and exces-
sive anxiety about a particular cosmetic feature,
most commonly (but certainly not exclusively)
their nose. This is a recognized psychological dis-
order known as body dysmorphic disorder. These
patients often describe minor abnormalities in very
dramatic terms, and their concerns have a very neg-
ative impact on their quality of life. Although they
are often desperate to undergo surgery, this is almost
invariably counterproductive and leads to more
unhappiness. Referral to a clinical psychologist or

93
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psychiatrist with an interest in this field is the way
forward. In reality many of these patients reject this
option and continue to seek surgery.

NASAL PLASTIC SURGERY

SEPTORHINOPLASTY

Patients who are considering a septorhinoplasty
have either cosmetic concerns alone or both cos-
metic and functional concerns. On rare occasions
patients have no cosmetic concerns; however,
the external structural shape of their nose is affect-
ing the nasal airway, and a septorhinoplasty will be
required to improve this. In terms of definitions,
rhinoplasty is surgery to the external structure
of the nose, and septorhinoplasty affects both the
external structure and the nasal septum. Almost
all rhinoplasty procedures also involve the septum
to a lesser or greater degree, and many surgeons
refer to all such procedures as septorhinoplasty.

Preoperative assessment

As described earlier, patients should be offered a
septorhinoplasty only if they have realistic expec-
tations. As part of the preoperative assessment,
clinical photographs must be taken. This is a med-
ico-legal requirement but is also very helpful to
discuss the aims of surgery with the patient using
these photographs.

Examination

Clinical examination initially involves inspection
of the external shape of the nose. Palpation is often
helpful as well. The patient’s skin type is particu-
larly important in rhinoplasty, with thin skin tend-
ing to show irregularities and thicker skin reducing
the definition that can be achieved. Anterior rhi-
noscopy is performed to examine the nasal septum
and turbinates. The dynamic function of the nose
should be examined, particularly any collapse of
the nasal valves on inspiration. Examination of
the nasal cavity and postnasal space with an endo-
scope is often indicated if the patient has airway
obstruction or other rhinological symptoms.

Aesthetic assessment

An extensive description of analysis of the nose
is beyond the scope of this chapter; however, it is
important to stress that the nasal anatomy must
be fully understood and the anatomical abnormal-
ity leading to the aesthetic or functional problem
identified. Only then can the surgeon plan a suit-
able operation to address these.!

Key features to be examined on front view
include the width and any deviation of the nasal
bones. The upper lateral cartilages and septum make
up the mid third of the nose, and any deviation or
asymmetry should be identified. Finally, the sym-
metry and definition of the nasal tip is studied.

On profile view the height of the nasal dorsum
is examined, as well as the presence of a dorsal
hump or need for augmentation. The ideal aes-
thetic profile will, of course, differ between men
and women. An important feature of the nose is
the projection of the nasal tip. This is the distance
that the nasal tip projects forwards from the face,
and any over- or under-projection of the tip of
the nose in relation to the nasal dorsum should
be recognized. The rotation of the nasal tip is the
angle between the nasal columella and the lip.
Again, this differs between the male and female
nose, with an ideal angle of approximately 90°
in men and an increase in rotation in women to
100-110°.

Informed consent for
septorhinoplasty

The preoperative discussion must include the pos-
sible complications. The complications discussed
must include bleeding, bruising, infection, numb-
ness, septal perforation and a poor outcome
requiring further or revision surgery. Other pos-
sible problems such as loss of smell, skin changes
and nasal obstruction are also recorded by many
surgeons. Septorhinoplasty is a common cause of
medico-legal action, and it is very important that
these complications are not only discussed but
also recorded in the case notes and consent form.
Written information should also be given and this
action recorded in the case notes and on the con-
sent form.
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Surgical techniques in
septorhinoplasty

There are two approaches used in septorhino-
plasty: the endonasal approach and the open or
external approach. In endonasal septorhino-
plasty, all incisions are made inside the nose. In
the open approach, however, a small incision is
made across the columella and the skin, and soft
tissues are elevated from the underlying carti-
lages and bone.?

There are advantages and disadvantages to
each approach. The type of surgery performed
will depend upon both the complexity of the sur-
gery required and the experience and training of

(a)

(b)

the surgeon. In general, more complex cases such
as revision or cleft nose surgery are performed
via an open approach, and more straightforward
primary cases are performed using an endonasal
approach. There is actually great variation even
amongst those who specialize in this area of sur-
gery, with some surgeons performing the majority
of cases open and others preferring an endonasal
approach.

Surgery may involve reduction in the size of the
nasal bones and cartilage to reduce a dorsal hump,
and osteotomies and fracture of the bones are often
required to narrow the nasal bridge. The lower lat-
eral cartilages can be reduced and the shape modi-
fied with sutures to improve the shape of the nasal

Figure 11.1 Preoperative rhinoplasty photographs on the left, with post-operative on the right, showing a

patient with a deviation, a small dorsal hump and a bulbous nasal tip.

(Continued)
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Figure 11.1 (Continued)

tip. The results of an open septorhinoplasty are
shown in Figure 11.1a-d. Cartilage grafts to aug-
ment, support or straighten the nose are frequently
placed during septorhinoplasty. These grafts may
be harvested from the nasal septum or from the
pinna if there is insufficient cartilage in the septum
due to injury, infection or previous surgery. On
occasion, rib cartilage is used when large or strong
structural grafting is required. Synthetic grafts
may be used, although these are not favoured by a
number of surgeons owing to an increased risk of
extrusion and infection.

The nose is protected with an external splint for
a week or so. It takes a number of months for the
swelling of the nose to settle before the final result
can be judged, and patients must be made aware
of this.

NASAL RECONSTRUCTION

A nasal reconstruction is required when a sig-
nificant part of the external nose, including skin,
requires reconstruction. A variety of cases require

nasal reconstructive surgery, including congenital
abnormalities, trauma and complications of surgery.
By far the biggest group of patients requiring a nasal
reconstruction are those with nasal skin cancer.

The defect of the nose may involve skin, carti-
lage, bone and the underlying mucosa. Defects of
bone are actually rare. A defect that involves skin,
cartilage and mucosa is described as being full
thickness. The key principle of a nasal reconstruc-
tion is to reconstruct the nose in these three layers
and replace like with like.

A mucosal defect is replaced with mucosal
flaps from the nasal cavity, often the nasal septum.
The defect in the cartilage is replaced using carti-
lage from the conchal bowl of the pinna or rarely
the septum.

The approach used to reconstruct the skin
defect depends on the size and location of
the defect, a concept known as the ‘reconstruc-
tive ladder’. Small defects may be closed primar-
ily or be allowed to heal by secondary intention,
although this is rare. Full-thickness skin grafts
may be used to reconstruct certain smaller defects.
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They give the best results in areas where the nasal
skin is thin such as over the bony dorsum or side-
wall. Where the skin is thicker, particularly over
the nasal tip, full-thickness skin grafts often do
not give a favourable cosmetic result. It is impor-
tant to involve patients in the decision-making
process at an early stage. Patients of course prefer
more straightforward surgery; however, it must be
explained that this may not result in a favourable
long-term cosmetic result.?

Certain defects can be closed using local flaps;
the bilobed flap is the most common example in
nasal reconstruction. As seen in Figure 11.4, these
flaps often cause distortion of the nasal tip and
remain rather visible. A composite graft of skin
and fat from the forehead is a good alternative for
smaller nasal tip defects. Larger defects require a
distant flap, and two varieties are most commonly
used for nasal reconstruction. In the first, skin
from the cheek is used to reconstruct a defect of
the nasal ala or columella. This flap is called the
melolabial or nasolabial flap. Larger defects affect-
ing the nasal tip, sidewall and dorsum are usually
reconstructed using a paramedian forehead flap.
This so-called workhorse flap of nasal reconstruc-
tion is based on the supratrochlear artery, and the
whole of the nasal skin can be replaced with this
flap if required.

The melolabial and paramedian forehead flaps
ideally should be interpolated, that is, they bridge
normal skin. The flaps are divided at 3 to 4 weeks
once the reconstructed skin has developed a blood
supply. Refinement procedures to thin and contour
the flaps are often required. The various stages of

reconstruction of a full-thickness nasal tip defect
are shown in Figure 11.2.

PLASTIC SURGERY OF THE EAR

PINNAPLASTY

The operation to correct prominent ears is called
an otoplasty or pinnaplasty. Prominent ears (now
rarely referred to as ‘bat’ ears) are a relatively com-
mon aesthetic problem affecting approximately
1 in 20 children. Children with this condition may
be subject to teasing at school, although this is
rare in very young children. For this reason sur-
gery is usually performed from about 7 years of
age. Although a pinnaplasty may be performed in
younger children, delaying surgery until this age
is preferable because the child will express a wish
to undergo the surgery, has a greater understand-
ing and can be involved in the decision process.
Surgery does not need to be performed at this age,
however, and may also be performed in older chil-
dren or on rare occasions in adults.

The anatomical causes of a protruding ear
include unfolding of the antihelix of the pinna, a
deep conchal bowl and projection of the lobule.
Often the cause is a combination of these factors,
and a correct anatomical diagnosis must be made
and surgery planned accordingly.

As in all operations the consent process is
important. Children and their families must be
made aware of the risks of bleeding, infection,

D
.

Figure 11.2 A full-thickness nasal tip defect after excision of skin cancer. The first stage of the recon-
struction was a mucosal rotation flap and cartilage support, using cartilage harvested from the pinna.
A paramedian forehead flap was used to reconstruct the skin defect. The final result of the reconstruc-
tion at 1 year after surgery.
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excessive (keloid) scarring and numbness and
that both ears may not be exactly the same. As in
all cosmetic procedures, there is a possibility that
further surgery will be required.

There are two main surgical techniques used to
correct prominent ears: anterior scoring or sutur-
ing. In the scoring technique, changes are made to
the shape of the pinna by making numerous par-
tial-thickness incisions to weaken the cartilage and
create an antihelical fold. In the suture technique,
the antihelical fold is formed by sutures.* After for-
mation of an antihelical fold, correction of a deep
conchal bowl is often required. This is achieved
either by the placement of sutures between the
conchal bowl and the mastoid process or, when
necessary, by excision of conchal bowl cartilage.
Correction of a projecting lobule is the final step
and is particularly challenging.

Post-operative advice following surgery var-
ies between surgeons. Children generally wear a
bandage for a week or so, and it is my practice to
advise them to avoid contact sport for a month.
Pre- and post-operative photographs of a pinna-
plasty patient are shown in Figure 11.3.

EAR RECONSTRUCTION

There are a variety of different conditions that
result in partial or total loss of the pinna, with the
most common acquired causes being skin cancer
and trauma. In the United Kingdom, the most
common traumatic cause of a defect of the pinna

is a human bite injury. A congenitally small or
absent ear is called microtia. This condition affects
approximately 1 in 8000 children, with 10 per cent
of congenital cases being bilateral.

Microtia is usually associated with an absent ear
canal, known as atresia, and this causes a severe
conductive hearing loss. The majority of children
with this condition, however, have a normally
functioning cochlea and no underlying sensori-
neural hearing loss. In the vast majority of chil-
dren with microtia, the ear abnormality is not part
of a wider genetic abnormality, although this con-
dition may be a feature of Goldenhar and Treacher
Collins syndrome.

When part or all of the pinna requires recon-
struction, the technique required will of course
depend upon the size of the defect. Smaller defects
involving only skin are reconstructed using skin
grafts or local flaps. Larger defects often require
more complex multistage surgery involving carved
rib cartilage grafts and various soft tissue flaps and
grafts. An alternative to surgical reconstruction is
an implant retained prosthetic ear. These artificial
ears clip onto titanium bone-anchored implants,
similar to those used for bone-anchored hearing
aids. These prosthetic ears are very realistic when
made by a skilled prosthetist and are a good alterna-
tive to a surgical reconstruction for some patients.

The most common type of condition requir-
ing total ear reconstruction is congenital micro-
tia. It is important that children with microtia
and their families are given a comprehensive and

Figure 11.3 Pre- and post-operative pictures of a pinnaplasty patient.
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5

Figure 11.4 A nasal tip defect with a bilobed flap designed. The flap is rotated and sutured in place. The
final result at 1 year (right). Note that there is some distortion of the nasal tip and telangiectasia of the

skin, which are common with this flap.

balanced view of all aspects of their condition. This
includes the management of the hearing loss and
the options for reconstruction. Ear reconstruction
is usually performed from the age of 8 years. At
this age, children have sufficient rib to carve a new
framework, and importantly they are old enough
to request surgery and have an understanding of
what is involved. Some children decide against sur-
gery. That decision must be respected and no pres-
sure placed on them to proceed.

Ear reconstruction takes two to four stages.
Surgery involves carving a new ear framework
from rib cartilage based on a template taken from
the normal ear.> Any cartilage remnant is gener-
ally removed, the ear lobe transposed to the correct
position and the new framework placed in a subcu-
taneous pocket. After a few months the framework
is elevated, and the posterior surface of the new ear
is covered with a skin graft.

FACIAL FLAPS

Skin defects that are too large for primary closure
require either grafts or flaps for reconstruction.
Where possible, local flaps are generally preferred
owing to their close texture and colour match with
the surrounding skin, resulting in a favourable aes-
thetic outcome.

In many cases a number of different flaps may
be used to reconstruct a particular facial cutane-
ous defect. The flap selected depends on a num-
ber of factors, including the size and location
of the defect. Possible distortion and functional

impairment of adjacent structures by the recon-
structive technique used must also be considered,
for instance in defects near the eyelid or lip. Larger
defects are, of course, more challenging to recon-
struct, and on occasion a less aesthetically pleasing
technique must be adopted to ensure that function
is not compromised.

The most common facial flaps are the bilobed
and the rhombic flap, and both are examples of piv-
otal local cutaneous flaps.

THE BILOBED FLAP

The bilobed flap is a double transposition flap that
shares a single base. The flap has a number of appli-
cations on the face; however, the most common use
is to reconstruct defects of the nasal tip. The flap
must be designed with geometrical accuracy, and
the principle is that the first lobe is the same diam-
eter and height as the defect. The width of the sec-
ond lobe is slightly less, and the height is double.
Each lobe rotates through 45°. The donor site of
the second lobe is closed first, the first lobe recon-
structs the defect and the second lobe is trimmed
to close the first lobe donor site. Finally, any stand-
ing cutaneous deformity at the base of the defect is
removed. A bilobed flap is illustrated in Figure 11.4.

THE RHOMBIC FLAP

The rhombic flap is a transposition flap where a rect-
angle of skin is transposed to reconstruct a similar
sized defect. The most common application is to
reconstruct defects of the medial and lateral cheek.
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The rhombic flap must be designed bearing in
mind the skin laxity and proximity to other struc-
tures. A rhombic defect is created with two angles
of 60° and two of 120°. An adjacent rectangle
is marked parallel with the base of the rhombic
defect. This rectangle is transposed to reconstruct
the defect, and a standing deformity of variable
size at the base of the flap is excised.

KEY LEARNING POINTS

® Assessment and patient selection are key
in facial plastic surgery.

e Informed consent must be obtained and
documented, with written information
also given.

e Inrhinoplasty the patient’s skin type
must be taken into consideration as it is
one of the key factors to the outcome.

® Nasal reconstruction must involve
reconstruction of all three layers of any
defect: mucosa, cartilage and skin.

e In pinnaplasty and rhinoplasty, a diag-
nosis of the anatomical abnormality is
required to enable the surgeon to plan
the procedure required.
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The development of the operating endoscope has
made a significant change to the delivery of pitu-
itary surgery over the past 10 years. The improved
visualization of the operative field afforded by the
endoscope is leading to decreased morbidity and
better results. It has also necessitated the move to
more joint work between neurosurgeons and oto-
laryngologists, which fits well with modern multi-
disciplinary patient management and should lead
to safer advances in extended skull base surgery in
the future.

Historically, development in pituitary surgery
has been driven by the improvement in the optics.
Sir Victor Horsley in 1906 performed the first suc-
cessful transfrontal craniotomy for a pituitary
tumour. Herman Schloffer first described a nasal
approach in 1907, but Harvey Cushing' is most
associated with the transseptal, transsphenoidal
approach. He started his series of cases in 1909,
but he abandoned this approach and reverted to a
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transcranial approach because he was struggling
with post-operative infections and, not surpris-
ingly, difficulty in visualizing the operative field
when using only a relatively primitive headlight.

In the 1960s the operating microscope allowed
the switch back to the per-nasal transseptal route.??
By using an operating microscope?* the surgeon
gets excellent illumination, 3D perception and two
hands free for operating. This has been the main-
stay of pituitary surgery until recently.

Otolaryngologists started using rigid endo-
scopes for endoscopic sinus surgery in the late
1980s, and the first use in pituitary surgery was
by an otolaryngologist, Roger Jankowski, in 1992.
Since then the techniques have been refined.>®

Pituitary tumours are relatively common in that
they constitute approximately 12 per cent of all pri-
mary brain tumours. The majority are adenomas
and are benign. Malignant disease in the pituitary
is extremely rare.
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Figure 12.1 Sagittal MR view of a micro-adenoma
placed centrally in a normal-sized pituitary gland.

Adenomas are classified by both their size and
their function. Tumours that are less than 1 cm in
diameter are classified as micro-adenomas. Macro-
adenomas are those that are greater than 1 cm in
diameter. Approximately 50 per cent of adenomas
are nonfunctioning and will present by virtue of
their size as a space-occupying lesion. The other
50 per cent of adenomas are functioning and will
therefore present by the effects that they have via
excess hormone secretion (Figures 12.1 and 12.2).

PRESENTATION OF PITUITARY
TUMOURS

PROLACTINOMAS

Adenomas that produce prolactin are the most
common of the secreting adenomas. The adenoma
produces raised levels of circulating prolactin, and
in women this will have the effect of causing sec-
ondary amenorrhoea and galactorrhoea. In men
the effects of raised prolactin levels are less obvi-
ous. A degree of impotence is often the only symp-
tom, and tumours are often extensive before they
are diagnosed.

Figure 12.2 Coronal MR view showing macro-
adenoma elevating the optic chiasm (down
arrow) and extending over the carotid artery in
the right cavernous sinus (horizontal arrow).

Prolactin secretion from the anterior pituitary
lobe is controlled by prolactin releasing hormone,
which is secreted from the hypothalamus. The
hormone is dopamine, and it controls prolactin
secretion by inhibiting its release. This is the basis
of medical treatment in that dopaminergic com-
pounds can be used to inhibit the secretion of
prolactin. Initially, bromocriptine was used, but
this has been superseded by more effective agents
such as cabergoline. These medications can be
taken orally and lead to circulating prolactin levels
returning to normal and the adenoma itself resorb-
ing. Medical treatment is very effective and is all
that is required in 95 per cent of cases. Surgical
intervention or radiotherapy is only considered in
patients who are unable to tolerate the side effects
of medical treatment.

GROWTH HORMONE-SECRETING
ADENOMAS

Adenomas that increase circulating growth hor-
mone level lead to acromegaly. In adulthood the
symptoms are due to an increase in the size of
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soft tissues and membranous derived bones. The
classical appearance is of coarsening of the facial
features with prognathism, and the hands and the
feet increase in size leading to an increase in shoe
and ring sizes. Patients are often lethargic and
sweaty with macroglossia leading to sleep apnoea.
The internal changes lead to hepato-splenomegaly,
hypertension and increased risk of cardiomeg-
aly. It is these changes that lead to a significantly
reduced life expectancy in untreated patients.
Growth hormone secretion is controlled by growth
hormone releasing hormone, which is released
from the hypothalamus. This is a positive releas-
ing hormone. Growth hormone leads to increased
production of insulin-like growth factor 1 (IGF1),
and both circulating growth hormone and raised
levels of IGF1 can be measured in affected patients.
The effects of growth hormone are mediated in the
body by somatostatin. The basis of medical treat-
ment for acromegaly is to block the effects of soma-
tostatin with agents such as octreotide. Medical
treatment needs to be given by subcutaneous
injection and remains relatively expensive. Not all
tumours respond to these agents, but in those that
do there will be a reduction in the clinical symp-
toms of acromegaly and a slight shrinkage in the
size of the tumour.

Surgery remains the treatment of choice in the
majority of these tumours. Transsphenoidal surgery
for a micro-adenoma has a good chance of curing
the patient. When the tumour is a macro-adenoma,
complete clearance of the tumour is unlikely, but
significant de-bulking of the tumour tissue will
lead to an improvement in the symptoms and easier
control with subsequent treatment, whether it be
radiotherapy or somatostatin analogues.

ADRENOCORTICOTROPHIC
HORMONE-SECRETING
ADENOMAS

Adrenocorticotrophic hormone (ACTH)-secreting
adenomas produce the clinical syndrome of
Cushing’s disease. The ACTH leads to an increase
in circulating glucocorticoids, which gives the clas-
sical appearance of central obesity with wasting of
the proximal limbs, moon face, acne, striae and fat
deposition around the nape of the neck producing a

buffalo hump. Cushing’s disease is associated with
significant morbidity and mortality. The internal
effects of the raised glucocorticoid levels are hyper-
tension, diabetes and cardiovascular complications.
Untreated Cushing’s disease can lead to significant
mortality rates over only a few years.

There is no particularly satisfactory medical
treatment for Cushing’s disease. High doses of
antifungal agents such as ketoconazole can restrict
the effects of Cushing’s disease, but these are only
partially effective and have complications at the
required high doses.

Adenomas that produce ACTH are usually very
active and present when the adenomas are small.
Surgical adenomectomy therefore is the treatment
of choice. Small tumours can be difficult to locate
at presentation and may not be evident on magnetic
resonance (MR) scanning. Diagnosis can be helped
by inferior petrosal sinus sampling, which allows
ACTH levels to be assessed in both petrosal sinuses
- first by confirming that the Cushing’s disease is
due to an adenoma in the pituitary area, and sec-
ond by comparing levels between the two sides - to
indicate the likely side of the lesion if it is laterally
placed in the pituitary fossa. Pituitary adenomec-
tomy is usually the simplest surgical procedure to
control Cushing’s disease, but the alternative surgi-
cal option is bilateral adrenalectomy. This is increas-
ingly done endoscopically but is still a procedure
with a higher morbidity than pituitary surgery and
is therefore used as a second-line treatment.

OTHER SECRETING PITUITARY
TUMOURS

Thyroid stimulating hormone (TSH) tumours that
produce TSH, luteinizing hormone (LH) and folli-
cle stimulating hormone (FSH) compose less than
1 per cent of pituitary tumours.

MASS EFFECT PRESENTATION

Approximately 50 per cent of adenomas will pres-
ent with the hyper-secretion syndromes already
mentioned, but the other 50 per cent of adenomas
are nonsecreting in nature and will present by vir-
tue of their size alone.
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Increasingly, nonsecreting adenomas are
being picked up incidentally on MR scans. The
classical presentation of a nonsecreting tumour
is that of bitemporal hemianopia, headaches or
hypopituitarism.

As a tumour grows and becomes a macro-ade-
noma, it will extend beyond the pituitary fossa.
Extension inferiorly into the clivus is usually
asymptomatic. Extension laterally results in inva-
sion of the cavernous sinus. Tumour in the cavern-
ous sinus is also usually asymptomatic. It tends
to wrap itself around the sinusoidal shape of the
carotid artery or the siphon, which makes surgical
removal more difficult; the IIT, IV, V and VI cranial
nerves are placed laterally in the cavernous sinus,
however, and therefore are very rarely affected by
direct pressure. The immediate superior relation
of the pituitary fossa is the diaphragmatica sellae.
Increasing pressure on the diaphragm can lead
to low-grade headaches; however, most of these
tumours are slow-growing, so it is not a reliable fea-
ture. Further growth in the supra-sellar region will
lead to pressure on the optic chiasm. Early com-
pression affects the visual fields, initially producing
unilateral upper quadrant anopia. With increasing
pressure, this can become bilateral and take the
form of the classical bitemporal hemianopia.

As the nonsecreting tumour increases in size,
it will cause compression of the residual normal
pituitary tissue, resulting in pan-hypopituitarism
with hypothyroidism, amenorrhoea, impotence
and a hypo-functioning steroid axis. Clinically,
these patients present with a steady decline in
energy levels, generalized ill health, hypotension
and pallor.

The nonsecreting tumours cannot be treated
medically, and surgical regimens are the mainstay
of treatment. Surgical removal of an adenoma or
decompression will relieve the pressure from the
optic chiasm, which may be all the treatment that
is required or may be combined with radiotherapy.

OTHER LESIONS IN THE
PITUITARY FOSSA

Ninety-five per cent of lesions in the pituitary fossa
are adenomas, but other disorders include Rathke’s

cleft cysts, craniopharyngiomas, meningiomas,
chordomas and, rarely, aneurysms of the vessels
of the circle of Willis. Secondary metastases from
primary malignancies, typically breast adenocar-
cinoma, are occasionally seen.

Cystic lesions of the pituitary fossa present as
space-occupying lesions with visual field defects
and occasionally headache. Treatment is surgical
with drainage of the cyst, but the lesions have a
tendency to recur.

RADIOTHERAPY IN THE
MANAGEMENT OF PITUITARY
ADENOMA

Radiotherapy is widely used in the treatment of
pituitary adenomas despite the fact that these are
benign rather than malignant tumours. However,
it is not suitable for large tumours because of the
risk of damage to the adjacent optic chiasm, which
is relatively radiosensitive. Radiotherapy can be
an effective treatment for smaller adenomas and
hyper-secretion syndromes, but it does have the
disadvantage that it can take 2 to 5 years to take
effect, during which the hyper-secretion syndrome
will be ongoing. Normal pituitary function will
also decline with time, requiring long-term endo-
crine monitoring and hormone replacement to
support the pituitary axis. For these reasons, radio-
therapy is often used as a post-operative treatment
after the de-bulking of large macro-adenomas or
in patients with residual raised hormone secretion
levels as a result of partially successful surgical
treatment. Stereotactic radio-surgery in the form
of the gamma knife or cyber knife also appears
to have advantages in terms of improved con-
trol of hyper-section and a decreased reduction
in residual pituitary function over conventional
radiotherapy.

SURGICAL ANATOMY

The normal pituitary gland is approximately
0.5cm? in volume. It sits in the sella turcica in a
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pocket of dura, which lines the floor of the sella; a
layer of dura forms the roof of the pituitary fossa
(diaphragma sellae). The stalk of the pituitary
pierces this diaphragm. The diaphragm separates
the intracranial space from the pituitary fossa.
Cerebrospinal fluid (CSF) is present intracranially
but not normally in the fossa. The small defect in
the diaphragm that accommodates the pituitary
stalk is therefore a potential route for a CSF leak.
Laterally, the pituitary tissue is adjacent to the
venous sinusoids of the cavernous sinus. The inter-
nal carotid arteries ascend in a vertical portion in
the inferior part of the cavernous sinuses, turn for-
wards at the level of the pituitary gland and then
double back on themselves to perform a siphon in
the carotid artery that can often be seen on either
side of the pituitary fossa as it indents the posterior
wall of the sphenoid sinus. Carotid arteries pass
posteriorly from this bulge and then medially to
the anterior clinoid processes into the anterior cra-
nial fossa. The oculomotor (III), trochlear (IV), tri-
geminal (V) and abducens (VI) nerves are placed
laterally in the wall of the cavernous sinus. The
optic nerves pass posteromedially and superiorly
from the orbital apex to indent the superior aspect
of the sphenoid sinus just above the bulge formed
by the carotid artery before meeting in the optic
chiasm, which lies just anterior to the stalk of the
pituitary gland (Figure 12.3).

The degree of pneumatization and the position
of septae in the sphenoid sinus are highly vari-
able. In the majority of cases the pituitary fossa
will form a bulge in the posterior or posterosupe-
rior region of the sphenoid and is easily identifi-
able with the operating endoscope. The rostrum
of the sphenoid, where it is in contact with the
posterior edge of the plate of the ethmoid bone
forming the posterior end of the nasal septum, is
in the midline. If there is a sphenoid sinus septum
in contact with the anterior wall of the sphenoid
sinus, it will usually contact it in the midline. The
posterior attachment of intrasphenoid septae is
highly variable and will often veer to one side or
another and insert close to the carotid artery (as in
Figure 12.5). Multiple vertically and transversely
placed septae that may or may not extend from the
posterior wall of the sphenoid sinuses as far as the
anterior wall are often encountered. The degree of
pneumatization of the sphenoid is variable, with

Figure 12.3 Cadaveric dissection of pituitary
fossa and left cavernous sinus. The bone of the
roof of the posterior wall of the sphenoid sinus
and the diaphragma sellae have been removed to
demonstrate the normal pituitary gland (a), optic
nerve (b), optic chiasm (c), vertical portion of the
carotid artery (d), carotid siphon (e) and pituitary
stalk (f).

approximately 1 per cent of sphenoids being full of
cancellous bone with no aeration at all. In approxi-
mately 10 per cent of cases, the pituitary fossa is
behind the posterior wall of the sphenoid with no
air space below it.

SURGICAL MANAGEMENT
OF PITUITARY DISEASE

The evolution of pituitary surgery has been driven
by the steady improvement in surgical equip-
ment. Harvey Cushing is considered the father
of pituitary surgery because of his introduction
of the transseptal, transsphenoidal route from
1912-25, but he battled with the restricted view
in the days before good artificial illumination
and magnification and ultimately reverted to a
transfrontal craniotomy approach. The introduc-
tion of the operating microscope in the 1960s
stimulated the move away from high-morbidity
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transcranial approaches to surgery. Transseptal
and transethmoidal techniques became the stan-
dard approach.

The endoscopic approach refines this surgery
further with improved visualization of the pitu-
itary fossa and further reductions in morbidity and
improved endocrine outcomes.’

The main advantage of the endoscopic approach
is the improved view. The operating microscope
gives good visualization of the anterior pituitary
wall and opening into the pituitary fossa, but the
view inside the fossa is restricted by the size of the
opening. The fisheye lens of the endoscope allows
a better view of the contents of the fossa. For a
small adenoma, the endoscope can be positioned
right at the opening of the fossa. In cases where the
fossa has been expanded, the endoscope is placed
inside the fossa, allowing better assessment of
tumour clearance laterally towards the cavernous
sinuses and superiorly towards the diaphragm. In
our series the average operating time is the same
as for the transseptal approach (1%4-1% hours). The
patients still go home on the second post-operative
day, but there is a reduction in morbidity in that
there is no sublabial incision and the anterior sep-
tum is left undisturbed.

Transcranial approaches are still occasionally
required for very large macro-adenomas extend-
ing into the third ventricle or anteriorly into the
anterior cranial fossa.

PREOPERATIVE MANAGEMENT

The endocrinologists who need to establish
whether the lesion is a nonfunctioning or a func-
tioning adenoma assess patients initially. If the
lesion is causing hypersecretion, the hormone type
and baseline hormone levels are established, and
then suitability for medical treatment is assessed.
The residual pituitary function needs to be estab-
lished because surgery on patients with a sup-
pressed or absent steroid response is potentially
hazardous. Cases considered suitable for treatment
are managed by a multidisciplinary team includ-
ing endocrinologists, radiologists, oncologists and
pituitary surgeons (ideally both otolaryngologists
and neurosurgeons). Preoperative MR scanning
is mandatory because this will show the extent of

the growth of the adenoma and spread into the cav-
ernous sinus, clivus and supra-sellar regions, but
computed tomography (CT) may give additional
information in relation to the bony anatomy of the
sphenoid sinus. If the surgical anatomy is unclear
on scanning, it will be necessary to use an intraop-
erative surgical navigation system, which will give
orientation in three planes, or an image intensifier,
although this only gives support in two dimensions.

Endoscopic technique

PREPARATION

Thorough decongestion of the nasal mucosa is
essential. We use topical co-phenylcaine applied to
the nasal mucosa when the patient is awake 10 min-
utes before going through to the anaesthetic room,
followed by 10 mL of Moffat’s solution instilled into
the nasal cavity for 10 minutes when the patient is
anaesthetized in the reverse Trendelenburg posi-
tion on the operating table. Further decongestion
can be achieved by injecting a 1:80000 solution of
adrenaline using a dental needle or Moffat’s solu-
tion on small Neuro Patties as necessary.

STEP 1: SPHENOIDOTOMY

The sphenoid sinus ostia are identified and enlarged
using Stammberger sphenoidotomy punch forceps
and Kerrison and Hajek punches, so that the front
wall of the sphenoid is taken down to the level of
the floor of the sphenoid sinus.

STEP 2: RESECTION OF POSTERIOR SEPTUM
AND ROSTRUM

To achieve good access to the sphenoid sinuses, it is
necessary to remove the rostrum of the sphenoid.
This is performed with a Killian’s type incision
1 cm anterior to the front wall of the sphenoid. Use
of a ball diathermy electrode minimizes mucosal
bleeding. The muco-perichondrial flap raised from
the incision to the sphenoidotomy is removed with
a micro-debrider. The bone of the posterior sep-
tum is carefully removed and sections preserved
for potential use in closing the anterior wall of
the pituitary fossa. The rostrum of the sphenoid
is removed with Tilley Henkel forceps, and the
muco-perichondrial flap on the side opposite to the
incision is removed with the micro-debrider. There
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Intrasphenoid
sinus septum

Margin of
sphenoidotomy

Figure 12.4 Diagram of sphenoid sinus and intra-
sphenoid sinus septum.

should now be good access to the sphenoid sinus
on both sides of the nose (Figure 12.4).

STEP 3: IDENTIFICATION OF LANDMARKS

The intrasphenoid sinus septae are highly variable
but are visible on preoperative MR scans. The sep-
tae are reduced to allow access to the posterior wall
of the sphenoid. In most cases it is then possible
to identify the positions of the carotid arteries, the
bulge of the pituitary fossa and possibly the optic
nerves in the sphenoid. Careful correlation of the
preoperative radiology and the observed anatomy
usually allows accurate identification of the front
wall of the pituitary fossa, but the use of an image
intensifier or a surgical navigation system will be
necessary in a small minority of cases (Figures 12.5
and 12.6).

STEP 4: OPENING OF THE PITUITARY FOSSA

The bone over the front wall of the pituitary may
be thin if a tumour has caused local expansion but
usually will require gentle drilling in the midline.
When through the bone, the opening is enlarged
with a Stammberger sphenoidotomy punch or
Kerrison forceps without breeching the dura. The
dura is opened in the midline with a pointed dia-
thermy needle in the form of an X to allow entry
into the pituitary fossa (Figure 12.7).

STEP 5: ADENOMECTOMY

The pituitary fossa is explored using standard pitu-
itary ring curettes. At this point it is useful to have
a second surgeon available to manipulate a sucker

Optic nerve

Area to be
removed

Carotid artery

Clivus

Figure 12.5 Diagram of posterior wall of sphe-
noid showing area of bone to be removed to
open the pituitary fossa. Figures 12.4 and 12.5
reprinted with kind permission of the Journal of
Laryngology and Otology.

Figure 12.6 Peri-operative view of the posterior
wall of the sphenoid showing the bulges over the
pituitary fossa (a), the vertical portion of the right
carotid artery (b), the right carotid siphon (c), the
right optic nerve (d) and the intrasphenoid sep-
tum (e). The intrasphenoid septum is still in place
and obscures the view of these same structures
on the patient’s left.

through the other nostril. Gentle manipulation of
the ring curettes allows a soft pituitary adenoma
to be gently teased out of the fossa. A normal pitu-
itary gland appears yellower than tumour tissue
and is more adherent to the walls of the fossa. This
makes it possible to perform a selective adenomec-
tomy and leave normal tissue behind. In cases with
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Figure 12.7 Peri-operative endoscopic view
into the pituitary fossa after removal of a cystic
macro-adenoma showing the inferior margin
of the dural opening (a), the posterior wall of
the fossa (b), the diaphragm bulging down into
the fossa (c) and the lateral wall formed by the
cavernous sinus (d).

an expanded pituitary fossa, it is possible to look
inside the pituitary fossa by positioning the tip of
the endoscope inside the fossa. Care is taken not to
breach the diaphragm above the pituitary fossa. It
is unusual for CSF to be encountered in the fossa.
Large tumours are resected by gently removing the
inferior margin of the tumour. Intracranial pres-
sure will push supra-sellar components down into
the fossa, and piecemeal resection can usually be
continued without having to dissect above the con-
fines of the pituitary fossa.

STEP 6: CLOSURE

Small balls of moistened Spongistan are placed
within the fossa. The dura of the anterior pituitary
wall is not repaired, but if possible the bony defect
is repaired by placing a patch of bone taken from
the posterior septum just inside the bony open-
ing in the pituitary fossa wall. A flattened piece of
moistened Spongistan is then placed over the open-
ing into the pituitary fossa and the sphenoid sinus
is packed with ribbon gauze. If there is no sugges-
tion of a CSF leak, Vaseline-coated ribbon gauze
will suffice and can be removed after 24 hours. If
there is excessive bleeding or concern of a possible
CSF leak, a BIPP (bismuth iodine paraffin paste)
pack can be used because this can be left in situ for
longer (Figure 12.7).

Equipment required

® Good-quality endoscopes with three-chip
camera and monitor

e Neurosurgical pituitary instruments and
standard FESS (functional endoscopic sinus
surgery) instruments

® Micro-debrider

e Endoscrub +/— image intensifier

e Surgical navigation equipment

COMPLICATIONS

Bleeding

Bleeding from the pituitary fossa is usually venous
in origin and comes from the small inter-cavern-
ous connecting sinuses that run across the anterior
pituitary floor or from the cavernous sinuses them-
selves. This bleeding is low pressure and is usually
controlled by gentle tamponade of the fossa from
inside with Spongistan absorbable balls. Arterial
bleeding is most likely to result from damage to
the spheno-palatine artery as it crosses the front
wall of the sphenoid, during creation of the sphe-
noidotomy. Carotid artery damage is rare because
the arterial wall is relatively robust, but it is associ-
ated with high mortality and morbidity. Damage
can occur when extending the opening into the
pituitary fossa laterally or when dissecting in the
cavernous sinus. Immediate nasal packing will
probably provide short-term control, but neuro-
radiological help and stenting is the treatment of
choice.

Cerebrospinal fluid leak

Cerebrospinal fluid leak occurs in 2-5 per cent of
cases in most large series. CSF is not usually pres-
ent in the fossa, but it may be encountered when
the pituitary fossa is opened because the adenoma
has forced a breach in the diaphragm or widened
the opening around the pituitary stalk. The dia-
phragm can also be damaged during tumour
removal, particularly when a large tumour with
supra-sellar extension has caused thinning of the
diaphragm. Options for dealing with a leak are the
use of synthetic sealants/glues/dural substitutes
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to repair the anterior pituitary fossa floor, autolo-
gous fat or muscle plugs to the fossa itself or rein-
forcement of the anterior pituitary wall with nasal
muco-perichondrium, either as a free graft or in
the form of a Hadad transposition flap. Small leaks
may settle with a lumbar drain alone.

Infection

The concern about a persisting CSF leak is that it may
lead to pneumocephalus or meningitis. Covering
antibiotics are usually given for a week pre- and
post-operatively, but meningitis is extremely rare.

Visual problems

Direct trauma to cranial nerves II to VI is possible
but rare. A post-operative haematoma or infarc-
tion of residual adenoma can cause swelling and
pressure on the chiasm or nerves III, IV and VI in
the cavernous sinus.

Endocrine problems

Diabetes insipidus due to decreased secretion of
anti-diuretic hormone (ADH) from the posterior
lobe as a result of direct peri-operative surgical
trauma occurs in 2-5 per cent of cases. Diuresis is
noted 12-24 hours post-operatively. It is often self-
limiting, but if it persists it is treated with DDAVP.
Pituitary hypofunction will be detected by repeat
endocrine assessment 6 weeks post-operatively,
with the exception of a possible reduction in ste-
roid response, which is treated prophylactically
with steroid cover at the time of surgery and steroid
replacement for the first 6 weeks until the function
of the steroid axis can be assessed at 6 weeks.

POST-OPERATIVE MANAGEMENT

Neurological observation is recommended for the
first 12-24 hours to watch for cranial nerve and
intra-cranial complications.

Fluid balance charts and daily urea and electro-
lytes are monitored to exclude diabetes insipidus,
and the patient is instructed not to blow his or her
nose for 48 hours.

A regimen of steroid cover is required. This will
vary with the pathology and is best done, along

with the rest of the patient management, in con-
junction with an endocrinologist.
Antibiotic cover is necessary for 7 days.

KEY LEARNING POINTS

e Transsphenoidal surgery has been done
with the operating microscope since the
1960s but is increasingly being super-
seded by endoscopic techniques.

e Pituitary disease management requires a
multidisciplinary team of endocrinolo-
gists, radiologists, oncologists, otolaryn-
gologists and neurosurgeons.

e Endoscopic techniques allow better iden-
tification of the sphenoid anatomy and
improved visualization inside the fossa.

e Complications include bleeding, CSF
leak and pneumocephalus, diabetes
insipidus and upper cranial nerve palsies.
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INTRODUCTION

Olfaction is the sensation arising from the nasal
cavity following stimulation of the olfactory epi-
thelium by volatile compounds. A normal sense
of smell plays a vital role in the enjoyment of food
and detection of environmental hazards, and some
occupations depend heavily on an intact sense of
smell (e.g. cooks and wine tasters). Olfactory per-
ception has a strong association with memory and
emotion, owing to projections into the limbic sys-
tem. Olfactory symptoms may also be the primary
manifestation of serious intracranial pathology.
European studies have described a 20 per cent
prevalence of olfactory dysfunction, composed
of approximately 14 per cent with hyposmia and
6 per cent with anosmia. Men appear to perform
less well in olfactory testing, and olfactory sensi-
tivity deteriorates with age.
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PHYSIOLOGY OF OLFACTION

Olfaction is mediated via cranial nerves I (olfactory)
and V (trigeminal). The olfactory nerve is respon-
sible for the identification of odorants via special-
ized olfactory epithelium, and the trigeminal nerve
is responsible for the perception of chemical irritants
and detection of pungency. The olfactory mucosa is
a 1mm thick area of specialized neuroepithelium
overlying the cribriform plate, within the olfactory
cleft. The olfactory cleft is accessed by both ortho-
nasal (via direct inspiration into the nasal cavity)
and retronasal (the passage of odorant molecules via
the mouth and postnasal space) airflow. Olfactory
mucosa extends over the superior turbinate, below
the anterior middle turbinate and onto the nasal sep-
tum, more anteriorly and inferiorly than originally
thought. This is generally unrecognized but should
be borne in mind when performing nasal surgery.

m
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Odorant molecules interact with olfactory
mucus before binding with the olfactory recep-
tor cells. Olfactory receptor neurons are bipo-
lar, with a cilia-bearing, club-shaped peripheral
receptor. Their thin, unmyelinated axons become
ensheathed by Schwann cells and pass through the
15-20 foramina of the cribriform plate before syn-
apsing in the olfactory bulb. Each neuron expresses
a single receptor and can combine with a range of
odorant molecules before its associated axon proj-
ects to glomeruli in the olfactory bulb. It is sug-
gested that an odorant provides an ‘olfactory code’
by activating a set pattern of receptors and glom-
eruli, which is recognized by the olfactory cortex
and identified as a specific odour. Olfactory neu-
rons generate continuously, but this ability seems
to decrease with age. The ability to regenerate
is thought to be related to the constant exposure
of the olfactory mucosa to environmental condi-
tions. The vomeronasal organ (Jacobson’s organ) is
an accessory olfactory organ found in mammals,
which is thought to have a role in pheromone per-
ception. It is thought to be situated in the anterior
septum in humans, but its role as an active sensory
organ appears to be open to debate.

The primary olfactory cortex is represented by
the prepyriform and periamygdaloid areas of the
medial aspect of the temporal lobe and is responsi-
ble for primary odour identification. The amygdala
and entorhinal areas of the pyriform lobe make up
the secondary olfactory cortex. These are part of
the limbic system and are involved in the affective

OOdorant molecule

O\b

aspects of olfaction. Projections from the olfac-
tory pathways to the thalamus, the forebrain and
the limbic system are thought to mediate the asso-
ciations between odour perception, memory and
emotional stimuli. The olfactory pathway is medi-
ated by cyclic adenosine monophosphate (AMP)
(Figure 13.1).

PATHOPHYSIOLOGY OF
OLFACTORY DISORDERS

Olfactory disorders (dysosmia) manifest in a num-
ber of ways.

1. A reduced or absent sense of smell - hyposmia
or anosmia
2. A distorted sense of smell
a. Parosmia/troposmia - distorted quality of
a perceived odorant
b. Phantosmia - perceived smell in the
absence of an olfactory stimulant
c. Cacosmia — perception of an unpleas-
ant smell in the absence of olfactory
stimulation
d. Hyperosmia - increased olfactory acuity

Such disorders can be total, partial or specific to
certain smells.

Analogies have been drawn between causes
of olfactory disturbance and causes of hearing
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Figure 13.1 Olfactory transduction — interaction of odorant molecules with olfactory neurons. Reprinted
with permission from Harish Viswanathan and ENT News.
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Figure 13.2 Nasal polyps causing reduced olfac-
tory acuity.

loss. ‘Conductive’ disorders result from odorant
molecules failing to access the olfactory mucosa,
e.g. nasal polyps or rhinosinusitis (Figure 13.2).
‘Sensory’ losses are caused by olfactory mucosal
damage, e.g. chemical exposure, viruses or neo-
plasms, whilst neural causes result from defects
in the peripheral or central neural pathways, e.g.
head injury. In individual cases olfactory loss may
be a combination of both conductive and sen-
sory losses. Twenty per cent of cases of dysosmia
are idiopathic, and iatrogenic causes of hyposmia
should always be considered. The most common
causes of olfactory dysfunction are trauma, viral
infections, nasal pathology and neurological dis-
ease. This is summarized in Table 13.1.

Studies suggest that head injuries account for
up to 18 per cent of olfactory disturbances. In such

Table 13.1 Causes of olfactory loss

Percentage of patients

Aetiology (approximate)
Post URTI 35
Nasal/sinus disease 20
Idiopathic 20
Head injury 17
Miscellaneous 5
Congenital 3

Note: Miscellaneous causes included solvent abuse,
abuse of nasal decongestants, Parkinson'’s disease,
therapeutic radiation and cerebral infarction.

cases, olfactory insult can result from damage to
nasal mucosa, shearing of olfactory fibres due to
cribriform plate fracture, and oedema of the olfac-
tory tracts and bulbs. Damage to peripheral olfac-
tory apparatus results in anosmia, whereas central
olfactory damage may manifest as an inability to
discriminate odours. The anterior temporal lobes
and orbitofrontal poles are most vulnerable.

Upper respiratory tract infections (URTIs) com-
monly result in olfactory dysfunction. Temporary
anosmia can occur following URTI, when oedema
prevents odorant molecules from reaching the
olfactory cleft. Viral URTI accounts for up to
20-30 per cent of identified olfactory losses, typi-
cally parainfluenza 3 virus. Viral infections may
also cause reduction in olfactory receptors with
replacement by respiratory epithelium, resulting in
a permanent olfactory impairment. The purulent
nasal secretions associated with chronic rhinosi-
nusitis may cause a patient to complain of a persis-
tent unpleasant smell.

Olfactory acuity deteriorates with age but is also
associated with a number of neurological condi-
tions. Disturbance of the sense of smell occurs in
more than 95 per cent of patients with idiopathic
Parkinson’s syndrome and can precede the motor
symptoms by up to 6 years. Dysosmia is also associ-
ated with Alzheimer’s disease, Huntington’s disease
and motor neuron disease. The olfactory pathology
is thought to be central in origin in these conditions.

There seems to be an association between phan-
tosmia and various neurological conditions, includ-
ing epilepsy, migraine, schizophrenia, head injury
and neuroblastoma. Both central and peripheral
pathology can play a role, with incorrect signalling
at the level of the neurons, or the active or abnormal
function within the brain. The symptoms can last
from a few seconds to a number of hours, and the
odours experienced may be pleasant or unpleasant.

ASSESSMENT OF OLFACTORY
DISORDERS

HISTORY

A thorough clinical history should be taken. The
duration, speed of onset and pattern of olfactory
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disturbance should be determined. The presence of
associated nasal symptoms, such as nasal obstruc-
tion, discharge, postnasal drip and facial pain,
suggests rhinosinusitis. The patient may be able to
identify an episode of viral URTI preceding his or
her symptoms. Patients often complain of taste dis-
turbance, which has an underlying olfactory com-
ponent in 80 per cent of cases.

Details of any head injury should be elicited,
particularly regarding loss of consciousness,
direction of impact and radiological findings.
Tatrogenic causes must be considered, including
medications, illicit drugs, neurosurgical inter-
vention, radiotherapy and previous nasal surgery.
Clearly, a patient with a laryngectomy or trache-
ostomy is likely to notice a decrease in olfactory
acuity, mainly as a result of the reduction in nasal
airflow, although smell can still be active via ret-
ronasal airflow. Table 13.2 summarizes details of
medical conditions and prescribed medications
that should be explored. A neurological history
should be performed, particularly in patients with
phantosmia.

Occupational history is relevant because it
may reveal exposure to noxious chemicals, e.g.
formaldehyde or benzene, but the impact of the
olfactory disturbance on the patient may be signif-
icantly greater if the patient’s occupation requires
an intact sense of smell. Alcohol, nicotine and
cocaine reduce olfactory sensitivity. Family his-
tory should be elicited because conditions such
as primary congenital anosmia and Kallman syn-
drome (hypogonadotrophic hypogonadism and
anosmia) may be familial. Anosmia with associ-
ated premature baldness and vascular headaches
has been described with a dominant inheritance
pattern.

CLINICAL EXAMINATION

Congenital disorders of smell, including isolated
absence/hypoplasia of the olfactory bulbs, are asso-
ciated with Kallman syndrome, primary congenital
anosmia, Turner syndrome and premature baldness,
and may be diagnosed on assessment of the patient’s
habitus. Nasendoscopy may show evidence of rhi-
nosinusitis, turbinate hypertrophy or polyposis

Table 13.2 Medical causes of olfactory
dysfunction

Congenital Kallman syndrome

Familial, e.g. primary
congenital anosmia

Alzheimer's disease

Epilepsy

Multiple sclerosis

Parkinson's disease

Neurological

Metabolic/ Chronic renal/liver failure
endocrine Diabetes

Hypo/hyperadrenalism
Hypothyroidism

Trauma Head injury

Inflammatory Rhinosinusitis/nasal polyposis
Sarcoidosis
Wegener's disease

Neoplasms Olfactory neuroblastomas

Anterior skull base tumours
Degenerative  Age
Viral upper respiratory tract
infection

Infective
latrogenic Radiotherapy to skull base
Neurosurgical procedures
Sinonasal surgery
Laryngectomy
Medication Local anaesthetics, e.g. cocaine
Antihypertensives, e.g.
nifedipine, diltiazem
Immunosuppressants, e.g.
methotrexate
Antidepressants, e.g.
amitriptyline

Others Psychiatric

or may reveal no abnormality (Figure 13.2). There
may be clinical evidence of previous sinonasal or
neurosurgical intervention. It should be appar-
ent if the patient has a tracheostomy or laryngec-
tomy. Cranial nerve examination should always
be included, and a patient should be examined for
papilloedema if there is suspicion of a cranial space-
occupying lesion. Neurological assessment should
be considered in cases in which Parkinson’s disease
or similar motor pathologies are suspected.

http://e-surg.com



Assessment of olfactory disorders / Investigations 115

INVESTIGATIONS

Radiological evaluation of olfactory
dysfunction

Currently, there are no guidelines regarding
the indications for imaging in olfactory disor-
ders. Computed tomography (CT) is felt to be
more appropriate for patients with sinonasal dis-
ease, particularly as an aid to surgical planning.
However, magnetic resonance imaging (MRI) is
the gold standard for diagnosis of olfactory appa-
ratus abnormalities and parenchymal disease,
particularly in congenital disease (Figure 13.3).
Decreased volume of the olfactory bulbs is noted
with increasing age. Absent olfactory bulbs are
described in congenitally absent olfactory disease,
and hypoplastic olfactory sulci and loss of tempo-
ral and/or frontal lobe volume have been noted in
Kallmann syndrome (Figure 13.3). Phantosmias
and olfactory hallucinations may have peripheral
or central origins and should always be imaged.
Accurate diagnosis of the site of skull fracture
and associated parenchymal injuries may allow
prediction of the likelihood of recovery of smell.
A positive correlation has been shown between
the number of plaques and olfactory function in

Figure 13.3 MRI scan demonstrating absent
olfactory apparatus (indicated by arrows).

patients with multiple sclerosis. Functional MRI
is used to measure blood flow within the brain,
with the theory that an area of higher activity has a
higher blood flow and can be identified as a result.
It is rarely used clinically, but studies have shown
reduced frontal lobe blood flow in patients with
schizophrenia and olfactory disorders.

Olfactory testing

Three criteria have been described as necessary to
maximize odour recognition in olfactory testing.

1. Odours must be familiar to the patient.

2. There should be a long-standing association
between the odour and its name.

3. Help should be given to recall the name.

Reliability is improved by using both thresh-
old testing and odour discrimination assessment.
Threshold testing identifies the concentration at
which an odorant is reliably perceived. A simple
threshold test can be performed using butanol
or phenylethylalcohol, which are used because
of their minimal trigeminal stimulation effects.
Varying dilutions of the olfactory stimulant (4 per
cent being the lowest dilution) are presented to the
patient in a random order. Patients have to make a
choice between the odorant and two control sam-
ples as to which they can smell, and the lowest con-
centration that can be perceived is documented.
This is repeated until the lowest concentration that
is reliably perceived is determined. ‘Forced-choice’
procedures reduce response bias because patients
scoring less than chance are likely to be malinger-
ing, as are those who fail to identify trigeminal
nerve stimulants, such as ammonia. Formal olfac-
tory testing allows monitoring of the progression
or resolution of dysosmia, particularly following
surgical or other therapeutic intervention.

The UPSIT (University of Pennsylvania Smell
Identification Test) system is commonly used
by clinicians in North America. This is a forced-
choice supra-threshold test with 40 microencap-
sulated odours, acting as a ‘scratch-and-sniff” test.
The test indicates a level of smell function, i.e.
mild to total anosmia, and has score ranking for
age and gender. However, the system has not been
validated on a UK population. The Cross-Cultural
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Smell Identification Test (CCSIT) is a self-adminis-
tered 12-item test based on UPSIT that can be car-
ried out in 5 minutes. Sniffin’ Sticks are a test of
olfactory function based on felt-tip pens and assess
odour threshold, discrimination and identification
(Figure 13.4). The UPSIT and Sniffin’ Sticks tests
were developed in the United States and Germany,
respectively, and some of the odorants may not
be familiar to a UK population. The Combined
Olfactory Test is a test designed and validated in
the UK and assesses odour discrimination and
threshold testing.

There is considerable variation in the reliabil-
ity of olfactory tests related to length of testing.
Results from different testing methods should not
be compared because variations may result from
differing reliabilities rather than reflecting clinical
findings.

Electrophysiological methods are available to
assess olfactory function. The electro-olfactogram
(EOG) measures the electrical potential evoked
in the olfactory mucosa when an odorant is pre-
sented in the nasal cavity and reflects the generator
potential of the olfactory neurons. The technique

Figure 13.4 Sniffin’ Sticks screening 12 olfactory

test — an example of qualitative and quantitative

olfactory testing. Reprinted with permission from
Burghart Messtechnik GmbH.

has a role in the investigation of olfactory process-
ing but is technically demanding and has high
inter-individual response variability. The presence
of olfactory event-related potentials (OERPs) is
taken to indicate that the ability to smell is pres-
ent; however, an olfactory stimulus of defined
duration, concentration and stimulus rise time
must be provided. The aim of such techniques is
to provide an objective olfactory assessment, but
they are rarely used beyond the realms of special-
ist olfactory centres.

Finally, olfactory function can be assessed using
the retronasal route by placing ‘taste powders’ in
the mouth and using forced choice questionnaires
to identify the powders. Given that a truly anosmic
patient would only be able to detect sweet, sour,
bitter, salty and umami, the technique can be used
to evaluate the authenticity of a patient’s clinical
perception.

TREATMENT OF OLFACTORY
DISORDERS

PHARMACOLOGICAL THERAPY OF
OLFACTORY DISORDERS

Ideally, a specific aetiological cause for the olfac-
tory disorder would be identified during the
assessment of the patient, and treatment directed
towards the cause. Unfortunately, evidence for the
use of specific pharmacological therapies in dysos-
mia is variable.

A trial of oral corticosteroids may be useful.
Improvements in subjective and objective olfac-
tory measurements have been described, particu-
larly in anosmic patients with allergic rhinitis,
chronic rhinosinusitis and nasal polyposis. The
cause of improvement is unclear but is likely to be
due to a reduction in mucosal oedema, even when
a conductive olfactory loss may not be appar-
ent. However, while hyposmic patients appear to
improve, they may not return to normosmia, and
anosmic patients show minimal improvement
in olfactory scores. The recommended doses and
length of treatment vary between studies. A trial
of prednisolone 0.5mg/kg for 7 days would seem
reasonable. Patients should be asked to ‘test’ their
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sense of smell during the treatment period to assess
for any improvement.

Corticosteroid nasal sprays have a role in the
treatment of inflammatory nasal conditions but
seem to be less effective in improving olfactory
scores and symptoms. It is thought that their effect
results from the reduction of oedema in the olfac-
tory cleft. Their use has been shown to maintain
the effects of an initial response to oral steroids or
following endoscopic sinus surgery.

Antidepressants and anticonvulsants have been
used in the treatment of olfactory distortions. The
presence of a neurological or psychiatric disor-
der needs to be established as part of the patient’s
investigations and treated accordingly. Topical
cocaine hydrochloride can temporarily disrupt
olfactory neurons, but the patient should be fully
informed of potential complications, including
permanent anosmia or phantosmia. The effective-
ness of therapies other than steroids, including
zinc replacement, herbal remedies, alpha-lipoeic
acid and caroverine, has been assessed, with no
reliable evidence to recommend their use in anos-
mia or hyposmia.

The potential for neural plasticity in the olfac-
tory system has been targeted by the use of olfac-
tory training. Olfactory ability has been shown
to improve on formal testing, at least in the short
term, by structured exposure to intense odours.
This ‘odour gymnastics’ involves smelling four
different odours each morning and evening for 4
to 6 months. A single study showed positive effect
in patients with anosmia secondary to URTI and
head trauma, with improvements in approximately
25 per cent of patients compared to those who did
not carry out training. More research is required to
separate the potential for a degree of spontaneous
remission from genuine therapeutic effect.

SURGICAL INTERVENTION FOR
OLFACTORY DISORDERS

It seems logical that treating mucosal oedema
and polyposis to improve access of odorant mol-
ecules to the olfactory apparatus would result in
symptomatic improvement. However, the sur-
geon should always take care to avoid damage to
normal olfactory mucosa during all nasal surger-
ies. The effectiveness of surgical intervention for

hyposmia secondary to chronic rhinosinusitis has
been debated. A correlation between nasal airflow
and odour identification in patients with chronic
rhinosinusitis has been demonstrated. A number
of studies have shown improvements in subjective
and objective measures of olfactory functions. The
improvements may be maintained by continuing
use of nasal steroids. Permanent impairment in
olfactory function in patients with chronic rhi-
nosinusitis may be due to reduction in olfactory
epithelium and replacement with normal respira-
tory mucosa. Inflammatory changes within the
olfactory mucosa may account for hyposmia, inde-
pendent of airflow alteration. Recovery of smell
in patients with chronic rhinosinusitis/polyposis
seems to be time dependent, with prolonged dis-
ease resulting in a less satisfactory outcome.

Other surgical techniques have been described
in the management of patients with olfactory dis-
tortions. These include bifrontal craniotomy with
removal of the olfactory bulbs, and excision of the
olfactory mucosa via an endonasal approach. Both
approaches result in permanent anosmia, but the
potential complications and uncertainty of out-
come mean these are rare procedures.

PROGNOSIS

Post-traumatic olfactory impairment is more
pronounced with less chance of recovery than in
chronic rhinosinusitis or post-infection. Predictive
factors may allow identification of likelihood of
recovery. Factors noted to negatively influence
recovery include a Glasgow Coma Scale (GCS)
score of <13 at presentation, loss of consciousness
>1 hour, post-traumatic amnesia and radiological
abnormalities with occipital, frontal and skull base
fractures. Forty per cent of such patients suffer an
olfactory deficit, although this may only manifest
on formal testing. Recovery of normal smell fol-
lowing head injury is unlikely, although recovery
has been noted up to 5 years post injury.

The prognosis for recovery from URTI-induced
hyposmia varies in the literature from 6 months
to 3 years, although other studies describe mini-
mal recovery. Stem cells may persist in the olfac-
tory mucosa with the potential for regeneration.
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However, in a small percentage, olfaction remains
permanently distorted, particularly in women
(70-80 per cent) and in those aged between
40 and 60 years. This is partly due to cumulative
degeneration of the olfactory apparatus with age.
With regard to endoscopic sinus surgery, approxi-
mately 10 per cent of patients have no improve-
ment and 6 per cent have been shown to have
experienced a deterioration in olfaction at 5 years
post surgery. In practice, managing such patients
requires the judicious use of both steroid therapy
and careful surgery. Patients should be given a
realistic indication of the prognosis for the recov-
ery of smell when preparing for nasal surgery.

QUALITY-OF-LIFE ISSUES

It is very important for the evaluating clinician
to appreciate the effect that an impaired sense of
smell can have on a patient’s quality of life. Studies
have reported that almost 75 per cent of dysosmic
patients have problems with cooking food, and 50
per cent report inadvertently eating spoiled food.
Occupations that depend heavily on an intact
sense of smell include wine tasting, cosmetic and
perfume manufacturing and catering. Altered
mood and difficulty in the perception of one’s own
body odour can also put a significant strain on a
patient’s daily life, and the clinician should be sen-
sitive to this. Finally, it is vital to advise patients of
the potential risks associated with reduced smell,
with particular regard to detection of environmen-
tal hazards, e.g. smoke and gas.

CONCLUSIONS

Patients with olfactory disorders should undergo
a comprehensive clinical assessment. CT imaging
is most appropriate for planning surgery for sino-
nasal disease, while MRI evaluates the olfactory
apparatus more accurately. Olfaction may remain
permanently distorted following head injury, viral
infection and chronic rhinosinusitis. However,
recovery has been documented over longer peri-
ods than previously thought. Oral corticosteroids

appear to be the only effective pharmacological
treatment for hyposmia at this time.

KEY LEARNING POINTS

e The quality of life can be significantly
reduced by olfactory disorders.

® Nasendoscopy should be a mandatory
assessment to visualize the olfactory
epithelium.

e Formal chemosensory testing can assist
with both the diagnosis and the moni-
toring of olfactory disorders.

® Oral corticosteroids appear to be the
only current effective pharmacological
treatment for hyposmia.

o Patients should be advised of the poten-
tial risks associated with reduced smell.
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INTRODUCTION

The nose and paranasal sinuses can be the site of
both benign (relatively common) and malignant
(rare) neoplasms.

The variety of tissue types that constitute the
nose and sinuses results in a wide range of histo-
logical tumour types. Tumours can thus arise from
epithelial tissue, bone, cartilage and neurological,
vascular and lymphoid tissue and muscle. Tumours
will be benign or malignant in their behaviour;
however, some may have malignant potential, for
example the inverted papilloma.

ANATOMY

The anatomy of the nose and paranasal sinuses is
complex, and a detailed description is beyond the
scope of this chapter. However, it is worth high-
lighting certain points.

This complex bony skeleton occupies the anterior
portion of the skull and consists of air-containing
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cells varying in size from small ethmoid cells to
the large maxillary antra. It is of importance surgi-
cally to be aware of the fragile nature of the bony
boundaries of the ethmoid complex of sinuses with
the ‘paper-thin’ lamina papyracea laterally between
ethmoids and orbits and the perforated cribriform
plate superiorly forming part of the floor of the ante-
rior cranial fossa. The frontal sinuses are protected
behind the thick frontal bone of the skull with a
thinner inner plate anterior to the frontal lobes of
the brain. The centrally place sphenoid sinuses are
closely associated with the cavernous sinuses, optic
nerves and internal carotid arteries laterally and
the pituitary gland superiorly. Both the frontal and
sphenoid sinuses typically are asymmetrical with
bony partitions that are off-centre. The large max-
illary sinuses or antra are pyramidal in shape with
the apex directed laterally into the zygomatic pro-
cess. The floor is closely related to the upper denti-
tion. Superiorly lies the orbit, with the nasal cavity
medially, while posteriorly the pterygoid plates are
attached, creating the pterygomaxillary fissure,
which leads into the pterygopalatine fossa medially
and the infratemporal space laterally.

19
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The nasal cavity is divided in two by the verti-
cally placed septum. This structure is composed of
two bones, the vomer and the perpendicular plate
of the ethmoid, and one quadrilateral hyaline car-
tilage, which lends support and projection to the
nose along with the supporting upper and lower
lateral cartilages. Superiorly it is attached to the
cribriform plate while inferiorly it sits in the groove
of the maxillary crest. The floor of the nasal cavity
is the roof of the mouth, thus the nasal cavity runs
horizontally from nostril to nasopharynx - a point
worth remembering when packing a nose. The lat-
eral wall of the nose consists of the three turbinate
(or conchal) bones: superior, middle and inferior.
The spheno-ethmoidal recess sits postero-superior
to the superior turbinate and receives drainage
from the sphenoid sinuses, while the posterior
ethmoids drain just under the superior turbinate.
Most remaining paranasal sinuses drain into the
hiatus semilunaris under the middle turbinate,
while the only structure to drain under the large
inferior turbinate is the naso-lacrimal duct.

The blood supply of the nose and paranasal
sinuses is via the external and internal carotid
artery systems, principally the maxillary artery
and the ethmoid arteries. This leads to the well-
known watershed on the anterior nasal septum
called ‘Little’s area’ (Keisselbach’s plexus), which is
the source for many nosebleeds (Figure 14.1).

The mucosal covering throughout the nose and
paranasal sinuses is respiratory-type columnar
ciliated epithelium, except in the roof of the nasal

Figure 14.1 Little's area of septum.

cavity where the neuro-epithelium of the olfactory
mucosa sits.

The lymphatic drainage of the anterior nose is
to the submandibular level I nodes, while the pos-
terior nose drains to the retropharyngeal and level
IT neck nodes. This principle is true also for the
paranasal sinuses with all anteriorly placed sinuses
draining to the submandibular lymph nodes, while
the posterior ethmoid and sphenoid sinuses drain
to the retropharyngeal and level IT nodes.

AETIOLOGY

The aetiology of many sinonasal tumours remains
unknown. Certain risk factors are known for
malignant disease, such as smoking and hard-
wood exposure in ethmoid adenocarcinoma. Other
environmental pollutants may have a role in some
benign conditions. Human papillomavirus (HPV)
infection has been associated with inverted papillo-
mas, in particular HPV types 6, 11, 16 and 18. HPV
types 16 and 18 are most likely to be associated with
malignant transformation in an inverted papilloma.

CLINICAL FEATURES

Tumours of the nose or paranasal sinuses can present
with any of the commonly recognized symptoms:

Nasal blockage
Rhinorrhoea
Epistaxis

Facial pain
Hyposmia/anosmia

Certain features, however, should make one clini-
cally suspicious:

Red flag symptoms

Unilateral symptoms

Blockage

Bleeding/blood-stained discharge
Cacosmia

Proptosis

Diplopia

Epiphora

Neurological symptoms
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CLINICAL EXAMINATION

Follow standard steps including the following:

Nasal endoscopy, including the postnasal space
Orbital examination, including eye movements
Cranial nerves, especially the trigeminal nerve
Intraoral examination, including hard and soft
palate, teeth and gingiva

e Otoscopy

Evidence of a unilateral soft tissue swelling,
especially if associated with pain and/or bleeding,
is a highly suspicious clinical scenario, and one
should endeavour to exclude malignancy.

Table 14.1 Sinonasal tissue types and tumours

Tissue type

Epithelial
Inverted papilloma

(fungiform, inverted, cylindrical)

Osteoma
Chondroma
Fibroma

Mesenchymal

Juvenile nasopharyngeal
angiofibroma (JNA)

Neural Schwannoma
Neurofibroma
Meningioma

Fibro-Osseus Fibrous dysplasia
Ossifying fibroma
Giant cell tumour

Giant cell granuloma

Aneurysmal bone cyst

Vascular Haemangioma

Haemangiopericytoma

Pyogenic granuloma
Lymphoreticular

Odontogenic

Benign

Squamous papilloma

While the benign appearance of a ‘simple aller-
gic-type’ nasal polyp is well recognized, these sim-
ple polyps can demonstrate surface changes that
make immediate reassurance difficult. Similarly,
‘fleshy’ intranasal swellings may ultimately prove
benign. Further investigations are therefore likely
to be required.

TISSUE TYPES

A huge range of tissue types exist within the nose
and paranasal sinuses, all of which may lead to
the development of benign or malignant disease
(Table 14.1).

Malignant

Squamous cell carcinoma
Adenocarcinoma
Adenoid cystic carcinoma
Muciepidermoid carcinoma
Acinic cell carcinoma
Malignant melanoma
Osteosarcoma
Chondrosarcoma
Fibrosarcoma
Rhabdomyosarcoma
Leiomyosarcoma
Malignant fibrous
histiocytoma
Olfactory neuroblastoma
Neuroendocrine carcinoma

Angiosarcoma
Kaposi sarcoma

Non-Hodgkins lymphoma
Burkitt's lymphoma
Plasmacytoma
Ameloblastoma
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INVESTIGATIONS

The most common type of swelling within the nose
and paranasal sinuses is the simple nasal polyp.
Further information on this can be found in Chapter
6 and therefore will not be discussed further here.

When faced with the clinical scenario of a
tumour within the nose, clinical examination
should attempt to clarify whether it is confined to
the nasal cavity or has originated from within the
paranasal sinuses. This may be easily confirmed on
nasal endoscopy; however, more often than not,
imaging will be required to establish the extent of
the lesion.

Computed tomography (CT) is the imaging
modality of choice because of its ability to dem-
onstrate soft tissue while providing excellent bony
definition. This is of importance when suspecting
malignancy because bone erosion/destruction is
a sign of malignancy, while bone distortion such
as bowing of a bony wall indicates a longer-term
process and is less likely to indicate malignancy
(Figure 14.2).

Figure 14.2 CT scan demonstrating extensive
squamous carcinoma with bone destruction and
involvement of orbit and soft tissue of cheek.

CT scanning is complemented by magnetic
resonance imaging (MRI), which gives improved
soft tissue definition, for example distinguishing
mucus from soft tissue, and of course does not
involve radiation (Figure 14.3).

The use of plain x-rays is no longer reccommended
owing to their poor sensitivity and specificity.

The role of positron emission tomography-com-
puted tomography (PET-CT) scanning in these
tumours is yet to be established. Angiography may
be considered for vascular tumours such as juve-
nile nasopharyngeal angiofibroma (JNA).

Advancing technology now permits excellent 3D
reconstruction of images for treatment planning.

Haematological investigations such as a full
blood count may be indicated if lymphoma is
suspected.

Histological confirmation of the diagnosis will
require a biopsy either under local anaesthetic or
during the course of an examination under general
anaesthetic. The latter is generally to be recom-
mended because bleeding may be a problem and
can be dealt with more easily in this setting. It
may be considered dangerous, however, to attempt

Figure 14.3 MRI of nasal tumour highlighting
mucus retention in maxillary and frontal sinuses.
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biopsy, and diagnosis of this condition is usually
made on the basis of the clinical picture and the
radiological features.

MANAGEMENT

The treatment for tumours of the nose and the para-
nasal sinuses will depend on the specific condition,
and in particular whether it is benign or malignant.
It is likely, however, that surgical intervention will
be required to alleviate symptoms, the extent of
which will vary from simple intranasal excision to
major craniofacial resection and reconstruction.

Close multidisciplinary working is paramount
under these circumstances to ensure that the correct
approach is chosen because major surgical resection
can be mutilating and have a significant impact on
length and quality of life. Maxillofacial and plastic
surgery collaboration may be required along with
colleagues from restorative dentistry and prosthetics.

The use of chemotherapy and radiotherapy
as adjuvant treatments should be fully discussed
among the multidisciplinary team and with the
patient, who should be aware of the side effects of
these treatment modalities.

BENIGN TUMOURS

The nose and paranasal sinuses contain all tissue
types, including epithelial, mesenchymal, vascular
and neural. All tissue types can give rise to benign
as well as malignant tumours.

The more common types are discussed in the
following sections.

Inverted papilloma (schneiderian
papilloma)

Inverted papillomas are benign tumours of the
sinonasal mucosa. Their characteristic inverted
mucosal surface extending into the stroma of
the papilloma leads to the term inverted for these
lesions (Figure 14.4).

They occur more frequently in men (3:1) and
have an incidence of approximately 1 per 100,000
population.

Figure 14.4 Inverted papilloma presenting at
nostril.

Although benign, they behave in a locally
aggressive manner, requiring wide local excision if
recurrence is to be prevented. Malignant transfor-
mation can occur in up to 10 per cent of lesions but
is typically reported as occurring in approximately
2 per cent. The aetiology remains unclear, and the
reasons for malignant transformation similarly are
unknown.

Clinical presentation is typically with unilateral
nasal symptoms, especially blockage, rhinorrhoea
and epistaxis. Endoscopic examination typically
reveals an irregular fleshy lesion arising from the
nasal mucosa. The most common site is the lateral
nasal wall around the middle turbinate. Bilateral
lesions are rare.

Preoperative investigations include CT scan-
ning, which may be complemented by MRI for
more detailed soft tissue definition. The extent of
the disease will determine the extent of surgery
(Figure 14.5).

Staging for IP was proposed by Krouse in 2001:

Stage 1. IPs confined to the nasal cavity

Stage 2. IPs involving the ethmoid sinuses, medial
and superior region of maxillary sinus

Stage 3. IPs involving all paranasal sinuses, but
confined to the nose and paranasal sinuses

Stage 4. IPs not confined to the nose and parana-
sal sinuses (i.e. orbital or intracranial exten-
sion) or with evidence of malignancy
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Figure 14.5 CT scan demonstrating unilateral
opacification centred on the lateral nasal wall.

Surgery can be either open/external approach
or endoscopic. With improved technological
advances the latter is gaining favour, and reports
of case series around the world suggest that a low
recurrence rate (11-12 per cent) can be achieved
with endoscopic methods. Wide excision remains
the key principle to resection of these tumours,
and regular post-operative monitoring is required
to detect recurrence or malignant transformation.

Juvenile nasopharyngeal
angiofibroma

These are rare but locally aggressive vascular
lesions that occur almost exclusively in young
teenage boys. These lesions typically arise from
the sphenopalatine foramen and present within
the nasopharynx. Although they are benign, local
extension into the skull base means that at presen-
tation intracranial disease may be present in 10-20
per cent of cases.

Typical presentation is with progressive
nasal obstruction and epistaxis in a teenage boy.
Endoscopic examination of the nasopharynx is
mandatory in this instance and will reveal the

Table 14.2 Juvenile nasopharyngeal
angiofibroma staging

| Tumour limited to nasopharynx. Bone
destruction is negligible or limited to
sphenopalatine foramen

Il Tumour invading pterygopalatine fossa or
maxillary, ethmoid or sphenoid sinus with
bone destruction

[IIA Tumour invading infratemporal fossa or
orbital region without intracranial involvement

1B Tumour invading infratemporal fossa or
orbit with intracranial extradural (parasellar)
involvement

IVA Intracranial intradural tumour without
infiltration of cavernous sinus, pituitary fossa
or optic chiasma

IVB Intracranial intradural tumour with
infiltration of cavernous sinus, pituitary fossa
or optic chiasma.

Staging for JNA commonly employs the system pro-
posed by Andrews, Fisch et al.

characteristic purple soft tissue swelling. Staging of
this condition is as suggested by Fisch (Table 14.2).

Investigations include CT and MRI as well as
angiography/magnetic resonance angiography
(MRA). Biopsy should be avoided because the
diagnosis can be made radiologically, and severe
bleeding may be encountered with biopsy. The
classic finding on CT scan is anterior bowing of
the posterior maxillary wall, known as a Holman-
Miller sign (Figure 14.6).

Surgical resection is the mainstay of treatment,
and complete removal should be attempted if pos-
sible. If residual disease remains, some centres
recommend radiotherapy or stereotactic radio-
therapy, but evidence of their long-term benefit is
currently lacking.

Preoperative embolization may be considered
in an attempt to reduce tumour bulk and vascular-
ity at surgery. If embolization is to be considered,
it should take place within 24 hours of planned
surgery. Angiography prior to embolization will
determine the safety of proceeding with emboliza-
tion because there is a risk of cerebrovascular acci-
dent if the embolizing material should pass into
the cerebral circulation.
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Figure 14.6 MRI demonstrating juvenile naso-
pharyngeal angiofibroma (JNA) distorting the
posterior wall of the maxillary sinus.

As with inverted papilloma, surgical resec-
tion may be via open/external or endoscopic
approaches. In general, open approaches may be
favoured because they lend greater access to the
field, which may be very bloody, making endo-
scopic techniques difficult. However, smaller
tumours may be resected successfully endoscopi-
cally. A reduced risk of recurrence is reported
when the basisphenoid has been drilled clean.

Open approaches may employ midfacial
degloving, lateral rhinotomy or maxillary swing
methods. More extensive disease will require a
combined skull base approach with neurosurgery.

MALIGNANT TUMOURS

Malignant tumours of the nose and parana-
sal sinuses are rare, occurring in less than 1 per
100000 population. Males over 50 years of age are
the most likely candidates for this disease. Risk
factors for developing sinonasal malignancy relate
to inhaled carcinogens. Therefore, smoking is
included, but a clear association with woodwork-
ers has been noted as well since the late 1960s.
This is especially true for adenocarcinoma of the
ethmoid sinuses developing in hardwood workers.
Overall 5-year survival for sinonasal malignancy

is dependent on a number of factors, in particu-
lar cell type, but also the extent of disease, with
involvement of the orbital apex being a poor prog-
nostic factor.

e Squamous cell carcinoma (SCC): 5-year
survival 30-50 per cent

e Adenocarcinoma: 5-year survival 45-60
per cent

e Olfactory neuroblastoma: 5-year survival of
75 per cent

Surgical management
Options:

e External approach
o Craniofacial resection (CFR)
¢ Lateral rhinotomy
¢ Midfacial degloving
o Total maxillectomy
e Endoscopic approach

Surgical resection will usually be supplemented
by adjuvant chemoradiotherapy regimens. The
surgical modality may consist of open external
approaches or endoscopic techniques if appropri-
ate expertise is available.

More traditional open approaches will include
total maxillectomy, typically via a Weber-Ferguson
incision (Figure 14.7).

Lateral rhinotomy gives excellent access for
medial maxillectomy. Mid-facial degloving and
maxillary swing are other options described.

For anterior skull base involvement, a craniofa-
cial approach in collaboration with neurosurgery
will often be recommended. This approach is of
particular benefit for adenocarcinoma and olfac-
tory neuroblastoma, which tend to involve the
anterior skull base.

Preservation of the orbit is an area of some
debate. If the tumour has breached the periorbital
periosteum (periorbita) and has invaded the peri-
orbital fat and/or extraocular muscles, the need for
orbital exenteration is likely. Any attempt to pre-
serve the orbit must be balanced against the risk of
suboptimal resection.

Reconstruction after resection may be required
and may also include the need for experts in
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Figure 14.7 Weber-Ferguson approach. Marking
out facial incision prior to maxillary swing proce-
dure to access JNA.

prosthetics to help design obturators to fill the sur-
gical defect following maxillectomy.

Neck node disease is relatively rare at pre-
sentation (less than 10 per cent); hence elec-
tive neck dissection for the NO neck is probably
unnecessary. Evidence of neck nodal disease will
of course require treatment either as part of the
primary surgical procedure or within the field of
radiation.

Adjuvant therapy

Adjuvant therapy will consist of radiotherapy
and/or chemotherapy. Current evidence sug-
gests that chemotherapy (platinum-based) can
improve survival by up to 10 per cent and may
improve quality of life. Cisplatin acts as a sensi-
tizer for radiotherapy and is therefore not used in
isolation but in combination with radiotherapy.
Clinical series report a benefit from topical 5-flu-
orouracil for adenocarcinoma, but this evidence
is of low grade.

Radiotherapy (60-70 Gy) remains the main
adjuvant treatment after surgery but is associ-
ated with complications such as wound break-
down, orbital damage (up to a third of patients),
brain radionecrosis and osteoradionecrosis.
These complications may be reduced with the

introduction of intensity modulated radiother-
apy (IMRT).

TNM (tumour, node, metastasis) staging exists
for maxillary and ethmoid sinus cancers (Table 14.3).

Squamous cell carcinoma

Squamous cell carcinomas are the most common
types of sinonasal cancer, with the majority arising
from the lateral nasal wall or the maxillary sinus.
Tumours affecting the nasal septum have a par-
ticularly poor prognosis because of the vascularity
of this area and its midline position; radical sur-
gery including total rhinectomy may be required to
effect any chance of cure (Figure 14.8).

Local resection and flap reconstruction, such as
a nasolabial flap, may suffice (Figures 14.9 to 14.12).

Chemoradiotherapy will complement surgical
resection of sinonasal squamous cancers.

Sinonasal undifferentiated (anaplastic) carci-
noma (SNUC) is a highly aggressive subset of squa-
mous carcinomas.

Adenocarcinoma

This group of cancers constitutes about 10 per
cent of sinonasal malignancy. These are related to
hardwood exposure, but other carcinogens such
as nickel and chrome have also been implicated.
They tend to originate in the ethmoid sinuses and
the region of the middle meatus; hence the need
to consider craniofacial surgery, in collabora-
tion with neurosurgery, for the more advanced
tumours. Alternatively, surgical debulking via an
extended maxillary antrostomy with subsequent
topical 5-fluorouracil has been used with some
success.

Adenoid cystic tumour

These slowly growing indolent tumours have a pro-
pensity for peri-neural invasion. This makes cura-
tive surgery difficult and late recurrence common.
The overall 20-year survival is only 5 per cent; this is
due to late recurrence, especially intracranially, with
distant metastases to the lungs. These tumours are
relatively radio-resistant, although post-operative
radiotherapy may afford temporary disease control.
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Table 14.3 TNM staging

X Primary tumour cannot be assessed.
TO No evidence of primary tumour.
Tis Carcinoma in situ.

Maxillary sinus

T Tumour limited to maxillary sinus mucosa with no erosion or destruction of bone.

T2 Tumour causing bone erosion or destruction including extension into the hard palate and/or
middle nasal meatus, except extension to posterior wall of maxillary sinus and pterygoid
plates.

T3 Tumour invades any of the following: bone of the posterior wall of maxillary sinus, subcutaneous
tissues, floor or medial wall of orbit, pterygoid fossa or ethmoid sinuses.

T4a Moderately advanced local disease.

Tumour invades anterior orbital contents, skin of cheek, pterygoid plates, infratemporal fossa,
cribriform plate, or sphenoid or frontal sinuses.
T4b  Very advanced local disease.
Tumour invades any of the following: orbital apex, dura, brain, middle cranial fossa, cranial nerves
other than maxillary division of trigeminal nerve (V,), nasopharynx or clivus.

Nasal cavity and ethmoid sinus
T Tumour restricted to any one subsite, with or without bony invasion.
T2 Tumour invading two subsites in a single region or extending to involve an adjacent region within
the nasoethmoidal complex, with or without bony invasion.
T3 Tumour extends to invade the medial wall or floor of the orbit, maxillary sinus, palate or
cribriform plate.
T4a Moderately advanced local disease.
Tumour invades any of the following: anterior orbital contents, skin of nose or cheek, minimal
extension to anterior cranial fossa, pterygoid plates, or sphenoid or frontal sinuses.
T4b  Very advanced local disease.
Tumour invades any of the following: orbital apex, dura, brain, middle cranial fossa, cranial nerves
other than (V,), nasopharynx or clivus.

Nodal stage

NX Regional lymph nodes cannot be assessed.

NO No regional lymph node metastasis.

N1 Metastasis in a single ipsilateral lymph node, <3cm in greatest dimension.

N2 Metastasis in a single ipsilateral lymph node, >3 cm but <6cm in greatest dimension, or

metastases in multiple ipsilateral lymph nodes, <6 cm in greatest dimension, or in bilateral or
contralateral lymph nodes, <6cm in greatest dimension.

N2a  Metastasis in a single ipsilateral lymph node, >3 cm but <6cm in greatest dimension.

N2b  Metastases in multiple ipsilateral lymph nodes, <6cm in greatest dimension.

N2c  Metastases in bilateral or contralateral lymph nodes, <6cm in greatest dimension.

N3 Metastasis in a lymph node, >6cm in greatest dimension.

Metastatic disease

MO No distant metastasis.
M1 Distant metastasis.
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Figure 14.10 Septal squamous carcinoma under-
Figure 14.8 Intraoperative picture of total rhinec- going wide local excision with local nasolabial
tomy for nasal septal carcinoma. flap reconstruction.

Figure 14.9 Septal squamous carcinoma under-
going wide local excision with local nasolabial
flap reconstruction.

Figure 14.11 Septal squamous carcinoma under-
going wide local excision with local nasolabial
flap reconstruction.

Olfactory neuroblastoma

Also known as esthesioneuroblastoma, these arise

from the olfactory epithelium of the nasal cav- Malignant melanoma

ity and hence often present late with intracranial

extension. These tumours will typically require These are rare mucosal melanomas occurring within
craniofacial resection and adjuvant radiotherapy. the nasal cavity. They can be locally aggressive with
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Figure 14.12 Septal squamous carcinoma under-
going wide local excision with local nasolabial
flap reconstruction.

multiple distant metastases. They tend to occur
in elderly females more often than males. Patients
have been known to survive for years with satellite
lesions that are managed with local measures such
as resection or laser vapourization. Referral to a spe-
cialist melanoma service will allow consideration of
chemotherapy agents in management.

Lymphoma

This form of extra-nodal lymphoma can be locally
destructive and will require early histological diag-
nosisand CT staging to permit the appropriate choice
of chemoradiotherapeutic regimens for treatment.

SUMMARY

Tumours of the nose and paranasal sinuses consist
of a wide variety of lesions originating from the
various tissue types found within this anatomical
area. While the initial presentation may be similar
for the various conditions, subsequent examina-
tion and investigations will allow a more accurate
diagnosis to be made. Biopsy may be required
although should be avoided with JNA.

Imaging using CT and MRI is often required,
with both modalities complementing each other,

CT helping with bone definition and MRI with
soft tissue definition. The use of surgical naviga-
tion tools is popular in some centres, especially for
complex skull base disease.

Recent advances in endoscopic techniques have
allowed radical surgery to be performed, achieving
excellent rates of disease clearance while reducing
patient morbidity. There remains, however, a place
for open approaches for cases where a wide surgi-
cal field is required.

Surgical approaches include external approaches,
but improved technology has allowed endoscopic
techniques to develop, which are showing prom-
ise in achieving similar cure rates while reducing
morbidity.

KEY LEARNING POINTS

e Tumours of the nose and paranasal
sinuses are rare.

e They present with common nasal
symptoms.

e CT imaging is crucial to staging.

e Surgical advances include navigation sys-
tems and extended endoscopic techniques.

® Prognosis remains poor.
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INTRODUCTION

In the Western world chronic nasal infections have
decreased in incidence. However, they continue to
play a key role in nasal pathology in many devel-
oping countries. Migration from countries where
these diseases are endemic means that they are
encountered in the West, albeit rarely. In addi-
tion, they can occur in any immunocompromised
patient, and it is important that this is recognized
and managed early.

Most of these conditions fall under the umbrella
of granulomatous nasal diseases and include syphi-
lis, tuberculosis and leprosy and are discussed
elsewhere. These conditions are highlighted in
Table 15.1 and are challenging to manage. This
chapter covers the specific chronic nasal condi-
tions secondary to bacterial, fungal and protozoal
infections.

Fungal infections 136
Histoplasmosis 136
Key learning points 137
References 137
Further reading 137
Table 15.1 Granulomatous disease involving
the nose
Infections
Bacterial Rhinoscleroma
Fungal Histoplasmosis
Protozoan Leishmaniasis
Rhinosporidiosis
Mycobacteria Tuberculosis (TB)
Leprosy
Atypical TB
Treponemal Syphilis
Vascular
Granulomatosis with polyangiitis (Wegener's
granulomatosis)
Churg-Strauss syndrome
Others
Sarcoidosis
131
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BACTERIAL INFECTION

RHINOSCLEROMA

In 1870, von Hebra described this condition and
coined the term rhinoscleroma. The histologi-
cal features were described by Mikulicz in 1877,
and the causative agent, Klebsiella rhinosclero-
matis (KR), was identified by Von Frisch in 1882.
Rhinoscleroma is found predominantly in rural
areas with poor socioeconomic conditions.! The
disease is endemic to regions of Africa, Southeast
Asia, Mexico, Central and South America, as well
as Central and Eastern Europe. Rhinoscleroma
does not generally affect the lymphatic system like
other granulomatous diseases, such as tuberculo-
sis and leprosy. There is no worldwide consensus
on the incidence and prevalence of the disease.
Untreated severe infection can lead to life-threat-
ening airway obstruction.?

History and examination

Patients will most often present with a combina-
tion of persistent common nasal symptoms such
as nasal obstruction, epistaxis, nasal discharge
and dryness. Hoarseness may indicate laryngeal
involvement. In non-endemic regions a history
of travel should raise suspicion. It is important to
enquire about a family history because more than
15 per cent will be positive. Young adults (third
and fourth decade) appear to be at highest risk.
The spread of disease is enhanced by malnutrition,
poor hygiene and crowding. The transmission of
the disease is via airborne spread, and humans are
the only known hosts.

A complete ear, nose and throat (ENT) exam-
ination should be performed including nasal
endoscopy and fibre-optic laryngoscopy. The nasal
mucosa is involved in almost all cases (95-100 per
cent), followed by the pharynx (18-43 per cent),
paranasal sinuses, trachea and bronchi. Nasal
involvement may present as septal perforation and
thickening, crusting, choanal fibrosis, scarring,
granulations and purulent discharge. Endoscopy
may reveal polypoid masses involving the inferior

turbinates or maxillary and ethmoid sinuses.
Laryngo-tracheal involvement may present with
oedema, ulceration, nodular lesions and vocal cord
adhesions. Oropharyngeal inspection may reveal
soft and hard palate granulations. The absence of
the uvula, called the ‘uvula sign’, is highly sugges-
tive of the disease. This is thought to occur either
secondary to extensive fibrosis, causing shrink-
age, or by scarring, causing fixation of the uvula
in the nasopharynx. Cutaneous lesions on the face
usually appear as reddish-yellow erythematous
papules.

Rhinoscleroma is typically classified clinically
and histologically into three stages.

1. CATARRHAL STAGE

This is also known as the atrophic stage. Patients
present with nonspecific rhinitis symptoms that
progress to a foul-smelling purulent nasal dis-
charge and nasal obstruction. On examination,
there is crusting and atrophy of the nasal mucosa.
The thin mucosa appears ‘draped’ over the under-
lying bone. Histologically, epithelial squamous
metaplasia with subepithelial infiltrate of poly-
morphonuclear cells and granulation tissue are
seen.

2. PROLIFERATIVE STAGE

This stage is also known as the hypertrophic or
granulomatous phase. Patients complain of wid-
ening of the nasal pyramid, epistaxis (secondary
to granulations), anosmia and destruction of the
cartilaginous nasal septum and soft palate. Other
complaints include hoarseness and epiphora. On
examination, bluish-red rubbery granulomatous
lesions are seen. The histopathological features
include mucosal infiltration by chronic inflamma-
tory cells and the presence of Mikulicz cells and
foamy histiocytes. Their presence is a hallmark
sign of rhinoscleroma.

3. FIBROTIC STAGE

In the final stage, fibrosis and scarring result in
increasing deformity and stenosis. Histologic
examination reveals large amounts of fibrosis and
scar tissue with few or no detectable Mikulicz cells
or Russell bodies.
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Pathophysiology

The primary infectious agent responsible is the
capsulated gram-negative bacterium Klebsiella
rhinoscleromatis (KR). However, the true mode
of action is unknown. It is likely to be related to
impaired cellular immunity in patients with a
reversal of the CD4:CD8 ratio. It appears that
following bacterial invasion, neutrophils phago-
cytose KR, but the bacteria escape digestion and
remain viable. KR is then taken up by histiocytes,
which become Mikulicz cells as their phagsomes
dilate. (Figure 15.1 illustrates Mikulicz cells with
foamy cytoplasm.) The Mikulicz cells are unable
to kill KR, and the bacteria are eventually released
back into the interstitium. Genetic susceptibility is
likely to predispose to infection, because mutations
affecting genes encoding complex components are
known to cause susceptibility to K. pneumoniae
infection in mice, and similar haplotypes are
thought to be strong risk factors for respiratory
rhinoscleroma.

Diagnosis

The diagnosis of rhinoscleroma in endemic areas
is relatively straightforward and based on clinical

symptoms, biopsy, culture and imaging. Where
cases are sporadic, it can be more difficult to
diagnose, and it must be borne in mind in the
differential diagnosis of bacterial chronic rhini-
tis associated with granulations or atrophic nasal
mucosa and the absence of lymphadenopathy.

Differential diagnoses include bacterial infec-
tions such as tuberculosis, actinomycosis and
leprosy. Fungal infections include histoplasmo-
sis and blastomycosis. Other conditions include
leishmaniasis and Rosai-Dorfman disease and
inflammatory conditions such as sarcoidosis,
granulomatosis with polyangiitis and malignancy
such as lymphomas.

Simple markers for chronic inflammation such
as the erythrocyte sedimentation rate (ESR) are
usually elevated.

IMAGING

Computed tomography (CT) imaging is most use-
ful. Nasal lesions present as homogeneous non-
enhancing masses with a distinct edge. If involved,
the inferior aspects of the ethmoid and maxillary
sinuses are most at risk. Affected turbinates may
appear deformed or be completely absent.
Magnetic resonance imaging (MRI) has no dis-
tinctive features. Lesions can appear homogeneous

Figure 15.1 Mikulicz cells (arrow) with foamy cytoplasm and Klebsiella rhinoscleromatis (Warthin-Starry

stain; x 1000 original magnification).?
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and isosignal on T1 weighted images and hyposig-
nal on T2.3

HISTOCHEMISTRY AND BACTERIOLOGY

These are the most useful tools in diagnosis. The
laboratory should be informed of the possibil-
ity of KR. A panel of stains is best performed
and includes Warthin-Starry to identify the
characteristic Mikulicz cells and Russell bodies
(Figure 15.2), stains for acid-fast bacilli, Gram’s
and periodic acid-Schiff (PAS) stains for bacteria
and histiocytes, and Grocott’s silver methenamine
to stain fungal elements.

Blood cultures are positive for KR in about 50
per cent of cases.

Immunohistochemical stains (such as CD68)
can be helpful in distinguishing the condition
from other rarities.

PATHOLOGY

Biopsies are likely to yield useful information if
taken from the most active sites or septum and
inferior turbinate.

Management

Treatment is challenging and relapses are not
uncommon because it is difficult to eradicate the

disease. Treatment may involve a combination of
conservative surgical debridement and long-term
antibiotic treatment. There is no consensus on
either the duration of treatment or the optimal
antibiotic therapy. However, most studies suggest
at least a 6-month course of single or combina-
tion therapy. Antibiotics that have been shown
to be effective include streptomycin, doxycycline,
rifampicin, second- and third-generation cephalo-
sporins and fluoroquinolones (e.g. ciprofloxacin).
Historically, tetracycline has been the treatment
of choice but is contraindicated in children and
pregnancy. KR is an intracellular bacterium, and
rifampicin can achieve high intracellular con-
centrations. Similarly, ciprofloxacin has excellent
anti-Gram-negative bacilli activity. A combina-
tion of ciprofloxacin and rifampicin would be a
reasonable dual therapy choice. Treatment should
continue until biopsy and culture results are
negative.

Surgical debridement should be considered for
significant airway obstruction and may help to
reduce the disease load. In some advanced cases,
radiotherapy may be effective in preventing dis-
ease progression.

Early diagnosis and treatment are important to
eradicate the bacteria, not only to limit the fibrotic
scarring sequelae but also to prevent progression

Figure 15.2 Mikulicz cells, Russell bodies (arrows) and congested and dilated vessels with a lymphoplas-
macytic infiltrate (hematoxylin-eosin stain; x 400 original magnification).?
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to the fibrotic stage, when antibiotic therapy is less
effective.

PROTOZOAN INFECTIONS

RHINOSPORIDIOSIS

Rhinosporidiosis is a rare chronic granulomatous
disease caused by Rhinosporidium seeberi. It is
endemic in some areas of Asia such as South India
and Sri Lanka but has been reported in the Americas,
Africa and Europe as well. Once again increased
migration may be responsible for the disease found
in the tropics. There has been much debate about
the etiological agent. Considered a fungus by most
microbiologists, the microbe’s taxonomy has been
debated. Genetic studies have suggested that this is
an aquatic protozoan parasite belonging to a novel
group of fish parasites, Mesomycetozoea, located
phylogenetically between fungi and animals.*

History and examination

Typically, patients present with painless nasal
obstruction secondary to vascular polyps. These
grow from the mucosal surfaces within the nasal
cavity. The polyps are often unilateral and pedun-
culated. There may be a history of epistaxis or uni-
lateral nasal discharge. Other sites affected include
the conjunctiva, lips, palate, larynx and trachea.
The disease has a slow course, and lesions may be
present for many years before becoming symptom-
atic. It is reported to be more common in younger
age groups, particularly in men.

On examination the friable polypoid lesion
may resemble a strawberry because the surface is
studded with white flecks, which are mature spo-
rangia.® Nasal endoscopy can reveal tumour-like
masses involving the nasal cavity, maxillary sinus
and nasopharynx. Systemic disease is rare but can
include multiple mucocutaneous, hepatosplenic,
renal, pulmonary or bone lesions.

There may be a history of contact with stagnant
water or contaminated soil, and the disease is prev-
alent in rural settings. The mode of transmission is
thought to be via traumatized epithelium - ‘tran-
sepithelial infection’.

Diagnosis

The diagnosis is established by a combination of
clinical features, looking for the characteristic fea-
tures of the organism in tissue biopsies and imag-
ing. CT imaging of the nose and paranasal sinuses
is useful in evaluating the extent of disease and site
of origin. Differential diagnoses include antrocho-
anal polyps and inverted papilloma.

CULTURE

Rhinosporidium seeberi are notoriously difficult to
grow in culture. Nasal smears may have a role in
routine preliminary screening. By using Gridley
staining, the chitinous wall appears bright purple
and the endospores stain brown.

PATHOLOGY

Biopsy of the friable polypoid tissue is required.
Histopathology shows sporangia with stroma infil-
trated by lymphocytes, plasma cells, polymorphs
and eosinophils. Giant foreign body cell reactions
are seen around the sporangia. Occasionally, col-
lapsed membranes of sporangia demonstrate liber-
ated spores.

Management

Spontaneous regression of the disease is rare. A
combination of medical and surgical treatment pro-
vides the best chance of cure. Wide local excision of
the mass with the use of electrocautery to the base
of the lesion is the treatment of choice.* This aids
in haemostasis and is thought to reduce the risk
of recurrence. The use of endoscopes facilitates a
thorough removal under direct vision. When only
limited surgical excision is feasible, post-operative
medical therapy is advocated. Anti-fungal therapy
has been used with varying success. More recently,
encouraging results have been reported with the
use of dapsone. Dapsone arrests the maturation of
sporangia and promotes stromal fibrosis.®

LEISHMANIASIS

The protozoan Leishmania causes leishmaniasis.
Approximately 12 million people worldwide suf-
fer from this disease. Cutaneous leishmaniasis (CL)
occurs in the Americas, Middle East, North Africa
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and Asia. CL typically presents with an ulcer usually
involving the exposed parts of the body. Atypical
variants include lupoid, sporotrichoid, verrucous,
chancriform and erysipeloid types, amongst oth-
ers. Nasal involvement is not uncommon in CL.
The lupoid variety commonly affects the face.®

History and examination

Patients often present with a history of a slow-
growing painless nodule of the nose. Lesions often
progress from a papule/nodule to an infiltrated,
indurated, crusted plaque. The lesion often dis-
charges over a period of 3-4 months forming a
well-circumscribed ulcer, which slowly heals over
a period of 3-12 months.”

Examination may reveal a well demarcated,
painless granulomatous nodular lesion. The lesion
usually has an erythematous large raised border
with numerous papules and mild scaling.

Diagnosis

Diagnosis is made based on the history of origin of
the patient, whether the patient is from an endemic
region and the clinical characteristics. Typically
these are painless, non-itchy, slowly evolving nod-
ules/ulcers on exposed body parts that are refrac-
tory to conventional antibiotic therapy.

HISTOLOGY AND CYTOLOGY

Slit skin smear, direct smear from the exudate
or fine-needle aspiration cytology of the nodule
is useful. When cytology proves inconclusive, a
skin biopsy is required to make the diagnosis.
Specimens are stained with Giemsa for Leishmania
parasite. Histopathology reveals hyperkeratosis,
parakeratosis and acanthosis within the epidermis.
The dermis may show aggregates of large pink his-
tiocytes with dot-like organisms and the presence
of chronic inflammatory cells.®

Management

The treatment of choice is meglumine antimoniate,
which is a drug belonging to a group of compounds
known as pentavalent antimonials. Difficult lesions
have been treated with a combination of systemic
steroids and CO, lasers with varying results.

Recent reports have suggested a possibility of some
benefit with the use of cryotherapy to treat persis-
tent nodular facial lesions.

FUNGAL INFECTIONS

HISTOPLASMOSIS

Histoplasmosis is a systemic mycosis caused by
Histoplasma capsulatum. This potentially viru-
lent fungus is endemic in many parts of the world.
The clinical manifestations and indeed the pri-
mary site of infection are predominantly pulmo-
nary. Mucocutaneous histoplasmosis is not rare
in immunocompromised patients (e.g. those with
acquired immunodeficiency syndrome [AIDS]).
Nasal involvement, seen as a nasal swelling with
nasal obstruction, can occur rarely in immuno-
competent individuals.®

History and examination

One should enquire about a history of immuno-
suppression. This may be secondary to drugs or
systemic disease. Nasal endoscopy might reveal an
uncomfortable ulcerative lesion involving the sep-
tum and lateral nasal wall. Crusting and bleeding
may be present. Infection is localized to mucosal
lined surfaces.

Diagnosis

As with many fungal infections, a high index of
suspicion in immunocompromised patients is cru-
cial. A careful history and examination are impor-
tant because these patients rarely present directly
to the ENT service.

IMAGING

CT and MRI are useful in assessing the extent of
disease, bony and cartilaginous erosion and soft
tissue extension.

PATHOLOGY

A biopsy of the lesion is essential. Tissue should be
submitted for both histological and microbiologi-
cal analysis.
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Histologically, there is evidence of necrosis with
fibrinopurulent material. Hematoxylin and eosin
staining will confirm the presence of noncaseating
granulomatous inflammation. Gomori methena-
mine silver stains are necessary to highlight the H.
capsulatum.

Management

First line of treatment is with itraconazole. Severe
or recalcitrant disease can be treated with ampho-
tericin B. Surgery is usually reserved for diagnos-
tic purposes. Extensive surgical debridement, as is
often required with other fungal infections such as
mucormycosis, is not necessary because H. capsu-
latum is not angioinvasive.®

KEY LEARNING POINTS

® A good history, including a family and
travel history, is important.

e Diagnosis is made based on history,
examination and tissue histology.

e Imaging is not diagnostic but can help
assess the extent of sinonasal involvement.
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INTRODUCTION

Most patients with obstructive sleep apnoea syn-
drome (OSAS) are known to snore heavily, but
not all snorers have OSAS. Snorers without OSAS
are termed primary snorers. Primary snoring and
severe obstructive sleep apnoea (OSA) represent
opposite extremes of sleep-related breathing dis-
orders. The prevalence of snoring in middle-aged
men is in the range of 25-50 per cent, whereas OSA
affects 1-4 per cent of the adult population, with
the male to female ratio being 2:1.! Sleep medicine
is a relatively new field; the management of patients
presenting with sleep disorders may require a mul-
tidisciplinary approach that could include input
from a respiratory physician, otolaryngologist,
neurologist, maxillofacial surgeon or a dental
practitioner. Otolaryngologists are well positioned
to assess and evaluate the upper airway and may
be able to surgically rectify some pathological fea-
tures that are causing the upper airway obstruc-
tion. The respiratory physician, on the other hand,
may attract more referral from primary care
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practitioners of patients complaining of obvious
apnoeic episodes for consideration of treatment
with nocturnal ventilation.

Snoring is thought to occur as a result of a tur-
bulent airflow through the upper airway, with the
obstructive anatomical segment being anywhere
from the nose to the larynx. Quite commonly, the
turbulence is a result of repeated vibrations or oscil-
lation of redundant pharyngeal mucosa. Indeed, in
many cases it is thought that the obstruction can be
multisegmental. Mild snoring may create a sound
of about 40dB, whereas severe snoring can be as
loud as 90dB. Needless to say, depending on how
light a sleeper the partner is, there is a strong pos-
sibility that the sleep disturbance would affect both
the patient and the partner. Sleep fragmentation
and deprivation can result in significant daytime
somnolence and thus impair the ability to function
normally during the day. If the problem remains
untreated and is along-term issue, it could result in
increasing chances of the patient developing other
medical disorders in addition to the social issues.
In OSA, as the name suggests, there are obstructive

139
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Table 16.1 OSAS symptoms

Snoring

Apnoeic episodes
Choking sensation
Restless sleep
Nocturia/enuresis
Night sweats
Palpitations
Morning headaches
Daytime sleepiness
Impaired memory/concentration
Acid reflux
Decreased libido

episodes of breath-holding during sleep that result
in oxygen deprivation. The obstruction could be
purely anatomical, such as secondary to hyper-
trophy of the palatine tonsils or a bulky tongue.
In many cases a neurogenic mechanism causes a
generalized failure of dilator muscle tone of the
muscles controlling upper airway patency.
Patients with OSAS can present with various
symptoms (Table 16.1), which can include crescendo
snoring, apnoeic episodes with gasping or chok-
ing sensation, and excessive daytime sleepiness.
Untreated OSA can lead to patients having a much
higher chance of developing hypertension, cardiac

Table 16.2 Epworth Sleepiness Scale

arrhythmias, angina, myocardial infarction, cere-
bral vascular accidents, type 2 diabetes and various
cognitive dysfunctions.? If left untreated, the end
sequelae would be that of cor pulmonale. It is also
thought that in untreated OSA patients, there is a
higher incidence of road traffic accidents because
they have excessive daytime sleepiness. Thus, it
would be prudent to diagnose and treat this condi-
tion in the interest of the patient’s health as well as
the economic health of the nation.

CLINICAL HISTORY

The clinical history should be obtained not only
from the patient but also from the partner if pres-
ent. In general, patients presenting to the clinic
will have problems with socially intrusive snor-
ing, and the partner may express concerns about
witnessed apnoeic episodes lasting a few seconds.
These patients are commonly sleep deprived and
will have problems with excessive daytime sleepi-
ness. A useful guide in gauging the severity is the
Epworth Sleepiness Scale (Table 16.2). Scores of 10
or more on this scale are thought to be significant
and warrant further investigations.

On direct questioning patients may admit
to having morning headaches, night sweats,

How likely are you to doze off or fall asleep in the following situations, in contrast to just feeling tired?
Please tick one box on each line using the following scale:

0 = Would never doze

1 = Slight chance of dozing

2 = Moderate chance of dozing
3 = High chance of dozing

Situation

Sitting and reading
Watching television

Sitting inactive in public place (e.g. theatre or meeting)

As a passenger in a car for an hour without break

Lying down in the afternoon when circumstances permit

Sitting and talking to someone
Sitting quietly after lunch without alcohol
In a car, while stopped for a few minutes in traffic
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palpitations during sleep, impaired concentration
and memory, and in general to being quite restless
in their sleep. Quite commonly, patients may com-
plain of nasal congestion in conjunction with the
snoring, and further questioning in this regard is
also important. Mouth breathing accentuates the
problems of snoring by causing further retraction
of the tongue base as well as by increasing the pala-
tal vibrations if the patient has a lax soft palate.

An enquiry with regard to social history is also
important, particularly relating to alcohol intake
or consumption of tranquillizers such as diaz-
epam because these would aggravate snoring and
OSA by acting as a muscle relaxant. Other factors
that are important in the history are co-existing
morbidities such as hypertension, ischaemic heart
disease or diabetes, because these would lower the
clinician’s threshold for ordering further special
investigations.

General inspection can sometimes give a clue to
the underlying root of the problem, e.g. obesity, ret-
rognathia, fractured nose, alar collapse and clini-
cal features of other conditions such as acromegaly
or hypothyroidism. The patient’s height and weight
measurements are taken to calculate the body mass
index (BMI). The neck circumference is also mea-
sured; it is more common to encounter problems
of upper airway obstruction if this value is greater
than 17.5 inches.

Oropharyngeal examination is necessary to
ascertain the size of the tonsils, the position and
the laxity of the soft palate and the size of the
uvula. Furthermore, the lack of teeth or general
dentition status should be noted because this may
be an important factor in the treatment of patients
with mandibular advancement devices. Friedman
tongue position (Figures 16.1-16.4) assessment is
sometimes a useful guide in patient selection for
palatal surgery. This is performed by asking the
patient to open the mouth and phonate without
using a tongue depressor to see how much of the
soft palate is visible. Tongue positions one and two
would do better with palatal surgery than three
or four.

Figure 16.2 Friedman tongue position I.

Figure 16.3 Friedman tongue position IIl.

Upper airway evaluation is best performed
using a flexible fibre-optic nasendoscope. In the
nasal cavity, special attention is given to identi-
fying a deviated nasal septum, nasal polyposis,
allergic rhinitis or sinusitis. Careful examination
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Figure 16.4 Friedman tongue position IV.

is then carried out of the postnasal space orophar-
ynx and hypopharynx. The bulkiness of the base
of tongue is noted. With the scope in position,
the patient could be asked to simulate the snor-
ing sound and to perform the Miiller manoeu-
vre, which essentially is a reverse of the Valsalva
manoeuvre. However, one must bear in mind that
the dynamics of the upper airway during wake-
fulness may differ considerably from that during
sleep because the variation in muscle tone may
be significant. Hence, limited emphasis should be
placed on the ‘awake’ assessment.

SPECIAL INVESTIGATIONS

A very basic investigation using only pulse oxim-
etry is satisfactory as a baseline for some patients
but may be inadequate in many because the speci-
ficity and sensitivity are not very good. The gold
standard investigation to confirm or refute the
diagnosis of OSA is a full hospital-based poly-
somnographic evaluation. This entails looking
at a patient’s nasal and respiratory airflow, chest
and abdominal movements, oxygen saturation
and sleep architecture. However, this may not be
widely available and may be be quite expensive. A
more commonly available and cost-effective way
of adequately investigating these patients is an
ambulatory sleep study, in which equipment could
be hooked up for the patient to take home and
sleep with in his or her own bed. All parameters
mentioned earlier except sleep architecture can

be measured with this device. The main param-
eters and objective values that are looked at are the
apnoea/hypopnea index (AHI), the average oxy-
gen saturation values and the oxygen desaturation
index. The AHI is the number of apnoea episodes
plus the number of hypopnea episodes per hour of
sleep. By definition, apnoea is said to occur when
there is cessation of airflow for 10 seconds or more
at the nasal and oral cavity. If the tidal volume or
vital capacity is diminished by more than 30 per
cent, this is considered to be an episode of hypop-
nea. The values of AHI are used to determine the
severity of OSA, with values of 5 or less being
regarded as normal, between 5 and 15 represent-
ing mild OSA, values between 16 and 30 regarded
as moderate and AHI of more than 30 represent-
ing severe OSA. However, these values should not
be used on their own to assess severity but should
be taken in conjunction with other factors such as
the patient’s symptoms and co-morbidities before
deciding the treatment options best suited for the
individual patient.

Another investigation that is useful for some of
these patients is drug-induced sedation endoscopy
(DISE) or sleep nasendoscopy.? Essentially, this is
utilized in evaluating the upper airway obstruction
and can identify specific anatomical obstructive
sites by allowing visualization of the various parts
of the pharyngeal lumen in three dimensions and
in the dynamic mode. It is thought to be useful not
only in deciding what kind of surgical interven-
tion may be required but also in predicting which
patients would do well with appliances such as a
mandibular advancement device. However, con-
troversy exists in the use of DISE, mainly because
(1) the drug-induced sleep may not be identical to
natural physiological sleep and (2) the DISE may
provide only a snapshot of what may be happening
in regard to the snoring and OSA. Clinical assess-
ment of the upper airway when a patient is awake
can be quite different from when a patient is asleep,
because there may be considerable variation in
muscle tone. Hence, DISE is the closest method we
have at present to determine what may be happen-
ing to the upper airway during natural physiologi-
cal sleep.*

Imaging with cepahalometry, computed tomog-
raphy (CT) and magnetic resonance imaging (MRI)
scanning can be used to evaluate the upper airway,
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but these would not allow a dynamic assessment
and would provide information only about upper
airway dimensions in the static phase. Acoustic
analysis and pressure measurements have also been
utilized to evaluate upper airway obstruction.

In addition to the investigations mentioned,
haematological investigations such as a full blood
count and thyroid function tests may prove useful
in excluding other conditions causing tiredness.’

MANAGEMENT OF
SNORING AND OSA

Treatment modalities in these patients may be
used in combination and include simple lifestyle
changes, medication, appliances and surgical
intervention.

LIFESTYLE CHANGES

Making simple lifestyle changes such as reduc-
ing body weight are directly helpful in improving
symptoms and also in managing patients in whom
upper airway surgery is being considered. Reducing
alcohol intake is recommended because alcohol
is a muscle relaxant and aggravates upper airway
obstruction by relaxing the tongue and other pha-
ryngeal muscles. Sleeping supine also contributes
in some cases by worsening tongue base obstruc-
tion; these patients may be able to avoid sleeping
on their back by stitching tennis or golf balls into
their nightwear. Modern technology using what is
known as ‘positional therapy’ is at present being
evaluated. This form of therapy involves a sleep
position sensor that detects the position in which
a patient is sleeping and gently vibrates to alter the
position to non-supine, thus reducing the number
of obstructive episodes.

MEDICATION

In some patients, medications such as intranasal
steroids and antihistamines used for treating aller-
gic rhinitis may prove to be useful in improving
nasal symptoms by reducing nasal resistance and
thus improving sleep quality. However, there is
little or no evidence to demonstrate any objective

improvement in OSA when this modality is used
on its own. Numerous nonsteroidal sprays for the
nose and oral cavity are available over the coun-
ter that claim to help with snoring, but again no
clinical evidence exists to support the use of these
agents. Drugs such as orlistat can be used to help
patients with obesity to lose weight, and this in
turn would improve their symptoms. This drug
works by inhibiting pancreatic and gastric lipases
and thus reduces fat absorption. There are other
drugs, such as sibutramine, that may suppress
appetite and therefore limit caloric intake.

APPLIANCES

Appliances or devices used in treating snoring and
OSA include nasal dilators, mandibular advance-
ment devices (MADs) and nasal continuous posi-
tive airway pressure (nCPAP) devices.

Nasal dilators

Nasal dilators are devices that dilate the nasal ves-
tibule and improve the ability to breathe through
the nose. This can be done intrinsically by using
Nozovent, which is a plastic device inserted in a
similar manner to Thudichum’s nasal speculum to
stent the inner aspect of the alar cartilage. It is par-
ticularly useful in patients with alar valve collapse.
Similarly, Breathe Right could be applied exter-
nally to improve breathing. However, these devices
are not effective for OSA and should be used only
in patients with primary snoring presenting with
nasal obstruction. If these improve the patients’
symptoms subjectively, then it may be worth con-
sidering these individuals for reconstructive nasal
surgery.

Mandibular advancement devices

In the past few decades, MADs have become popu-
lar in the management of snoring and OSA. There
are various types available, including a monobloc
type that is non-adjustable and a two-piece device
that can be adjusted. They enjoy the benefit of not
causing adverse effects or the pain that may result
from surgical intervention, but, as with all appli-
ances, they have to be used every night. They are
difficult to use in patients who have poor dentition
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or who are edentulous, in patients with temporo-
mandibular joint dysfunction or in individuals
who have poorly controlled epilepsy. Essentially,
MAD:s allow protrusion of the mandible and the
hyoid bone anteriorly, and by doing increase the
contraction of the genioglossus muscle as well
as the retroglossal distance. In some cases, these
devices may also reduce palatal vibrations. This
was demonstrated in a study addressing objective
evidence of MAD effectiveness whereby DISE was
performed in patients with and without the device
in situ. Long-term use can result in loosening of
teeth and mild changes in occlusion. Patients with
a sensitive gag reflex find an MAD difficult to tol-
erate, and in general compliance is in the range of
60-70 per cent.

Nasal CPAP

According to the National Institute for Health
and Care Excellence (NICE) guidelines, the treat-
ment of choice for moderate or severe OSA is nasal
continuous positive airway pressure (nCPAP). To
overcome the failure of dilator muscle tone in OSA
patients, the nCPAP works by increasing the pres-
sure within the pharyngeal lumen and acting like
a pneumatic splint. It was first introduced in the
1980s by Sullivan; prior to this the only effective
treatment for OSA was to perform a tracheostomy.
This form of therapy requires a machine or a gen-
erator that is operated by electrical means and
extracts air from the room, which is regenerated at
a positive pressure and subsequently transmitted
via tubing through the face mask or nasal pillows.
The older version of nCPAP was more cumber-
some and, as the name suggests, provided continu-
ous pressure at a fixed setting. The newer models
are auto-titrating and work by sensing airflow lim-
itation or detecting an increase in impedance that
may suggest airway narrowing. Thus, this autoset
nCPAP kicks in only when required and is more
acceptable to the majority of patients. In spite of
these advances, the nCPAP treatment modality
still remains relatively unpopular because it would
need to be used every night; patient acceptability,
adherence to treatment and compliance are some-
what poor, approximately 60 per cent. Other prob-
lems encountered by patients using nCPAP include
aerophagia, nCPAP-induced rhinitis and, in some

cases, claustrophobia. In patients who find nCPAP
difficult to use, the upper airway should be care-
fully evaluated, and significant obstructive pathol-
ogy - e.g. a grossly deviated nasal septum, nasal
polyposis or tonsillar hypertrophy - should be
surgically addressed. This would allow the CPAP
pressure requirement to drop and hence facilitate
easier use of this device.

SURGICAL INTERVENTION

In general, surgery could be considered in patients
with simple snoring and mild OSA because in this
group CPAP is unnecessary and MAD may not be
desired. In patients who have moderate or severe
OSA and have failed the CPAP mode of therapy or
refused to accept it, surgery could be considered
as an adjunctive treatment modality. Great care
must be taken with the use of some premedication
and analgesic agents, especially in the patient who
has significant OSA, because some of these drugs
may further suppress respiration. Patient selection
is naturally of utmost importance, and usually
patients with a higher BMI do more poorly. Site-
specific targeted surgery is ideally what is required,
and to this effect DISE could prove to be a useful
investigation to identify the site of anatomical
obstruction responsible for the symptoms. In some
cases the choice to operate may be very straightfor-
ward; for example, in a slim individual with grade
3 or 4 tonsils and no other comorbidities, tonsillec-
tomy should resolve the problem. However, in most
cases there are issues with multilevel obstruction,
and these patients require a more careful workup
to determine what surgical intervention would be
most appropriate.

Nasal surgery such as septoplasty and func-
tional endoscopic sinus surgery can work fairly
well in reducing some symptoms of simple snor-
ers but does not suffice as a single procedure in
patients with more severe problems.® Nasal surgery
alone has been proven to be useful as an adjunc-
tive procedure in CPAP users because it signifi-
cantly reduces the pressure requirement and hence
improves CPAP compliance.

Palatal surgery is probably the most common
surgery performed in this group of patients. When
surgery to the soft palate is being considered,
patients should be divided into two categories: those

http://e-surg.com



Conclusion 145

who require minimally invasive intervention with-
out changing the contours of the soft palate, and
those requiring a more radical procedure to shorten
and stiffen the soft palate. In the minimally invasive
group, the soft palate can be scarred or stiffened by
applying radiofrequency thermotherapy, by inject-
ing sclerosing agents or by inserting pillar implants.”
In this group, treatment is provided by using uni-
polar radiofrequency (Somnus) or bipolar devices
(Celon) or the Coblation technique. Pillar implants
are inserted interstitially within the soft palate in
parallel to each other and are thought to help in
patients with simple palatal snoring. In the more
radical group, Fujita introduced traditional uvulo-
palatopharyngoplasty (UPPP), but many consider
this procedure to be aggressive and radical and so
use it less commonly.® Furthermore, UPPP is asso-
ciated with high morbidity and can result in naso-
pharyngeal stenosis and incompetence. It can also
interfere with future use of CPAP if required, but
this could be overcome by using a full face mask. As
a result, a number of different techniques using the
laser to address the soft palate have been described
with a view to reducing the amount of tissue resec-
tion. Some of these techniques are performed under
local anaesthesia, but in others general anaesthetic
may be necessary, especially if other procedures
such as tonsillectomy are carried out simultane-
ously to address the multilevel problem.

Surgery to address problems in the region of
the hypopharynx can be quite challenging. The
simpler procedures include minimally invasive
radiofrequency to the tongue and slightly more
involved procedures such as midline glossec-
tomy. Hyoid suspension also has been described
to improve hypopharyngeal obstruction. This can
be achieved by advancing the hyoid bone anteri-
orly and superiorly to hook it up to the mandible
or anteriorly and inferiorly to the thyroid carti-
lage. More aggressive and radical, but extremely
effective, is the procedure of maxilla-mandibular
advancement, which can improve both retropala-
tal and retroglossal dimensions. Recently, tran-
soral robotic surgery using the da Vinci system
has been used to address problems associated
with tongue base and/or epiglottic obstruction.
Electrical stimulation using various implants and
pacemaker devices has been used to stimulate the

hypoglossal nerve in patients with OSA. This,
however, is in an experimental stage and not
widely available as yet.

CONCLUSION

Though sleep medicine is a relatively new field,
patients with snoring and OSA commonly present
to the otolaryngologist. There are numerous treat-
ment modalities available to help these patients,
but careful evaluation and selection, especially
for those chosen for surgical intervention, is very
important. Combined treatment modalities are
commonly required, and thus a multidisciplinary
approach to snoring and OSA is advocated.

KEY LEARNING POINTS

o Sleep-related breathing disorder is a
spectrum consisting of primary snoring
at one end and severe obstructive sleep
apnoea at the other.

e Untreated OSA increases the incidence
of ischaemic heart disease, stroke and
type 2 diabetes.

o Lifestyle changes such as losing weight
and decreasing alcohol intake are
helpful.

e nCPAP is the treatment of choice for
moderate or severe OSA.

e Surgical intervention may be useful in
simple snorers and in mild OSA but may
also be used in an adjunctive capacity for
severe OSA to facilitate CPAP therapy.

e Multidisciplinary approach is required.
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ANATOMY OF THE LARYNX

INTRODUCTION

The larynx principally has three functions:
breathing, protecting the airway during degluti-
tion and phonation. In adults the larynx lies at
the level of the C3-C6 vertebrae, being slightly
higher in infants at C2-C3, descending as they
grow. At puberty the larynx of the male increases
in size in all dimensions. The framework of the
larynx consists of a series of cartilages (nine
in total), ligaments, membranes and muscles
(intrinsic and extrinsic). Interiorly, it can be
divided into supra-glottis, glottis and sub-glottis.
The mucosal lining of the larynx is continuous
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above with that of the pharynx and below with
that of the trachea.

EMBRYOLOGY

Laryngeal development occurs during the fourth
week in utero. The laryngo-tracheal groove in the
ventral wall of the pharynx gradually deepens, and
its edges fuse to form a septum, separating it from
the pharynx and the oesophagus. This tube is lined
with endoderm from which the epithelium of the
airway develops. The cranial end of this laryngo-
tracheal tube forms the larynx and the trachea,
and caudally the two main bronchi form. The
laryngeal structures develop from the fourth and
sixth branchial arches (Table 17.1); accordingly, the

149
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Table 17 .1

Structure Branchial arch
Thyroid cartilage 4th arch
Arytenoids, corniculate, cricoid  6th arch

and tracheal cartilages

Epiglottis Hypobranchial
eminence

All muscles except cricothyroid  4th arch

Cricothyroid muscle 6th arch

nerve supply of the larynx includes the recurrent
laryngeal and superior laryngeal nerves.

LARYNGEAL FRAMEWORK

The larynx is formed by a series of cartilages, linked
by ligaments and membranes that are controlled
by the action of two groups of muscles (intrinsic
and extrinsic).

The mucosal lining of the larynx is continuous
above with that of the pharynx and below with that
of the trachea.

Cartilages of the larynx

THYROID CARTILAGE

The thyroid cartilage is the largest of the laryngeal
cartilages and is shield shaped. Its two laminae
meet in the midline inferiorly. Superiorly, there is a
palpable thyroid notch. The angle of fusion between
the laminae is approximately 90° in men and 120°
in women. The fused anterior borders in men form
a projection that can be easily palpated, known as
the Adam’s apple. Posteriorly, the laminae of the
thyroid cartilage diverge and form two prolonga-
tions: two slender processes known as the superior
and inferior cornua. The superior cornu is long and
narrow, curving upwards, backwards and medially,
ending in a conical projection. The lateral thyro-
hyoid ligament attaches here. The inferior cornu
is shorter and thicker than the superior cornua. It
curves downwards and medially, and at its lower
end the cricoid cartilage articulates (Figure 17.1).
The outer surface has an oblique line extending
from the superior thyroid tubercle to the inferior
thyroid tubercle. The superior thyroid tubercle is

Thyrohyoid membrane

Thyroid cartilage
Oblique line

Cricothyroid membrane

Cricoid cartilage

p

;_TMF Trachea

Figure 17.1 Cartilaginous framework of larynx.

situated in front of the root of the superior horn,
and the inferior tubercle is situated on the lower
border of the thyroid lamina.

The oblique line gives attachment to the follow-
ing muscles (see Figure 17.1):

e Thyrohyoid
e Sternohyoid
e Inferior constrictor

CRICOID CARTILAGE

The cricoid cartilage is shaped similar to a signet
ring, with the higher segment oriented posteriorly.
On the superior surface of the posterior aspect are
the articular facets of the arytenoids.

ARYTENOID CARTILAGES

The arytenoids sit on the posterolateral aspects of
the cricoid cartilage. The arytenoids are shaped
like an inverted T with three processes: vocal, mus-
cular, and apical.

EPIGLOTTIS

The epiglottis forms the anterior wall of the larynx.
Its primary function is to protect the airway dur-
ing deglutition.

OTHER CARTILAGES

The corniculate cartilages are cone shaped and
sit directly on top of the arytenoid cartilages. The
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cuneiforms are found in the aryepiglottic fold.
Their primary role is to provide elastic force to sep-
arate the medialized aryepiglottic folds.

Ligaments attached to the
thyroid cartilage

THYROEPIGLOTTIC LIGAMENT

This is the elastic ligament connecting the stem of
the epiglottis to the angle of the thyroid cartilage.

VESTIBULAR LIGAMENT/FALSE
VOCAL CORD

This narrow band of fibrous tissue is attached to
the angle of the thyroid cartilage just below the
attachment of the root of the epiglottis.

VOCAL LIGAMENT/TRUE VOCAL CORD

The vocal ligament is responsible for production of
voice. It is considered to be the thickened superior
portion of the cricothyroid ligament.

Membranes

EXTRINSIC

The extrinsic membranes connect the laryngeal
apparatus to the surrounding structures. The thy-
rohyoid membrane is a fibro-elastic structure con-
necting the hyoid bone to the thyroid cartilage. It
is pierced laterally by the internal laryngeal nerve
and artery.

The cricothryroid membrane is also a fibro-
elastic structure that includes the cricothyroid liga-
ment connecting the cricoid and thyroid cartilages.
This is the structure pierced in a cricothyroidotomy
during access for an emergency airway.

INTRINSIC

The intrinsic membranes connect various laryn-
geal cartilages and help regulate direction and
degree of movement.

e Conus elasticus: Connects the thyroid, cricoid,
and arytenoid cartilage to each other.

® Quadrangular membrane: Arises from the lat-
eral epiglottis and adjacent thyroid cartilage. It
attaches the corniculate cartilages and medial

surfaces of arytenoids. Inferiorly, its fibres
thicken and become the ventricular ligament.

e Aryepiglottic folds: These membranes and
ligaments completely seal off the spaces in the
laryngeal structure, thus creating a sphincter
that protects the larynx and the lungs from
foreign bodies.

Muscles

These can be divided into intrinsic and extrinsic
muscles. The extrinsic muscles of the larynx con-
nect the laryngeal cartilages to the hyoid bone
above and the trachea below. The intrinsic muscles
of the larynx interconnect the laryngeal cartilages
and help in their mobility. The intrinsic muscles
can be divided into three groups.

e Those that open and close the glottis (lateral
and posterior cricoarytenoid muscles, trans-
verse and oblique arytenoids)

e Those that control the tension of vocal
ligaments (thyroarytenoids, vocalis and
cricothyroids)

o Those that alter the shape of the inlet of the
larynx (aryepiglottis and thyroepiglottis)

Interior of the larynx

The laryngeal cavity extends from the level of the
third cervical vertebra to the lower border of the
cricoid cartilage (C6). The whole laryngeal cav-
ity is divided by the presence of vestibular and
vocal folds into three compartments. The larynx
above the vestibular fold is known as the superior
vestibule. The ventricle or sinus of the larynx lies
between the vestibular and vocal folds. Below the
vocal folds is the subglottic space, which extends
up to the level of the lower border of the cricoid
cartilage (Figure 17.2).

The fissure present between the vestibular folds
is known as the rima vestibularis, while the fissure
between the vocal folds is known as the rima glottidis.

The laryngeal inlet is bounded superiorly by the
free edge of the epiglottis and on each side by the
aryepiglottic folds. Posteriorly, the inlet is bounded
by the mucous membrane between the two aryte-
noid cartilages.
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Figure 17.2 Cross-sectional view of the interior larynx.

Subsites of the larynx

The larynx is subdivided into three compartments
that have relevance in the TNM staging of laryn-
geal cancer.

. SUPRA-GLOTTIS

False vocal cords
Arytenoid cartilages
Epiglottis
Aryepiglottic folds

e 6 o6 0o -—

. GLOTTIS

True vocal cords
Anterior commissure
Posterior commissure

e o 0o N

w

. SUB-GLOTTIS

o Inferior aspect of the glottis to the first tracheal
ring

Supraglottis

Quadrangular
membrane

Vestibule

Ventricles

Glottis

Subglottis

Spaces in the larynx

The spaces adjacent to the larynx again have rel-
evance in the spread of disease.

PRE-EPIGLOTTIC SPACE

The pre-epiglottic space is a wedge-shaped space
lying in front of the epiglottis. Anteriorly, it is
bounded by the thyrohyoid ligament and the hyoid
bone. Laterally, it is continuous with the para-glot-
tic space.

PARA-GLOTTIC SPACE

The para-glottic space is a potential space on either
side of the glottis. It is bound by the mucosa cov-
ering the lamina of thyroid cartilage laterally, the
conus elasticus and quadrangular membranes
medially and the anterior reflection of the piriform
fossa posteriorly.
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VENTRICLE

This is the area between the vestibular and vocal
folds.

RIMA GLOTTIDIS

The rima glottidis is an elongated fissure pres-
ent between the two vocal folds. It is limited
behind by the mucous membrane between the
arytenoids.

Infant larynx

There are a few key differences in the infant larynx
that have surgical relevance.

The infant larynx is funnel shaped, unlike the
adult larynx, where the glottis is narrowest; the
narrowest point in the infant is the sub-glottis.
There is also more redundant mucosa; therefore,
even a slight swelling of the mucosa produces a
serious obstruction to breathing. The laryngeal
cartilages in infants are more supple and hence
collapse easily during forced inspiratory effort.

HISTOLOGY OF VOCAL CORDS

The vocal folds are multilayered and contain an
epithelial layer, the lamina propria, and the vocalis
portion of the thyroarytenoid muscle (Figure 17.3).

The epithelial layer of the vocal folds forms the
outer cover and contains three different types of

mucosa. The upper and lower edges of the vocal
fold are composed of typical respiratory (pseu-
dostratified ciliated columnar) epithelium. The
vibrating edge of the cord is covered with non-
keratinized stratified squamous epithelium.

The lamina propria is divided into three layers:

e Superficial layer (Reinke’s space) containing
scant amounts of loosely bound elastic and
collagen fibres

e Intermediate layer containing branching elastic
fibres

® Deep layer comprising mostly dense collagen
fibres running parallel to the vocal cord

Together, the intermediate and deep layers of
the lamina propria comprise the vocal ligament.
The vocalis muscle is simply the medial fibres of
the thyroarytenoid muscle.

BLOOD SUPPLY

The blood supply is derived from the laryngeal
branches of the superior and inferior thyroid
arteries and the crico-thryoid branch of the supe-
rior thyroid artery. The veins leaving the larynx
accompany the arteries: the superior vessels drain
to the internal jugular vein via the superior thyroid
or facial veins, and the inferior vessels drain via
the inferior thyroid vein into the brachiocephalic
veins.

Lamina Propria

Epithelium

Superficial:
Reinke’s space

Figure 17.3 Layers of vocal cords.

Intermediate

Deep

Vocalis
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LYMPHATIC DRAINAGE

The lymphatics of the larynx are separated by the
vocal folds into an upper and lower group. The part
of the larynx above the vocal folds is drained by
vessels accompanying the superior laryngeal vein,
whereas the zone below the vocal folds drains
together with the inferior vein into the lower part
of the deep cervical chain, often through the prela-
ryngeal and pretracheal nodes. The vocal folds are
devoid of lymphatics.

NERVE SUPPLY

The larynx is supplied by branches of vagus nerve
(superior and recurrent laryngeal nerves). The supe-
rior laryngeal nerve descends lateral to the pharynx,
behind the internal carotid artery and at the level of
the greater horn of hyoid bone, and divides into a
small external laryngeal branch and a larger inter-
nal laryngeal nerve branch. The internal laryngeal
nerve pierces the thyrohyoid membrane above the
entrance of the superior laryngeal artery. The inter-
nal branch supplies general sensation, including
pain, touch, and temperature, to all structures supe-
rior to the vocal folds. The external branch enters
the cricothyroid muscle laterally on its deep surface.
The external laryngeal nerve provides motor supply
to the cricothyroid and inferior constrictor muscle.

RECURRENT LARYNGEAL NERVE

The recurrent laryngeal nerve (RLN) deserves
special mention because the nerve takes different
pathways on either side of the neck. The right RLN
branches from the right vagus nerve in the neck,
anterior to the right subclavian artery. It travels
inferiorly and posterior to the subclavian artery
to ascend in the neck between the trachea and
the oesophagus (in the tracheoesophageal grove),
behind the right common carotid artery.

The left RLN branch has a longer course because
it arises from the left vagus nerve in the thorax. It
loops around the arch of the aorta posterior to the
liagamentum arteriosum before its ascent into the
neck in the tracheoesophageal grove. The terminal
portion of both RLNs passes superiorly, deep to the
inferior border of the inferior pharyngeal constric-
tor muscle, just posterior to the cricothyroid joint.

ANATOMY OF THE PHARYNX

INTRODUCTION

The pharynx is a fibromuscular tube extending
from the skull base to, and in continuity with, the
oesophagus. It is divided into three parts defined
by the openings on its anterior surface. These
parts from superior to inferior are the nasophar-
ynx opening into the nasal cavity, the oropharynx
opening into the oral cavity and the laryngo-
pharynx opening into the larynx. Posteriorly, the
pharynx is in contact with the pre-vertebral fascia,
the space between the two allowing free movement
during swallowing and also a plane for infection to
extend to the posterior mediastinum.

The function of the pharynx is to support
breathing and swallowing, and to effectively and
safely separate the two. It is made up of four curved
sheets overlapping posteriorly and sitting inside
each other like stacked beakers. The superior most
sheet is the pharyngobasilar fascia, and below
this lie superior, middle and inferior constrictor
muscles.

THE NASOPHARYNX

This part of the pharynx extends from the skull
base to the soft palate and communicates with the
nose anteriorly through the posterior choanae. In
its posterior wall is a collection of lymphoid tissue,
the pharyngeal tonsil or adenoids. On the lateral
wall is the opening of the auditory (eustachian)
tube, which is surrounded superiorly, posteriorly
and inferiorly by a prominent ridge, the torus,
formed by the medial end of the cartilaginous
auditory tube. Posterior to this is a slit-like space,
which is the fossa of Rosenmuller.

THE OROPHARYNX

The oropharynx extends from the soft palate to the
upper border of the epiglottis. It communicates
anteriorly with the oral cavity. At this junction
laterally lie the palatine tonsils, surrounded anteri-
orly and posteriorly by mucosal folds overlying the
palatoglossus and the palatopharyngeus muscles,
respectively.
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The palatine tonsil has anterior and posterior
borders and an upper and lower pole. Its medial
surface is covered with pharyngeal mucosa and
has up to 20 crypts. Its lateral surface is covered
by a thickening in the submucosa, the tonsillar
capsule, which lies on the superior constrictor
muscle. The blood supply of the palatine tonsil
is from the tonsillar branch of the facial artery,
which pierces the superior constrictor. There are
smaller contributions from branches of the lin-
gual, the ascending pharyngeal and the ascend-
ing palatine arteries. The venous drainage is via a
venous plexus that pierces the superior constrictor
muscle.

THE LARYNGO-PHARYNX

This extends from the superior part of the epiglot-
tis to the cricoid cartilage, where it becomes con-
tinuous with the oesophagus. At either side of the
epiglottis the lateral glossoepiglottic folds separate
it from the oropharynx. Below these folds lie the
piriform fossae, which sit lateral to the quadrangu-
lar cartilage of the larynx and medial to the inter-
nal surface of the thyroid cartilage inferiorly and
the thyrohyoid membrane superiorly. The piriform
fossae narrow inferiorly and are connected by the
post-cricoid area. This area is known clinically as
the hypopharynx.

THE PHARYNGOBASILAR FASCIA

The pharyngobasilar fascia is a dense, fibrous
thickening of the submucosa filling the gap
between the skull base and the superior constric-
tor muscle. The stiffness of this fascia maintains
the patency of the nasopharynx during breathing.

In the midline posteriorly running the length
of the pharynx is the pharyngeal raphe. This
receives fibres from all the constrictor muscles and
attaches to the pharyngeal tubercle on the clivus.
The attachment of the pharygobasilar fascia then
passes laterally and anteriorly over the foramen
lacerum to just in front of the carotid canal. It then
leaves its bony attachment and is attached to the
cartilaginous portion of the auditory tube before
attaching to the posterior border of the medial
pterygoid plate to the hamulus.

The inferior edge of the pharyngobasilar fascia
is at the level of the hard palate within the supe-
rior constrictor muscle and is visible as Passavant’s
ridge as this muscle constricts during swallowing.
Passavant’s ridge allows the soft palate to more
effectively close the nasopharynx during swallow-
ing and prevent nasopharygeal regurgitation.

THE SUPERIOR CONSTRICTOR
MUSCLE

The superior constrictor lies outside the pharyn-
gobasilar fascia, sharing its attachment to the
medial pterygoid plate. At the hamulus the supe-
rior constrictor attachment continues inferiorly
along the pterygomandibular raphe to the man-
dible at the posterior end of the mylohyoid line
level with the border of the last molar. Attachment
to this raphe is shared by the buccinator muscle,
which extends anteriorly, whilst the superior con-
strictor extends posteriorly.

As with the other constrictor muscles, the
fibres of the superior constrictor extend around
the pharynx to join in the midline at the pharyn-
geal raphe. Most of the superior constrictor fibres
extend upwards, but the muscle is present as low
as the level of the vocal cords within the middle
constrictor muscle.

THE MIDDLE CONSTRICTOR
MUSCLE

The middle constrictor arises from the lower
third of the stylohyoid ligament. As this ligament
attaches to the lesser cornu of the hyoid bone, the
middle constrictor attachment extends along the
superior surface of the greater cornu of the hyoid
bone. The fibres again extend posteriorly to meet
at the pharyngeal raphe, diverging widely. The
uppermost fibres of the middle constrictor can
completely enclose the superior constrictor mus-
cle, and inferiorly fibres again extend as far as the
vocal cords.

The space between the superior and middle
constrictor muscles is filled by the tongue base.
Passing through this space are the structures that
pass from outside the pharynx to the oral cavity,
the stylopharyngeus muscle and the glossopharyn-
geal and lingual nerves.
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Superior constrictor

Middle constrictor

Thyropharyngeus

Cricopharyngeus

Oesophagus

Figure 17.4 The pharyngeal constrictors from the right.

THE INFERIOR CONSTRICTOR
MUSCLE

The inferior constrictor is split into two parts
(Figure 17.4).

The thyropharyngeus arises from the oblique
line on the thyroid lamina and inferior to this
from a fibrous arch overlying the cricorthyroid
muscle, ending at the inferior border of the cri-
coid cartilage. Its fibres diverge widely as it passes
backwards enclosing the middle and superior con-
strictor muscles to the pharyngeal raphe. The thy-
ropharyngeus fibres extend superiorly almost to
the level of the pharyngeal tubercle. The inferior
fibres travel horizontally with the superior edge of
the cricopharyngeus muscle. The gap between the
middle constrictor muscle and the thyropharyn-
geus muscle is closed by the thyrohyoid membrane.
Passing through this gap are the internal branch
of the superior laryngeal nerve and the superior
laryngeal vessels.

Whilst the other constrictor muscles are flat
sheets of muscle, the cricopharyngeus muscle is
rounder and thicker and extends fully around the
pharynx without joining the pharyngeal raphe. It
is in continuity inferiorly with the circular muscu-
lar layer of the oesophagus and acts as a sphincter

Stylohyoid ligament
Hyoid bone

Thyrohyoid membrane

Thyroid cartilage

Cricoid cartilage

Trachea

between the lowest extent of the pharynx and the
upper oesophagus. This sphincter remains closed
except during swallowing, which prevents air from
being sucked into the oesophagus during inhala-
tion. The cricopharyngeus muscle may be supplied
by the recurrent laryngeal nerve or the external
laryngeal nerve directly rather than from the pha-
ryngeal plexus.

The area posteriorly between the superior bor-
der of the cricopharyngeus muscle and the inferior
border of the thyropharyngeus muscle is known
as Killian’s dehiscence and is a potential weakness
in the pharyngeal wall. Through this pharyngeal
mucosa can herniate, causing a pharyngeal pouch.

OTHER FEATURES OF
THE PHARYNX

The soft palate

The soft palate is a mobile fold of muscle and
mucosa attached to the posterior edge of the hard
palate and fused with the pharynx laterally. It can
be raised and lowered and closes the nasopharynx
during swallowing.

The soft palate is made up of an aponeurosis,
which is acted on by five paired muscles. Much
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of the bulk of the soft palate is made up by the
mucous membrane and associated minor salivary
glands.

The tensor palati is a triangular muscle attach-
ing to the scaphoid fossa on the medial pterygoid
plate, the lateral edge of the auditory tube and
the spine of the sphenoid. From this broad inser-
tion the muscle comes together as a tendon at the
pterygoid hamulus, where it turns at a right angle
and enters the pharynx. The tendon now broad-
ens out, forming the aponeurosis of the soft pal-
ate attached anteriorly to the crest of the palatine
bone and blending in the midline. The aponeu-
rosis is concave towards the mouth so that when
the tensor palati contracts, the soft palate is flat-
tened inferiorly. Because this muscle attaches to
the auditory tube, contraction also pulls on this
structure, opening it and allowing equalization
of pressure between the nasopharynx and the
middle ear.

The levator palati muscle is a round muscle aris-
ing at the quadrate area of the petrous bone and
the adjacent medial side of the cartilaginous audi-
tory tube. It inserts onto the nasal surface of the
aponeurosis between the two heads of the pala-
topharyngeus. Contraction of this muscle pulls
the soft palate upwards and posteriorly and again
opens the auditory tube.

The palatoglossus arises from the inferior sur-
face of the aponeurosis and passes downwards to
interdigitate with the styloglossus. This muscle
forms the anterior tonsillar pillar and delineates
the junction between the oral cavity and the
oropharynx.

The palatopharyngeus arises from two heads,
one attached to the hard palate and one on the apo-
neurosis on either side of the levator palati muscle.
The two heads fuse and head inferiorly, forming
the posterior pillar of the tonsil, and insert into
the posterior border of the thyroid lamina passing
deep to the constrictors.

Other muscles

The salpingopharyngeus muscle is a thin muscle
arising from the lower part of the cartilaginous

auditory tube and passes inferiorly to blend with
the palatopharyngeus muscle.

The stylopharyngeus muscle arises from the
styloid process and inserts into the posterior bor-
der of the thyroid lamina. This muscle is supplied
by the glossopharyngeal nerve directly and not the
pharyngeal plexus.

NEUROVASCULAR SUPPLY
OF THE PHARYNX

Blood is supplied by many arteries to the pharynx
including the ascending pharyngeal, lingual, ton-
sillar, greater palatine and superior and inferior
laryngeal arteries. Venous drainage is into the
venous pharyngeal plexus at the back of the middle
constrictor, which drains into the pterygoid plexus
and the internal jugular vein.

The motor supply of the pharynx is from the
pharyngeal plexus lying on the posterolateral wall
of the pharynx and is made up by branches of the
vagus and glossopharyngeal nerves and the cervical
sympathetic trunk. Sensory supply of the nasophar-
ynx is from the pharyngeal branch of the maxillary
nerve, and the sensory supply of the oropharynx
is from the glossopharyngeal nerve other than the
vallecula, which is supplied by the internal branch
of the superior laryngeal nerve. The rest of the pha-
ryngeal mucosa is supplied by the internal branch
of the superior laryngeal nerve and the recurrent
laryngeal nerve.

KEY LEARNING POINTS

® The laryngeal structures develop from
the 4th and 6th branchial arches and
carry their nerve supply.

e The adult larynx is at the level of C3-C6
vertebrae.

® The subsites and spaces of the larynx are
important.

e The boundaries of nasopharynx, orophar-
ynx and hypopharynx are well defined.
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Pharyngeal diseases are common. The challenge is
to distinguish between those with benign disease
and those with serious conditions without over-
investigating the former.

Sore throat or pain in the throat is common.
Frequently, this will be due to viral pharyngitis or
tonsillitis, but unilateral symptoms should alert
one to focal and possibly more serious disease.
Persistence beyond a period that would be expected
for common infections also warrants attention/
concern (4 weeks is a sensible time point). Pain
originating from the tonsil will be made worse by
swallowing and may be referred to the ear because
the glossopharyngeal nerve supplies both sites.
Persistent pain and trismus suggest either quinsy
or spread of an oropharyngeal tumour to the pter-
ygoid muscles.

‘True’ dysphagia is a real difficulty in swal-
lowing food or drink. These may come back
into the mouth or ‘go down’ slowly. There may
be an inability to swallow certain foodstuffs, for
example lumps of meat. The patient may lose
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weight. Swallowing may progressively deteriorate.
Carcinoma of the hypopharynx and oesophagus
need to be excluded.

A sensation of a lump in the throat is a very
frequent complaint. This may be an early symp-
tom of cancer but is more commonly due to other
things, including cricopharyngeal spasm, oesoph-
ageal dysmotility, pharyngeal pouch, laryngo-
pharyngeal reflux and external compression from
a thyroid goitre or globus pharyngeus. The last is
a functional condition in which there is no true
dysphagia.

Swallowing may be difficult due to pain. Painful
swallowing (odynophagia) is most commonly
caused by tonsillar infections but can be a symp-
tom of cancers of the pharynx.

Regurgitation, especially of recently eaten but
undigested food, suggests a pharyngeal pouch.

The speech may be altered. Large swellings of the
hypopharynx or oropharynx will muffle speech,
and large nasopharyngeal masses will result in

159
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hyponasality with obstruction of the choanae and
pushing down of the soft palate.

Nasopharyngeal lesions can present with nasal
obstruction and epistaxis. Furthermore, invasion
of the skull base by a nasopharyngeal tumour can
result in cranial nerve palsies presenting as diplo-
pia, facial pain, uncoordinated swallowing, hyper-
nasality from a paralyzed palate and dysphonia
from a paralyzed vocal fold. Conductive hearing
loss can result from glue ear secondary to naso-
pharyngeal disease.

EXAMINATION

NASOPHARYNX

Although previously examined with a nasopha-
ryngeal mirror, the nasopharynx should be exam-
ined with a rigid nasal endoscope (or fibre-optic
nasolaryngopharyngoscope). ~ These  modern
instruments consistently provide an illuminated,
magnified and detailed view. All areas should be
assessed including the eustachian tube orifices, the
fossae of Rosenmuller, the roof of the nasopharynx
and the posterior nasal choanae.

OROPHARYNX

A tongue depressor should allow a good view of the
tonsils, fauces, soft palate and posterior pharyn-
geal wall; all should be systematically examined.
The tongue base and vallecula should be assessed
with a laryngeal mirror with the tongue held for-
ward or specifically examined during fibre-optic
nasolaryngopharyngoscopy.

The lateral oropharynx and the base of the
tongue should be palpated, because oropharyngeal
tumours can arise deep within tonsillar crypts and
present at the surface late.

HYPOPHARYNX

The hypopharynx may be examined with a mir-
ror but should also be examined with a fibre-optic

nasolaryngopharyngoscope. Topical local anaes-
thesia and/or decongestion of the nose may or
may not be used. The evidence base for the use
of these is not strong. However, in the very sensi-
tive patient or the patient with a congested nose,
topical decongestant and local anaesthesia should
be used.

NECK

The neck should be palpated in a systematic and
thorough manner (see Chapter 36). Any lumps
need to be described carefully, including docu-
mentation of position, size, number, distribution
and fixation. Description of fixation should include
an assessment of what the lump is fixed to, because
fixation does not always indicate inoperability.
Position and distribution may be stated using the
nomenclature of anatomical triangles of the neck
or, for malignant nodes, the nomenclature of levels
(see Chapter 36).

Nodal distribution can give clues to the diag-
nosis or the source of primary pathology. For
example, posterior triangle lymph nodes are often
enlarged in viral illness, including mononucleosis
and toxoplasmosis. Supraclavicular lymphadeno-
pathy can be present in gastro-intestinal, lung and
breast disease.

The larynx will move on swallowing, and the
laryngeal cartilages should be palpated and mobil-
ity assessed. Thyroid enlargement will present as a
low neck mass that moves upon swallowing.

OTHER AREAS

The larynx must be examined during nasolaryn-
gopharyngoscopy with clear documentation of
airway patency and vocal cord paralysis. The lat-
ter can occur with hypopharyngeal tumours (due
to direct laryngeal invasion or nerve involvement
in the neck) or nasopharyngeal tumours (nerve
involvement at the skull base).

The eardrums should be examined for evidence
of otitis media and other causes of referred pain.
Tuning fork tests and audiometry may be helpful.

Horner’s syndrome and trismus suggest extra-
pharyngeal tumour spread.
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INVESTIGATIONS

PLAIN RADIOGRAPHY

Plain film of the nasopharynx

This is an investigation to assess the soft tissues of
the nasopharynx, in particular the size of the ade-
noid pad. It is rarely used now because the naso-
pharynx is readily examined with a nasendoscope,
and even in children a paediatric nasolaryngo-
scope will afford an excellent view.

Plain film of the lateral soft tissues
of the neck

This is a useful investigation to examine the hypo-
pharynx especially. It is used to look for foreign
bodies (beware as many are unfortunately radiolu-
cent), free air in the soft tissues suggesting a tear in
the pharynx or soft tissue swelling, as with retro-
pharyngeal collections. If the pre-vertebral soft
tissues are greater than the diameter of a vertebra,
this is abnormal.

Plain postero-anterior chest x-ray

This study is useful to investigate for pulmonary
metastasis or the presence of tuberculosis.

Plain mandibular film and
orthopantomogram (OPG)

These studies will show invasion of the mandible
in advanced tonsillar cancer; however, computed
tomography (CT) and magnetic resonance imag-
ing (MRI) are better for this. Both films are useful
in planning osteotomies, and the OPG is espe-
cially useful for assessing dental health prior to
radiotherapy.

CONTRAST FILMS

Barium swallow

Barium swallow will show strictures, sinuses
and pharyngeal pouches. It is imperfect for

mucosal lesions and examining the oropharynx.
If the results are normal and clinical concern
remains, a panendoscopy needs to be considered.
Water-soluble contrast is used if a pharyngo-
oeosophageal perforation is suspected.

Video swallow (fluoroscopy)

This is a contrast swallow taken with a greater
number of frames per second (typically 30 frames
per second) than the barium swallow (less than
5 frames per second). Also, the patient may be
given modified consistencies of food, such as bread
coated in barium, to swallow. The study can be
conducted in conjunction with a speech therapist,
who may ask the patient to swallow with modified
techniques. Therefore, the video swallow is a tech-
nique to investigate swallowing function and can
be in part a therapeutic procedure through its use
in video feedback. It can be useful after laryngec-
tomy to investigate poor voice after surgical voice
rehabilitation.

SCANNING

Ultrasound scanning

Ultrasound scanning is essential for any neck lump
and is usually used to guide fine-needle aspiration
for cytology.

CT scanning

CT scanning is useful for assessment of pharyn-
geal primary pathology including malignancy.
It is better than ultrasound scanning to inves-
tigate parapharyngeal space lesions, including
abscesses and tumours. CT is useful in assessing
invasion of the mandible by oropharyngeal can-
cers. It is required for staging of neck lymphade-
nopathy in malignancy. Also, CT of the thorax
has largely replaced bronchoscopy in the hunt for
second (lung) primaries in head and neck cancer.
It is important in the assessment of bony inva-
sion and intracranial spread of nasopharyngeal
cancers.
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MRI

MRI is better than CT for examining the oro-
pharynx; the tongue base especially benefits from
its soft tissue definition. It can, however, be read-
ily spoiled by motion artefact. MRI is important
in identifying intracranial extension of nasopha-
ryngeal cancer. It is essential in the investigation
of primary parapharyngeal tumours and parapha-
ryngeal spread of oropharyngeal cancers.

FUNCTIONAL ENDOSCOPIC
EVALUATION OF
SWALLOWING (FEES)

FEES is the assessment of swallowing with a fibre-
optic nasolaryngopharyngoscope in place. The
patient is given foodstuffs of different consistencies
to swallow with the endoscope in place just beyond
the soft palate. The test especially allows observa-
tion of aspiration and failure to clear foodstuffs
(stasis and soiling). Different food consistencies
and swallowing techniques can be tested to see if
they affect the swallow. The examination can be
watched by the patient in real time and used thera-
peutically through video feedback.

LABORATORY INVESTIGATIONS

A full blood count and erythrocyte sedimenta-
tion rate (ESR) can be helpful. In the severely sep-
tic patient, they can be used to monitor treatment
response. In the well patient with overt infection,
these tests are of questionable value. A Monospot
should be requested in the young patient with a sore
throat and malaise. If this is negative but symptoms
are those typical for glandular fever, consider test-
ing for toxoplasma, cytomegalovirus, brucella and
human immunodeficiency virus (HIV).

If Paterson-Brown-Kelly syndrome is sus-
pected, measuring only haemoglobin is insuf-
ficient. One should also test serum iron and
iron-binding capacity.

For a patient with weight loss, one should test
urea, electrolytes, serum proteins and thyroid
function.

The Venereal Disease Research Laboratory
(VDRL) test and the Treponema pallidum haemag-
glutination (TPHA) test may be indicated, espe-
cially in regions where syphilis is prevalent or in
high-risk patients.

ENDOSCOPY AND TISSUE
DIAGNOSIS

PANENDOSCOPY

This is a comprehensive examination of the upper
aerodigestive tract under general anaesthesia. It
offers the particular advantages of a thorough,
bimanual palpation.

TRANSNASAL OESOPHAGOSCOPY

This is a fibre-optic outpatient technique performed
under local anaesthesia. The fine endoscope has a
side channel to allow insufflation of air and biopsy
forceps. The technique shows promise especially in
outpatient investigation of the patient with a sensa-
tion of a lump in the throat. However, to allow ade-
quate visualization of the hypopharynx, high-speed
video must be taken and reviewed in slow motion.

Nasopharynx

This may be performed under local anaesthesia,
but often lesions bleed, and local anaesthesia is dif-
ficult to achieve adequately in this area.

Under general anaesthesia, the area should be
palpated. Following this, the nasopharynx may be
examined with Jacques catheters to hold the soft
palate out of the way and a laryngeal mirror passed
through the mouth.

A better assessment may be made with a rigid
nasendoscope through the decongested nose fol-
lowed by biopsy. If no lesion is seen, then random
(not blind) biopsy specimens should be taken from
the fossae of Rosenmuller and the midline. This is
important to do in the presence of unilateral glue
ear.

If a juvenile angiofibroma is suspected, the mass
should not be biopsied. Radiological investigations
should be able to secure this diagnosis.
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Oropharynx

As part of panendoscopy, the oropharyngeal
tumour should be assessed both visually and, more
important, by palpation. Good representative sam-
ples should be taken from the centre of the ulcer or
mass, not just the edge.

Hypopharynx

Again, this should be investigated as part of pan-
endoscopy because the oesophagogastroscope
gas insufflation technique rarely allows adequate
distension of the organ and a proper assessment.
The upper and lower limits of a lesion need to be
defined as well as fixation.

® Barium swallow and video fluoroscopy
help define the integrity of the oesopha-
gus and the swallowing function.

e Functional endoscopic evaluation of
swallowing allows assessment of swal-
lowing in real time.

e Transnasal oesophagoscopy can be done
as an office procedure.

FURTHER READING

KEY LEARNING POINTS

e History and examination aid the choice
of investigations.

Branstetter IV BF. Diagnostic Imaging of the
Pharynx and Esophagus. In: Cummings
Otolaryngology — Head and Neck Surgery. 5th
ed., Vol. 2. Ed. Flint PW, et al. Philadelphia:
Mosby Elsevier, 2010: 1393-1420.
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INTRODUCTION

This chapter covers laryngo-pharyngeal (silent or
airway) reflux and globus syndrome (globus pha-
ryngeus or globus pharyngis), Eagle syndrome,
pemphigus and pemphigoid and Castleman dis-
ease. Many other benign conditions that affect the
pharynx are covered in other chapters, including
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benign pharyngeal tumours, infections, dyspha-
gia, pharyngeal pouch, snoring, obstructive sleep
apnoea in both adults and children and choanal
atresia.

The pharynx is divided into three parts, like a
stack of three bottomless paper cups with one side
missing, each of which opens anteriorly towards
the nose, mouth and larynx - called, respec-
tively, the nasopharynx, the oropharynx and the

165
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hypopharynx (laryngo-pharynx). Because the
pharynx is a conduit, conditions that affect the
nose and mouth tend also to affect the naso- and
oropharynx; similarly, the hypopharynx may be
affected by both oropharyngeal and oesophageal
conditions.

LARYNGO-PHARYNGEAL
(AIRWAY) REFLUX

DEFINITIONS

Reflux affecting the pharynx may be divided into
two types, which may occur separately or together.
First is classic gastro-oesophageal reflux disease
(GORD), in which a tidal wave of stomach fluid is
regurgitated up the oesophagus. Second is laryngo-
pharyngeal reflux (LPR), also known as ‘airway’ or
‘silent’ reflux, in which a mist of gastric fluid drifts
around the upper aerodigestive tract affecting the
pharynx, larynx, lungs, eustachian tubes and mid-
dle ear. This type is the main subject of this section.

PATHOLOGY

GORD is mainly acid mediated, hence the term
acid reflux; however, there are many other active
components of gastric fluid, which include duode-
nal reflux at the pylorus and which may reach as
high as the laryno- and oropharynx. The refluxate
is cleared swiftly by peristalsis, and acid is neutral-
ized by bicarbonate in saliva. GORD may be associ-
ated with hiatus hernias and Barrett’s oesophagus.

LPR is mainly pepsin mediated, and episodes
may be non-acidic as well as acidic or weakly
acidic. Each droplet of mist contains not only
hydrochloric acid but also proteolytic enzymes,
mainly gastric pepsins, and pancreatic trypsin and
chymotrypsin, bacteria and bile salts, which all
affect the upper airway mucosa adversely. Droplets
of mistlanding on the upper airway mucosa release
acid, proteolytic enzymes and bile salts, inflaming
the surface. Though the acid may be partly buff-
ered by mucus secretion, the pepsin and bile salts
remain in contact with the surface mucosa.

In the stomach, pepsinogen is activated to pep-
sin by acidic conditions below pH 4, but pepsin

remains active up to pH 6.5 and is irreversibly
deactivated only above pH 8. Pepsin may bind to
upper aerodigestive mucosal surfaces but can also
enter cells by receptor mediated endocytosis and
is held within the cells in vesicles. Gradually, it
becomes less active in a neutral pH but can be reac-
tivated by further reflux or ingested acids (vinegar,
citrus fruits and some fizzy drinks), and the cells
autodigest.

In addition, a reduction in gastric acid secretion,
perhaps after distal gastrectomy or treatment with
proton pump inhibitors (PPIs), allows an increase
in gastric bacteria that can unconjugate bile acids.
Free bile acids weaken the lipid components of
the lipoprotein membrane of upper aerodigestive
mucosa cells more than conjugated bile acids, and
the overall result is mucosal inflammation. Also,
pancreatic trypsin from pyloric refluxate, which is
active between pH 6 and pH 10, may have a greater
effect in LPR in these circumstances.

There is also an up-regulation of the cough
reflex receptors, both in number and in sensitivity,
to clear this gastric mist, which results in greater
sensitivity to mild irritants such as heavy perfume
or cigarette smoke.

HISTORY

All chambers of the pharynx are affected, and the
symptoms may be understood from the protec-
tive reactions of the mucosa. The Reflux Symptom
Index (RSI) is a commonly used questionnaire,
completed by the patient, that is useful for diagno-
sis and subsequent monitoring of treatment.

The nasopharynx responds by producing excess
thickened mucus, which characteristically is clear
and is described by the patient as a continual post-
nasal drip or catarrh. Nasal mucosal oedema may
be associated with nasal blockage. Sneezing may be
a feature but is unrelated to a specific allergen.

The oropharynx becomes more sensitive, and
patients may describe various symptoms such as a
foul taste and a tickly throat (like a hair laid over
the tonsils), an inconsistent mobile foreign body
sensation that may move about the oropharynx, or
a feeling of a lump located high in the throat. There
may also be a general soreness of the throat.

The laryngo-pharynx produces excess mucus,
though mucus from above may also gather here.
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There may be increased tonicity of the upper
oesophageal sphincter, at the level of the crico-
pharyngeus muscle, so that swallowing saliva or
liquids, in particular, may fail to relax the muscles
completely, giving rise to a globus sensation.
Laryngeal symptoms due to LPR are important
because the laryngeal respiratory mucosa is less able
to tolerate acid, proteolytic enzymes and bile acids.
Patients may complain of constant throat clear-
ing of excess mucus, choking and coughing, even
cough syncope, and also wheeziness; they may have
been diagnosed with late-onset asthma. They may
also present with dysphonia and difficulty in swal-
lowing (‘pseudodysphagia’) but do not eat more
slowly or exhibit weight loss or true odynophagia.
These symptoms of airway reflux may be exacer-
bated by talking, singing, jogging, circuit training,
lying down or bending forwards after a large meal
or playing a wind instrument. Smoking or drink-
ing alcohol, or both, increase the propensity for
airway reflux in those susceptible by reducing the
tone of the lower oesophageal sphincter, delaying
gastric emptying and increasing gastric secretion.

PAST MEDICAL HISTORY

Laryngo-pharyngeal reflux may be a factor in
conditions such as ‘sinusitis’ with post-nasal drip,
eustachian tube dysfunction, chronic sore throats,
chroniclaryngitis, ‘brittle’ asthma, chronic obstruc-
tive pulmonary disease (COPD) and chronic cough.
These may be exacerbated if not caused by LPR, and
it may be difficult to know if LPR is a small or large
aetiological factor. A trial of anti-reflux treatment
may reveal to what degree airway reflux is contrib-
uting to these conditions. If LPR is a significant
part, its treatment will help prevent disease pro-
gression and allow disease-specific treatments to be
more effective. The difficulty facing the clinician is
how to unravel the contribution that LPR is making
to the symptoms of patients who are wholly con-
vinced that they have another disorder.
Oropharyngeal and laryngo-pharyngeal reflux
may exacerbate the chronic inflammation asso-
ciated with smoking, spirits, spices and sepsis.
Airway reflux affecting the larynx, the trachea and
the bronchi may present as chronic laryngitis or
pulmonary disease, or both. Any sinister features
require investigation to exclude sinister causes.

EXAMINATION

Clinical findings may be subtle and lack specificity,
reflecting diffuse inflammation. Flexible nasopha-
ryngeal laryngoscopy may reveal greater inflam-
mation in the post-nasal space than in the nasal
cavity, lingual tonsil hypertrophy, three-point
inflammation of both arytenoids and the base of
the epiglottis, inter-arytenoid oedema or posterior
commissure hypertrophy, and a pseudosulcus of
the vocal cords associated with vocal cord oedema.
Rarely, pyogenic granulomas, either unilateral or
bilateral, may form on the mucosa over the vocal
process of the arytenoid. These are associated
with coughing and, if they are large, inspiratory
stridor due to obstruction of the laryngeal inlet.
Intralaryngeal mucus is thick, and there may be
obliteration of the ventricles. The Reflux Finding
Score (RES) is a record of the examination findings
and is a useful instrument aiding diagnosis and
monitoring treatment.

Findings not specific to LPR may also be vari-
ously associated with inhaled irritants, smoking
and alcohol consumption, voice abuse, viral infec-
tions and allergy.

INVESTIGATIONS

Most patients are diagnosed clinically and do not
require further investigations. Specific features
of the history and examination suggesting other
diagnoses warrant appropriate investigation.
For LPR, a trial of treatment, as a clinical trial
of one, will help establish the diagnosis, or, in
complicated cases, will give the clinician a mea-
sure of the contribution of LPR to the patient’s
symptoms.

A contrast swallow is no longer used as a
routine test for pure LPR but may be of value in
patients with dysphagia or odynophagia and may
reveal a pharyngeal pouch, oesophageal dysmotil-
ity, strictures or Schatzki rings. Some ear, nose
and throat (ENT) departments have access to
transnasal oesophagoscopy (TNO), which allows
more accurate assessment of the oesophagus for
a hiatus hernia or Barrett’s oesophagus at the first
visit and appropriate onward referral to upper
gastro-intestinal (GI) surgeons or gastroenterolo-
gists. Otherwise, when there is associated GORD,

http://e-surg.com



168 Benign disease of the pharynx

oesophago-gastro-duodenoscopy (OGD) may be
requested.

The gold standard investigation is 24-hour,
dual-channel pH monitoring, with or without
impedance, with electrodes placed just above the
lower sphincter and at the upper sphincter to cap-
ture both GORD and LPR. Some consider any
reflux reaching the upper oesophageal sphinc-
ter as abnormal, whereas others consider four or
more episodes in 24 hours abnormal. The addition
of multichannel intraluminal impedance (MCII)
picks up weakly acidic and non-acidic events,
improving diagnostic accuracy; only 25 per cent of
pharyngeal reflux episodes are acidic. These inves-
tigations, however, are invasive, are not well toler-
ated and may not be readily available. Monitoring
of the upper airway pH to detect aerosolized reflux
via a minimally invasive probe is now possible
(ResTech, Respiratory Technology Corporation,
San Diego, CA, USA), making an accurate pH
diagnosis accessible. Pharyngeal secretions can
be tested for pepsin (Peptest, RD Biomed Limited,
Hull, UK) and, if detected, LPR is highly likely.
Patients with cough-related LPR who test positive
for Helicobacter pylori improve after successful
Helicobacter eradication.

TREATMENT

There are three aspects of treatment: all patients
require dietary and lifestyle advice, many require
medical treatment and a few require surgery.

Dietary and lifestyle changes can be summa-
rized in an advice sheet and should include the
avoidance of fatty foods (anything fried, chips,
crisps, pastry and even chocolate), the avoidance
of fizzy drinks and fruit juices, and not eating
between meals. Smoking and alcohol, particularly
spirits and wine, should be avoided. If symptoms
are worse lying down, propping up the head of the
bed and lying on the left side reduces reflux, and not
eating within 3 hours of lying down is beneficial.
Jogging, circuit training, obesity and tight cloth-
ing exacerbate symptoms; therefore, light exercise,
dieting and loose clothing are beneficial. A session
with a trained speech and language therapist (SLT)
improves compliance.

Medical treatment for LPR consists of liquid
alginate preparations, e.g. Gaviscon Advance

(Reckitt Benckiser, Hull, UK), which is effective
in controlling symptoms, either alone or with a
proton pump inhibitor (PPI). Alginates are non-
systemic and can be used in reflux associated with
pregnancy. PPIs work indirectly, reducing the
activation of pepsin, since, at present, there are no
drugs to oppose pepsin.

For mild symptoms, the dose for Gaviscon
Advance is 5mL three times a day after meals and
10mL last thing at night, after which the patient
should be nil by mouth until morning. For mod-
erate symptoms, a low-dose PPI should be added,
taken twice a day half an hour before meals, to
block gastric secretions, since all PPIs last for 12-14
hours. For severe symptoms, the PPI dose may be
doubled. H, antagonists are less effective but may
have a role at night for those with nocturnal acid
breakthrough despite higher dose PPIs. Not all
patients respond to the same PPI, and it is worth
trying another if the first PPI fails to help.

Treatment should continue for 2 to 3 months
before its benefit is assessed. Most patients require
6 months’ treatment before the PPI can be gradu-
ally reduced, to avoid acid rebound. Liquid algi-
nates can help control rebound symptoms after
the PPI has been withdrawn. Since liquid alginate
coats the oesophagus and forms a raft over the
stomach contents, reducing gastric mist forma-
tion, the mucosa is protected, especially during
sleep. Should reflux occur, there is a greater chance
of the refluxate being alginate rather than gastric
secretions.

Most patients can manage their symptoms in
the long term by lifestyle and dietary modification,
perhaps with a liquid alginate at night, but for a
restaurant meal with wine, an occasional PPI is
required.

For the few who fail to respond in whom
24-hour dual-channel pH (+/- MCII) monitoring
confirms LPR, laparoscopic fundoplication can be
effective.

REFLUX IN CHILDREN

Reflux in children is an important part of paediat-
ric practice, and LPR has been thought to be wholly
or partly responsible for childhood sinusitis, otitis
media with effusion, recurrent croup and laryngo-
malacia. LPR, if not recognized and treated, may
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make laryngeal papillomatosis worse, and airway
reconstructions for subglottic stenosis do badly.

GLOBUS SYNDROME (GLOBUS
PHARYNGEUS, GLOBUS
PHARYNGIS)

INTRODUCTION

Patients with globus syndrome complain of a feel-
ing of a lump in the throat (FOLIT) brought on
or made worse by anxiety with no other organic
cause, which makes it a diagnosis of exclusion. It
can happen to anyone, even the most calm, given
enough stress and is an example of somatization.
It affects men and women equally over 50 years of
age, though women are more likely to seek help.
Women younger than 50 years of age are affected
more than men. Stress from any source - family,
social, education, employment, financial or psy-
chological - is a feature of the history, but the often
unvoiced fear of throat cancer heightens anxiety,
exacerbating the symptoms. These issues have to
be dealt with openly (but better at the end of the
consultation) once rapport is established and alter-
native explanations given.

Globus may also be due to reduced mucosal
sensation, since globus is often experienced after
spraying the throat with local anaesthetic. Globus
may also be a minor but significant feature of
laryngo-pharyngeal reflux (LPR), oesophageal
dysmotility and oesophagitis with crico-pharyn-
geal spasm, though strong evidence of this associa-
tion is lacking.

HISTORY

Typically, the sensation of a lump is there ‘all the
time’, though most often noticed when swallowing
liquids including saliva (i.e. between meals) and
less noticeable or absent when swallowing solid
food. Patients may describe tightness, a pressure
on the throat like ‘being strangled’, or the feeling
of something stuck, like a ‘flap of skin’, ‘a hair’, or
a ‘blob of phlegm’. The sensation may move from
front to back or from side to side, is better on some
days and worse on others, may vary during the day,

is often worse in the evening and is not progressive.
There is no odynophagia. Although there is ‘pseu-
dodysphagia’ - the feeling of difficulty in swallow-
ing - there is no true dysphagia; patients do not
eat more slowly than before and there is no unex-
plained weight loss. Symptoms of reflux may be a
feature. Asking about the intensity of recent stress
is important. In patients with true globus, exces-
sive smoking or alcohol consumption is not usu-
ally a feature; however, if the ‘globus’ is constant,
progressive and painful, especially on swallowing,
and associated with a past history of carcinogen
consumption, consider a sinister cause.

EXAMINATION

Look for signs of anaemia, angular cheilitis, glos-
sitis and koilonychia. Examination of the midline
neck viscera is often unremarkable; if there are any
remarkable features, consider another diagnosis.
Nasopharyngeal laryngoscopy (NPL), with par-
ticular attention to the pyriform fossae, is essen-
tial and may reveal signs of reflux. Palpation of the
neck may reveal some tenderness of the laryngeal
muscles but no lymphadenopathy. TNO is a small
step for ENT surgeons, who are used to nasopha-
ryngeal laryngoscopy, but a giant leap in the man-
agement of pharyngeal disease, especially globus
and LPR. The use of a video camera to show the
patient the beauty of the pharynx is greatly reas-
suring and obviates the need for a barium swallow.

DIFFERENTIAL DIAGNOSIS

Globus may be associated with contact between a
hypertrophied tongue base, the uvula and a curled
epiglottis; heterotopic gastric mucosa; thyroid
enlargement; rare benign or malignant tumours
of the pharynx; excessive tension; and Eagle’s syn-
drome (long styloid process). Cervical osteophytes
at C5-C6 have also been implicated. Globus may
also be a feature of GORD and associated with
oesophagitis and cricopharyngeal spasm.

LPR may also present as globus, though there
are usually other features. It is extremely rare, but
not impossible, for carcinoma to present as a glo-
bus syndrome, though there are usually other clin-
ical features that cause alarm and warrant further
investigation.
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INVESTIGATIONS

A full blood count may reveal the iron deficiency
anaemia of Paterson-Brown-Kelly (Plummer-
Vinson) syndrome if there is also anaemia, koil-
onychia, glossitis and angular cheilitis. A diagnosis
of classic globus requires no more investigation
than a thorough ENT examination, including NPL
and, if available, TNO: normal findings should
reassure most patients. Further investigations of
the oesophagus are warranted only if there are
clinical features of an underlying cause, such as
true dysphagia. If TNO is unavailable and there is
a greater index of suspicion, e.g. classic globus but
with a history of tobacco and alcohol consumption,
referral for flexible OGD is appropriate. The post-
cricoid area is difficult to visualize with endoscopy,
and ENT surgeons traditionally request a barium
swallow. A barium swallow is primarily a study of
the oesophagus; unless requested specifically, the
pharynx, especially the post-cricoid area, is poorly
demonstrated, and reflux is missed in 40 per cent of
cases. In globus it often shows nothing significant,
exposes the patient to unnecessary radiation and
excites futile interest in cervical osteophytes. If dys-
phagia is present, bringing the diagnosis of globus
into question, then a barium swallow is indicated
to exclude a pharyngeal pouch, extrinsic oesopha-
geal compression, achalasia, stricture, hiatus hernia
or carcinoma. When transnasal oesophagoscopy
becomes widely available for ENT outpatients, the
need for barium swallows and OGD will dimin-
ish, and alternate diagnoses may be referred to the
appropriate specialist swiftly. Some ENT surgeons
have access to TNO and multichannel intraluminal
impedance/dual-probe pH monitoring; diagnose
oesophagitis, Barrett’s oesophagus and adenocar-
cinoma; and work closely with gastroenterologists
and upper GI surgeons. Rigid oesophagoscopy
under general anaesthetic to investigate globus
barely justifies the risk of this procedure.

TREATMENT

A patient with classic globus syndrome may be
reassured that the sensation will diminish as the
stress diminishes, however, reassurance is often not
enough. If transnasal oesophagoscopy is unavail-
able, a trial of anti-reflux treatment and lifestyle

changes to treat reflux, with follow-up in 4 to
6 weeks, is reasonable, because 30 per cent of globus
patients have reflux. Most ENT surgeons wait until
review before considering further investigation,
perhaps with OGD; if normal, the patient may be
discharged to his or her general practitioner (GP).

EAGLE SYNDROME

PATHOLOGY

Eagle syndrome is a collection of symptoms due
to the presence of a long styloid process or calci-
fied stylohyoid ligament and is associated with
irritation of the glossopharyngeal nerve (neural
type) or compression of the extracranial inter-
nal carotid (vascular type). Rarely, benign nerve
sheath tumours of the glossopharyngeal nerve may
be responsible, and injury to the internal carotid
may result in dissection, cerebrovascular events,
or both. For perspective, about 4 per cent of peo-
ple have an elongated styloid process greater than
30mm (normal length is <25mm), and between 4
and 10 per cent of these are symptomatic.

HISTORY

Eagle syndrome includes the elicitation of recur-
rent throat and ear pain on swallowing, turn-
ing the head, or extending the tongue, but it can
present with a wide range of general head and
neck symptoms that blur the finding of a specific
diagnosis. Eagle syndrome should be considered
when patients present with symptoms that could
be related to head position. Symptoms usually
include pain in the throat and the neck that ranges
from mild discomfort or a bruised feeling to severe
burning, throbbing pain, often associated head-
ache, all of which may be worse after sleeping. The
feeling of a lump in the throat and ‘pseudodyspha-
gia’ may also be a feature of Eagle syndrome.

EXAMINATION

As part of a complete head and neck examination,
it may be possible, after topical anaesthetic, to pal-
pate the styloid through the tonsillar bed, and this
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may evoke symptoms. Some advocate injection of
the tonsillar bed with local anaesthetic to confirm
the diagnosis, but this carries the risk of injecting
major vessels with serious consequences.

INVESTIGATION

Plain lateral and antero-posterior (AP) neck radio-
graphs may be sufficient, though a computed
tomography (CT) scan with 3D reconstruction
provides optimal information.

TREATMENT

Treatment is surgical with reduction of the elon-
gated styloid and calcified stylohyoid ligament via
an external approach. Repair of the carotid artery
may be required; discussion with a vascular surgeon
is desirable before surgery in patients with the vas-
cular type of Eagle syndrome. The external approach
is preferred over the transpharyngeal approach
because there is less risk of deep space neck infec-
tion and better visualization of the surgical field,
particularly if the carotid requires attention.

PEMPHIGUS AND PEMPHIGOID

These blistering autoimmune conditions may
affect the mucosa of the mouth and oropharynx
before skin lesions appear and are due to cleavage
within the epithelium. Think of the cleavage plane
in pemphigus as superficial, i.e. within the epithe-
lial layers, and in pemphigoid as deep, i.e. at the
level of the basement membrane; then the pathol-
ogy and clinical presentation will follow.

PEMPHIGUS VULGARIS

INTRODUCTION

Pemphigus vulgaris is a rare life-threatening auto-
immune disorder of mucous membranes and skin,
attacking the adhesion between epithelial cells.
Most cases are idiopathic; however, an association
with myasthenia gravis and thymoma has been

reported, and a variety of drugs have been impli-
cated in its induction, especially penicillamine,
phenylbutazone, rifampin and captopril. It is also
known to occur in association with a variety of
internal malignancies (paraneoplastic pemphigus).

PATHOLOGY

The cleavage plane in pemphigus occurs above
the basal layer of the epithelium, leaving a layer
of basal cells with rounded tops, like tombstones.
Above, in the intact serum-filled bulla, are a few
sloughed rounded keratinocytes resembling fried
eggs, with large hyperchromatic nuclei and a rim
of eosinophilic cytoplasm, which are called Tzanck
cells and can be seen in a smear from a fresh blis-
ter (the Tzanck test). Once ruptured, the remain-
ing ulcer becomes slowly covered with fibrinoid
necrotic debris and develops neovascularity, and
mixed inflammatory cells infiltrate the underlying
stroma. At the ulcer’s edge, there is intraepithe-
lial cleavage. Direct immunofluorescence of adja-
cent mucosa shows a lacy or chicken-wire pattern
of immunoglobulin deposits around individual
spinous epithelial cells that are mainly IgG, with
some IgM and IgA.

CLINICAL

Pemphigus presents in patients between 50 and
70 years of age, in women more than men, and
more frequently in Ashkenazi Jews. Of all cases of
pemphigus, the mouth or oropharynx is the ini-
tial site in 75 per cent, and in 50 per cent it is the
only site involved. Mucosal bullae are fragile, rup-
ture swiftly and leave flat ulcers with epithelial tags
along a thin red edge but no inflammatory halo.
Unlike traumatic ulcers and aphthous ulcers, the
base of a pemphigus ulcer is not concave, and there
is significantly less pain. The bullae may be greater
than 4cm in diameter and can affect most of the
oral mucosa. Blisters can be created by pressure or
friction upon a normal-appearing area of mucosa
(positive Nikolsky sign).

Bullae may present on any oral or oropha-
ryngeal surface but typically arise in the buccal,
palatal and gingival regions. In time skin blisters
occur and remain intact much longer, becoming
the major problem. Most patients have circulating
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autoantibodies detected by indirect immunofluo-
rescence using serum from other affected indi-
viduals. Titres are directly proportionate to the
severity of the disease.

DIFFERENTIAL DIAGNOSIS

Paraneoplastic pemphigus may occur in patients
with internal malignancy, such as lymphoma, leu-
kaemia, sarcoma and thymus tumours. Bullae may
be severe, and they can resemble erythema mul-
tiforme or bullous lichen planus and be resistant
to treatment. Waldenstrom’s macroglobulinemia
and Castleman disease have also been associated
with pemphigus.

Small lesions may be mistaken for viral vesicles,
e.g. herpes simplex, herpes zoster and Coxsackie
viruses. The mucosal lesions of erythema multi-
forme may demonstrate intraepithelial or subepi-
thelial blistering, or both, but this unique allergic
response occurs in younger patients and has an
abrupt onset and limited duration, separating it
from pemphigus.

TREATMENT AND PROGNOSIS

Systemic corticosteroid therapy reduces or elimi-
nates pemphigus vulgaris, although high doses
(prednisone, 400 mg daily) may be needed. Oral
or intravenous cyclophosphamide, azathioprine,
cyclosporine and methotrexate may reduce the
dose of corticosteroids required. Topical cortico-
steroids can be an adjunct if the bullae are confined
to the mouth.

Almost 10 per cent of patients die from electro-
lyte loss, wound infection, or treatment complica-
tions. Patients with paraneoplastic pemphigus may
be limited to supportive treatment until the under-
lying neoplasm is controlled.

MUCOUS MEMBRANE
PEMPHIGOID

INTRODUCTION

Pharyngeal mucous membrane pemphigoid
(benign mucous membrane pemphigoid or

cicatricial [scar-forming] pemphigoid), is a bullous
autoimmune disease attacking the subepithelial
basement membrane. It affects mucosa, not only
of the pharynx, but also of the mouth, larynx and
eyes, where scar formation may lead to blindness.

CLINICAL FEATURES

This disease is characterized by bullous lesions
of mucous membranes, presenting in patients
between 40 and 60 years of age, initially with oral
lesions, and is twice as common in women. Bullae
develop slowly and are small and infrequent in early
disease, but may eventually become large (>3 cm
in diameter) and appear as clear or slightly bluish
blisters without an inflammatory halo, though the
mucosal region may be erythematous. A positive
Nikolsky test (creation of a blister by pressure or
friction) occurs in 10 per cent of patients. A rup-
tured blister leaves a shallow, mildly tender ulcer
bed which heals in 7-10 days with scar formation.

PATHOLOGY

Lesions occur intermittently and may affect dif-
ferent parts of the mucosa at different times.
Separation of the epithelium from the basement
membrane forms a bulla; however, most are rup-
tured at the time of biopsy. Direct immunofluores-
cence shows a continuous linear apple green band
along the basement membrane. More than 50 per
cent of patients have circulating autoantibodies
identified by indirect immunofluorescence.

DIFFERENTIAL DIAGNOSIS

Blistering of mucous membranes may also be seen
in linear IgA disease, bullous lichen planus, epi-
dermolysis bullosa (hereditary and acquired
forms), bullosa haemorrhagica, erythema mul-
tiforme, bullous pemphigoid and dermatitis
herpetiformis, and also with the use of lithium,
vancomycin, diclofenac, and glibenclamide.

TREATMENT AND PROGNOSIS

Mucous membrane pemphigoid can often
be controlled by immunosuppressive agents
such as topical or systemic corticosteroids, or
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cyclophosphamide, but there is no cure. Blisters
elsewhere in the upper aerodigestive tract are
unusual, but patients with laryngeal or esophageal
involvement will develop dysphagia or oesopha-
geal webs. Ocular and skin involvement eventually
occurs, and early referral to an ophthalmologist
and a dermatologist is desirable.

CASTLEMAN DISEASE

Castleman disease may present in the pharynx as
a parapharyngeal mass, enlarged tonsil, or neck
node. It is a rare lymphoproliferative disorder and
is not considered a cancer, but is associated with a
higher risk of developing lymphoma. Also known
as giant lymph node hyperplasia and angiofollic-
ular lymph node hyperplasia, it may be localized
(unicentric) or widespread (multicentric), which
determines prognosis.

PATHOLOGY

The actual cause is unclear, though human herpes
virus 8 (HHV-8) is associated with the multicentric
type, but not the unicentric type. The same virus is
associated with Kaposi’s sarcoma, a cancer of the
blood vessel walls, which is also common in people
with multicentric Castleman disease. HHV-8 may
cause an excess production of interleukin-6 (IL-6)
within lymphatic cells, which reproduce rapidly
leading to the clinical picture of Castleman dis-
ease. Those with HIV are more likely to have both
Castleman disease and Kaposi’s sarcoma.

Three subtypes are described on histology: hya-
line vascular (80-90 per cent), plasma cell (10-20
per cent) and mixed (rare). Since there is a lack
of specific clinical, biochemical, and radiological
features, the diagnosis of Castleman disease is by
histopathology.

CLINICAL

Most patients with unicentric Castleman disease
are asymptomatic but notice an enlarged lymph
node in the neck, axilla or groin. It may present

with a parapharyngeal mass or an enlarged tonsil
associated with unintended weight loss, cough and
anaemia. The mean age at presentation is between
30 and 40 years.

Patients with multicentric Castleman disease
usually develop fever, night sweats, loss of appe-
tite, nausea and vomiting, unintended weight loss,
weakness, fatigue, hepatospenomegaly, peripheral
neuropathy and enlarged peripheral lymph nodes
in the neck, the axilla and the groin. The mean age
at presentation is between 50 and 60 years.

PROGNOSIS

Patients with unicentric Castleman disease do well
once the affected lymph node is removed, though
they may have an increased risk of lymphoma.

Multicentric Castleman disease is more seri-
ous and often life-threatening. Death is associ-
ated with serious infection, multiple organ failure,
lymphoma or Kaposi’s sarcoma. The prognosis is
worse in the presence of HIV/AIDS.

KEY LEARNING POINTS

e LPRis associated with a mist of proteo-
lytic enzymes and bile, not just hydro-
chloric acid.

® Globus syndrome should be a diagno-
sis of exclusion based on a balance of
probabilities.

e Eagle syndrome may be neural or
vascular and is best investigated by CT
and treated surgically via an external
procedure. Vascular surgical help may
be needed.

® Pemphigus and pemphigoid may present
in the mouth before skin lesions appear
and may be paraneoplastic.

e Think of lymphoma, HIV and Kaposi’s
sarcoma before you think of Castleman
disease.

e The RSI and REFS are useful diagnostic
and monitoring instruments.
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SORE THROAT

Sore throat is a common condition that will be
experienced by almost everyone at some stage in
life. Most people do not consult their general prac-
titioner about this, although when they do it may be
asan introduction to other health-related problems.

Sore throat is not necessarily infectious in aeti-
ology. Non-infectious causes include:

e Inhalation of dry air (mouth breathing)

e Exposure to irritants, e.g. occupational expo-
sure, cigarette smoking

® Asasequela to endotracheal intubation and

gastroscopy

Laryngopharyngeal reflux disease

Globus pharyngeus

In association with functional dysphonia

Pharyngeal and laryngeal cancer

It is important to consider non-infectious causes
of sore throat in the differential diagnosis of phar-
yngitis so that the symptoms can be appropriately
investigated and treated.

Specific infections 180
Key learning points 181
Further reading 181

MANAGEMENT OF SORE THROAT

A careful history and examination may establish
a diagnosis without recourse to special investiga-
tions. ‘Red flags’ should be sought (persistence,
unilateral symptoms especially associated with
otalgia, association with other symptoms, e.g.
hoarseness and dysphagia). Symptoms associated
with specific causes and their management will be
discussed later in the chapter.

Causative factors, for example exposure to irri-
tants, should be determined and avoided if pos-
sible. Patients who smoke should be advised to
stop. Nasal disease and laryngopharyngeal reflux
may need treating. Simple reassurance that there
is no serious cause may help with some patients.
Patients often ‘throat clear’ in a misguided attempt
to relieve their symptoms, and this should be
actively discouraged. Symptomatic relief of phar-
yngitis can be achieved by rest, drinking plenty of
fluids, a soft diet and simple analgesics, for exam-
ple paracetamol. Benzydamine mouthwashes may
provide relief of symptoms. Antibiotics should be
avoided unless specifically indicated.

175
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INFECTIONS OF THE PHARYNX

Pharyngitis may be viral or bacterial in aetiol-
ogy, with the former predominating. The most
common viruses are rhinovirus, adenovirus, cox-
sackievirus, parainfluenza virus and coronavirus.
Other important viruses include Epstein-Barr

Table 20.1 Summary of rare pharyngeal infections

virus (EBV, causing infectious mononucleosis),
human immune deficiency virus (HIV) and cyto-
megalovirus (CMV) (Table 20.1).

The most common bacterial pathogen is group
A beta-haemolytic streptococcus (GABHS). This is
a more common cause of sore throat in children
(up to a third of cases) than in adults (approxi-
mately 10 per cent).

Infection

Cytomegalovirus

Toxoplasmosis

Herpes simplex infection

Herpes zoster infection

Candida

Syphilis

Tuberculosis (TB)

Presenting features

Mononucleosis-type symptoms. Common
opportunistic infection in
immunocompromised patients. Pharyngitis
and adenopathy less common than with EBV
infection.

Protozoal infection latent in many healthy
people. Mononucleosis-type symptoms.
Common potentially severe opportunistic
infection in immunocompromised patients.
Sore throat and lymphadenopathy.

More common in children. Vesicular stomatitis
rarer in oropharynx than oral cavity. Malaise
and lymphadenopathy.

Reactivation of latent virus in cranial nerve
distribution. Transient tonsillar vesicles
associated with Ramsey-Hunt syndrome.
Pain on swallowing, shallow vesicles.

Most commonly Candida albicans. More
common in denture wearers, those
undergoing antibiotic treatment,
immunocompromised patients and following
chemoradiotherapy. Sore burning mouth and
pharynx, white patches on mucosa that can
be scraped off, erythematous patches on
mucosa. Acute or chronic.

Rare. Primary syphilis may present with chancre
(painless ulcer) on tonsil. Non-specific
systemic symptoms in secondary syphilis
with hyperaemic pharynx and snail track
ulcers.

Primary TB in children; focus in tonsil with
cervical adenopathy. Secondary TB
associated with pulmonary TB, often seen on
posterior commissure, differential diagnosis
of pharyngeal cancer. More common in
immunocompromised patients.

Management

Supportive.

Supportive in
immunocompetent
patients.

Supportive. Aciclovir
may be of benefit in
severe infections.

Supportive; may benefit
from famciclovir.

Prevention. Topical and
systemic antifungal
treatment.

VDRL (Venereal Disease
Research Laboratory)
testing; penicillin.

Management as per
pulmonary TB.
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Pharyngeal infections are generally transmitted
by close contact with droplet transmission, so out-
breaks are often seen in people who have been in
proximity with each other.

ACUTE TONSILLITIS

Acute tonsillitis remains a common condition. The
incidence varies, which may reflect the pattern of
referral in different parts of the world. It is pre-
dominantly a disease of children and young adults,
although it may present at any age. There tend to
be peaks in incidence between 5 and 7 years of age
and in late teenage years, possibly due to people
being exposed to new pathogens when starting
school or when moving away from home.

Like all infective causes of sore throat, tonsil-
litis may be caused by viral or bacterial pathogens.
Throat swabs are generally not helpful because the
true pathogens lie in the crypts of the tonsil, and in
general the management is not influenced by the
result from a throat swab.

The clue to diagnosing acute tonsillitis lies in
the history. Patients present with an acute onset of
sore throat, malaise and fever, usually with tender
cervical lymphadenopathy. They may experience
referred otalgia. The symptoms are self-limiting
and resolve within 5 to 7 days, after which they are
symptom free. Patients with persistent, low-grade
sore throat without systemic upset or lymphade-
nopathy do not have acute tonsillitis and will have
another cause of pharyngitis that may be non-
infective. On examination they will be pyrexial and
often flushed. The tonsils will be red and inflamed,
often with an associated exudate. There may be
associated generalized pharyngitis. In the absence
of a peri-tonsillar abscess (PTA, quinsy), patients
will not have trismus. They are likely to have bilat-
eral cervical lymphadenopathy, most pronounced
when caused by EBV (infectious mononucleosis).
When the tonsillitis is caused by GABHS or EBV,
there may be associated petechial haemorrhage on
the palate and, in the case of GABHS, a punctuate
erythematous rash (scarlet fever rash). It is impor-
tant to remember to perform a full systemic exam-
ination because the patient may be dehydrated,
have coincidental disease or have hepatospleno-
megaly (suggesting infectious mononucleosis) and
generalized lymphadenopathy.

Some patients develop recurrent symptoms of
tonsillitis leading to a significant amount of time
off from school or work. It is unpredictable which
group of patients will develop recurrent symptoms.
Predisposing factors for sore throat, such as expo-
sure to irritants and smoking, should be avoided.

The differential diagnosis of acute tonsillitis
includes infective and non-infective pharyngitis as
well as neoplasia. The presenting symptoms of neo-
plasia differ from acute tonsillitis with symptoms
of unilateral progressive, persistent sore throat,
often associated with unilateral cervical lymph-
adenopathy and otalgia. Neoplasia usually presents
in an older age group than for those presenting
with acute tonsillitis.

Tonsillitis should be treated in the same way as
other causes of pharyngitis, with reassurance, rest
and plenty of fluids. The role of antibiotics is con-
troversial, with no good evidence that routine treat-
ment with antibiotics leads to more rapid resolution
of symptoms. In a patient who is clinically deterio-
rating, antibiotics may be prescribed. Penicilllin V is
the first-line treatment in such cases. Most patients
can be managed at home. The indications for hos-
pital referral include dysphagia and the develop-
ment of symptoms of respiratory obstruction. These
patients will be managed with intravenous fluids
and antibiotics. Ampicillin-based antibiotics should
be avoided because a rash may develop if the tonsil-
litis is caused by EBV. The criteria for tonsillectomy
are discussed later in the chapter.

Complications of acute tonsillitis

PERITONSILLAR ABSCESS

The most common complication of acute tonsil-
litis is PTA, or quinsy. This is a collection of pus
between the tonsil capsule and the superior pha-
ryngeal constrictor. The causative organism is
usually beta-haemolytic streptococcus, although
anaerobic organisms are quite common, especially
in the presence of periodontal disease. PTAs are
rare in children. They are almost always unilateral.

A PTA presents on a background of acute ton-
sillitis that instead of resolving becomes worse.
Patients complain of worsening sore throat, dys-
phagia and drooling of saliva. The symptoms lat-
eralize to one side, and patients may complain of
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referred otalgia. On examination the patient will
be unwell and may be dehydrated. The patient
will usually have trismus (caused by spasm of the
medial pterygoid muscle due to contact with pus)
as well as unilateral cervical lymphadenopathy.
Intraoral examination may be difficult as a result
of trismus. Presence or absence of periodontal dis-
ease should be noted. The tonsils will look relatively
normal, but the tonsil on the side of the PTA will
be displaced inferomedially with a swelling lateral
to the tonsil involving the soft palate. Flexible nas-
endoscopy is usually normal.

The differential diagnosis of a PTA may include
infective disorders, such as a dental abscess, or non-
infective disorders. These are rare but important
and will be determined by a careful history, with
an absence of preceding tonsillitis and a longer his-
tory of progressive symptoms. Important differen-
tial diagnoses include lymphoma and squamous
cell carcinoma, deep lobe parotid tumours and
carotid artery aneurysms.

Left untreated, many PTAs resolve spontane-
ously by discharging into the mouth, but they may
develop into a parapharyngeal abscess. Special
investigations are usually unnecessary. Curative
treatment is achieved by incision and drainage. This
is usually performed under local anaesthesia using a
5mL syringe and white needle, aspirating pus which
is usually sent for microbiological analysis. Some
ear, nose and throat (ENT) surgeons advocate inci-
sion of the abscess with a scalpel, and this is good
practice in PTAs that rapidly recur. Occasionally,
tonsillectomy in the acute situation will be required
for persistent PTAs that fail to settle after repeated
aspiration. Patients are generally admitted to hos-
pital for intravenous fluids and antibiotics. Some
may be well enough following aspiration to be dis-
charged, having been prescribed a single dose of
intravenous corticosteroid and antibiotic.

RHEUMATIC FEVER AND
GLOMERULONEPHRITIS

In the United Kingdom these are rare but serious
complications of pharyngitis and tonsillitis caused
by GABHS but are more common in the United
States and developing countries. Routine treat-
ment of sore throat with antibiotics is not justified
in the United Kingdom, to prevent the develop-
ment of rheumatic fever or glomerulonephritis.

Tonsillectomy

Tonsillectomy is a long-established surgical treat-
ment for acute tonsillitis. It will cure acute tonsil-
litis. It will not cure other causes of sore throat. It
is a safe procedure with a complication rate of less
than 5 per cent. There has been considerable debate
about the indications for tonsillectomy, with differ-
ent views being held by different healthcare work-
ers. The numbers of tonsillectomies performed in
the United Kingdom has fallen considerably over
the past 20 years as surgeons are encouraged to fol-
low evidence-based guidelines for tonsillectomy,
partly owing to pressure from commissioners of
health care to reduce the number of operations
that may be perceived as unnecessary. There is lit-
tle in the way of high-quality evidence that either
supports or refutes tonsillectomy as an effective
surgical procedure. There is some evidence from
hospital activity data in England and Wales that
the number of emergency admissions for compli-
cations of acute tonsillitis is increasing as the num-
ber of tonsillectomies falls.

The natural progression is for the severity and
frequency of tonsillitis to decrease with time, which
must be borne in mind when considering referral.

Tonsillectomy for acute tonsillitis is a rela-
tive indication. Absolute indications for tonsillec-
tomy include diagnostic tonsillectomy for possible
malignancy, as an oncological procedure for malig-
nancy and obstructive sleep apnoea in children.
Whilst many good guidelines exist, the Scottish
Intercollegiate Guideline Network (SIGN) has
produced some rational guidelines that have been
arrived at through a consensus approach.

The following are recommended as indications
for consideration of tonsillectomy for recurrent
acute sore throat in both children and adults:

e Sore throats are due to acute tonsillitis.
e The episodes of sore throat are disabling and
prevent normal functioning.

Seven or more well-documented, clinically
significant, adequately treated sore throats
in the preceding year or
Five or more such episodes in each of the
preceding two years or
Three or more such episodes in each of the
preceding three years.
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When a patient is referred to an ENT clinic,
the surgeon needs to take a careful history to
establish the diagnosis. It is important to enquire
about the effect the attacks have on normal
functioning, for example the impact they have
on school or ability to work. Co-existent nasal,
oral or pharyngeal disease that may contribute
to the severity of the tonsillitis should be treated
if possible. Enquiry into the patient’s general
health should be made, in particular looking for
any diseases that could potentially compromise
the safety of the anaesthetic. Bleeding disorders
are especially important to exclude, and a care-
ful family history of bleeding disorders should
be taken. If patients have a bleeding disorder
or a family history, tonsillectomy is likely to be
contraindicated. Young children with coexis-
tent respiratory disorders should be referred to a
dedicated paediatric unit for perioperative man-
agement. Patients should be encouraged to stop
smoking prior to surgery.

Patients and/or their caregivers should be coun-
selled about the different management options and
the benefits of tonsillectomy compared to the poten-
tial for resolution with time, possible complications
and temporary incapacity following surgery.

Tonsillectomy should be performed when the
patient is fit, and not during or within 2 weeks of
an attack of tonsillitis. It may be performed as a
day-case procedure or with an overnight stay.

There is a theoretical risk that the new variant
Creutzfeldt-Jakob disease (CJD) virus may accu-
mulate within the tonsil (lymphoid tissues) with
concomitant risks of transmission of the virus on
incompletely sterilized surgical instruments. In
England and Wales this risk has been addressed by
introducing improved decontamination facilities to
cope with the requirements of sterilizing this virus,
which is notoriously resistant to standard tech-
niques. The use of disposable instruments for ton-
sillectomy led to an unacceptably high haemorrhage
rate.

TONSILLECTOMY TECHNIQUES

There are several techniques for tonsillectomy.
The most common technique in use in the United
Kingdom is dissection tonsillectomy using cold
steel instruments with or without the use of bipolar
diathermy for haemostasis. Monopolar diathermy

is associated with a higher incidence of post-opera-
tive haemorrhage. The guillotine for tonsillectomy
is rarely used now, while newer techniques such
as Coblation tonsillectomy or use of the harmonic
scalpel have their advocates. Surgeons should be
appropriately trained in the use of all techniques
that they use and audit their results.

The principles of dissection tonsillectomy are as
follows:

e Careful liaison with the anaesthetist to manage
the ‘shared airway’ safely

e Good exposure of the tonsils

e Traction and counter-traction of the tonsils
to allow dissection in the plane between the
capsule of the tonsil and superior constrictor
muscle

e Haemostasis with ties and/or bipolar
diathermy

e Careful removal of clots from the oro- and
nasopharynx

Healing is by secondary intention. Patients are
encouraged to eat and drink normally following
surgery. They may complain of earache due to
referred otalgia from the glossopharyngeal nerve.
Effective control of post-operative nausea is impor-
tant, not least so that same-day discharge can be
achieved when otherwise indicated.

Post-operatively, patients may complain of
increased pain, fetor and difficulty with swallow-
ing, which is usually due to secondary infection.
This can be prevented by an adequate diet but may
require antibiotics.

Haemorrhage following tonsillectomy occurs in
less than 5 per cent of cases. This may be reactionary,
occurring within the first 24 of surgery, or second-
ary, occurring 5 to 10 days after surgery. Secondary
haemorrhage may be due to infection. Patients
should receive specialized nursing care post-opera-
tively; haemorrhage may not initially be apparent if
a patient swallows blood rather than spitting it out.
Post-operative haemorrhage should be treated seri-
ously, especially in children, in whom hypovolaemic
shock is a dangerous complication of haemorrhage.
Early return to theatre is advisable especially in chil-
dren to prevent further complications of bleeding.

Other rarer complications include dental trauma,
temporomandibular joint dislocation, pneumonia
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and taste and sensory disturbance, which is usu-
ally transient.

SPECIFIC INFECTIONS

Infectious mononucleosis

Infectious mononucleosis (glandular fever) is
caused by infection with EBV, which is transmit-
ted through close contact with other individuals,
usually via oropharyngeal contact. Incubation can
be up to 6 weeks. It is a systemic disease and may
affect the spleen, liver and central nervous system
as well as the pharynx. All lymphoid tissue within
Waldeyer’s ring may be affected (unlike in acute
tonsillitis). Patients present with fatigue, malaise,
sore throat and cervical lymphadenopathy, which
may be massive. The tonsils and oropharynx may
be covered in a membranous exudate, and petechial
haemorrhage may be seen on the soft palate. The
tonsils may be so enlarged (kissing tonsils) that the
patient exhibits stertor, and airway obstruction is
a serious complication of infectious mononucleo-
sis. Systemic examination may reveal a short-lived
maculopapular rash, splenomegaly and rarely hep-
atomegaly and cranial neuropathies. Upper eyelid
oedema is associated with EBV infection.

The diagnosis is both clinical and based on
laboratory investigations. Abnormal lympho-
cytes may be present in the peripheral blood film.
Heterophile antibodies develop, and these are the
basis for the Paul-Bunnell and Monospot tests,
in which sheep and horse red blood cells, respec-
tively, agglutinate when exposed to the antibodies.
Serological evidence of IgM-specific antibodies to
viral capsid antigen is the gold standard for diag-
nosis. Abnormal liver function tests are often seen
in infectious mononucleosis.

Treatment is supportive. Secondary bacterial
infection will need to be treated with antibiotics,
avoiding ampicillin-based antibiotics because a
rash will develop. Steroids may be useful, especially
in the presence of grossly enlarged tonsils. On rare
occasions acute tonsillectomy is indicated in the
presence of severe unresolving airway obstruction.

Up to 20 per cent of patients who have suf-
fered from infectious mononucleosis will develop
a chronic fatigue syndrome. It is generally recom-
mended that this can be avoided by a prolonged

period of rest following infection. Contact sports
should be avoided for up to 6 weeks to avoid the
risk of splenic rupture.

HIV/AIDS

HIV continues to be a disease with significant
morbidity worldwide, although it can be effectively
treated with antiretroviral drugs. HIV infection is
associated with intravenous drug abuse and sexual
intercourse between men. It may be seen in chil-
dren through vertical transmission from mothers.
There are very few reports in the literature of HIV
acquired by healthcare workers through, for exam-
ple, needle-stick injury.

In the pharynx and oral cavity, HIV may present
in a variety of ways. It is rare to have isolated pha-
ryngeal symptoms in the absence of systemic dis-
ease. Pharyngeal features of HIV infection include:

1. Acute seroconversion illness. Primary HIV
infection may present with severe general-
ized illness, which includes malaise, sore
throat, mucosal ulceration, cervical lymph-
adenopathy and headache, associated with
non-head and neck symptoms such as
gastro-intestinal disturbance, arthralgia and
lethargy. The symptoms are similar to those
of glandular fever.

2. Opportunistic infections. The most common
in the pharynx is Candida infection, often with
unusual forms of Candida other than Candida
albicans. Other infections that may be found
in association with HIV include tuberculosis,
cytomegalovirus, toxoplasmosis and herpes
infections. Opportunistic sinonasal infection is
relatively common in HIV disease.

3. Pharyngeal neoplasms. Kaposi’s sarcoma in
particular, non-Hodgkin’s lymphoma and
squamous cell carcinoma are more common
in patients with HIV infection as are skin
cancers of the head and neck region. All such
neoplasms are diagnosed and managed in the
same way as in patients without HIV, although
specific treatment regimens may need to be
tailored to an individual patient (for example,
taking into account systemic morbidity,
which may preclude aggressive chemotherapy
regimens).
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KEY LEARNING POINTS e Tonsillectomy should be offered for
acute tonsillitis only when the his-

e Not all cases of sore throat are infec- tory fulfills the appropriate criteria for
tious. Environmental and lifestyle causes tonsillectomy.
(e.g. smoking) should be addressed in
management.

® Acute tonsillitis is a self limiting condi-
tion diagnosed on history. FURTHER READING

e The most common complication is a
peritonsillar abscess, which requires Scottish Intercollegiate Guidelines Network
incision and drainage to prevent further (SIGN). Guideline 117; Management of sore
complications. throat and indications for tonsillectomy. www.

sign.ac.uk. April 2010.
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OPTICAL

There have been huge technological advancements
in endoscopic laryngeal examination over the past
15 years. The larynx can be viewed with a flexible
endoscope inserted via the nose or with a rigid
angled telescope via the mouth.

FLEXIBLE TRANSNASAL FIBRE-
OPTIC LARYNGOSCOPY

Flexible transnasal fibre-optic laryngoscopy is now
readily available in most ear, nose and throat (ENT)
outpatient departments. The transnasal approach
allows examination of the larynx and the vocal
cords in a more physiological posture than the
transoral approach. This is ideal for observation of
voice problems such as muscle misuse dysphonia
where the structure of the vocal cords is normal but
the technique of phonation is the problem.
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The newer distal chip camera systems give
excellent detail, and this technique also results in
less stimulation of the patients’ gag reflex when
transoral examination is not possible.

Wider scopes with side channels can be used
for biopsies of suspicious lesions or injections to
the larynx under local anaesthetic in the outpa-
tient setting, especially if the patient may not be
suitable for a general anaesthetic. Laser fibres
(usually potassium titanyl phosphate, or KTP) can
also be passed down these side channels for out-
patient ablation of lesions such as laryngeal pap-
illomatosis after initial histological confirmation
via a biopsy.

RIGID TRANSORAL ENDOSCOPY

In 1959, British physicist Harold Hopkins devel-
oped the rigid lens system, which has since
been used for rigid endoscopy throughout ENT
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departments. The ‘Hopkins rod’ telescope can be
used for rigid indirect laryngoscopy. This tech-
nique gives excellent illumination and resolution
higher than with most other flexible endoscopes.
Combined with the newer camera and video cap-
ture systems, a clear, bright and magnified image
can be obtained for a full and detailed examination
of the larynx.

Both 90° and 70° endoscopes are available, and
although each gives a slightly different view, which
one is used often comes down to personal choice
and availability.

Technique is important, including positioning
of the patient and the endoscope to minimize the
gag reflex.

The technique concentrates on the larynx and
the vocal cords. Owing to the abnormal position of
the tongue and vocal tract during vowel phonation,
it is usually impossible to make any assessment of
technique of phonation, which is best done with
the flexible scope, as stated earlier.

STROBOSCOPY

During phonation the vocal folds vibrate between
80 and 1000 Hertz (cycles per second).

Talbot’s law — named after the British scientist
William Talbot - states that the retina can only
register 1 image per 0.2 seconds or 5 images per
second. The vibration of the free edge of the vocal
fold will therefore appear as a blur if viewed with a
simple white light source.

In 1878, Oertel used a shuttered light system to
view the vocal folds. By adjusting the shutter speed
to a rate slightly different from the rate of vibra-
tion, he was able to produce a montage of apparent
slow-motion vocal fold vibrations. This is the prin-
ciple of stroboscopy. It is not, however, a true rep-
resentation of vibration because successive images
from different cycles are taken to form a composite
continuous wave (Figure 21.1).

For accurate measurements, the vibration must
be periodic and symmetrical, which is usually not

Composite Image

e A\

1 2 3

5 Composite Image

Figure 21.1 Diagrammatic representation of the principles of stroboscopy. Note that the image is a mon-
tage of different stages of vocal fold vibration rather than a true image of each vibratory cycle.
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the case when a pathological disorder is present, so
there are limitations to this system when applied
to abnormal vibration. It remains one of the best
clinical tools for examining the vocal folds during
vibration and can distinguish between a patho-
logic disorder on the epithelium and one in the
deeper layers as well as identifying segments of
reduced vibration such as those caused by scarring
or haemorrhage.

It can also help assess the depth of invasion
of a tumour and plan for further treatment such
as a laser excision biopsy of superficial lesions.
Although most commonly used with the rigid
endoscopes, it can now be used with the newer
flexible scopes with their excellent illumination
and resolution.

Stroboscopic video images provide a record of
the patient’s laryngeal function and allow subjective
ratings of the vibratory patterns of the vocal folds.
The interpretation of these images does require
training, experience, knowledge of laryngeal patho-
physiology and clinical judgement. The mucosal
wave and vibration of the vocal folds can be altered
by changing the task given to the patient and the
patient’s ability to comply with this task. Repeated
measurements should only be done with exact rep-
lication of the examination procedure if they are to
be used as evidence to support treatment regimens.

Perceptual judgements of the stroboscopic
images can include:

1. Symmetry, or the degree to which the two
vocal folds provide mirror images of each other

2. Periodicity, or the regularity of apparent suc-
cessive cycles of vocal fold vibration

3. Amplitude, or the extent of horizontal excur-
sion of the vocal folds

4. Presence of stiffness or adynamic (nonvibra-
tory) segments on the vocal fold

5. Pattern of closure. This can be placed into
seven categories (see Table 21.1).

Other measurements, such as plane and phase of
closure, can be used, but more training is required
to be competent and reliable with these.

This assessment is subjective and can be suscep-
tible to bias, but with today’s emphasis on results
and the need to produce evidence, it can be a useful
tool to support treatment regimens.

Table 21.1 Classification of the different patterns
of closure of the vocal fold on stroboscopic
examination

O O

Normal Bowing
Anterior gap Irregular

OH O

Posterior gap Hourglass

Incomplete

It is now recommended that all professional
voice users should have access to stroboscopy dur-
ing their examination in the voice clinic because
of the potential added information obtained, as
discussed earlier, and the limitations of white light
examination.

HIGH-SPEED VIDEO IMAGING

This type of imaging of the larynx can capture the
true vibratory pattern of the vocal folds, because it
is capable of recording up to 8000 frames per sec-
ond. Used in the United States since the 1960s, it is
not a widely available clinical tool partly because of
the cost. It does allow true analysis and evaluation
of the vocal cords even with disease and aperiodic
vibration. One of the difficulties is in the analysis
of the recording, as even a 2-second clip will take
around 5 minutes to view. Which 2-second clip to
use is also a matter of debate, with some clinicians
using the onset of phonation and others prefer-
ring to analyze the midvoice sections. Currently,
this is more of a research tool, but newer software
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Figure 21.2 Videokymography. Photographic recording of the vibration of the vocal folds at the three dif-
ferent positions. A cross-sectional image of the free edge is seen on successive cycles at each position.

packages should bring this to clinical settings in
the future.

VIDEOKYMOGRAPHY

Videokymography analyzes the high-speed images
of oscillation at one specific horizontal position on
the vocal fold. It produces a spatiotemporal image
of the vibration of the medial edge of the vocal fold
in that area and plots this along the vertical axis
against time. Asymmetry of vibration or patho-
logic changes are particularly well seen with this
technique, but it is not used widely in the United
Kingdom.

The endoscope must be perpendicular to the
fold, and for true comparison exactly the same
segment must be used, which does provide some
technical challenges (Figure 21.2).

NARROW BAND IMAGING

Narrow band imaging (NBI) is a technique for
imaging the mucosal surfaces with selected por-
tions of the light spectrum - usually blue (400 nm)
or green (540nm). Haemoglobin will preferen-
tially absorb these, so that early cancers with

increased vasculature give a dark signal when
viewed with NBI techniques. This has proved to
be useful in patients with Barrett’s oesophagus.
Early studies suggest that it may also have a role
in early detection of laryngeal cancer and in guid-
ance regarding the limits and location of biopsies
(Figure 21.3).

Keratinization, which is common in laryngeal
cancer, scatters all the visible light, and it may be
better to use autofluoresence methods rather than
NBI in these cases. It is a technique in its infancy,
and its precise role as yet still undefined.

ELECTRICAL

LARYNGOGRAPHY

Laryngography is a quantitative assessment of
laryngeal function. The electrolaryngograph con-
sists of two electrodes placed on either side of the
thyroid cartilage at the level of the vocal cords. A
high-frequency current (3 MHz) is applied between
the electrodes. The change in conductance cor-
relates to the change in contact area between the
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Figure 21.3 Narrow band imaging (b) and white light appearance (a) of a lesion on the anterior left vocal

cord.

vocal folds during vibration. This gives an assess-
ment of the laryngeal component of voice and is
not affected by any change in the vocal tract (reso-
nance) that is present when using a microphone to
analyze the voice at the mouth.

Good contact is essential, and thick neck tissue
can prevent an accurate signal.

Using sustained vowels or connected speech
(read passage or spontaneous discourse) can both
be useful and have their separate merits. Sustained
vowels are simple components of speech and

STV

predominantly reflect vocal fold vibratory activ-
ity, whereas fluent speech may be more relevant to
the patient’s day-to-day experience and a listener’s
impression of the voice. Ideally, both should be
used to give a complete quantitative assessment.

Measurements using this method include jitter
(variation in frequency) and shimmer (variation in
intensity), and more complex indices such as har-
monics/noise ratio and percentage contact quo-
tient can be calculated to provide measurements of
laryngeal function (Figure 21.4).

L]

AmpIitude (dB)

RN

Fundamental Frequency (Hz)

Jitter = Fundamental frequency (pitch) perturbation
Shimmer = Perturbation of amplitude (loudness)

Figure 21.4 The fundamental frequency of the laryngeal signal (dotted line) and the voice (solid line).
The laryngeal signal is modified by the vocal tract to produce specific frequency harmonics and peaks,

termed formants.
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Figure 21.5 Position of needle electrode for thyroarytenoid EMG or for injection of botulinum toxin.

ELECTROMYOGRAPHY

Electromyography (EMG) measures electrical
activity of muscle. This gives a visual signal of elec-
trical activity and is usually coupled to a speaker
to produce an audible output. There are three
different types of electrical potential: spontane-
ous, insertional and volitional. Each has a specific
acoustic and visual signal that can be identified by
an experienced examiner, usually a neurophysiolo-
gist, and can differentiate between normal, dener-
vated or reinnervating muscle.

Recording an EMG from laryngeal muscles can
be technically challenging, and there is still lack of
agreement on methodology, validity, interpreta-
tion of signal and clinical value.

Current electrodes include the monopolar and
concentric needles that are inserted into the mus-
cles in the outpatient setting, usually without need
for local anaesthesia (Figure 21.5).

Many laryngologists who inject botulinum
toxin will be used to this technique, but it is still
recommended that a neurophysiologist be present
for interpretation of the signal.

Laryngeal EMG can be used for the following:

e Differentiating laryngeal paralysis from
mechanical fixation

e In cases of denervation, comparing the signal
from cricothyroid muscle (innervated by the
external laryngeal branch of the superior

laryngeal nerve) and the thyroarytenoid
muscle (innervated by the recurrent laryngeal
nerve) to localize the site of the lesion and
determine whether it is a high vagal (skull
base) or recurrent laryngeal nerve (neck or
mediastinal) problem

e Diagnosing neurological diseases such as
myasthenia gravis and amyotrophic lateral
sclerosis, and distinguishing between upper
and lower motor neuron conditions

e Intraoperative nerve monitoring, especially in
thyroid surgery

e Estimating the degree and prognosis (recovery)
of paralysis/paresis

RADIOLOGICAL

ULTRASOUND

Ultrasound has limited applications in the larynx
owing to the cartilaginous framework that reflects
sound, thus preventing it from reaching the inte-
rior of the larynx. Using high-frequency and high-
resolution probes, however, it is possible to assess
the mobility of the cords, especially in paediatric
patients, in whom dynamic visualization of the
larynx can be difficult. It can be used to identify
and assist fine needle cytology or core biopsy of
possible nodes with advanced laryngeal cancer.
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Figure 21.6 Lateral radiograph with a calci-
fied lymph node overlying the retro-pharyngeal
tissues. Note air in the oesophagus related

to an impacted soft food bolus lying in the
mid-oesophagus.

X-RAY

Plain radiographs, especially lateral views, can be
useful in diagnosing foreign bodies, evaluating the
thickness of the retropharyngeal soft tissue and
identifying air in tissue planes from perforations
or trauma.

Calcification in the laryngeal cartilages can
mimic a foreign body and an anteroposterior (AP)
and lateral view should always be obtained to
exclude and identify any overlying structures such
as jewelry or a calcified lymph node in the neck
(Figure 21.6).

A plain chest x-ray is also useful in identifying
pulmonary and mediastinal pathology in patients
with left recurrent laryngeal nerve paralysis,
although many units are now proceeding straight
to computed tomography (CT) of the chest because
of its greater accuracy.

Figure 21.7 CT scan showing left laryngocoele
with the sac extending through the thyrohyoid
membrane. The tip of the epiglottis can be seen
in the pharynx.

CT SCANNING

CT scanning is readily available, has faster image
acquisition than magnetic resonance imaging
(MRI) - and subsequently less motion artefact —
and gives excellent detail of calcification or cortical
bone (Figure 21.7).

Most agree that CT is the radiological investiga-
tion of choice for initial examination of laryngeal
carcinoma to show tumour size, extent, thyroid
cartilage infiltration and nodal status. It is often
combined with a chest CT for tumour staging, and
both procedures can be conveniently performed at
the same time. CT has poorer soft tissue definition
compared with MR, does involve radiation and can
be distorted by artefacts from dental restorations.

MRI SCANNING

MRI scanning does not involve ionizing radiation,
gives superb soft tissue contrast and allows multi-
planar images, especially in the sagittal plane. This
can demonstrate the superior and inferior extent of
a tumour such as in the assessment of tongue base
extension of supraglottic tumours. It does take 30
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KEY LEARNING POINTS

e Optical investigations — recent sci-
entific developments have improved
the visual assessment of the larynx,
especially the improvements in fibre-
optics in both dimensions and clarity
of image. Stroboscopy should now be
available in all voice clinics, and high-

speed video with kymography and light
of different wavelengths shows promise
in improving the accuracy of laryngeal

diagnosis.
® Electrical investigations — although

still used mainly in audit, research and

voice laboratories, both laryngography
and laryngeal EMGs have been proven
to have diagnostic, prognostic and
quantitative roles. It is expected that
these will become more commonly
available, and improved standardiza-
tion of technique and interpretation of
results will follow.

e Radiological investigations — widely

available in most units, these are invalu-
able in location and assessment of laryn-

geal pathology and its staging.

minutes or more and can be poorly tolerated by
claustrophobic patients. Owing to the length of time
taken, it is also prone to movement artefact and is
absolutely contraindicated if there is any ferro-mag-
netic material in the patient such as a cardiac pace-
maker or even some stapes prostheses. It is often the
preferred investigation to image neck metastases
and can be complementary to CT investigations.

FURTHER READING

Mehta D, Hilman R. Voice assessment: Updates
on perceptual, acoustic, aerodynamic and
endoscopic imaging methods. Current
Opinion in Otolaryngology, Head and Neck
Surgery. 2008; 16: 211-15.

Rosen CA, Amin MR, Sulica L, et al. Advances
in office-based diagnosis and treatment in
laryngology. Laryngoscope. 2009; 119(S2):
185-212.

Volk GF, Hagen R, Pototschnig C, et al. Laryngeal
electromyography: A proposal for guidelines
of the European Laryngological Society.
European Archives of Oto-Rhino-Laryngology.
2012; 269(10): 2227-45.

Watanabe A, Fujita M. Case Study of NBI
Endoscopy: ENT for Healthcare Professionals.
Olympus Medical Systems, 2011; 2: 1-20.



Infections of the larynx

MICHAEL S W LEE

Introduction 191
Acute laryngitis 192
Laryngo-tracheobronchitis (croup) 192
Acute epiglottitis (supraglottitis) 193
Perichondritis of the larynx 195
Laryngopyocele 197
Diphtheria 198
Bacterial granulomatous disease 200
Tuberculosis 200
Leprosy 201
Syphilis 201
Actinomycosis 201
Nocardia 202
Scleroma (rhinoscleroma) 202
INTRODUCTION

The upper aerodigestive tract shares a common
passage in the oropharynx. The larynx separates
the airway from the digestive tract at the level of
hypopharynx. It is divided into supraglottis, glot-
tis and subglottis anatomically. The larynx serves
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tion and gross oedema of the laryngeal mucosa can
cause airway obstruction, which can be fatal if the
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condition is not recognized early. Fibre-optic nasal
laryngoscopy is a very useful tool for visualiza-
tion of the larynx. Some of the chronic infections
of the larynx can resemble malignant neoplasm,
and, therefore, direct laryngoscopy and biopsy are
important in ascertaining a diagnosis.

The pattern of infection has changed over the
years. Diphtheria and syphilis were common dis-
eases more than half a century ago, but they are
rare nowadays. The incidence of hospital admis-
sion for acute epiglottitis in infants has drastically
been reduced following the introduction of the
Haemophilus influenzae type b (Hib) vaccination
programme decades ago.'* Opportunistic infec-
tion is not uncommon in patients with acquired
immunodeficiency syndrome (AIDS) and in those
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who are taking potent immunosuppressive medi-
cations following solid organ and bone marrow
transplantation.

ACUTE LARYNGITIS

Acute infective laryngitis is the most common
form of infection in the larynx. The majority of the
infection is caused by viruses, including rhinovi-
rus, adenovirus, parainfluenza virus and respira-
tory syncytial virus.

The presenting symptoms are sore throat,
hoarse voice, fever, malaise and cervical lymph-
adenitis. Laryngitis is often associated with other
symptoms of upper respiratory tract infection such
as rhinorrhoea, nasal congestion, otalgia, hearing
impairment and cough. Fibre-optic laryngoscopy
reveals erythema and oedema of the true vocal
cords and the mucosa of the larynx and pharynx.

The symptoms generally improve within a few
days and resolve spontaneously in 1 to 2 weeks.
Supportive treatment such as voice rest, water for
rehydration, simple analgesia and inhalation of
steam and menthol is usually adequate. Secondary
bacterial laryngitis may occur and may require
antibiotics if the symptoms are progressively get-
ting worse. Patients who suffer with persistent
hoarse voice and sore throat for 6 weeks warrant
laryngoscopy using a fibre-optic nasendoscope to
exclude any other pathologic factors. This is true
particularly for smokers, who are at risk of devel-
oping laryngeal carcinoma.

LARYNGO-TRACHEOBRONCHITIS
(CROUP)

Laryngo-tracheobronchitis is a subacute upper
respiratory tract infection most commonly caused
by parainfluenza viruses types I, Il and I1I, account-
ing for 75-80 per cent of cases.*> Adenovirus, respi-
ratory syncytial virus and influenza viruses types
A and B compose the remaining cases. Children
between the ages of 6 months and 3 years are more
commonly affected, and such cases of croup usu-
ally last for 3 to 7 days. Many cases are self-limiting,

and most patients do not need admission to hospi-
tal for treatment. Croup is the most common cause
of stridor in children, and approximately 5 per cent
of these patients require tracheal intubation. The
infection is more prevalent in autumn and winter
months. The disease is uncommon in adults.

The viral infection causes inflammation and
oedema in the larynx, the trachea and the bron-
chus. The subglottis is the most affected area. The
cricoid cartilage is the only complete cartilaginous
ring in the upper respiratory tract that prevents
any expansion in acute inflammation. The mucosa
in the subglottis has numerous mucus-secreting
glands. The pseudostratifed ciliated columnar
respiratory epithelium lining the subglottis is
loosely adherent to the underlying perichondrium.
The infection causes mucosal oedema and glan-
dular hypersecretion. A small amount of oedema
creates a great amount of reduction in subglottic
airway.

The clinical features of croup are ‘barking’
cough, hoarse voice and low-grade fever. Barking
cough is a highly predictive symptom for croup.
When the patient is drooling saliva, acute epiglot-
tis must be considered. Stridor and respiratory dis-
tress happen when the subglottic airway becomes
narrowed. Usually, the symptoms are worse at
night. Patients with bacterial tracheitis caused by
staphylococcus and streptococcus are more sys-
temically unwell, with high fever and leucocytosis.
Non-infective causes of stridor, including subglot-
tic stenosis due to previous prolonged intubation,
foreign body, laryngomalacia, tracheomalacia,
subglottic haemangioma, laryngeal web, vocal cord
palsy or neoplasm, need to be excluded.> Flexible
fibre-optic laryngoscopy can reveal subglottic
inflammation and oedema as well as excluding any
other pathologic changes in the larynx. An antero-
posterior soft tissue x-ray of the neck, performed
only if the child’s airway is safe and in a stable con-
dition, may show a symmetrical narrowing of the
subglottis known as a ‘steeple sign’.4

The treatment for croup is air humidification,
nebulized adrenaline 1:1000 5 mL and systemic
corticosteroids. Oral, intramuscular and inhaled
steroids are shown to be effective.®” The rapid onset
of action of nebulized adrenaline causes mucosal
vasoconstriction and reduced vascular permeabil-
ity, resulting in reduction of mucosal oedema and
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airway obstruction within 10-30 minutes. Patients
treated with nebulized adrenaline need to be reas-
sessed 3 to 4 hours after administration in the
event of regression of stridor. The anti-inflamma-
tory action of a systemic corticosteroid may take
several hours.

Tracheal intubation may be necessary in severe
cases. A whole size smaller than the anticipated
endotracheal tube for age and size of the child (half
a size smaller for infants up to 6 months old) should
be used to avoid causing intubation injury to the
subglottic mucosa. The endotracheal tube should
be inserted with minimal resistance. Otherwise, a
smaller size of endotracheal tube is needed. A trial
of extubation can be considered after 48 hours or
when there is a leak of air around the endotracheal
tube. Microlaryngoscopy and bronchoscopy should
be considered if there is prolonged intubation as
well as to rule out any other pathologies in the upper
airway. The need for tracheostomy is rare unless the
endotracheal tube is too small for ventilation and
keeps blocking by secretion, or subglottic muco-
sal ulceration in the endotracheal tube area is seen
during microlaryngoscopy and bronchoscopy.*

ACUTE EPIGLOTTITIS
(SUPRAGLOTTITIS)

Acute epiglottitis is a potentially life-threatening
infection due to acute inflammation and oedema
of the supraglottis, in particular the epiglottis,
causing laryngeal airway obstruction. Therefore,
epiglottitis is also known as supraglottitis. The
classic causative infectious agent is Haemophilus
influenzae type b.1* In the past, the infection pre-
dominantly affected children between 2 and 4
years old, but the incidence of acute epiglottitis in
children has dramatically decreased following the
introduction of the Hib vaccine.>>* The infection
is now more commonly found in adults. However,
acute epiglottitis can still be seen in unvaccinated
children or vaccine failures. Group A Streptococcus
pneumoniae, Staphylococcus aureus, Klebsiella
pneumoniae, Haemophilus parainfluenzae and
beta-haemolytic streptococci (groups A, B, C and
F) are associated with epiglottitis in the post-vacci-
nation era. Candida and viruses, including herpes

simplex type 1, varicella-zoster and parainfluenza,
can cause the infection in immunocompromised
patients.

Patients often present with a short history of
sore throat and fever and then rapidly deteriorate
to odynophagia, dysphagia, drooling of saliva, air-
way obstruction and stridor within a few hours.
Cervical lymphadenitis is not uncommon. In chil-
dren, acute epiglottitis can be difficult to differenti-
ate from acute laryngo-tracheobronchitis (croup).
Drooling of saliva is commonly seen in children
with acute epiglottis, while coughing is often a sign
in croup. In adults, an acutely severe sore throat
and odynophagia with no obvious sign of inflam-
mation in the oropharynx should raise the suspi-
cion of acute epiglottitis.

The diagnosis is made on visualization of the
larynx either by using a rigid laryngoscope under
general anaesthesia after securing of the airway in
children or by using a fibre-optic nasendoscope
in awake adults. Typically, the epiglottis looks
inflamed and oedematous and is often described
as having a ‘red cherry’ appearance. The view
of the laryngeal inlet is usually obscured by the
enlarged epiglottis. The rest of the supraglottis,
including aryepiglottic folds, arytenoids and false
vocal folds, also shows signs of inflammation and
oedema. Abscess formation on the epiglottis can
happen days following treatment with intravenous
antibiotics.

The lateral view on radiography of the soft tis-
sue of the neck can show a swollen epiglottis, often
known as a ‘thumbprint sign’. Radiography is also
useful to exclude retropharyngeal abscess, which is
more common in children than in adults. Patients,
especially children, with suspicion of acute epi-
glottitis with an impending upper airway obstruc-
tion and unstable airway must not be sent to the
radiology department.

The differential diagnoses of acute epiglot-
titis include retropharyngeal abscess, laryngo-
tracheobronchitis, foreign body, inhalation burns,
corrosive ingestion, angioedema, parapharyngeal
abscess, tonsillitis, pharyngitis and laryngeal car-
cinoma in adults.

The immediate care of acute epiglottitis in chil-
dren is different from that in adults. The child with
symptoms of acute epiglottitis should be admitted to
a hospital where facilities and expertise are available



194 Infections of the larynx

to manage paediatric airway emergency. The most
senior otolaryngologist, paediatrician, anaesthe-
tist and intensive care physician must be informed
immediately, and at the same time the operating
theatre should be organized for treating an upper
airway obstruction. The child and his or her parents
should be assessed and cared for in a designated
area, ideally in a paediatric accident and emergency
department with equipment available to deal with
acute airway emergency. Nebulized adrenaline
1:1000 0.5mL/kg can be used to relieve the airway
obstruction temporarily while the child waits to go
to operating theatre. Physicians should not upset
the child by trying to separate the child from his or
her parents or by carrying out any clinical examina-
tion or invasive procedures, such as gaining intra-
venous access. Attempting an examination of the
child’s mouth using a tongue depressor can cause
distress to the child and trigger a gag reflex, turn-
ing a partially obstructed upper airway into a com-
plete obstruction. The child and the parents should
be medically escorted to the operating theatre. A
rigid ventilating bronchoscope, rigid laryngoscope
and tracheostomy must be prepared in advance.
Surgeons and scrub nurses should be scrubbed up
before starting administration of anaesthesia and be
ready to intervene in the event that the anaesthetist
fails to secure the upper airway by tracheal intuba-
tion. Anaesthesia should take place in the operating
theatre rather than in an anaesthetic room, and gas
induction technique should be used.

In contrast to children, examination of the oro-
pharynx and larynx is safe in awake adults. The
larynx should be examined using a fibre-optic
nasendoscope. Medical therapy including oxygen,
nebulized adrenaline 1:1000 5 mL, intravenous
corticosteroids and intravenous antibiotics is com-
menced once the diagnosis is established. Heliox
(a gaseous mixture of 79 per cent helium and 21
per cent oxygen) can also be used. Heliox has a
lighter gaseous density than oxygen, allowing an
easy flow of the gaseous mixture through a nar-
rowed airway. It should be noted that an oxygen
concentration greater than 21 per cent cannot be
delivered via Heliox. The adrenergic effect of the
nebulized adrenaline provides quick and tempo-
rary relief of the airway obstruction by causing
vasoconstriction in the inflamed and oedematous
mucosa. As soon as the adrenergic effect wears off,

the mucosa becomes hyperaemic and oedematous
(@ bound effect), which can make the airway
obstruction worse. A definitive airway manage-
ment plan should be in place after giving nebulized
adrenaline. The assessment and management of
suspected acute epiglottitis in adults is illustrated
in Figure 22.1.

Surgeons and anaesthetists should assess the
patient jointly and agree on a strategy for securing
the airway in the operating theatre. It is impor-
tant to secure the airway in the quickest and saf-
est manner. A tracheostomy with local anaesthetic
performed on an awake patient is recommended
when tracheal intubation is likely to fail. Tracheal
intubation is performed in an anaesthetized patient
when it is considered safe and highly likely to be
successful in maintaining ventilation and achiev-
ing tracheal intubation. Paralyzing the patient to
facilitate endotracheal intubation presents a risk
of the patient’s losing airway tone and becoming
unable to ventilate. While preserving self-breathing
in an anaesthetized patient is considered safer than
paralyzing the patient, tracheal intubation is more
difficult. A rigid ventilation bronchoscopy, cricothy-
roidotomy or emergency tracheostomy in an anaes-
thetized patient should be performed when tracheal
intubation fails.® Fibre-optic intubation in an awake
patient is contraindicated in acute severe upper air-
way obstruction. The use of sedatives, opioids and
topical anaesthesia should be avoided because of the
risk of precipitating complete airway obstruction.

Once the airway is secured in the operating the-
atre, direct laryngoscopy and pharyngoscopy are
performed. Preferably a swab from the epiglottis
and a blood culture should be taken for microbi-
ology investigation before commencing intrave-
nous antibiotics. Third-generation cephalosporin,
which covers a broad spectrum of pathogens, is
the first choice of antibiotic. The patient’s length of
stay in intensive care and in the hospital is short-
ened by the use of corticosteroids. Daily fibre-optic
laryngoscopy in an intubated patient can be used
to assess his or her progress and determine when
extubation is safe, usually 48-72 hours after intu-
bation and medical therapy.

Adult patients must be monitored closely in
a high-dependency unit for rapid deterioration
in airway obstruction when airway interven-
tion is thought to be not necessary in early acute
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Suspected acute epiglottitis

A

Contact ear, nose and throat specialist and anaesthetist, institute
medical therapy (oxygen, nebulized adrenaline, intramuscular or
intravenous steroids, intravenous antibiotics)
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)

Medical therapy and airway
observation

A

!
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Figure 22.1 Algorithm for assessment and management of suspected acute epiglottitis. From Syed |,
Odutoye T, Lee MSW, Wong P. Management of acute epiglottitis in adults. British Journal of Hospital

Medicine (London). 2011; 72(5): M74-6.

epiglottitis. Daily fibre-optic laryngoscopy should
be used to assess improvement and to detect
abscess formation in the epiglottis.’

PERICHONDRITIS OF
THE LARYNX

Infective perichondritis of the larynx is uncom-
mon. The condition used to be associated with

diphtheria, typhoid, tuberculosis, lupus and syphi-
lis, but now it is seen in patients who have under-
gone radiotherapy for laryngeal carcinoma; those
with trauma, including fracture of the laryngeal
cartilage framework; patients with advanced-stage
laryngeal carcinoma with invasion of laryngeal car-
tilage; and patients who are immunocompromised.

Radiation-induced chondronecrosis of the
laryngeal cartilage and periochondritis can happen
months or years after completion of radiotherapy
for carcinoma (Figure 22.2). Residual or recurrent
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Figure 22.2 Axial CT scan with contrast shows features of radio-osteochondronecrosis in larynx. (a)
Hyoid bone disruption with air in pre-hyoid area. (b) Thyroid cartilage lamina disruption with air in pre-

thyroid area.

laryngeal carcinoma must be excluded if the con-
dition happens within 2 years of radiotherapy.
Patients usually present with severe sore throat,
odynophagia, hoarse voice, dysphagia, aspiration
pneumonia and stridor. Physical examination may
show pre-laryngeal skin erythema, laryngeal ten-
derness and cervical lymphadenitis. Fibre-optic
laryngoscopy can reveal erythema and oedema of
pharyngeal and laryngeal mucosa, impaired vocal
cord movement and pooling of saliva in the hypo-
pharynx. Architectural disruption and necrosis of
thyroid cartilage lamina, arytenoid cartilage and
cricoid cartilage; laryngeal mucosal oedema; and
emphysema can be seen on computed tomography
(CT) of the larynx. Endoscopic examination of the
larynx and the pharynx and laryngeal biopsy are
important because coexistence of laryngeal car-
cinoma is possible. Intravenous antibiotics and
corticosteroids are given as initial management.
Tracheostomy is performed for airway obstruc-
tion. Placement of a nasogastric or gastrostomy
tube endoscopically or radiologically may be nec-
essary for enteral feeding. Total laryngectomy with
primary surgical voice restoration should be con-
sidered if patients become dependent on tracheos-
tomy and enteral feeding, i.e. have a functionless
larynx, to improve their quality of life.

Perichondritis and abscess formation happen
rarely in advanced-stage laryngeal carcinoma with
thyroid cartilage invasion. A staging CT scan of the
neck, the thorax and the liver, as well as panendos-
copy and biopsy of the larynx, is needed for diag-
nosis and staging. The abscess should be treated
with intravenous antibiotics and drainage if neces-
sary. The definitive treatment is total laryngectomy
with excision of the abscess wall, skin incision and
neck dissection. It may require reconstruction of
the cutaneous defect using a free or pedicle flap fol-
lowed by post-operative adjuvant radiotherapy.

A laryngeal cartilage fracture can be caused
by penetrative or blunt trauma (Figure 22.3). The
skin or mucosal lining can be breached, expos-
ing perichondrium and cartilage or forming a
sub-perichondrial haematoma, which increases
the risk of infection. Upper airway obstruction
with stridor, dysphagia, odynophagia and drool-
ing of saliva is common. A laryngeal fracture may
be associated with injury to the cervical spine,
the head, the pharynx and upper oesophagus, the
major blood vessels and the lower cranial nerves.
Skin laceration, bruising, soft tissue oedema and
surgical emphysema can be found on physical
examination. Fibre-optic laryngoscopy can show
laceration, haematoma, erythema and oedema of
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Figure 22.3 Self-inflicted penetrative neck injury
with laceration of sternohyoid and thyrohyoid
muscles, thyrohyoid membrane and superior part
of thyroid cartilage.

the mucosa (including posterior larynx), disloca-
tion of arytenoids, disruption of vocal cords and
salivary retention in the hypopharynx. A CT scan
of the neck including the larynx can show laryn-
geal fracture, derangement of the laryngeal struc-
tures and surgical emphysema. The patient may
require tracheal intubation or tracheostomy for
upper airway obstruction and insertion of a naso-
gastric tube for dysphagia. Intravenous antibiotics
and corticosteroids are given. Open reduction and
fixation of the laryngeal cartilage fracture, endo-
scopic reduction of the dislocated arytenoid carti-
lage and repositioning of the disrupted vocal cord
under general anaesthesia should be performed as
soon as the patient’s medical condition allows.

LARYNGOPYOCELE

A saccule is located at the base of the laryngeal
ventricle anteriorly, between the ventricular fold
medially and the thyroarytenoid muscle and thy-
roid cartilage lamina laterally. The saccule is lined
with pseudostratified ciliated columnar epithe-
lium containing mucus-secreting glands. The sur-
rounding laryngeal muscles compress the saccule
and squeeze out the mucous secretion through
its laryngeal opening, lubricating the true vocal

cords. A laryngocele is formed when the saccule
becomes dilated.!

The aetiology of a laryngocele can be congeni-
tal or acquired. An acquired laryngocele caused
by increased endolaryngeal pressure is sometimes
found in glass-blowers, musicians who play wind
instruments, singers, street hawkers, pregnant
woman and patients with chronic cough. Chronic
inflammation, vocal cord surgery, laryngeal
trauma and carcinoma arising from or involving
the laryngeal ventricle can cause stenosis of the
saccule neck leading to dialation and formation of
a laryngocele.!

A laryngocele can be categorized as internal,
external or mixed. An internal laryngocele is con-
fined to the laryngeal ventricle and may extend
superiorly to the glossoepiglottic vallecule. An
external laryngocele extends superiorly and later-
ally outside the thyroid cartilage lamina and thyro-
hyoid membrane into the neck through an opening
where the upper branch of the superior laryngeal
nerve and the laryngeal blood vessels enter the lar-
ynx through the thyrohyoid membrane. When a
laryngocele has both internal and external compo-
nents, it is known as mixed or composite.!

Stasis of mucus within the laryngocele and
impaired mucociliary clearance can result in
bacterial infection, causing laryngopyocele. The
common pathogensare Staphylococcus aureus, hae-
molytic group B Streptococcus, Escherichia coli and
Pseudomonas aeruginosa.'® Patients often present
with sore throat, odynophagia, dysphagia, hoarse
voice, breathing difficulty, painful neck mass and
fever. The laryngoscopic findings include bulging
of false vocal cord, aryepiglottic fold or glossoepi-
glottic fold. In a large mixed or external laryngo-
pyocele, the larynx can be displaced medially with
a tender neck mass and cervical lymphadenopathy
(Figure 22.4). CT or magnetic resonance imaging
(MRI) with contrast of the soft tissue of the neck
is useful in making a diagnosis when a fluid-filled
cavity is seen within the laryngeal ventricle and/
or lateral to the thyrohyoid membrane and thyroid
cartilage lamina. Fine-needle aspiration via the
neck with or without ultrasound scan guidance can
be used to obtain a pus specimen for microbiology
investigations. Appropriate intravenous antibiot-
ics should be given. Repeat fine-needle aspiration
or formal surgical incision and drainage through
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Figure 22.4 MRI of a composite laryngocele showing displacement of submandibular salivary gland
and medial deviation of laryngeal airway. (a) Axial T1 post contrast. (b) Coronal T1 fat saturation

post-contrast.

the neck may be necessary in a large external and
mixed laryngopyocele. An internal laryngopyocele
can be drained via an endolaryngeal approach.
Tracheal intubation or tracheostomy should be
considered in patients with acute airway obstruc-
tion.!! Caution must be taken to avoid rupture of
the internal component of a laryngopyocele during
tracheal intubation. The laryngeal ventricle must
be examined carefully to exclude any pathological
disorders, in particular carcinoma, once the infec-
tion has settled.

Surgical excision can be planned 6 weeks after
the infection is resolved (Figure 22.5). An internal
laryngocele can be removed via an endolaryngeal
approach using a carbon dioxide laser.!? An exter-
nal approach is used for an external or mixed laryn-
gocele. A lateral horizontal skin crease incision is
made at the level of the thyrohyoid membrane. A
sub-platysmal myocutaneous flap is raised superi-
orly and inferiorly to expose the external laryngo-
cele, thyrohyoid membrane and thyroid cartilage
lamina. The laryngocele is dissected towards the
thyrohyoid membrane. The sternothyroid and thy-
rohyoid muscles are retracted anteriorly and may
need to be divided. After a perichondrial flap is

raised, the inferior portion of the thyrohyoid mem-
brane and the upper portion of the thyroid carti-
lage lamina can be removed to gain access to the
laryngeal ventricle for excising the internal com-
ponent of the laryngocele. The perichondrial flap
is then sutured to the residual thyrohyoid mem-
brane. The sternothyroid and thyrohyoid muscles
are repaired if divided. A suction drain is sited and
the wound is closed.

DIPHTHERIA

Diphtheria is a disease caused by Corynebacterium
diphtheriae, a Gram-positive rod exotoxin pro-
ducing bacillus, transmitted by direct contact
or by respiratory droplets through sneezing and
coughing. The disease has been almost eradicated
following implementation of mass vaccination
programmes in developed countries, but it is still
an endemic disease in developing areas such as
South America, India and Afghanistan. Outbreaks
of the disease in developed countries are usually
caused by patients who have visited the endemic
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Figure 22.5 Intraoperative photographs of laryngocele excision. (a) Surgical planning. (b) Laryngocele
extended out of thyrohyoid membrane lying medial and posterior to the sternohyoid muscle.
(c) Laryngocele specimen (SMG = submandibular gland; LGC = laryngocele; HB = hyoid bone;

TL = thyroid lamina; SHM = sternohyoid muscle).

areas. Non-immune children are commonly
affected before the age of 5 years, but the disease
affects any age group.

C. diphtheriae usually localizes in the upper
respiratory tract, causing ulceration of the mucosa
and an inflammatory pseudomembrane. Bleeding
occurs when trying to remove the pseudomem-
brane from the vascularized and ulcerated mucosa
underneath it. The oropharynx, including the ton-
sillar pillars, the palatine tonsils, the soft palate,
the uvula and the posterior pharyngeal wall, is the
most commonly affected area in the upper respira-
tory tract. The oral cavity, including the hard pal-
ate, the buccal mucosa, the upper and lower lips,

and the tongue, can also be affected. The pseudo-
membrane can extend into the nasopharynx, the
larynx, the trachea and the bronchus. In the lar-
ynx, the epiglottis is commonly involved. Primary
laryngeal diphtheria is very uncommon (about
5 per cent of cases). Tracheobronchial diphtheria
is thought to be caused by overspilling of the C.
diphtheriae-containing pseudomembrane from
the larynx. The potent exotoxin produced by the
bacteria is absorbed into the circulation and affects
other organs in the body. Myocardium and periph-
eral nerves are most affected. Acute cardiac failure
and cardiac arrhythmia can happen weeks after
resolution of the infection and may be fatal. Ninth
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and tenth cranial neuropathy can cause dyspha-
gia, aspiration and nasal regurgitation. Peripheral
motor neuropathy can affect the upper and lower
extremities. Sensory peripheral neuropathy may
result in glove-and-stocking neuropathy. The liver,
the kidney, the adrenals, the spleen, the lung and
the skin can also be affected by the exotoxin.!3-1¢

Diphtheria is classified into four different forms
according to the severity of the clinical features:
the catarrah form (erythema of the pharynx with-
out membrane), the follicular form (patches of
exudates over pharynx and tonsils), the spreading
form (a membrane covering tonsils and posterior
pharynx) and the combined form (two anatomical
sites involved).!

The presenting symptoms are sore throat,
fever, odynophagia, dysphonia and breathing
difficulty.’>151¢ Multiple large areas of cervical
lymphadenitis and neck soft tissue oedema can
cause a ‘bull neck’ appearance. A history of diph-
theria immunization should be established. The
differential diagnosis includes severe streptococcal
tonsillitis, glandular fever and Vincent’s angina.
The presence of a pseudomembrane on the pharyn-
geal and laryngeal mucosa, which bleeds on being
peeled off, is characteristic of the exotoxin strain
C. diphtheriae infection. The mortality rate of C.
diphtheriae infection is about 12-25 per cent, and
most patients die of acutely rapid airway obstruc-
tion.!*1517 A tracheostomy or tracheal intubation
should be considered when patients are first hos-
pitalized, especially when laryngeal pseudomem-
brane is seen on laryngoscopy.!?

Microbiology swabs are taken from the throat
and the nasopharynx, as well as from the cutane-
ous lesions, if any. A sample of the pseudomem-
brane should also be sent for microscopy and
culture. The specimens are cultured on blood agar
and selective tellurine media. Pathogenic strains
are identified by biotyping using commercial
kits. There are four biotypes of C. diphtheriae: var
gravis, var milis, var intermedius and var belfani.
Toxigenicity is detected by using the Elek immu-
noprecipitation test, polymerase chain reaction
(PCR) or enzyme immunoassay (EIA).!8

The treatment for diphtheria is administra-
tion of diphtheria antitoxin (20000 to 1000000
units) and penicillin or macrolides (erythromycin
or clarithromycin), if allergic to penicillin, and

corticosteroids intravenously. Tracheostomy or
endotracheal intubation is indicated in the event
of airway obstruction. Close contacts and relatives
of the patients should be traced and immunized.

BACTERIAL GRANULOMATOUS
DISEASE

TUBERCULOSIS

Tuberculosis, infection with Mycobacterium tuber-
culosis, usually affects the lung, but laryngeal
tuberculosis can present with or without pulmo-
nary tuberculosis. The posterior part of the larynx,
including the posterior true vocal cords, the aryte-
noid cartilage and the inter-arytenoid area, can be
affected in severe pulmonary tuberculosis because
of the infected mucus being brought up by muco-
ciliary clearance to the larynx from the trachea.’
Laryngeal tuberculosis in the absence of pulmo-
nary tuberculosis is believed to be caused by hae-
matogenous or lymphatic spread of the organism.?’

The presenting symptoms include hoarseness,
dysphagia, odynophagia, cough and weight loss.
The glottis is the area most commonly affected,
but all parts of the larynx can be involved. The
laryngeal examination usually reveals mucosal
ulceration or a nodular exophytic lesion, which
can cause upper airway obstruction.?! The clinical
appearance of laryngeal tuberculosis can resem-
ble a squamous cell carcinoma. It is important to
obtain a biopsy from the laryngeal lesion for his-
topathologic analysis to exclude any malignant
diseases, and for microbiological examination
including culture and sensitivity.

Diagnosis is usually made on tissue and spu-
tum microscopy and culture for acid-fast bacilli.
Caseating granulomas, Langhans-type giant cells
and acid-fast bacilli are often seen on histopatho-
logical examination. Rapid polymerase chain reac-
tion testing may give false negative results and not
be able to provide drug sensitivity testing. CT scan
of the soft tissue of the neck is useful to assess the
extent of laryngeal disease and cervical lymphade-
nopathy. Assessment of pulmonary involvement
using chest radiography or CT is useful. Tests for
patients for immune deficiency diseases such as
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human immunodeficiency virus (HIV) should be
considered. The treatment is primarily medical,
using prolonged anti-tuberculous therapy. Surgical
management using a laryngeal microdebrider for
de-bulking of the disease or tracheostomy is indi-
cated in obstructive laryngeal tuberculosis. The
disease can cause laryngeal stenosis and vocal cord
fixation following treatment.??

LEPROSY

Leprosy, also known as Hansen’s disease, is caused
by Mycobacterium leprae (Hansen’s bacilli), which
spreads by direct contact via skin, mouth or
nasal discharge. The disease is classified into five
descriptive types based on whether the lesions
are tuberculoid or lepromatous. The tuberculoid
lesions have a marked cell-mediated immune reac-
tion, whilst the lepromatous lesions show minimal
cellular reaction."”

The infection affects primarily skin and periph-
eral nerves. Most infected patients develop acute
cutaneous lesions, which heal spontaneously with
fibrosis and scar formation. It can also affect the
nasal mucosa, causing ulceration and nasal septal
perforation. The larynx is the second most com-
monly affected site in the head and neck. The
supraglottis, especially the epiglottis and ary-
epiglottic fold, is initially involved, showing fea-
tures of erythematous or nodular oedema, which
progresses to involve the glottis. The nodules are
painless, and patients commonly present with a
muffled voice rather than hoarseness. If the dis-
ease is left untreated, the nodules become enlarged
and ulcerated, then heal by fibrosis, which can lead
to laryngeal stenosis and upper airway obstruc-
tion, necessitating tracheostomy. Tissue biopsy is
required for making a diagnosis. The histopatho-
logical exanimation shows an abundance of the
acid-fast Hansen’s bacilli in numerous large foam
cells within a background of chronic inflamma-
tion and oedema in a lepromatous lesion, but much
fewer in a tuberculous lesion, and the findings may
be mistaken as other granulomatous diseases.
Leprosy is treated with oral diaminodiphenylsul-
fone, rifampicin and clofazimine for 1 to 2 years
after the organism can no longer be identified on
biopsy samples of affected areas. The therapeutic
period may be as long as 5 to 10 years.?

SYPHILIS

Syphilis, a sexually transmitted infection caused
by spirochete Treponema pallidum, is classified as
acquired or congenital. Acquired syphilis presents
in primary, secondary and tertiary stages. In the
primary stage, a painless ulcer or chancre presents
at the contact point, usually on the genital, oral or
anal mucosa, which heals within a few weeks. The
secondary lesions present as widespread erythema-
tous nodules that appear on cutaneous or mucosal
surfaces when the primary lesion is resolving. The
tertiary stage of syphilis appears years to decades
later, when gummatous lesions involve almost any
body tissue. Syphilis rarely affects the larynx, but
if it does, secondary and tertiary stages of disease
are more common than primary stage disease. The
supraglottis, including the epiglottis and the ary-
epiglottic folds, is mainly affected.?

The presenting symptoms are hoarseness and
dysphagia but rarely pain. In secondary stage
syphilis, the supraglottis appears diffusely ery-
thematous with maculopapules on the mucosa.
In tertiary laryngeal syphilis, the mucosa looks
diffusely nodular, and the nodules coalesce into a
painless ulcer. The disease can develop laryngeal
chondritis and fibrosis.?! The laryngeal features can
resemble tuberculosis and carcinoma.! Serological
tests for syphilis, including the Venereal Disease
Research Laboratory (VDRL) test, fluorescent
treponemal antibody absorption (FTA-ABS) test,
Treponema pallidum particle agglutination assay
(TPPA) and Treponema pallidum haemagglutina-
tion assay (TPHA), are used to confirm the diag-
nosis. The treatment is high doses of penicillin.

ACTINOMYCOSIS

Actinomycosis is an infection caused by
Actinomyces bovis and Actinomyces israelii, Gram-
positive, anaerobic filamentous bacteria. It is a
commensal saphrophyte of the normal mouth
flora, commonly found in the tonsillar crypts and
in the gingival and oral mucosa. It can become a
pathogen when exposed to an anaerobic environ-
ment, such as in trauma and in devitalized tissue.
The oral cavity is the most common site of infection
in the head and neck. Laryngeal actinomycosis is
uncommon. It can present as an indurated tissue in
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the cervical or submandibular area that progresses
to an abscess and ruptures, developing a discharg-
ing sinus involving the paralaryngeal region. The
larynx may look erythematous, oedematous and
firm. Most often the diagnosis is made from his-
topathologic analysis when sulphur granules of
Actinomyces organisms are seen. Microbiology
culture, which requires an aerobic culture medium
and may take up to 2 weeks to grow, is not always
helpful. In one study, microbiology culture helped
make a diagnosis of actinomycosis in only 20 per
cent of cases. The treatment is several weeks of oral
penicillin or tetracycline for superficial infection,
or intravenous medication followed by oral for
deep-seated infection.?%-23-26

NOCARDIA

Nocardia is an infection caused by an organism of
the Actinomyces species. The species are soil sapro-
phytes. The mode of infection is through local cuta-
neous trauma or by inhalation. Farm workers who
are exposed to large amounts of soil and dust are
prone to contract the infection. The disease has non-
specific features and resembles other infective gran-
ulomatous diseases. Aerodigestive tract involvement
is common. Immunocompromised patients, includ-
ing those with solid organ transplants, are at risk of
contracting the infection and can present with vocal
cord palsy and laryngeal abscess. The treatment is
intravenous sulfisoxazole.*?

SCLEROMA (RHINOSCLEROMA)

Scleroma is a chronic infection of the upper respi-
ratory tract caused by Klebsiella rhinoscleroma-
tis. The disease is more common in tropical and
temperate climates and in populations with poor
social circumstances.!®

The nasal cavity is commonly affected. Scleroma
can also involve the larynx, mainly the glottis and
the subglottis. The disease progresses in three
stages: catarrhal, granulomatous and sclerotic. In
the catarrh stage, there is marked mucopurulent rhi-
norrhoea with nasal crusting, whilst in the granulo-
matous stage, small painless granulomas are noted.
In the final sclerotic stage, sclerosis and scar tissue
develop within the nose, the palate and the larynx
and may cause upper airway obstruction.!*21-28

Diagnosis is confirmed by microbiology cul-
ture of the organism and by histopathology when
Mikulicz cells (foamly vacuolated histiocytes) and
Russell bodies (bloated plasma cells with red bire-
fringent inclusions) are seen.?® CT and MRI are
useful in evaluating the extent of the disease.

The medical treatment is rifampicin, trime-
thoprim-sulfamethoxazole, ciprofloxacin or ceph-
alosporin for 3 to 4 months. Relapse of the disease
is common after treatment. Surgical procedures
- including division of pharyngeal adhesions,
microlaryngoscopy and removal of laryngeal
granuloma, excision of nasal granulomas, trache-
ostomy, bronchoscopy with dilatation of subglottic
and tracheal stenosis, and laryngo-tracheal recon-
struction — may be required.?"28-3!

FUNGAL GRANULOMATOUS
DISEASE

CANDIDIASIS

Candidiasis is caused by Candida albicans. The
predisposing factors include use of systemic antibi-
otics or systemic or inhaled corticosteroids; diabe-
tes mellitus; alcoholism; inhalational and thermal
injury; leucopenia and haematological malignancy;
AIDS; use of immunosuppressive medications or
systemic cytotoxic chemotherapy; and local radio-
therapy to the upper aerodigestive tract, including
the larynx, the pharynx, the oral cavity and the
neck.?! The oral cavity, the oropharynx and the
oesophagus can also be affected by candidiasis.
Sore throat, odynophagia and dysphonia are the
most common presentations. Dysphagia can hap-
pen in candidal oesophagitis. The features of can-
didiasis are mucosal erythema with white plaques,
cheesy material and exudate. The supraglottis
and glottis are commonly affected in the larynx.
The appearance can mimic malignant neoplastic
lesions and mucosal ulcerations. Direct laryngos-
copy, microlaryngoscopy and biopsy of the lesions
for histopathology may be necessary to exclude
laryngeal carcinoma (Figure 22.6). Swab and tis-
sue specimens should also be sent for microbio-
logic analysis for culture, special fungal stain and
microscopy. Investigation and management of
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Figure 22.6 Microlaryngoscopic view of glottis showing features of candidiasis on true vocal cord bilat-

erally. A biopsy was taken from the right vocal cord.

any underlying medical conditions are important.
Oral nystatin suspension for several weeks is often
effective. Systemic antifungal agents, such as fluco-
nazole or ketoconazole, are necessary in immuno-
compromised patients and in severe cases.?20

ASPERGILLOSIS

Aspergillosis is an opportunistic infection, caused
by Aspergillus fumigatus or Aspergillus flavus.
Aspergillus is widespread and is transmitted by
airborne spores. It usually causes saprophytic
infection in the nasal cavity and the paranasal
sinuses. Invasive aspergillosis occurs mainly in
immunocompromised patients. Primary laryngeal
aspergillosis is very rare. The infection is usually
invasive and necrotizing with a very poor progno-
sis. The treatment is aggressive: surgical debride-
ment of necrotic tissue until fresh viable tissue is
identified, which may require total laryngectomy,
and long-term intravenous amphotericin B.2

HISTOPLASMOSIS

Histoplasmosisisaninfection caused by Histoplasma
capsulatum. The fungus is in a dimorphic form,
which lives as yeast at normal body temperature
and as a mycelium in soil with high nitrogen con-
tent, usually derived from avian faeces.?

The mode of infection is through inhaled spores,
which cause acute upper respiratory tract infec-
tion that resolves, then forms small calcification
deposits in the lungs and the spleen. Occasionally,

the disease may progress, developing pulmonary
cavitation and indolent widespread disease in the
body. Laryngeal histoplasmosis usually occurs in
the disseminated form of the disease with features
of mucosal ulcerations in the upper aerodigestive
tract and heptosplenomegaly. The anterior larynx
and epiglottis are commonly affected.?!

Most patients with otolaryngological involve-
ment are immunocompromised. Dysphonia, sore
throat, dysphagia, fever, night sweats, lethargy and
weight loss are the common symptoms on presenta-
tion.!” Diagnosis is made with microbiology culture
and microscopy with special fungal stains reveal-
ing intracellular yeast buds. Chest radiography can
show multiple small calcifications in the lungs. A
complement fixation test for histoplasmosis is useful
in making a diagnosis. There are non-specific gran-
ulomatous features on histopathology. Intravenous
amphotericin B is used for treatment.2%26:32

BLASTOMYCOSIS

Blastomycosis is caused by Blastomyces derma-
titidis, a dimorphic fungus. It is usually found in
damp areas with decaying wood. The infection is
contracted through inhaled spores. The disease
can affect multiple organs, with the lungs and
the skin most commonly involved. The larynx is
infrequently involved. Patients usually present
with dysphonia. Laryngoscopy may reveal gran-
ular exophytic masses with mucosal ulcerations
commonly involving the glottis and the false vocal
cord. The clinical findings can resemble laryngeal
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carcinoma. The histopathologic examination
shows features of acute and chronic inflamma-
tion, micro-abscesses, giant cells and pseudoepi-
theliomatous hyperplasia. The latter feature can
be mistaken for carcinoma. Fungal culture and
stains are useful in confirming the diagnosis.
The treatment is long-term oral itraconazole or
amphotericin B.20:21:26.33,34

COCCIDIOIDOMYCOSIS

Coccidioidomycosis is a fungal infection caused by
Coccidioides immitis, a soil fungus. The disease is
endemic in the southwestern United States, north-
ern Mexico and parts of Central and South America.
It is primarily a pulmonary infection via inhalation
of spores. Patients with the infection are frequently
asymptomatic. Extra-pulmonary or disseminated
disease affecting skin, lymph nodes, bone, joints and
meninges occurs in about 1-2 per cent of infected
individuals. Immuncompromised patients are at
risk of developing aggressive and disseminated
disease. The presenting symptoms include fever,
malaise, cough, dysphagia, odynophagia and dys-
phonia. Upper airway obstruction may occur with
laryngeal involvement, requiring tracheostomy. The
laryngeal examination reveals mucosal oedema,
ulceration, granulation tissue and impaired vocal
cord movement. Chest radiography or CT scan may
show calcified granulomas in the lungs. The diag-
nosis is made from histopathologic analysis, with
fungal stain showing typical Coccidioides spherules
that contain endospheres. Specimens should also be
taken for fungal culture. Coccidioides IgM and IgG
antibody and complement fixation titres are useful.
The treatment is systemic amphotericin B and azole
antifungal agents.2%35-%7

CRYPTOCOCCOSIS

Cryptococcosis is a fungal infection caused by
Cryptococcus neoformans and Cryptococcus gat-
tii, which are found in soil. The infection is
through inhalation of spores, and it affects the
lung primarily. Cryptococcosis commonly affects
immunocompromised patients with AIDS, with
haematological malignancy or who are on immu-
nosuppressive drugs. Less commonly, the infection
affects immunocompetent individuals. The brain

and the meninges of the central nervous system
are commonly involved. Laryngeal involvement is
rare. Prolonged use of inhaled corticosteroid ther-
apy may contribute to local laryngeal infection.

Persistent dysphonia is the usual presentation,
and the vocal cords are most commonly affected.
The exophytic laryngeal lesion may mimic car-
cinoma. Biopsy and fungal culture are needed to
make a diagnosis. The histopathologic examina-
tion shows pseudoepitheliomatous hyperplasia and
encapsulated budding yeast cells. The treatment is
systemic antifungal agents such as amphotericin B
and azole_4,20,26,39741

HERPESVIRUS INFECTION

HERPES SIMPLEX VIRUS

Herpes simplex virus most often causes reactiva-
tion infection but may also cause primary infec-
tion. Herpes simplex laryngitis is rare and can
affect immunocompetent and immunocompro-
mised young children and adults.*?* It can be
associated with herpes simplex gingivostomatitis
and pharyngitis and, rarely, acute herpes simplex
laryngo-tracheitis.

The clinical features are sore throat, odyno-
phagia and hoarse voice. History of organ trans-
plantation, HIV infection or immunosuppressive
medication should be established. Multiple small
vesicles and ulcers are seen in the oral cavity and
the oropharyngeal and laryngeal mucosa. The ves-
icles rupture and coalesce, forming large ulcers. In
the larynx, ulcers can be found in the epiglottis, the
aryepiglottic folds and the vocal cords. When the
epiglottis is involved, the condition can be misdiag-
nosed as acute bacterial epiglottitis. An ulcerative
mass in the larynx can resemble carcinoma.* It can
cause laryngeal airway obstruction, laryngeal car-
tilaginous framework destruction and vocal cord
palsy.*># The diagnosis is established on herpes
simplex viral serological examination, including
IgM and IgG, viral culture on tissue or vesicular
fluid, and histological examination with immuno-
histochemistry on laryngeal biopsy specimen.

Tracheal intubation or tracheostomy is needed
for upper airway obstruction. Intubation may



Epstein—Barr virus 205

cause worsening in laryngeal and subglottic muco-
sal ulceration, leading to stenosis, particularly in
children.* Systemic antiviral therapy with acyclo-
vir should be started without delay while waiting
for confirmation of the diagnosis from the labora-
tory tests. Concurrent candida fungal and super-
imposed bacterial infection may occur and require
systemic antifungal and antibiotic treatment.*
Laryngeal incompetence is found in children fol-
lowing recovery from herpes simplex laryngitis,
presumably due to impaired sensory neural func-
tion in the laryngeal mucosa.

VARICELLA-ZOSTER VIRUS

Varicella-zoster virus infection has two dis-
tinct clinical manifestations: primary infection
(chicken pox) and reactivation of latent virus in
the neurons of the cranial nerve or the dorsal root
ganglia (herpes zoster) associated with impaired
immune response or physical stress. The virus can
infect healthy individuals but is more common in
recipients of solid organ, bone marrow or haema-
topoietic stem cell transplants and in HIV-infected
patients.*

Herpes zoster laryngitis is rare and often asso-
ciated with unilateral multiple cranial neuropa-
thy affecting the seventh, eighth, ninth and tenth
cranial nerves.*® Symptoms of odynophagia, sore
throat, hoarse voice and dysphagia are common.
There may be unilateral facial palsy, otalgia, sen-
sory neural hearing impairment, vertigo and skin
rash along sensory nerve dermatomal distribution.
Laryngoscopy reveals multiple mucosal ulcers or
eruptions in the tongue base, the supraglottis, the
glottis and the hypopharynx. A laryngeal mass
may also be found. Unilateral vocal cord paralysis
is not uncommon. Examination of the oropharynx
and the nasopharynx may reveal mucosal erup-
tions and soft palatal palsy.

The clinical diagnosis of varicella-zoster virus
infection can be made from characteristic unilat-
eral vesicular lesions in a dermatonal pattern.”!
The diagnosis is confirmed by laboratory investiga-
tions including viral culture from vesicular liquid,
body fluid and tissue; varicella-zoster virus IgM
and IgG titre®’; enzyme immunoassay (EIA); and
polymerase chain reaction. Anti-viral agents, such
as acyclovir, are given orally or intravenously in

severe infection. The treatment should be started as
soon as the varicella-zoster virus infection is sus-
pected. Systemic corticosteroids can also be given.

CYTOMEGALOVIRUS

Cytomegalovirus (CMV) infection is common in
patients after solid organ, bone marrow or haema-
topoietic stem cell transplantation and in AIDS
patients because of their impaired cellular immu-
nity. Organs involved by cytomegalovirus in those
patients include liver, brain, lung, gastro-intestinal
tract and eye. However, cytomegalovirus laryngitis
is rare. Laryngeal examination can show mucosal
inflammation, pseudomembrane with mucosal
necrosis, vocal cord palsy and obstructive laryn-
geal mass.

The diagnosis of cytomegalovirus infection can
be made with tissue pathologic analysis by iden-
tification of cytomegalic inclusion bodies and by
detection of cytomegalovirus via immunohisto-
chemistry or DNA hybridization technique. Tube
cell culture and shell vial culture techniques are
used to detect replicating cytomegalovirus cells in
body fluids and tissue. Viral blood culture, detec-
tion of cytomegalovirus antigenemia in blood
leucocytes and PCR are also used for making a
diagnosis. Antiviral agents, including ganciclovir
and foscarnet, are effective.*>

EPSTEIN-BARR VIRUS

Epstein-Barr virus (EBV) is known to cause infec-
tious mononucleosis, also called glandular fever,
which typically presents with sore throat, fever,
malaise, lymphadenopathy, tonsillar and adenoi-
dal hyperplasia, abdominal pain and hepatitis.
EBV infection in transplantation recipients is not
uncommon, and it is known to be associated with
post-transplantation lymphoproliferative disease
(PTLD). The incidence of PTLD varies with dif-
ferent organs, and the rate ranges from 1-10 per
cent. The larynx is rarely affected. Patients present
with chronic cough, fever, dyspnoea and a supra-
glottic laryngeal mass, which can cause airway
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obstruction. The diagnosis is made on EBV IgM
and IgG serology, polymerase chain reaction and
tissue biopsy for histopathology with immunobhis-
tochemistry examination.
The treatment for EBV-related localized post-
transplantation lymphoproliferative disease is to
use acyclovir or ganciclovir and to reduce immu-
nosuppression. Chemotherapy and/or radiation
therapy may be required in extranodal, multifocal
and brain disease.*-4-5

KEY LEARNING POINTS

e Laryngeal infections can cause airway
obstruction rapidly.

® Skill is required in the management of
stridor in children and adults.

® Features of laryngeal infection can
resemble malignancy.

® Prevalence of infective pathogens varies
in different countries.

e Infective pathogens can be different in
immunocompromised patients.
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Squamous type cancers of the nasopharynx are
biologically distinct from those at other sites in the
upper aerodigestive tract. Their histology, clini-
cal behaviour and treatment reflect this. They are
rare in the Western world, where their incidence
is approximately 1 in 100000 of the Caucasian
population. In Southeast China (where they com-
prise 18 per cent of all tumours) their incidence is
40 times higher. They are also common in Africa
(particularly Tunisia, Sudan and parts of Kenya
and Uganda).

Nasopharyngeal carcinoma (NPC) is approxi-
mately three times more common in men than in
women.

With China’s recent socio-economic develop-
ment, there would appear to be a fall in the dis-
ease’s incidence locally.
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AETIOLOGY

There are three main aetiological factors that pre-
dispose to the development of NPC.

VIRAL

The link between infection with the Epstein-Barr
virus (EBV) and histological types II and III of
NPC is now well established. Infection of the gen-
eral population with this virus is relatively com-
mon, although only a very small subgroup develop
NPC. It would therefore seem likely that the effect
of EBV on the development of NPC is a secondary
one, with the virus impairing tumour suppression
by the host defences.
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What is established is that post-treatment levels
of EBV DNA in the circulating blood can predict
both overall survival and the likelihood of dis-
ease relapse. Indeed, in a multivariate analysis of
parameters such as tumour stage and histology,
the only independently significant factor predict-
ing long-term outcome was EBV DNA status.!

GENETIC

The high incidence of NPC noted in Southeast
China would appear to lend support to a significant
genetic predisposition to the disease. The Chinese
retain this predisposition even when they emigrate
and settle in North America or Western Europe.
However, in such situations the disease incidence
decreases with each new generation.

ENVIRONMENTAL

NPC development is associated with a high dietary
intake of salted fish. The content of carcinogenic
nitrosamines in the fish appears to be the crucial
factor. The higher the level of carcinogenic nitrosa-
mines consumed, the higher the incidence of NPC.
It has certainly been shown that dimethyl nitrosa-
mine can induce malignant tumours in the upper
respiratory tracts of rats.

ANATOMY

The nasopharynx is bounded anteriorly by the
posterior choanae and the posterior edge of the
nasal septum. Its lateral walls include the fossae of
Rosenmuller and the eustachian tube orifices. The
roof slopes posteriorly and inferiorly and becomes
the posterior wall of the oropharynx at the level of
Passavant’s ridge, essentially at the level of the hard
palate. Its transverse diameter is approximately
3cm anteriorly, widening to 4-5 cm between the
fossae. The foramen lacerum is directly related to
the roof of the nasopharynx. The close proxim-
ity of the eustachian tube orifices, the orbits, the
skull base and maxillae and the intracranial fossa
explains the diverse range of clinical manifesta-
tions of the disease.

An extensive submucosal lymphatic plexus
drains primarily into the retro-pharyngeal and
upper deep cervical chain nodes and is the reason for
the high incidence of nodal disease at presentation.

The main arterial supply comes from the
ascending pharyngeal branch of the external
carotid artery on each side. Venous drainage is
largely into a diffuse pharyngeal venous plexus.

The epithelium of the nasopharynx varies from
stratified squamous to ciliated columnar types,
with transition zones in between. There are also
countless microscopic minor salivary glands as
well as follicles of lymphoid tissue; hence the het-
erogeneity in the histological types of malignancy
that can arise locally.

HISTOPATHOLOGY

The great majority of malignancies originate from
the squamous mucosa of the nasopharynx, and it is
this group (NPC) that forms the focus of this chap-
ter. Other histological types include adenocarcino-
mas, carcinomas of salivary gland origin, sarcomas,
melanomas and solid haematological malignancies.

The World Health Organization describes
three histological types of carcinoma of squamous
mucosal origin:

Type 1 - squamous cell carcinoma

Type 2 - keratinizing undifferentiated carcinoma

Type 3 - non-keratinizing undifferentiated
carcinoma

Whilst Type 1 tumours tend to behave in a
similar way to squamous cell carcinomas at other
head and neck sites, the latter two types, which
are associated with EBV infection, are biologically
different.

STAGING

Primary tumours are staged as follows:

T1 tumour involves the nasopharynx alone or the
nasopharynx and oropharynx.
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T2 tumour extends into parapharyngeal tissues
but does not involve bone.

T3 tumour spreads to involve bone or paranasal
sinuses.

T4 tumour involves the skull base/orbit/hypo-
pharynx/pterygopalatine fossa.

The overall tumour staging determines the treat-
ment protocol employed.

Stage 1 - TINO (NO)

Stage 2 - TIN1, T2NO or T2N1 (all M0)

Stage 3 — T3NO, T3N1, T3N2, TIN2 or T2N2
(all MO)

Stage 4A — T4NO, T4N1, T4N2 (all MO0)

Stage 4B — Any T stage N3 (all MO)

Stage 4C — Any T stage, any N stage, M1

CLINICAL PRESENTATION

LOCAL SYMPTOMS

Local symptoms include nasal obstruction, nasal
speech, epistaxis and nasal regurgitation of food.
Orbital extension can result in proptosis or dip-
lopia, whilst involvement of the skull base can
cause chronic headache or secondary sphenoiditis.
Obstruction of the ipsilateral eustachian tube will
lead to a conductive hearing loss due to a middle
ear effusion. Extensive disease invading the maxilla
can cause swelling of the cheek or dental symptoms.

NEUROLOGICAL SYMPTOMS

The proximity of the anterior cranial fossa, the
cavernous sinuses and the skull base can result in
a palsy of one or more of any of the cranial nerves.
Diplopia or a jugular foramen syndrome is associ-
ated with locally advanced disease. Overall, 20-25
per cent of patients have a cranial nerve palsy at
presentation; of these, involvement of the fifth or
sixth nerve is evident in more than half.

METASTATIC DISEASE

Approximately 50 per cent of patients will have cer-
vical lymphadenopathy at the time of presentation.

Indeed, this may be the patient’s sole presenting
symptom. Nasopharyngeal cancer must be consid-
ered as a possible diagnosis in any patient present-
ing in this way.

The likely presence of metastases outside the
head and neck seems to vary geographically. It is
rare in Caucasians, except in cases where the loco-
regional disease is very advanced. It occurs in less
than 10 per cent of cases in Southeast Asia and
China, whilst bony metastases are relatively com-
mon in Africans with NPC.

NPC-ASSOCIATED SYNDROMES

Syndromes associated with NPC include:

e Hypertrophic osteoarthropathy

e Inappropriate antidiuretic hormone (ADH)
secretion

® Pyrexia of unknown origin (PUO) associated
with a leukaemoid peripheral blood picture
(seen particularly in young Africans)

CLINICAL ASSESSMENT

A full ear, nose and throat examination should
be augmented by fibre-optic examination of the
nasopharynx. If an obvious mass is present, then
it can be biopsied in the clinic after application of
a local anaesthetic. However, this should not be
done if the lesion has any of the characteristics of
an angiofibroma. Cranial nerve function should be
evaluated, as should the appearance of the optic
discs and whether a Horner’s syndrome is present.
Trismus is indicative of pterygoid muscle inva-
sion. Palpation of the neck with fine-needle aspira-
tion of any palpable lymph nodes is also essential.
Imaging of the head and neck is very important;
accurate staging of the tumour on purely clinical
grounds is close to impossible. Computed tomog-
raphy (CT) scanning is useful for demonstrating
bone involvement or destruction, whilst magnetic
resonance imaging (MRI) is better for demonstrat-
ing the soft tissue extent of the disease and involve-
ment of adjacent muscles and neurovascular
structures. For patients with advanced (stages III
and IV) disease, a positron emission tomography
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(PET)-CT scan will be very helpful in excluding
infraclavicular metastases.

If the neck is clinically negative but MRI sug-
gests possible nodal disease, then ultrasound
scanning can be helpful in confirming or refuting
such involvement. It is also a great aid to fine-nee-
dle aspiration of nodes that are less than 1cm in
diameter.

Given the preceding discussion, the only rea-
sons a patient may require a formal endoscopy
under general anaesthesia are if the tumour can-
not be biopsied with the patient awake, if there is
reason to suspect a synchronous second primary
or if a grommet insertion is also required. Severe
trismus may make intubation prior to general
anaesthesia very difficult.

TREATMENT

All patients should be reviewed by the multidis-
ciplinary team for head and neck oncology. The
cornerstone of treatment for NPC is radiotherapy.
However, the past decade has elucidated the impor-
tant role of chemotherapy, and there is now good
evidence to demonstrate that chemo-radiation
is superior to radiation alone. A recent literature
review showed the clear benefit of concomitant
chemo-radiation but cast doubt on the efficacy of
adjuvant chemotherapy.? However, a compara-
tively large study from Hong Kong has shown that
such improvement in local control is offset by an
increase in treatment-related mortality when plati-
num and 5-fluourouracil are used in combination
with radiotherapy.’

RADIOTHERAPY

Commonly employing lateral fields and a supple-
mentary anterior field, radiotherapy is given to a
dose of 66-70 Gy in 33-35 fractions. Late compli-
cations are common (30 per cent) with a significant
mortality from the treatment itself (1.4 per cent).*
All patients should receive a dental evaluation
before starting their treatment. Chronic xerosto-
mia is the most common long-term complaint,
and this exacerbates any pre-existing dental caries.
Diligent dental follow-up is important. Long-term

sensorineural hearing loss and trismus, resulting
from pterygoid muscle fibrosis, are also commonly
seen.

More than 10 per cent of treated patients dem-
onstrate residual local disease immediately after
radiotherapy. Intracavity radiotherapy is rarely
practised in the United Kingdom, but intensity
modulated radiation therapy (IMRT) has been
used to good effect in such cases.®

CHEMOTHERAPY

For stage III and IV disease the synchronous use
of radiotherapy and a combination of platinum
and 5-fluorouracil gives improved survival over
that achieved with radiotherapy alone. However,
as mentioned, this is countered by increased post-
treatment morbidity and mortality.

SURGERY

Histological type I NPC is not related to EBV
infection and behaves more in keeping with stan-
dard squamous cell carcinomas in the region. As
such, a case can be made for a neck dissection as
treatment of type I nodal disease where the cervi-
cal mass exceeds 2 cm in diameter or demonstrates
necrosis on imaging.

A neck dissection is also indicated for radiore-
sistant neck disease as proven by imaging and posi-
tive needle aspiration. Otherwise, surgery does not
have an established role to play in the management
of NPC. Nasopharyngectomy is practised in a few
centres but has not become a widely established
and accepted treatment option. This is largely due
to its inability to achieve satisfactory resection
margins and the close proximity of vital neurovas-
cular structures.

TREATMENT RESULTS

Over the past three decades, more accurate staging
(largely enabled by proven imaging techniques),
improved radiotherapy techniques (e.g. IMRT)
and more comprehensive radiotherapeutic man-
agement of the neck have combined to improve
survival of patients with NPC. Overall control of
the primary disease is now achievable in 66-80
per cent of patients, whilst control of the neck is
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approximately 12 per cent better. Overall 5-year
survival figures range from 37-57 per cent and are
generally better for the type IT and type III types.

RETREATMENT OF RECURRENT
NPC

Active treatment of recurrent NPC often results
in very good medium- to long-term palliation
or even cure, without unacceptable morbidity
or mortality.® In general, patients with disease
that recurs within 2 years of their first treatment
do less well than those in whom the disease takes
longer to recur. Retreatment characteristically
involves external beam irradiation and/or intra-
cavity irradiation, though as commented earlier,
experience with the latter is limited in the United
Kingdom.

Recurrence in the neck should be surgically sal-
vaged if possible.

The patient with widespread metastatic disease
can be given chemotherapy; the best results have
been obtained using bleomycin, epirubicin and
platinum.

KEY LEARNING POINTS

e Epstein Barr viral titres can be used to
monitor disease status.

e NPC is most common in southeast
China.

e Concurrent chemoradiotherapy is the
mainstay of curative intent treatment.

® Re-irradiation of recurrent local disease
is often effective.
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INTRODUCTION AND
EPIDEMIOLOGY

In developed countries the incidence of oropha-
ryngeal cancer has been steadily rising over the
past 10-15 years. While the ‘traditional” aetiologi-
cal factors, smoking and alcohol, are still of impor-
tance, the increase is due to the emergence of a new
aetiological factor, human papillomavirus (HPV).
HPV is spread by orogenital sex, and HPV-driven
tumours tend to present in younger patients and
appear to carry a better prognosis than those asso-
ciated with alcohol and tobacco. More than 50 per
cent of oropharyngeal tumours are HPV positive,
with the most common subtype implicated being
HPV-16. HPV-induced tumours are particularly
radiosensitive, and the oropharynx has been an
area in which there has been a shift away from rad-
ical surgery towards non-surgical interventions for
primary treatment, particularly through the use of
chemo-radiation.?

Treatment 217
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Advanced tumours 218
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SURGICAL ANATOMY

The oropharynx lies below the soft palate and is
delineated from the oral cavity by the anterior fau-
cial pillars; the roof is formed by the undersurface of
the soft palate and the floor is the base of the tongue.
The superior limit is the level of the hard palate, and
the lower limit is the hyoid bone. Within this space
are contained the palatine tonsils, the anterior and
posterior faucial pillars, the tongue base including
the lingual tonsil, the vallecula and lingual surface
of the epiglottis, the pharyngoepiglottic folds, the
soft palate and the posterior pharyngeal wall ante-
rior to the second and third cervical vertebrae.

FUNCTION

The oropharynx is a complex muscular structure
of crucial importance in both swallowing and

215



216 Tumours of the oropharynx

speech. The soft palate influences speech by affect-
ing the amount of air escaping through the nose
during speech and by altering the volume of reso-
nating cavities. In coordination with these palatal
movements, positioning of the tongue base further
modulates sound from the vocal tract. In swallow-
ing, the palate and tongue base work together to
close the nasal passages as the food bolus is pro-
pelled through the oropharynx.

While the most common malignant tumour of
the oropharynx is oropharyngeal squamous cell
carcinoma (OPSCC), the preponderance of lym-
phoid tissue and minor salivary glands means that
lymphomas and salivary gland cancers must also
be considered. The lymphomas are almost always
non-Hodgkin’s type, while mucoepidermoid and
adenoid cystic carcinomas are the most common
salivary cancers.

Lymph node metastases are common at presenta-
tion and may be the only sign or symptom of dis-
ease. Fifty per cent of patients have palpable lymph
node metastases at presentation, and an additional
25 per cent will have occult nodal disease. Where
a cervical lymph node metastasis presents with an
occult primary tumour, the majority of patients
will turn out to have an OPSCC. However, the
individual primary sites within the oropharynx
can also give rise to symptoms such as dysphagia,
odynophagia, otalgia, sore throat or tongue, or
change of voice (the ‘hot-potato’ voice).

Tonsil tumours may present as unilateral ton-
sillar enlargement or, most commonly, as an ulcer.
Tongue base tumours will most commonly appear
as ulcers but may also present as endophytic
masses, which are notoriously difficult to see and
are better identified by palpation. See Figures 24.1,
24.2,and 24.3.

Figure 24.1 SCC of the tonsil involving the soft
palate and anterior faucial pillar. Clinical photo-
graph compliments of Mr T Martin, FRCS OMFS.

Figure 24.2 SCC of the soft palate involving the
hard palate. Clinical photograph compliments of
Mr T Martin, FRCS OMFS.

Clinical examination must be systematic and
thorough. All patients should undergo fibre-optic
laryngopharyngoscopy, and an attempt should be
made to palpate the tongue base (although not all
patients will tolerate this).

Cross-sectional imaging is mandatory for accu-
rate staging and treatment planning. Magnetic
resonance imaging (MRI) is the best modal-
ity to assess the primary site and cervical nodes.
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Figure 24.3 SCC of the oropharynx with involve-
ment of the tonsil, tongue base retromolar tri-
gone, soft palate and posterior pharyngeal wall.
Clinical photograph compliments of Mr T Martin,
FRCS (OMFS).

Computed tomography (CT) may be required for
the evaluation of any bony involvement and offers
the advantage of allowing assessment of the chest
and upper abdomen at the same time.

Panendoscopy or examination under anaes-
thesia is not mandatory but allows better assess-
ment for second primary tumours and additional
information about the resectability of some
tumours.?

Staging is based on the TNM classification for
oropharyngeal tumours (Table 24.1).

Table 24.1 Staging of oropharyngeal tumours

X Primary tumour cannot be assessed

TO No evidence of primary tumour

Tis Carcinoma in situ

T1 Tumour up to 2cm in greatest dimension

T2 Tumour larger than 2cm but 4cm or less
in greatest dimension

T3 Tumour larger than 4cm in greatest
dimension

T4a  Tumour invades larynx, deep/extrinsic
tongue muscles, medial pterygoid
muscle, hard palate or mandible

T4b  Tumour invades lateral pterygoid muscle,
pterygoid plates, lateral nasopharynx or
skull base or encases the carotid artery

TREATMENT

The treatment of OPSCC has significantly changed
over the past 20 years. Patients with early disease or
who were not fit enough to undergo radical resec-
tion with reconstruction were treated with primary
radiotherapy. Patients with advanced disease, who
were fit enough, would be offered radical resection
with reconstruction. The increased use of con-
comitant chemoradiotherapy through the 1990s
was shown to offer better rates of survival with the
presumed additional advantage of ‘organ preserva-
tion’. This has resulted in a shift away from radi-
cal surgery, and chemoradiotherapy is currently
regarded as the standard of care for most patients
with OPSCC. However, the increased morbidity of
chemo-radiation over radiotherapy has led research-
ers to look at alternative regimens, such as the use
of intensity modulated radiotherapy (IMRT) or
radiotherapy alone for the management of HPV+ve
tumours. The increased use of transoral micro-
surgery in head and neck cancer has also seen the
development of surgical techniques, often incorpo-
rating the use of robotics, for the excision of OPSCC,
although the majority of patients still receive post-
operative radiotherapy or chemoradiotherapy.!-*

EARLY TUMOURS

Early-stage tumours (T1-2 NO) can be treated with
equal effect by primary surgery or radiotherapy.
Cure rates of 80-90 per cent can be expected with
either modality.

Surgery for early disease can be carried out
using open techniques or by transoral resection.
Where access is required for free flap reconstruc-
tion, it is usually necessary to perform a para-
median mandibulotomy or a lingual release and
drop down of the oral cavity into the neck, while
maintaining the integrity of the mandible. Small
tongue base tumours can be approached via tran-
shyoid lateral pharyngotomy. Small defects can be
left to granulate or be closed primarily, while larger
defects should be reconstructed with a radial fore-
arm free flap or anterolateral thigh flap for very
large defects. The use of pedicled flaps should be
reserved for patients who are not fit enough to
undergo microvascular free tissue reconstruction
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because the functional results are not as good. At
the moment there is insufficient evidence to sup-
port the routine use of transoral techniques with
or without the robot, because almost all of these
patients receive post-operative adjunctive treat-
ment with chemo-radiation or radiotherapy.*>

The incidence of occult nodal metastases in
patients with T1 and T2 tumours is 10-30 per cent,
so the neck must be included in any treatment plan.
Both surgery, using a selective neck dissection,
and radiotherapy are effective. Where the primary
tumour lies close to the midline, there is a signifi-
cant risk of contralateral spread, so both sides of the
neck should be included in the treatment plan.

ADVANCED TUMOURS

The management of T3/T4 N+ OPSCC is most
commonly by the use of chemo-radiation. However,
there remain some questions about the toxicity of
this line of treatment, and the increased incidence
of HPV-driven tumours (which have a better prog-
nosis regardless of treatment modality) makes this
a fertile area for research.

Surgery for advanced tumours results in a sig-
nificant loss of tissue and a consequent deteriora-
tion in function. However, in the best hands, free
flap reconstruction can achieve excellent functional
results. Primary resection should be considered
only where there is a realistic chance of achieving
adequate margins, which avoids the need for post-
operative chemotherapy in addition to radiotherapy.

Management of the neck is of paramount impor-
tance because the rates of nodal metastases in patients
with T3/T4 tumours are in excess of 50 per cent.>=

® Meticulous clinical and radiological
assessment is crucial and will usually
require both CT and MR imaging.

e High rates of nodal metastasis must be
considered in the treatment plan.
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KEY LEARNING POINTS

® Increasing incidence is due to the emer-
gence of HPV as an aetiological factor.

e HPV-related tumours have a better
prognosis.

e There is a trend towards nonsurgical
treatment, although this has to some
extent been balanced by the develop-
ment of transoral laser surgery (TLS)
and transoral robotic surgery (TORS).
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ANATOMY

The hypopharynx is a funnel-shaped structure that
includes the sub-sites of the piriform fossa or sinus
(laterally), the posterior pharyngeal wall (posteri-
orly) and the post-cricoid oesophagus (inferiorly).
The piriform fossa extends from the pharyngo-
epiglottic fold to the upper end of the oesophagus.
It is bound laterally by the thyroid cartilage and
medially by the hypopharyngeal surface of the ary-
epiglottic fold and the arytenoids and cricoid car-
tilage. The posterior pharyngeal wall extends from
the superior level of the hyoid bone (or floor of the
vallecula) to the level of the inferior border of the
cricoid cartilage and from the apex of one piriform
sinus to the other.

The post-cricoid area extends from the level of
the arytenoid cartilages and connecting folds to
the inferior border of the cricoid cartilage, thus
forming the anterior wall of the hypopharynx. It
is part of the upper aero-digestive tract, where the
airway and the swallowing tubes separate, and is
seen at the level of the fourth to the sixth cervi-
cal vertebrae. The nerve supply comes from the
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recurrent laryngeal nerve, a branch of the vagus
(tenth cranial nerve).

AETIOLOGY/EPIDEMIOLOGY

The common causative agents that play an impor-
tant role in all head and neck cancer also have a
role in hypopharyngeal cancer. This type of cancer
is also associated with poor socio-economic status.
The incidence of this condition appears to be falling,
and it is one of the rarest of head and neck cancers.

Smoking is the most important factor, followed
by heavy alcohol consumption. The combined
effect of these two factors greatly increases the
risk of cancer at this site. Human papillomavirus
(HPV) is thought to play less of a role at this site
than at the oropharynx.

Carcinoma of the post-cricoid oesophagus
is a distinct disease and is also associated with
the Plummer-Vinson (Paterson-Brown-Kelly)
syndrome. This syndrome is a rare collection of
symptoms of dysphagia, iron deficiency anaemia,
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koilonychia, glossitis, angular stomatitis and post-
cricoid web. Hypopharyngeal cancer can also
be associated with a pharyngeal pouch, which is
a benign diverticulum of the pharynx. Chronic
inflammation associated with stasis of food con-
tents in the pouch has been postulated as a cause
of cancer, which occurs in 1 per cent of pouches.
There is a geographical variation in this cancer
as it is more commonly seen in Eastern Europe
than in Western Europe and has the highest inci-
dence in Southeast Asia and South America.

CLINICAL PRESENTATION

SYMPTOMS

Hypopharyngeal cancer often presents in a late or
advanced stage, which explains the poor prognosis
associated with this type of cancer. The reasons for
this are complex, but one explanation is that it can
present with a myriad of symptoms. This cancer
can only be diagnosed by a specialist who has the
skills to perform a laryngoscopy.

The red flag symptoms that warrant an urgent
referral are included in Table 25.1. A high index of
suspicion should exist if the patient is a smoker or
heavy drinker of alcohol.

Dysphagia, which is usually progressive from
solids to liquids, is a common symptom initially; it
is intermittent but eventually becomes persistent.
Dysphonia or hoarseness can result from hypo-
pharyngeal cancer; this is due to tumour invading
the larynx. Unilateral otalgia may be the first sign
of hypopharyngeal cancer and develops as a result
of referred pain from invasion of a branch of the

Table 25.1 Symptoms of hypopharyngeal cancer

Dysphagia
Dysphonia
Unilateral otalgia
Lymphadenopathy
Sore throat
Odynophagia
Stridor

Cough

glossopharyngeal or vagus nerves, which give off
branches to the ear. If unilateral otalgia exists and
ear examination is normal, hypopharyngeal can-
cer should be suspected.

Sore throat that persists for more than 2 weeks
should alert the clinician to the possibility of
throat cancer. Pain on swallowing is termed ody-
nophagia and is a sinister symptom. Although the
most common cause of sore throat is infection, if
the patient shows no sign or symptom of sepsis,
then malignancy should be considered.

Chronic cough that persists can be a first sign of
cancer because the tumour may irritate the larynx
and activate the cough reflex. This cough is usu-
ally non-productive. It may also be associated with
swallowing and indicate aspiration with loss of the
protective reflexes of the larynx.

Lymphadenopathy due to metastatic cervical
lymph node involvement often presents in hypo-
pharyngeal cancer (Figure 25.1). The lymphatic
drainage from this site is rich, and this occurs
even in early-stage cancer. The first echelon nodes
that are affected are the upper (level 2), middle
(level 3) and lower (level 4) deep cervical lymph
nodes of the neck. Large hypopharyngeal can-
cer left undetected may obstruct the laryngeal/
tracheal airway and result in stridor. Stridor is a
high-pitched sound of an obstructed airway and is
a medical emergency.

Figure 25.1 Patient with upper cervical lymph-
adenopathy due to metastatic involvement of
lymph nodes from a hypopharyngeal cancer.
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Figure 25.2 Endoscopic appearance of a hypo-
pharyngeal cancer. Note the ulcerating tumour
on the left aryepiglottic fold.

Late signs of cancer can also be present in hypo-
pharyngeal cancer, such as weight loss and malnu-
trition, which result from the adverse effects of the
cancer on feeding.

SIGNS

Hypopharyngeal cancer is usually diagnosed fol-
lowing clinical evaluation with a fibre-optic laryn-
goscopic examination performed in the clinic. The
tumour is usually visible as an ulcerative mass in
the hypopharynx (Figure 25.2). Tumours can also
be exophytic and appear as a polypoidal mass at
this site. Pooling of blood or saliva in the piri-
form fossa may indicate a tumour hidden in the
hypopharynx.

An immobile or fixed vocal cord may result
from hypopharyngeal cancer. This may be due to
the tumour mass impairing movement of the vocal
cord or recurrent laryngeal nerve invasion.

STAGING

Clinical staging of hypopharyngeal cancer is a man-
datory part of the assessment of the patient, and the
Union for International Cancer Control/American
Joint Committee on Cancer (UICC/AJCC) TNM
(tumour, node, metastasis) staging system is used
(Table 25.2).

Table 25.2 TNM staging for hypopharyngeal
cancer

T1 Tumour <2cm and limited to one sub-site
of hypopharynx
T2 Tumour >2cm but <4cm, or invades

more than one sub-site of hypopharynx
or an adjacent site

T3 Tumour >4 cm or with fixation of
hemi-larynx

T4a  Tumour invades thyroid/cricoid cartilage,
hyoid bone, thyroid gland,
oesophagus, or central compartment
soft tissue

T4b  Tumour invades pre-vertebral fascia,
encases carotid artery, or involves
mediastinal structures

N1 Metastasis in a single ipsilateral lymph
node <3cm

N2a Metastasis in a single ipsilateral lymph
node >3cm but <6cm

N2b  Metastasis in multiple ipsilateral lymph
nodes <é6cm

N2c  Metastasis in bilateral or contralateral
lymph nodes <6cm

N3 Metastasis in a lymph node >6cm

Early-stage tumours include T1 and T2
tumours; advanced tumours are T3 and T4 cases.
The N staging is the same as for other head and
neck sub-sites. More than 50 per cent of patients
with node-negative hypopharyngeal cancer have
occult or microscopic lymph node involvement;
hence the primary site and the neck always have to
be considered for treatment.

CLINICAL INVESTIGATION

Histological confirmation in the form of an inci-
sional biopsy is necessary to diagnose hypopha-
ryngeal cancer. This involves panendoscopy and
biopsy. Panendoscopy involves formal assessment
of the larynx, the pharynx, the upper oesophagus
and the trachea under general anaesthesia.
Consideration of the safety of the airway is
mandatory in managing patients undergoing
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panendoscopy for head and neck cancer. After the
biopsy, swelling and bleeding can result, which
may obstruct the airway; therefore, this compli-
cation should always be considered a possibility.
Good communication between the ear, nose and
throat (ENT) surgeon and the anaesthetist is nec-
essary to plan for this possible complication, and
tracheostomy may be needed to secure the airway
surgically.

The biopsy specimen is sent to an expert pathol-
ogist for assessment and grading. The most com-
mon type of cancer is squamous cell carcinoma,
which accounts for almost 95 per cent of tumours
in this site. Rarely, other histological types may
exist, such as adenocarcinoma or lymphoma.

IMAGING

Cross-sectional imaging in the form of a com-
puted tomography (CT) scan is necessary to stage
hypopharyngeal cancer. This modality of imaging
allows assessment of the size of the tumour and
its upper and lower extent (Figure 25.3). Invasion
of local structures and spread to lymph nodes can
also be determined. CT scanning also allows for

Figure 25.3 CT scan of a patient with a left-sided
carcinoma of the piriform fossa. Note the tumour
to the left of the larynx and a large necrotic cervi-
cal metastasis.

detection of distant metastasis to the lungs, which
may occur in this type of cancer.

Other imaging modalities may be involved
in staging, such as magnetic resonance imaging
(MRI) or positron emission tomography (PET)
scanning.

Evaluation of the overall health status of the
patient is an important part of the investigation.
Assessment of cardiovascular fitness, co-morbidi-
ties, nutritional state and dental hygiene is neces-
sary for all head and neck cancer patients.

TREATMENT

Treatment of hypopharyngeal cancer follows the
same principles of all cancers and can be divided
into curative or palliative intention. Determining
which treatment is adopted depends upon the fol-
lowing factors: stage, patient’s co-morbidity and
patient’s wishes.

In general, early-stage tumours receive single-
modality treatment, whilst advanced require com-
bined-modality treatment.

Because all head and neck cancers have the
tendency to adversely affect speech, swallowing
and cosmetic appearance, treatments should be
designed to treat the cancer effectively without
adding to the patient’s morbidity. All patients diag-
nosed with head and neck cancer are discussed in
the multidisciplinary team meeting (MDT) prior
to definitive treatment. Here the patient’s clinical
status, staging, histopathology and imaging are
discussed by a panel of experts who determine
the best treatment according to evidence-based
practice.

The primary tumour needs to be treated along
with the lymphatic basin fed by the hypopharynx,
which includes levels 2 to 4 (upper to lower deep
cervical chain).

Nutritional support during treatment is usu-
ally necessary. This may be in the form of oral food
supplements in mild cases following radiotherapy
but often requires enteral feeding via a nasogastric
tube or gastrostomy feeding tube. External beam
radiotherapy treatment (EBRT) is used as cura-
tive treatment for early-stage hypopharyngeal
cancer. The usual dose is 65 Gray (Gy) given to the
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hypopharynx and neck in divided dosages called
fractions.

Radiotherapy involves targeting ionizing radia-
tion to the tumour to activate apoptosis or pro-
grammed cell death. EBRT is usually given daily
over a 6-week period on an outpatient basis.
Because the patient needs to lie immobilized on
the treatment table to maximize accurate target-
ing of treatment, he or she wears an immobiliza-
tion shell, which prevents movement artefact.
Radiotherapy can cause acute and late toxicities.
Acute toxic reaction can affect the skin in the
form of erythema mimicking a burn. Mucositis is
inflammation of the mucous membranes, which
can affect speech and swallowing. Late toxicity can
result in fibrosis and scarring of the pharynx and
larynx, which can result in dysphagia.

For advanced-stage hypopharyngeal cancer,
chemotherapy is added to EBRT, which is termed
chemo-radiation. The combination of chemo-
therapy with EBRT increases the effectiveness of
treatment but adds to the toxicity and side effects.
The most common chemotherapy agent used is cis-
platinum. Chemotherapy can cause neutropenia,
ototoxicity, renal damage, nausea, vomiting and
alopecia.

PET scanning can be employed at 3 months fol-
lowing completion of radiotherapy treatment to
evaluate disease control. If recurrence of cancer is
detected, surgery may be appropriate.

Surgery tends to be reserved for the most
advanced types of hypopharyngeal cancer (stage
T4) or for recurrent disease. The operation required
is total laryngo-pharyngectomy; the aim is to
remove all of the tumour and restore swallowing
function. This is a complex, major surgical opera-
tion, which can only be performed on a patient
who is fit enough for a long procedure with general
anaesthetic. It involves removal of the larynx, the
thyroid gland and part or all of the pharynx. The
patient will therefore have a permanent tracheos-
tomy after this surgery.

To restore swallowing function after this sur-
gery, the pharynx must be reconstructed. If only
part of the pharynx (partial pharyngectomy) is
resected (Figure 25.4), then a patch repair of the
pharynx is adopted. This is usually in the form
of a myocutaneous flap harvested from the arm
(radial forearm free flap), leg (anterolateral thigh

Figure 25.4 Total laryngectomy with partial phar-
yngectomy with neck dissection for advanced
hypopharyngeal cancer. The pharynx can be
reconstructed with a patch repair.

free flap) or chest wall (pectoralis major pedicled
flap).

If a total pharyngectomy has been performed,
then a circumferential defect has been created and
needs to be restored. Reconstruction of the phar-
ynx can be achieved using several techniques,
including a jejunal free flap (Figure 25.5), antero-
lateral thigh free flap or a gastric transposition
pedicled flap. Speech can be restored by creating a
surgical tracheoesophageal fistula (TOF) as is seen
after laryngectomy (Figure 25.6). A selective neck
dissection, levels 2 to 4, is necessary at the time of
surgery for lymph node negative (NO) patients and
a modified radical neck dissection for node posi-
tive patients. Post-operative radiotherapy is usu-
ally adopted in all cases and is indicated for close
or involved margins and lymph node metastases.

Major complications can occur following pha-
ryngo-laryngectomy. These may be general (related
to a prolonged head and neck operation) and spe-
cific. The main specific complications include
pharyno-cutaneous fistula and hypocalcaemia.
A pharyno-cutaneous fistula results when saliva
or food leaks from the pharynx into the neck and
onto the skin. If mild, this initially can be managed
conservatively by prolonged tube feeding. In severe
cases, further reconstructive surgery is needed to
repair the pharynx. Hypocalcaemia can result as
a result of resection of the parathyroid glands with
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SURVIVAL AND PROGNOSIS

Hypopharyngeal cancer has the worst overall sur-
vival rate for any sub-site cancer in the head and
neck. This is due to the advanced stage and late pre-
sentation but also to the high frequency of distant
metastases. Early-stage hypopharyngeal cancer
(T1 and T2) has a 5-year survival rate of between
50 per cent and 40 per cent, whereas advanced
stage (T3 and T4) has a survival rate of between 30
per cent and 20 per cent. Therefore, palliative and
supportive care are often necessary in managing
this aggressive cancer.

Figure 25.5 Total laryngo-pharyngectomy with
neck dissection. The segmental pharyngeal
defect has been reconstructed with a microvas-

cular free-jejunal flap. KEY LEARNING POINTS

® Smoking and alcohol consumption are
important factors in hypopharyngeal
cancer. HPV is thought to play less of
arole in the hypopharynx than in the
oropharynx.

® Red flag symptoms for hypopharyngeal
cancer include dysphagia, dysphonia,
otalgia, odynophagia and stridor.

e On fiberoptic laryngoscopy the tumour is
either an ulcerated or an exophytic mass.

e TNM staging and imaging help in the
appropriate management of hypopha-
ryngeal cancer. Nutritional support is

important.
Figure 25.6 Post-operative picture of a patient e Radiation and chemo-radiation are
who has undergone total pharyngo-laryngec- the mainstay of treatment. Surgery is

tomy and free jejunal transfer reconstruction.
Note the permanent tracheostomy stoma and
the laryngectomy tube in situ.

reserved for the most advanced cases or
for recurrent disease.

e Hypopharyngeal cancer has the worst
overall survival rate for any subsite in

the tumour; calcium and parathyroid hormone the head and neck

may be necessary to correct this.
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ANATOMY

The oral cavity commences at the vermillion of the
lips and extends posteriorly to the oropharynx.
The oral cavity contains the anterior two-thirds of
the tongue, the floor of the mouth, and the maxil-
lary and mandibular alveolus, which may contain
teeth, and as such there are differing relationships
of mucosal coverage. The upper and lower alveolar
mucosa is connected by the buccal mucosa, which
lines the cheeks, and completing the oral maxillary
structures is the hard palate. The surface of the oral
cavity is lined with stratified squamous epithelium.
This epithelium can be intimately related to the
underlying bone, such as the attached mucosa of
the gums or the midline of the hard palate. Other
areas of the oral cavity have a more prominent
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sub-mucosal element containing fibrous tissue and
minor salivary glands, such as the buccal mucosa
and the retromolar soft tissues. The oral cavity is
unique in the human body in that its integument is
breeched by calcified structures, the teeth, and the
presence or absence of teeth can have a bearing on
the progression and spread of pathologic disorders
close to the jaw.

The oral tongue comprises its anterior two-thirds,
extending posterior to the V-shaped demarcation
of the sulcus terminalis. Structurally, the tongue is
skeletal muscle enveloped on its upper surface by
gustatory epithelium and on its undersurface by
non-keratinizing simple squamous epithelium. The
intrinsic musculature of the tongue is responsible
for changes in shape occurring during the functions
of eating and speaking, but the positional changes
of the tongue are largely the responsibility of the
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extrinsic muscles, which attach the organ to the
mandible, the hyoid bone and the pharynx.

BENIGN TUMOURS OF
THE ORAL CAVITY

Benign tumours of the oral cavity may originate
from any of the individual structural elements.
Almost all will present as a slowly growing, well-
defined nodular mass, which may be sessile or
pedunculated. Benign oral cavity tumours are rel-
atively common and will occur in approximately
1 per cent of the population throughout life. The
following are those most often encountered.

SQUAMOUS CELL PAPILLOMA

A papilloma is a benign epithelium neoplasm com-
monly occurring in the oral cavity. Papillomas may
occur as single or multiple sessile warty lesions,
seldom measuring more than a few millimetres.
While a viral aetiology has been implicated, a
true papilloma is a benign tumour, the closest dif-
ferential being a viral wart. Histologically, both a
papilloma and a viral wart show finger-like pro-
jections of squamous epithelium above the level
of the surrounding mucosa. In most cases mild
hyperkeratosis can be seen. Epithelial dysplasia is
not a feature of papilloma. The distinction between
squamous cell papilloma and a viral wart is largely
clinical. While neither lesion enlarges to a great
extent, a viral wart will involute and the telltale
signs of lesions on the tips of the fingers may be
present, particularly in children. Papillomas occur
throughout the oral cavity. Simple excision is all
that is required, and recurrence and malignant
change are rare.

FOCAL EPITHELIAL HYPERPLASIA

Focal epithelial hyperplasia, also called Heck’s
disease, is a benign disorder of the oral mucosa.
The condition is characterized by multiple papil-
lomatous lesions, possibly caused by a virus of the
Papova group. When first reported, the condition
was thought to be confined to children. However,
focal epithelial hyperplasia occurs worldwide and

is certainly not limited to youth. The lesions mea-
sure several millimetres, have a papillomatous or
fibroma-like appearance, are usually asymptom-
atic and can occur anywhere in the oral cavity. The
tongue, however, is the usual site. With multiple
lesions of this nature, clinical diagnosis is usually
adequate, but biopsy will confirm. Although no
specific treatment is required, cryotherapy may be
useful in symptomatic cases.

FIBROMA

The true fibroma is a soft tissue neoplasm of the
oral cavity, often pedunculated and covered with
normal mucous membrane. The buccal mucosa
is the most common site. Far more commonly,
lesions referred to as fibroma are not true neo-
plasms but merely overgrowths caused by chronic
irritation, such that the terms fibro epithelial polyp
or fibrous hyperplasia are preferred for this type
of lesion. More than 3 per cent of the population
will experience an oral fibrous growth at some
time. True fibromas rarely occur before the fourth
decade and have an equal sex prevalence. Lesions
that become large or symptomatic may require
simple conservative excision. Once excised, recur-
rences are exceptional.

GRANULAR CELL MYOBLASTOMA

This is a curious benign tumour whose origin
has been debated for some time. While originally
thought to represent a benign neoplasm of muscle,
currently a neurogenic origin seems to be more
likely. Moreover, there is opinion that this lesion
is not a true neoplasm but a benign proliferation
of peripheral neurogenic elements, which would
account for its self-limiting nature, as once reach-
ing a critical size the lesion shows degenerative
features. Granular cell myoblastoma has no prefer-
ence for sex or age, although the favoured anatomi-
cal sight is the oral tongue. Presentation is a firm
submucosal nodule, which may grow up to a few
centimetres in diameter (Figure 26.1). Overlying
mucosa is usually of normal appearance, although
ulceration may occur if the size of the lesion makes
it prone to trauma. There is a congenital form
known as epulis of the newborn in which a his-
tologically similar lesion occurs on the alveolar
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Figure 26.1 Well-demarcated benign tumour in
the mouth. This is a granular cell tumour.

ridge of the newborn. Histology shows a circum-
scribed, poorly encapsulated mass; cytologically
benign granular cells predominate. Management
of the granular cell tumour is conservative surgi-
cal removal. Recurrence is rare.

NEUROFIBROMA

Oral neurofibroma is the most common benign
nerve sheath tumour. These tumours are asymp-
tomatic, occurring as solitary lesions more often
than is appreciated. Multiple lesions are seen in
von Recklinghausen’s disease, where the tongue
is often involved primarily. Neurofibroma in the
tongue may enlarge to result in unilateral macro-
glossia and a significant functional disturbance.
Neurofibromas occurring in von Recklinghausen’s
disease have approximately a 10 per cent risk of
malignant change.

BENIGN TUMOURS OF MINOR
SALIVARY GLANDS

There is an abundance of minor salivary glands
contained within the submucosa of the oral cavity.
The typical appearance of a benign salivary gland
tumour, by far the most common of which is the
pleomorphic adenoma, is a rounded mass occur-
ring in the palate, the buccal mucosa or the floor of
the mouth, covered by overlying mucosa of normal
appearance. While benign salivary gland tumours

Figure 26.2 A smooth, solitary palatal lump.
Biopsy showed this to be a benign salivary gland
tumour, but many at this site will be malignant.

may occur anywhere on the buccal mucosa, the
typical appearance on the palate is where the sub-
mucosa is thickest — that is, in the mid-portion of
the palatal vault between the midline raphe and
the maxillary alveolus (Figure 26.2). A firmly
enlarging tumour at this site should arouse clini-
cal suspicion and management along appropri-
ate lines. The distribution of histological types of
tumour arising in minor salivary glands differs
from that of tumours arising in the larger major
salivary glands. Approximately 50 per cent of
minor salivary tumours turn out to be malignant.
Therefore, even when the presenting lesion is clini-
cally benign, a biopsy is mandatory to rule out the
malignant counterpart. Of those that are benign,
the majority are pleomorphic salivary adenomas,
although myoepitheliomas, basal adenomas and
cystadenomas are occasionally found. Local surgi-
cal excision is usually curative, and recurrence is
uncommon.

MISCELLANEOUS BENIGN ORAL
TUMOURS

Benign tumours occasionally arise from the abun-
dance of tissue types lining the oral cavity. True
lipomas, lelomyomas and schwannomas are all
occasionally found. Most, however, are incidental
histopathological findings of excised, and typically
benign, oral lesions.
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MALIGNANT TUMOURS OF
THE ORAL CAVITY

ORAL SQUAMOUS CELL
CARCINOMA

Mucosal squamous cell carcinoma (SCC) is by far
the most common malignant disease occurring in
the oral cavity. Malignant tumours of the oral cav-
ity affect, in order of frequency, the anterior two-
thirds of the tongue, the floor of mouth, the buccal
mucosa, the retromolar region, the hard palate and
the gingivae. The overwhelming majority of malig-
nant tumours are squamous cell carcinomas. Non-
squamous cell carcinomas are predominantly of
salivary gland origin.

Aetiology

SCC of the oral cavity may develop de novo or from
a pre-malignant dysplastic lesion that may appear
clinically as leucoplakia (white patch) or eryth-
roplakia (speckled red-and-white patch). In both
cases chronic exposure to carcinogens in tobacco
or alcohol or local trauma are thought to be impor-
tant. However, carcinogenesis is a multistep pro-
cess involving over-expression of oncogenes and
inactivation of tumour suppressor genes. The
p53 tumour suppressor gene has been identified
as being important in oral cavity carcinomas in
patients who are smokers. The presence of human
papillomavirus (HPV) expressing the pl6 onco-
protein in oral cavity carcinoma in non-smokers is
of significance, because it is known that such can-
cers tend to occur in younger patients and have a
better prognosis.

The spectrum of oral cavity SCC histological
subtypes contains tumours with variable progno-
sis, such as the verrucous carcinoma, which carries
a good prognosis, and the basaloid variety of squa-
mous carcinoma, where the prognosis is consider-
ably less favourable.

Oral SCC may be classified according to grade
depending on several histopathological features
such as degree of keratinization, nuclear pleomor-
phism, cellular atypia and mitotic activity. This
has led to the classification of well, moderate or
poorly differentiated carcinomas. This is useful as

a snapshot of any individual carcinoma because
well-differentiated tumours tend to have a bet-
ter outcome than poorly differentiated tumours.
However, tumour grade is of limited prognostic
value because there is considerable heterogeneity
within any individual cancer.

Other pathological features have been shown
to be of prognostic importance, including tumour
thickness, extra-capsular spread of nodal metas-
tasis and pattern of invasion. Oral tongue SCC of
greater than 4mm tumour thickness represents a
significantly increased risk of cervical node meta-
static involvement. Extra-capsular spread (ECS) of
cervical lymph node metastasis is associated with
a poorer prognosis; indeed, the presence of ECS is
consistently associated with increased risk of loco-
regional recurrence, distant spread and reduced
survival. The pattern of invasion in oral SCC may
help in determining prognosis. Those cancers that
have a non-cohesive and invasive advancing front
or that spread in a perineural or lymphovascular
fashion appear to be associated with an increased
risk of loco-regional relapse after treatment.

Epidemiology

Although cancers of the head and neck region
account for only 5 per cent of all cancers reported
annually, 30 per cent of these cancers occur in the
oral cavity. In the United Kingdom, this number
is approximately 2600 each year. However, in the
United States, there are approximately 30000 new
diagnoses of oral or oropharyngeal cancer made
every year, with an estimated 7500 deaths. In India
and Sri Lanka, oral cavity and oropharyngeal can-
cers comprise 40 per cent of the total number of
cancers reported.! This large incidence has tradi-
tionally been attributed to the chewing of betel
quid (which is wrapped around tobacco material);
however, this is now being superseded by a more
Western method of tobacco usage. Oral cavity
cancer occurs almost twice as often in men as in
women, although this does vary with site, and the
relative increase in females seen over the past 30
years still continues. Although traditionally mouth
cancer occurs most commonly in the sixth and
seventh decades of life, the incidence is increas-
ing in younger adults, particularly of HPV-related
malignancies.
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Clinical presentation

The majority of SCCs of the oral cavity present
as ulcers or mass lesions (Figure 26.3). Although
lesions may be subtle and appear as flat white
patches or, more usually, red-and-white patches, a
non-healing ulcer is the most common presenta-
tion (Figure 26.4). It is considered that a non-heal-
ing ulcer in the oral cavity of 3 weeks’ duration or
longer should undergo a biopsy to confirm or deny
its malignant nature. It is interesting that the gutter
that represents the floor of the mouth, demarcated
by the lateral border of tongue, the reflection of the
lingual sulcus and the lingual gingivae, accounts
for only 30 per cent of the surface area of the oral
cavity, yet 70 per cent of oral cavity malignancies
occur in this region.

At a later stage, advanced tumours may pres-
ent with invasion of neighbouring structures.
Infiltration of the mandibular bone may cause

Figure 26.3 A large florid squamous cell carci-
noma. The maxillary bone has been invaded.

Figure 26.4 A typically ulcerated squamous cell
carcinoma of the buccal mucosa.

loosening of the teeth. Deep invasion of the lateral
tongue involving neurological structures causes
pain often referred to the ear, and the patient pres-
ents with otalgia. Cancers in the retro-molar area
may spread posteriorly to involve the pterygoid
musculature, leading to severe limitation of mouth
opening. Tumours presenting in such a fashion
generally carry a poor prognosis. Approximately
5 per cent of cases of oral SCC will present with
lymph node metastasis, and a firm upper neck
mass may be the presenting feature.

Clinical examination

Clinical examination is probably still the most
important part of diagnosis, and indeed surveil-
lance after treatment, in oral cavity cancer. A sys-
tematic approach is important for diagnosis and
treatment planning.

Surgical biopsy

A diagnosis of oral SCC should always be confirmed
histologically. Biopsy within the oral cavity can usu-
ally be performed with local anaesthesia. The biopsy
should be incisional and no attempt should be made
to remove small lesions in total at the first attempt.
The biopsy should be taken from an accessible area
of the tumour close to the edge, or at the edge of the
lesion. These sites give the best histological sample.
A biopsy of the necrotic centre of the tumour should
be resisted because histologic results may be confus-
ing owing to the necrotic nature of the sample. Once
adiagnosis is made, the patient should be considered
by a multidisciplinary team, taking all relevant fac-
tors into account before reaching a treatment plan,
through consensus with the patient and caregivers.
Treatment intention - curative or palliative — should
be clearly recorded at the outset.

Imaging

The choice of imaging for oral cavity cancers is
individual and based on the site and size of the pre-
senting tumour; often it is a multidisciplinary team
decision. The team needs to know the extent of the
primary tumour itself and any spread into adjacent
structures. It is also important to determine whether
there is any local spread into the cervical lymph
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Table 26.1 T stage

Table 26.2 N stage

Tstage  Tumour maximum surface diameter

Tx Primary tumour cannot be assessed

TO No primary tumour

Tis Primary lesion contains in situ
cancer only

T1 <2cm

T2 >2cm <4cm

T3 >4cm

T4 Tumour invades deep/extrinsic

muscles of tongue, pterygoid
muscles, hard palate or mandible

nodes. Spread to the cervical lymph nodes increases
directly with the stage of the primary tumour. With
small (T1) primary SCC, it can be below 2 per cent,
and in easily accessible sites such as the anterior
tongue; therefore, imaging may not be necessary.
As larger tumours are encountered, the incidence of
lymph node metastasis increases to 30 per cent for
T2 tumours, and this may rise to more than 50 per
cent for T3 and T4.2 The clinical size of the primary
tumour is therefore of utmost importance. The clas-
sification is summarized in Table 26.1.

Imaging is centred on the magnetic resonance
imaging (MRI) scan, which gives a good overall
indication of tumour size and an excellent view of
nodal metastatic spread. Computed tomography
(CT) scans for oral squamous cancer are usually
reserved for the assessment of bony invasion, par-
ticularly where a mandibular resection is being
considered.

CERVICAL NODAL METASTASIS

Clinical examination remains the most impor-
tant method of detecting lymph node metastasis.
An examination of the neck should be an integral
part of the clinical examination of any patient sus-
pected of having oral SCC. Metastases occur most
commonly in the upper deep cervical and sub-
mandibular nodes on the same side as the primary
tumour. The more anterior the primary tumour,
the more likely the involvement of submandibu-
lar nodes. The mid-deep or jugulo-omohyoid
nodes are frequently affected; however, involve-
ment of the lower deep cervical nodes is rare.

N stage Nodal status

Nx Regional nodes cannot be assessed

NO No regional lymph node metastasis

N1 Metastasis in a single ipsilateral node
3cm or smaller

N2 Metastasis in a single ipsilateral node
>3cm, or in multiple ipsilateral
nodes, or in bilateral or contralateral
nodes, all 6cm or smaller

N3 Metastasis in a lymph node >6cm

Table 26.3 M stage

M stage Distant metastasis

MX Distant metastasis cannot be assessed
MO No distant metastasis

M1 Distant metastasis

Contralateral nodal metastases are also infrequent
and present in only about 6 per cent of cases. A
simplified staging of nodal metastatic disease is
given in Table 26.2.

Pre-treatment staging

Distant metastatic disease is rarely found at pre-
sentation in cases of oral cancer, although chest
CT is becoming an accepted pre-treatment staging
tool (Table 26.3).

At the end of clinical investigation, an overall
pre-treatment staging can be determined as indi-
cated (Table 26.4). The overall staging is directly
related to known survival rates and may be useful
information for the multidisciplinary team, espe-
cially when the decision is being made concerning
treatments, some of which may carry significant
morbidity.?

TREATMENT OF ORAL CANCER

SURGERY

Patient factors such as fitness for anaesthesia, the
size and accessibility of the tumour and patient
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Table 26.4 Overall disease stage versus survival

TNM Average 5-year

Stage group stage survival

0 Tis

I T1 NO MO 90 per cent
Il T2 NO MO 80 per cent
Il (up to) T3 N1 MO 50 per cent
IV (greater than) T3 N1 MO 25 per cent

choice should be considered. While there is a broad
banner of surgery available for treating malignant
disease, for oral cavity cancer, conventional surgi-
cal resection of accessible tumours and appropriate
management of the cervical nodes are the main-
stay of initial treatment, where patient factors are
favourable. Intuitive surgery for cancer of the oral
cavity involves resection of the tumour within an
appropriate safe margin, considered to be at least
5mm and preferably 1 cm, followed by appropriate
reconstruction of the resected tissue to facilitate
maintenance of function.

The size and location of the primary tumour
may require the use of adjuncts such as temporary
tracheostomy as well as access procedures to split
the lip or even the mandible. Most tumours in the
anterior aspect of the oral cavity can be accessed
by the trans-oral route, avoiding scars around the
mouth. However, as tumours increase in size and
become more posterior, it may be necessary to per-
form a lip split and even mandibulotomy to effect
complete tumour resection.

Reconstruction of the oral mucosa is gener-
ally performed using radial forearm free flaps or
anterolateral thigh free flaps. The former is a good
source to replace mucosal lining, while the latter
provides useful bulk in large tongue resections.
The once-popular reconstructive technique using
pedicled flaps, such as the pectoralis major, is now
less frequently employed, because of the supe-
rior results achieved by the use of microvascular
transfers.

When the primary tumour has invaded bone,
two patterns of spread may occur. Where teeth
are present, the tumour spread tends to be super-
ficial and horizontal such that a rim resection of
the mandible or the maxilla, with the soft tissue
overlying (a composite resection), is sufficient to

ensure complete tumour ablation. In the patient
who is edentulous, the nature of tumour spread
within the underlying bone adopts a more verti-
cal nature, requiring a full-thickness resection.
Following such resections involving the maxilla,
the maxillary sinus is entered and the patient usu-
ally requires a dental obturator to prevent oral
escape of air and fluids. Full-thickness resections
of the mandible can pose a significant reconstruc-
tive challenge where the surgeon has to replace soft
tissue of the oral mucosa as well as the mandibular
bony structure. Modern microvascular transfers
using the fibula flap and the deep circumflex iliac
artery (DCIA) flap or vascularized hip graft have
proven significant advances in this area of recon-
structive surgery.

MANAGEMENT OF
CERVICAL NODES

A patient staged with a T1 tumour with a NO neck
will not usually require nodal dissection, although
the patient will be closely followed in case nodal
disease should present at a later date. All patients
with cancers T2 and above and everyone with
nodal metastasis at presentation will undergo some
form of neck dissection. The current trend is to dis-
sect levels I-IV in any patient with an NO neck and
primary staged greater than T2. In patients pre-
senting for treatment with a node-positive neck,
either a functional dissection of the nodal levels
involved - at least to include levels I-IV - is per-
formed, or occasionally a full traditional radical
neck dissection involving levels I-V is used. A rad-
ical neck dissection may be modified to preserve
the sternocleidomastoid muscle, accessory nerve
and internal jugular vein, or any combination of
these structures.

RADIOTHERAPY AND
CHEMOTHERAPY

Primary radiotherapy is a very viable option for
small primary tumours of the oral cavity and will
be the treatment of choice in patients unfit for
surgery. Similarly, primary radiotherapy will also
be used in patients with very advanced unresect-
able disease, where a lower dose, or a so-called
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hypo-fractionated regimen, is given as a palliative
measure in an attempt to control symptoms where
curative treatment will clearly not succeed.

The current trend is to use neoadjuvant che-
motherapy, which are pulses of chemotherapy
given within a course of radiotherapy, because it
is known to enhance the tumour’s response to the
ionizing radiation. Post-operative radiotherapy
is used where histopathological examination fol-
lowing surgical resection indicates sub-optimal
prognostic features. Such features include close
resection margins; undiagnosed spread into adja-
cent tissues, which will up-stage a tumour to T4;
and involvement of multiple cervical lymph nodes
or cervical lymph nodes where metastatic spread
has breached the lymph node capsule, the previ-
ously mentioned extra-capsular extension. In these
cases a course of radiotherapy or chemoradiother-
apy will be prescribed.

There is no evidence to indicate the usefulness
of chemotherapy as a primary modality of treat-
ment for oral cancer, although it may be used pri-
marily as a palliative tool in certain instances of
otherwise untreatable disease. In these cases pho-
todynamic therapy (PDT) is currently being devel-
oped to provide additional symptomatic benefit.

SPECIFIC COMPLICATIONS OF
TREATMENT

Complications of surgery

Surgical complications may occur in as many as 60
per cent of patients having treatment for oral can-
cer. Risk factors such as old age, poor performance
status, medical co-morbidities, large aggressive
tumours and complex surgery show correspond-
ingly higher complication rates. Major surgery for
oral cancer has a reported mortality of up to 4 per
cent. More commonly, complications are less dra-
matic and of a more chronic nature.

While airway problems do occur in major oral
cancer surgery, these can be largely prevented by
the use of temporary tracheostomy. The immediate
impact on swallowing and nutrition can be coun-
tered with the use of nasogastric feeding or even
the insertion of a gastrostomy tube. Occasionally,
gastrostomy tubes will be required for an extended
period of time, and sometimes after the most

major resections a gastrostomy tube can be a per-
manent feature. Wound infections following oral
cancer surgery are not uncommon. The oral cav-
ity-skin integument is a clean contaminated area,
where infection rates of up to 20 per cent may be
encountered. Consequent failure of wound heal-
ing and fistulation may occur in intraoral and neck
wounds as a result, despite the use of antibiotic
prophylaxis and local treatment.

Injuries to the facial and mandibular nerves
lead to impaired lip function and sensation and
are not uncommon sequelae of major surgery of
this nature, particularly mandibular resection. The
advances enjoyed by the development of microvas-
cular transfers in terms of improved oral function,
speech and swallowing have been significant in
recent years. The failure of such flaps due to inad-
equate blood supply is small, in the region of less
than 5 per cent. Similarly uncommon is failure
of healing and subsequent orocutaneous fistula-
tion. Donor site morbidity is minimal, although
the DCIA vascularized hip graft is well known
for causing reduced mobility, sometimes of a pro-
longed nature.

Complications of chemotherapy
and radiotherapy

Although chemotherapy is seldom used alone in
the treatment of oral cancer, the immediate com-
plications of nausea and vomiting are now well
controlled with antiemetics such as ondansetron.
The most potent complications of radiotherapy in
the treatment of mouth cancer are xerostomia, a
chronic dry mouth that is very difficult for patients
to manage, and the effects of radiotherapy on bone,
most significantly the development of osteoradio-
necrosis (Figure 26.5).# Improvements in radio-
therapy techniques, especially the development
of intensity modulated radiation therapy (IMRT),
have reported reduced complications following
treatment. IMRT is able to avoid irradiation of
salivary glands, with a reduced incidence of xero-
stomia and reportedly very low rates of osteoradio-
necrosis. Although the latter complication responds
in some way to hyperbaric oxygen treatment,
and a medical regimen involving tocopherol and
pentoxifylline, chronic pain and bone destruction
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Figure 26.5 Mucosal atrophy with exposed man-
dibular bone in osteoradionecrosis.

can sometimes necessitate secondary mandibular
resection and reconstruction with a vascularized
bone graft.

SURVIVAL

The overall 5-year survival of oral SCC, irrespec-
tive of stage, at the end of the past century was of
the order of 50 per cent. This incidence had not
changed in the preceding three decades. New stud-
ies indicate that current overall survival of oral SCC
approaches 70 per cent, irrespective of stage. This
may represent improved methods of diagnosis and
greater awareness within the general population
that cancer does indeed occur within the oral cav-
ity. There is certainly evidence for better use of sur-
gery combined with adjuvant chemoradiotherpy,
although full-scale randomized controlled trials
are currently lacking. At present, palliative treat-
ment of incurable disease is centred on symptom
control. While most of this care is medical and sup-
portive and is delivered by the dedicated palliative

care team, there may be a role for adjuncts such as
photodynamic therapy (PDT) in the future.

While salivary gland tumours have been consid-
ered elsewhere in this book (see Chapter 28), it is
worth highlighting a few salient points regarding
salivary gland tumours as they pertain to the oral
cavity. In the submucosa throughout the mouth,
there is an abundance of minor salivary glands,
which are by no means immune to forming the full
range of tumours that are found in the major sali-
vary glands themselves. The usual presentation of
malignant minor salivary gland tumours is a soli-
tary lump, although occasionally florid ulceration
may be present, particularly with tumours present-
ing late. These solitary lumps are often found in the
palate, typically at the hard/soft palate junction on
either side of the midline, or in the buccal mucosa.
An important feature to acknowledge with minor
salivary gland tumours is that as previously men-
tioned, depending on the site, the reported inci-
dence of malignancy lies between 50 and 70 per
cent. For this reason primary excision should be
resisted, and the suspected minor salivary gland
tumour will be managed with an incisional biopsy
in the first instance. Once a definitive histological
diagnosis is obtained, appropriate staging can be
undertaken and appropriate resection and recon-
struction planned for a malignant tumour.

Haematolymphoid tumours are included in the
World Health Organization (WHO) classification
of oral tumours and are therefore mentioned here
for completeness. Both Hodgkins and non-Hodg-
kin’s lymphomas may present in the oral cavity. All
sites of the oral cavity may be involved, and clinical
presentation is diverse. A lymphoma in the mouth
may present as a solitary lump or a chronic ulcer,
but lymphomatous change occurring in areas of
erythroplakia and leucoplakia have been reported.
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INTRODUCTION

The most common malignant tumour of the lar-
ynx is squamous cell carcinoma (SCC), with an
incidence of 6.2 per 100000 males and 1.3 per
100000 females in the United Kingdom. It is rare
in patients under the age of 40. The main co-aeti-
ological factors are tobacco smoking and drinking
alcohol, with a strong association with the lower
S0Cio-economic groups.

Within the larynx there are three main sub-
sites, the glottis, the supraglottis and the subglot-
tis, which comprise the vocal cords, the area above
the vocal cords and the area below the vocal cords,
respectively. The most frequently affected sub-site
is the glottis; the next most frequent is the supra-
glottis; and the least is the subglottis. Smoking is
the highest risk factor in glottic cancer, with alco-
hol playing a greater role in supraglottic tumours.

Considerable importance is attached to early
diagnosis of SCC because comprehensive treat-
ment in its early stages is associated with a very
good prognosis.
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PRESENTATION

The cardinal symptom associated with tumours
in the larynx is hoarseness. This occurs initially
because of the change in the contour of the vocal
cords, and as the tumour extends and more mucosal
surfaces are involved, the hoarseness will increase.
If the volume of the tumour increases further and
more sub-sites are involved, for example the glottis
and the supraglottis, then the hoarseness and its
severity will increase. The hoarseness is persistent,
and although it may fluctuate, the voice does not
return to normal. With increasing tumour vol-
ume, the vocal cord mobility may be reduced, with
a subsequent breathy component to the voice. As
turbulence of the air through the larynx increases,
stridor will ensue, with marked noisy breath-
ing most evident in inspiration. Associated with
these symptoms may be referred pain to the ear.
As the tumour extends beyond the larynx, there
may be associated aspiration because of vocal cord
immobility. So when swallowing, the patient may
complain of choking attacks. Ultimately, as other

235
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structures are involved and dysphagia increases,
the patient may not be able to maintain dietary
intake and may experience weight loss and increas-
ing airway compromise. Although the majority of
tumours of the larynx present with hoarseness,
supraglottic lesions may present as cervical lymph
node metastases.

DIAGNOSIS

CLINICAL EXAMINATION

The key investigation in a patient presenting with
hoarseness, particularly a smoker, is examina-
tion of the larynx by fibre-optic nasolaryngoscopy
when the patient is awake. This is carried out using
a fibre-optic nasolaryngoscope per nasal approach
along the floor of the nose, having anaesthetized
the nose initially using co-phenylcaine or topical
lignocaine spray. In many patients who have repeat
examinations, topical anaesthesia is not necessary
because they are very compliant if a good examina-
tion technique is adopted. From this examination
it is possible to assess the proximal aerodigestive
tract in its ‘natural’ position, looking at the tongue
base, the vallecula and then the laryngeal surface of
the epiglottis. Thereafter, the intralaryngeal struc-
tures are examined in detail from the supraglot-
tis to the glottis, with it being possible to visualize
certain aspects of the subglottis. The remainder of
the other hypopharyngeal structures, such as the
posterior pharyngeal wall and the pyriform fossa,
are also examined at this time. From this exami-
nation it is possible to visualize the main bulk, or
epicentre, of the tumour, the vocal cord mobility
and the residual airway. It is also possible to assess
the symmetry or otherwise of the pyriform fos-
sae. It is strongly advised that this examination be
conducted as a routine prior to any endolaryngeal
procedure being conducted for diagnostic and
staging purposes. This allows definitive assessment
of vocal cord mobility to be made and also gives an
update of the status of the airway prior to anaes-
thesia administration.

Other visualization techniques, such as video-
stroboscopy, can be used to examine the detail of
the vocal cords. Such techniques are considered

by some to be of importance when contemplating
endoscopic or partial laryngeal surgery.

IMAGING

When a laryngeal malignancy is suspected, imag-
ing ideally should be carried out prior to endo-
scopic examination under general anaesthesia. The
principal reason for this is that the endolaryngeal
procedure and subsequent biopsies will disrupt
the tumour and laryngeal architecture either by
direct tumour removal or subsequent peri-tumour
inflammation. The main imaging modality used
for evaluation and staging purposes is computed
tomography (CT) scanning. The key elements of
tumour staging are assessment of the index pri-
mary, i.e. the tumour within the larynx, cervical
lymph node status, and the presence or otherwise
of metastatic disease, most commonly affecting the
lung.

The presence of pulmonary disease significantly
affects the treatment philosophy. For example,
if there is metastatic disease, then it may change
the recommended treatment to a palliative intent,
whilst single synchronous primary pulmonary
resection may change the treatment intent to cura-
tive if the single synchronous primary within the
larynx is also early disease. For these reasons all
patients with suspected laryngeal cancer should
have CT scans of their neck and chest.

With regard to the larynx, the principal role of
fine-cut CT scanning is to assess the extent of the
tumour. This is in particular relation to the pres-
ence of tumour invasion to the subglottis or inva-
sion into the paraglottic and pre-epiglottic spaces.
The pivotal result is the involvement or otherwise
of the thyroid cartilages with extension into the
laryngeal soft tissues. Suspected involvement of
these laryngeal cartilages is the key element in the
recommendation of treatment modalities.

A CT scan will highlight any suspected lymph-
adenopathy. To confirm or refute this involvement,
ultrasound scanning can be carried out with the
associated sampling either by fine-needle aspira-
tion cytology or by core biopsy.

The standard imaging using CT scanning can
be supplemented if there is any doubt or concern
about the involvement of the thyroid cartilages
or extension of the tumour into the tongue base.
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This is achieved by magnetic resonance imag-
ing (MRI) scanning, which has a higher sensi-
tivity but less specificity for laryngeal cartilage
invasion. Combining these imaging modalities
will provide accurate staging when taken in con-
junction with the subsequent endoscopic exami-
nation under general anaesthesia. At this initial
stage it is occasionally necessary to ensure that
there are no distant metastases or other malignan-
cies. For example, in a situation where a patient
may have a pre-existent, but treated, malignancy
prior to considering radical treatment of the head
and neck cancer, it is necessary to determine if
malignancy is present. In this situation positron
emission tomography (PET)-CT scanning is
advocated.

When assessing the imaging of a laryngeal
tumour, the following should be considered:

1. Sub-site or sub-sites involved

2. Extension of the tumour into paraglottic and
pre-epiglottic spaces

3. Laryngeal cartilage invasion

4. Inferior extent of the subglottis, particularly
around the cricothyroid membrane

5. Extension into the hypopharynx, including the
pyriform fossae and post-cricoid region

6. Tongue base

All lymph node levels, including levels I to VI

8. Examination by microlaryngoscopy

N

EXAMINATION BY
MICROLARYNGOSCOPY

The aim of this procedure is to confirm the sub-
site of origin of the tumour, describe the extent of
the tumour by determination of the surface area of
the tumour and the sub-sites involved, and obtain
a tissue sample for histological diagnosis.

Following fibre-optic nasolaryngoscopy imme-
diately pre-operatively, the most appropriate way
of establishing and maintaining an airway is dis-
cussed with the anaesthetist.

In general, the anaesthetist can insert a small
endotracheal tube, such as a microlaryngeal tube,
with minimal trauma into the larynx and trachea;
this allows the detailed examination.

In advanced malignancy, however, there may
be a large obstructive lesion within the larynx and

trachea that needs de-bulking prior to continu-
ing the general anaesthesia. In this situation the
tumour can be de-bulked using the CO, laser in
conjunction with supraglottic jet ventilation or
microdebrider de-bulking of the tumour with a
microlaryngeal tube in place.

To establish general anaesthesia and safe venti-
lation of the patient, the larynx and surrounding
structures are examined in detail. Each sub-site
mentioned in the imaging section is examined
in detail, starting with the tongue base and con-
tinuing to the vallecula, the laryngeal surface
of the epiglottis, the lateral pharyngeal wall, the
posterior pharyngeal wall with extension into the
post-cricoid region, the cervical oesophagus, both
pyriform fossae and the larynx, with specific atten-
tion being paid to the supraglottis, the glottis and
the subglottis.

After the epicentre of the tumour has been
identified, the surrounding area can be examined
in detail with the 0°, 30° and 70° Hopkins rods in
conjunction with a system to digitally record the
extent of the tumour. Not only does this allow a
clearly documented record for the patient, but it
also provides information on the tumour extent
for discussion by the multidisciplinary head and
neck cancer team.

Biopsies are taken from all of the represen-
tative sub-sites using cupped biopsy forceps.
Haemostasis is secured using 1:1000 adrenaline on
surgical patties.

MANAGEMENT OF LARYNGEAL
CANCER

Following the completion of the diagnostic inves-
tigations, the tumour is staged according to the
TNM classification (Table 27.1). The recommended
treatment strategy is dependent upon the clini-
cal staging at the time of presentation; the clini-
cal characteristics of the patient, such as the age
and co-morbidities; and finally the wishes of the
patient, relatives and caregivers.

After consideration of each of these treatment
strategies independently and collectively, the deci-
sion is made whether the treatment will be with a
curative or a palliative intent. Given the staging and
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Table 27.1 TNM classification of laryngeal cancer

Supraglottis

T1 Tumour limited to one subsite of supraglottis with normal vocal cord mobility.

T2 Tumour invades mucosa of more than one adjacent subsite of supraglottis or glottis or region
outside the supraglottis (e.g. mucosa of base of tongue, vallecula, medial wall of piriform sinus)
without fixation of the larynx.

T3 Tumour limited to larynx with vocal cord fixation and/or invades any of the following: postcricoid
area, pre-epiglottic space or paraglottic space and/or includes minor thyroid cartilage erosion
(e.g. inner cortex).

T4

T4a  Tumour invades through the thyroid cartilage and/or invades tissues beyond the larynx,

e.g. trachea, soft tissues of neck including deep/extrinsic muscle of tongue (genioglossus,
hyoglossus, palatoglossus and styloglossus), strap muscles, thyroid or oesophagus.

T4b  Tumour invades prevertebral space or mediastinal structures or encases carotid artery.

Glottis

T1 Tumour limited to the vocal cord(s) (may involve anterior or posterior commissure) with normal

mobility.
T1a Tumour limited to one vocal cord.
T1b Tumour involves both vocal cords.

T2 T2a Tumour extends to supraglottis and/or subglottis with normal vocal cord mobility.

T2b Tumour extends to supraglottis and/or subglottis and/or includes impaired vocal cord mobility.

T3 Tumour limited to larynx with vocal cord fixation and/or invades paraglottic space, and/or includes

minor thyroid cartilage erosion (e.g. inner cortex).

T4

T4a  Tumour invades through the thyroid cartilage or invades tissues beyond the larynx (e.g. trachea,
soft tissues of neck including deep/extrinsic muscle of tongue (genioglossus, hyoglossus,
palatoglossus and styloglossus), strap muscles, thyroid or oesophagus.

T4b  Tumour invades prevertebral space or mediastinal structures or encases carotid artery.

Subglottis

T1 Tumour limited to subglottis.

T2 Tumour extends to vocal cord(s) with normal or impaired mobility.

T3 Tumour limited to larynx with vocal cord fixation.

T4

T4a  Tumour invades through cricoid or thyroid cartilage and/or invades tissues beyond the larynx
e.g. trachea, soft tissues of neck including deep/extrinsic muscle of tongue (genioglossus,
hyoglossus, palatoglossus and styloglossus), strap muscles, thyroid or oesophagus.

T4b  Tumour invades prevertebral space or mediastinal structures or encases carotid artery.

treatment modalities at the time of presentation EARLY LARYNGEAL CANCER

of laryngeal cancer patients, the vast majority are

treated with curative intent. Early laryngeal cancer is defined as a T1 or T2
The treatment options are considered as follows lesion that affects any of the sub-sites within the
and are broadly divided into two main groups, larynx and with no cervical lymphadenopathy

early and advanced laryngeal cancer. (NO) nor evidence of metastatic disease (MO).
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The aim of treatment is to eradicate the disease
whilst maintaining function, principally voice and
swallowing. The choice of treatment is between
radiotherapy or transoral endolaryngeal surgery,
with each having extremely good cure rates. These
can be up to 100 per cent for T1 lesions and 89 per
cent for T2 lesions for endoscopic resection and
similar rates for radiotherapy.!>3

There are relative advantages and disadvantages
for each treatment modality. Transoral resection of
the laryngeal tumour using the CO, laser allows the
patient to be treated on a single occasion with min-
imal absence from work, allows confirmation of
removal of the tumour histologically, and avoids the
pharyngeal sequelae of radiotherapy with the final
advantage of further surgery or radiotherapy as a
salvage option should there be disease recurrence.
The disadvantages are that it may not be appropri-
ate in all cases as a result of difficulty in accessing
the larynx comprehensively to allow tumour resec-
tion, and it tends to need repeated microlaryngeal
procedures to ensure disease-free status. In addi-
tion, because it may affect the voice quality, it tends
not to be used in T1B lesions where excision will
involve both vocal cords across the anterior com-
missure. Subsequent scarring with possible web-
bing, even with the use of topical application of
mitomycin, can result in poor voice outcomes.

In supraglottic lesions, if they are node negative,
either transoral endoscopic resection or radiother-
apy can be used. However, if there are suspicious
or confirmed lymph node metastases, then the
index site has to be radiated, as do the lymph node
groups. The alternative is a selective neck dissec-
tion in conjunction with the endoscopic resection.
In the latter case, it may be necessary to give adju-
vant radiotherapy if there is significant involved
lymph node volume or extra-capsular spread is
present.

Radiotherapy tends to be used in those patients
where the excision will affect the contralateral vocal
cord significantly, where there is a relatively large-
volume T2 lesion or the access is not sufficient to
allow security in achieving a margin on excision,
or in those patients where repeated endolaryngeal
procedures under general anaesthesia would not
be acceptable.

With the popularization of endolaryngeal sur-
gery, the role of open partial laryngeal surgery

tends now to be restricted to a few rare clinical sit-
uations, such as a patient with poor access who has
refused radiotherapy or in low-volume recurrence
following radical radiotherapy.*

ADVANCED LARYNGEAL CANCER

Advanced laryngeal cancer can be defined as T3/
T4 tumour with cervical lymph node negative or
node-positive disease. The key treatment option is
organ preservation strategy, in the form of radio-
therapy or chemoradiotherapy, or total laryngec-
tomy. Much less commonly used techniques are
transoral CO, laser surgery or near-total laryn-
gectomy. In advanced laryngeal cancer, the risk
of lymph node metastasis is high and can be up
to 60 per cent if the supraglottis is involved. For
the N1 neck, if the treatment of the primary is by
surgery, then an ipsilateral selective neck dissec-
tion clearing levels II-1V is carried out followed by
chemoradiotherapy where appropriate. If chemo-
radiotherapy is to be used as the treatment of the
index primary, then in N1 disease it is also used
to treat the identified lymph node metastases and
the surrounding lymph node basins, which may
be subject to metastatic microscopic spread of
the tumour. Close monitoring both clinically and
radiologically is essential thereafter to identify the
persistence of the disease or recurrence.

Advanced lymph node disease, N2 and N3,
again will need treatment that is dependent on the
recommended treatment for the index primary.
Curative-intent N3 disease generally requires
clearance of the neck, possibly with a modified or
radical neck dissection; N2 disease is treated with
surgical clearance of large-volume disease; and
lower-volume N2 disease is able to be treated by
chemoradiotherapy when this is to be used for the
treatment of the index tumour.

Since the early 2000s, the organ preservation
strategy using radiotherapy plus or minus chemo-
therapy has become popular. The basis of this strat-
egy is that it was demonstrated that it is possible to
achieve the same survival outcomes for advanced
laryngeal malignancy using chemoradiotherapy
with salvage laryngectomy as required when com-
pared with primary total laryngectomy.®

The key element in decision-making regard-
ing which strategy is to be recommended is the
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presence or absence of laryngeal cartilage inva-
sion. CT, and subsequent MRI scanning if CT is
equivocal, is used to make this differentiation. The
sensitivity and specificity of these combined inves-
tigations is in excess of 90 per cent. It is difficult
to be certain of thyroid cartilage invasion because
of the differential ossification and subsequent
appearances on imaging of the thyroid cartilages.
Essentially, if there is thyroid cartilage invasion,
then chemoradiotherapy is not considered suitable
as a curative option because it would not eradi-
cate the disease; therefore, a total laryngectomy is
recommended.

Conversely, if this is not the case, then chemora-
diotherapy can be deployed with a curative intent
depending on the other factors in decision-mak-
ing. These factors may include the patient’s life-
style and social support network. For example, the
patient may want to preserve the larynx because
of his or her occupation as a lecturer or teacher.
Conversely, the patient may wish to ‘clear the dis-
ease’. Ultimately, it is the patient’s preference, in
conjunction with relatives’ and caregivers’ opin-
ions, that will result in the final treatment strategy.

The standard chemoradiotherapy regimen uses
concomitant or concurrent chemoradiotherapy
with cisplatin and 5-fluorouracil (5-FU) in con-
junction with radiotherapy schedules. The dose for
those who receive radiotherapy is determined by
the clinical oncological planning services and is
delivered over a period of approximately 6 weeks
in appropriate fractions as determined by the head
and neck oncological team. Both during and fol-
lowing these combined treatments, it is neces-
sary to monitor patients closely and support them
well with regard to the following: their nutrition,
because radiotherapy affects their per-oral dietary
intake; the pain that they may experience due to
the mucositis produced by the treatment regimen;
the airway in advanced disease, which may be
impaired because of the tumour volume; impaired
vocal cord mobility; or the effect of peri-tumour
oedema. Thereafter the patient is monitored on
a regular basis every 4 to 6 weeks for at least the
first year to 18 months, 8 weeks thereafter for the
next year, and so on, with a view to identifying and
treating recurrence should it arise.

Total laryngectomy clearly involves resection
of the larynx with possible partial pharyngectomy

and lymph node resection. Approximately 1 week
post-laryngectomy, feeding is commenced if pha-
ryngeal repair is intact. Thereafter, nutrition is gen-
erally well maintained through the neopharynx.

Following pathological assessment of the total
laryngectomy specimen with partial pharyngec-
tomy and neck dissection as indicated, a decision
can be made in regard to adjuvant radiotherapy.
The key indications for adjuvant radiotherapy are
excision margins that are regarded as being close
to or involved in the laryngeal resection specimen,
or evidence of extra-capsular spread in the neck
dissection. It should be noted, however, that such
adjuvant therapy may affect the functional out-
comes of both voice production and swallowing,
and should be considered carefully when advising
the patient.

Voice rehabilitation takes place using a tra-
cheo-oesophageal voice prosthesis inserted into a
tracheo-oesophageal fistula. This voice prosthesis
allows air that is exhaled to be shunted through
the voice prosthesis by occlusion of the stoma,
with the air gathering in the neopharynx and the
patient phonating thereafter. This is carried out as
a primary puncture, i.e. there is a creation of the
tracheo-oesophageal fistula between the posterior
wall of the trachea and the cervical oesophagus at
the time of laryngectomy. To allow such a voice to
take place, a healed stoma is necessary because this
needs to be occluded during the phonation process,
and an appropriate tracheo-oesophageal valve has
to be in situ. Some believe in the strategy of plac-
ing a tracheo-oesophageal voice prosthesis at the
time of the laryngectomy. Others feel that if they
wait until 3 or 4 weeks post-operatively, insert-
ing a valve as a simple outpatient procedure gives
a better measure of valve dimensions and better
timing for valve use at that stage. Irrespective of
which timing is used, audible sustainable speech is
generally achieved in approximately 90 per cent of
patients who have had a total laryngectomy.

The overall quality of life and functional out-
comes following laryngectomy are very reasonable
because the patients tend to be pain free, able to
swallow, and able to phonate through their tracheo-
esophageal voice prosthesis, but there is the clear
downside of having a permanent tracheo-stoma.
The best functional results after laryngectomy
occur if it is carried out as a primary procedure
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without any adjuvant radiotherapy or as a salvage
procedure following chemoradiotherapy.®

The complications of chemoradiotherapy are
principally those that relate to the alteration in the
end organ function, namely dysphonia, difficulty
with communication, difficulty in swallowing and
maintaining nutrition, pain and potential airway
compromise necessitating tracheostomy. The prin-
cipal post-surgical complication of total laryn-
gectomy is pharyngo-cutaneous fistula formation
with a prolonged stay in the hospital or the need
for subsequent surgery in the form of reconstruc-
tion to seal the fistula. In the case of laryngectomy,
there is an increased incidence of fistula forma-
tion in patients in whom the total laryngectomy
was carried out as part of a salvage procedure as
opposed to those in whom primary laryngectomy
has been performed.

KEY LEARNING POINTS

e (Cardinal presenting symptom is
hoarseness.

e Key finding of imaging is tumour
involvement of the laryngeal cartilages.

e Early laryngeal cancer treatment is
endolaryngeal surgery if possible.

® Advanced laryngeal cancer treatment
is radiotherapy + or - chemotherapy
if no, or minimal, laryngeal cartilage
involvement.

o If there is laryngeal cartilage involve-
ment, treatment is total laryngectomy.
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INTRODUCTION

Adult salivary gland diseases and disorders occur
so frequently in patients’ everyday lives that they
are sometimes regarded as familiar matters not
requiring any detailed knowledge. When symp-
toms originating from the salivary glands develop,
they can interfere with patients’ quality of life,
resulting in absences from school and work, as well
as hindering leisure activities.

The management of salivary diseases and dis-
orders requires a comprehensive understanding of
embryology and anatomy; production and regula-
tory mechanisms of salivary production; clinical
pathologies, local and systemic, that can affect the
salivary glands; multiple techniques available for
their investigation (analysis, imaging and biopsy);
modern methods for managing ducal and paren-
chymal diseases; and appropriate management of
salivary gland neoplasms - benign and malignant.
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Thus, the investigation and management of
patients with symptoms of salivary origin should be
within a clinical environment of a multidisciplinary
group of clinicians who have an interest in salivary
gland diseases and disorders and should include
surgeons, dentists, oral medicine experts, dental
hygienists, radiologists, pathologists and physicians.

EMBRYOLOGY AND ANATOMY

Humans have three pairs of major salivary
glands - parotid, submandibular and sublingual -
and some 600-1000 minor salivary glands, which
are dispersed sub-mucosally throughout the head
and neck region. Each major gland develops from
within the oral cavity (endoderm) and matures
through a series of stages. The early stages are
reliant on epithelial and mesenchymal interac-
tions, with the basement membrane playing an
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important role in controlling the ductal branch-
ing morphogenesis. The final gland represents a
coordinated network of acini, ducts, blood vessels,
myoepithelial cells and nerves, each playing a vital
role in a functioning organ.

The parotid glands are the largest of the major
salivary glands. Each is a compound tubule-aci-
nar, mepocrine, exocrine gland and is composed
entirely of serous output - producing acini. Each
gland is triangular shaped with the apex directed
inferiorly. On average, the gland is 6 cm in length,
with a maximum width of 3.3cm. In approxi-
mately 20 per cent of the population, a smaller
accessory lobe arises from the upper border of
the parotid duct. The parotid duct (Stensen’s duct)
comes off the substance of the gland anteriorly
and travels parallel to the zygoma, on the surface
of the masseter muscle, and pierces the buccina-
tor muscle to enter the oral cavity opposite the
second upper molar tooth. The gland is divided
into a superficial or lateral lobe, which accounts
for more than 80 per cent of the glandular tissue
and lies on the masseter muscle. The deep lobe,
so called because it lies beneath/deep to the facial
nerve and its divisions/branches, encircles the
ramus of the mandible and is located in proximity
to the pterygoid muscles within the parapharyn-
geal space. Each gland is surrounded by a fibrous
capsule. The superficial layer is attached to the
mandible and the temporal bone, and the deep
layer covers the muscles in the parotid bed. There
are many lymph nodes located within the subcuta-
neous tissues overlying the parotid gland, forming
the pre-auricular nodes, and another lymph node
group within the substance of the gland. Most of
the nodes within the gland are located lateral to the
facial nerve.

Each submandibular gland consists of a large,
superficial lobe lying within the digastric triangle
below the ramus of the mandible, and a smaller
deep lobe lying within the floor of the mouth pos-
teriorly. The two lobes are continuous with one
another around the posterior border of the mylo-
hyoid muscle. The two lobes are not true lobes,
because embryologically the gland — a mixed sero-
mucinous saliva output - is a single epithelial out-
pouching. The superficial lobe is partially enclosed
within the two layers of the deep cervical fascia.
The submandibular duct (Warthin duct) is about

5cm long in the adult. As the duct passes forward,
it passes between the sublingual gland and the
genioglossus muscle to open into the floor of the
mouth at the side of the lingual frenulum. The duct
also runs between the lingual and hypoglossal
nerves on the hyoglossus muscle.

The sublingual gland develops early (at 4 to
6 weeks of development) from a number of small
epithelial thickenings in the floor of the mouth.
Each thickening forms its own canal; many of these
open directly onto the mucosa, and others drain
into the submandibular duct. The sublingual gland
is almond or ‘tadpole’ shaped; the oval-shaped
‘head’ lies in the anterior floor of the mouth, and
the wedge-shaped ‘tail’ runs posteriorly, towards
the submandibular gland. These glands are pre-
dominantly mucus-secreting saliva and are unen-
capsulated. Numerous minor salivary glands are
widely distributed throughout the submucosa of
the head and neck. The majority are located in the
oral cavity and oropharynx.

SALIVA AND ITS FUNCTIONS

The majority of saliva is secreted by the major
salivary glands, with the smaller glands contrib-
uting less than 10 per cent either at rest or when
stimulated. The rate of salivary secretion ranges
from barely perceptual during sleep to a high of
4mL min?! on maximal stimulation. In healthy,
non-medicated adults, unstimulated and chewing-
stimulated whole-saliva flow rates on average range
from 0.3 to 1.5mL min’, respectively. The true
volume of saliva flow per day is unknown because
there is considerable variation both in flow rates
among individuals and for the normal volume of
mixed saliva. Hyposalivation is a term based on
objective measures of saliva secretion, when the
flow rates are significantly lower than the generally
accepted ‘normal values’ - flow rates of unstimu-
lated saliva less than 0.1 mL min!, and those of
chewing-stimulated whole saliva of 0.5-0.7mL
minl. Saliva consists of two components that re-
secrete by independent mechanisms: (1) a fluid
component that includes ions, produced mainly in
response to parasympathetic stimulation, and (2) a
protein component released mainly in response to
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Table 28.1 Functions of saliva

Mechanical cleansing of food and bacteria
Lubrication of oral surfaces

Protection of teeth and oral-oesophageal mucosa
Antimicrobial activity

Dissolution of taste compounds

Facilitation of speech, mastication and swallowing
Formation of food bolus conducive for swallowing
Initial digestion of starch and lipids
Oesophageal clearance and gastric acid buffering

sympathetic stimulation. Many other factors affect
saliva composition: flow rate, diurnal variation,
age, drugs, salivary cells capable of contributing
to saliva (serous- or mucus-acinar cells and lining
cells of the ducts), hormones, diet, and so forth.
Saliva has many functions (Table 28.1).

CLINICAL PRESENTATION

Symptoms of salivary gland diseases and disor-
ders are limited in number and generally are non-
specific. Patients usually complain of swelling,
pain, dry mouth, foul taste and excessive saliva-
tion. While many tests are available - e.g. sialom-
etry, sialochemistry, microbiology, serology, other
blood tests — in general, after a detailed history and

Acute swelling

Swelling unilateral

Acute painful

Ductal obstruction

Stone
Stenosis
Mucous plugs

a thorough physical examination, the majority of
patients will be given a diagnosis that will allow for
the commencement of treatment or an explanation
as to a likely cause and effect. In uncommon cases,
further investigation may be needed. Diseases can
be classified into acute, recurrent or chronic; duc-
tal or parenchymal; localized or diffuse parenchy-
mal; affecting a single gland or multiple glands;
and neoplastic or non-neoplastic.

An acute swelling of one or more salivary
glands - major and minor — may result from duct
obstruction, inflammation or a neoplasm and can
result in a partial or diffuse gland enlargement.
An acute swelling episode of the submandibular
or parotid gland (diffuse gland) accompanied by
pain and related to salivary stimuli is suggestive
of duct obstruction, most likely a stone. A par-
tial swelling of a major salivary gland, most eas-
ily palpated by the patient and the clinician, can
be a major diagnostic challenge. The majority of
salivary lumps present slowly (months to years)
and with little or no pain. The differential diag-
nosis rests between non-neoplastic disease; lymph
nodes, cysts, abscess, and auto-immune sialadeni-
tis; and neoplastic disease, benign or malignant.
The malignant disease could be primary salivary
cancer or secondary cancer from a local or distant
source (Figures 28.1 and 28.2).

Pain hasbeenreported in 3-5 per cent of patients
with a benign parotid tumour, and 10-30 per cent
of patients with a parotid cancer. Similarly, pain as

Constant
Unllateral Uni- or Bllateral Unilateral
Painful Painful Tender
erythematous diffuse mild
Bacterial Viral “Cyst”
sialadenitis sialadenitis autoimmune

Figure 28.1 Diagnostic algorithm for acute swelling of major salivary glands.
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Chronic swelling

/

/Unilateral
“Localized” “Diffuse”
“Tumour” Chronic sialadenitis
Sialadenosis
Lymphoma

Figure 28.2 Diagnostic algorithm for chronic swelling.

a symptom is reported in patients with a subman-
dibular benign tumour and in up to 50 per cent of
patients with a malignant submandibular tumour.
Thus pain as a symptom is more commonly associ-
ated with a salivary malignancy but is not of itself
diagnostic of malignancy.

A history of systemic disease and of medica-
tions (naproxen, valproic acid, some antihyperten-
sives) must be carefully assessed. Salivary gland
dysfunction resulting in diffuse gland swelling
may be associated with diabetes mellitus, cirrhosis,
hormonal imbalance, bulimia, anorexia, chronic
alcoholism, and other causes. This results in a fatty
infiltration of the major salivary gland, most com-
monly the parotid, and may be unilateral. This con-
dition is best diagnosed by performing magnetic
resonance imaging (MRI). A middle-aged patient
with a history of rheumatoid arthritis or another
connective tissue disease may have Sjogren’s syn-
drome. Lymphoma may masquerade as a local or
diffuse swelling and should be considered in the
differential diagnosis of the elderly.

Xerostomia and ‘dry mouth syndrome’ should
not be confused within the clinical environment.
Xerostomia may occur without the signs of hypo-
salivation (in mouth breathers, xerostomia as a
symptom is caused by dehydration of the mucosa),
and in turn hypo-salivation may occur without the
symptoms of xerostomia. Altered salivary compo-
sition may occur when the salivary flow has been
unaffected. Salivary gland dysfunction can be a
manifestation of various systemic disorders, or it
can be a result of local functional or morphologi-
cal pathology. Temporary causes of salivary dys-
function include depression, local infections or the

Autoimmune sialadenitis

T

/Bilateral
“Localized” “ Diffuse”
“Tumour” Sialadenosis

Autoimmune sialadenitis

side effects of prescribed medications. Medications
notorious for causing dry mouth syndrome
include antidepressants, anti-anxiety agents, anti-
hypertensive agents, diuretics and antihistamines.
They are common causes of both hyposecretion
and xerostomia. Another common cause is radio-
therapy, which is initially of acute onset, but the
effects may persist for years after treatment.

Increased secretion of saliva is called hyper-
secretion, ptyalism, sialorrhoea or hypersialia.
The term sialorrhoea should be restricted to the
symptom complex consisting of involuntary flow
of saliva from the mouth; this is also known as
drooling. The symptom of excessive salivation
is very uncommon, because usually the saliva is
swallowed. ‘False ptyalism’ is more common and
is either delusional (the patient is alarmed by a
sudden awareness of excessive saliva) or due to
a faulty neuromuscular control, which leads to
drooling despite normal salivary flow (e.g. in
patients suffering from stroke, Parkinsonism,
or cerebral palsy). Occasionally, hypersalivation
may be associated with heavy metal poisoning
(lead, mercury, arsenic) or iodine toxicity, may be
temporary following the initiation of some medi-
cations (reserpine, clozapine, pilocarpine and
isoproterenol) and may even follow a change of
dentures.

DIAGNOSTIC INVESTIGATION

Some patients will provide only a vague complaint,
such as pain, local discomfort, or a swelling, with
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Ductal

Ultrasound
Plain radiogram
Contrast sialogram
CT/MRI
MR sialogram
Sialendoscopy

Excision biopsy

Parenchymal
Localized Diffuse
Ultrasound Ultrasound
CT/MRI CT/MRI
FNAC Labial biopsy

Blood tests

Figure 28.3 Investigation of salivary gland diseases/disorders.

little by way of any revealing physical signs. In
such patients it may be necessary to follow a
structured investigation process, more to exclude
a serious diagnosis and to provide reassurance.
When investigating salivary gland diseases and/
or disorders, one should consider the major glan-
dular functions as ductal, parenchymal or both
(Figure 28.3).

When sialadenitis is suspected, an underly-
ing ductal disease should first be considered.
Investigations should be delayed until the acute
episode has settled. Because the majority of cases
are associated with calculi, other causes may be
due to ductal stenosis or mucus plugs. Salivary
stones are located in the submandibular gland
system in 60 per cent of cases and in the parotid
gland in 40 per cent. Because the majority of sali-
vary stones are composed of calcium carbonate
and calcium phosphate and are thus radio-opaque,
they will show up on a plain radiograph. Other
stones are not radio-opaque; some may be mul-
tiple; and there may be a stricture present. In these
situations, other modes of imaging including mag-
netic resonance (MR) sialogram will demonstrate
the site of the ductal narrowing. However, the use
of sialoendoscopy is indicated when the cause of
salivary swellings is unclear, including swellings
associated with stones, strictures, inflammation
or tumours and other processes that might cause
obstruction of the duct. Sialendoscopy is a tech-
nique for inspecting the salivary ductal system
with a fibre-optic system, which allows for manip-
ulation of instruments to remove, dilate and biopsy
lesions within the salivary duct system.!

The investigation of diffuse parenchymal sali-
vary disease, either uniglandular or multiglan-
dular, must include imaging of the head and
neck, including chest x-ray, fine-needle aspiration

cytology (FNAC) and consideration of performing
a labial or a sub-lingual gland biopsy.? Before per-
forming a salivary gland biopsy, consultation with
the pathologist may help in achieving an accurate
diagnosis.

DUCTAL DISEASES

SIALOLITHIASIS, DUCTAL STENOSIS,
SALIVARY PLUGS

The diameter of the main duct in the subman-
dibular gland is approximately 3-4mm, and the
parotid duct is >2 mm in a normal gland. The sali-
vary gland ductal system branches, without sys-
tematization, and has a decreasing diameter from
the main duct to the terminal duct. It is not pos-
sible to enter the third- or fourth-level branches
with the current sialendoscopes.!

Salivary gland calculus accounts for more
than 50 per cent of major salivary gland disease,
with 5.9 cases per 100000 people each year in the
United Kingdom and a prevalence of 0.45 per
cent. The condition most frequently affects men
aged 30-60 years, with the submandibular gland
affected in 80-90 per cent of cases. Small salivary
stones can be removed endoscopically, employing
a scope and a retrieval basket, when they are less
than 3 mm in the parotid duct and less than 4 mm
in the submandibular duct. Stones of a larger
size or stones located within the gland itself can
be removed using a combined approach with the
sialendscope and an external approach, creating a
ductotomy and delivering the stone, then repair-
ing the ductal opening using a vein graft, ensuring
the creation of a widening plasty of the duct at the
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level of impaction to minimize the possibility of
duct stenosis. In the past, salivary gland excision
surgery was performed for the removal of salivary
stones on the assumption that the gland itself was
diseased beyond repair. Clinicopathological stud-
ies have shown (1) that submandibular glands
excised because of sialolithiasis did not demon-
strate any correlation between the degree of gland
alteration and the number of infectious episodes;
(2) there is no correlation between the degree of
gland alteration and the duration of evolution;
and (3) despite appropriate indications for sub-
mandibular excision, close to 50 per cent of the
removed glands were histopathologically nor-
mal or close to normal. Excisional gland surgery
should be the exception rather than the rule for
sialoadenitis, which has been associated with sig-
nificant morbidity.

PARENCHYMAL DISEASE

INFECTION

Sialadenitis or infection of the salivary glands is
an acute and/or chronic condition that presents
as a swelling of the gland, with or without pain,
and with or without systemic upset, which affects
the major and minor glands. The most common
pathogens identified are viruses and bacteria. The
most frequent scenario is that of an adult present-
ing with a swelling of the parotid or submandibular
gland, with a diagnosis of obstructive sialadenitis
associated with sialolithiasis.’

Although mumps is the most common virus
causing sialadenitis in children, other viruses
can also cause acute diffuse gland obstruction in
adults (15 per cent of adults, usually the elderly).
Other more common viruses may mimic ‘clinical
mumps’, such as influenza, parainfluenza viruses
(types I and 3), coxsackieviruses A and B, echo-
virus and lymphangitis choriomeningitis virus.
Bacterial sialadenitis may also present in an acute
manner with a tender painful swelling, with the
parotid gland being more frequently affected than
the submandibular gland.

The parotid gland may also be involved with
human immunodeficiency virus (HIV), which

manifests as parotid gland enlargement due to
lymphoepithelial cysts and may be an infection
of the peri-parotid lymph nodes rather than the
glandular parenchyma itself. Some of the salivary
neoplastic diseases, including some of the malig-
nant diseases, may also present with a ‘cystic-type
lesion’.

There exists a non-specific bacterial sialadeni-
tis, which is considered to be due to a retrograde
contamination from the oral cavity. Penicillin-
resistant, coagulase-positive Staphylococcus is
commonly encountered but is often mixed flora
containing Streptococcus pneumoniae and beta-
haemolytic Streptococcus, Escherichia coli and
Pseudomonas aeruginosa as well as anaerobic bac-
teria. Specific bacteria have also been reported to
infect salivary glands. These infections include
bartonellosis (cat scratch disease), tuberculosis,
actinomycosis and sarcoidosis.

AUTOIMMUNE DISORDERS

The fact that autoimmune diseases can affect
salivary glands is well known, but reliance on the
clinical symptoms and signs in making such a
diagnosis is unsatisfactory and inaccurate. Only
since 2002, with the publication of the American-
European consensus criteria (AECC) for Sjogren’s
syndrome (SS), has gained wide acceptance,
which is one of the major autoimmune diseases
that affects the salivary glands.* The evidence of
autoimmunity required for diagnosis includes
autoantibodies to Sjogren’s syndrome (autoanti-
body A [SSA or anti-Ro] or autoantibody B [SSB
or anti-La]) or a positive biopsy of the minor sali-
vary glands. The disease is found in all age groups
but usually in patients between the ages of 40
and 60 years, and it is rarely seen in children and
adolescents. There is often an interval of several
years from the start of symptoms to confirmation
of the diagnosis. An estimated prevalence of SS is
1-4 per 100000 population, with a large female
predominance (9:1 female:male). Secondary SS is
defined as the occurrence of signs and symptoms
of SS in conjunction with other autoimmune sys-
temic diseases, such as rheumatoid arthritis and
systemic lupus erythematosus. The most common
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primary disease is rheumatoid arthritis, with a
prevalence of secondary SS of 10-30 per cent. The
hallmark of SS is sicca syndrome of the eyes and
the mouth. SS affects the parotid and subman-
dibular glands, manifesting initially with inter-
mittent swelling. Objective evidence of salivary
gland involvement is defined by a positive result
for at least one of the following diagnostic tests:
(1) unstimulated whole salivary flow (>1.5mL in
15 minutes), (2) parotid sialography showing the
presence of diffuse sialectasias (punctuate, cavi-
tary or destructive pattern) without evidence of
obstruction in the major ducts, and (3) salivary
scintigraphy showing delayed uptake, reduced
concentration, and/or delayed excretion of tracer.
Reduced exocrine function or sicca symptoms may
be caused by a variety of conditions and may also
be age related. The most definitive test is a biopsy
of the minor salivary glands from inside the lower
lip, which should demonstrate a focus as defined
as an accumulation of at least 50 inflammatory
cells (lymphocytes) per 4 mm? of glandular tissue.
Treatment includes support of symptoms, reduc-
tion of mouth dryness, prevention of corneal dry-
ness and minimization of fungal infections.

There is an increased risk (16-fold) of SS patients
developing non-Hodgkin’s lymphoma of the
mucosa-associated lymphoid tissue (MALT) type.
This is a solid tumour that originates from the B
cells of the marginal zone of the MALT. It pres-
ents as a persistent enlarged or nodular parotid or
submandibular gland with regional or generalized
lymphadenopathy, pulmonary infiltrates, hepato-
megaly, vasculitis and monoclonal gammopathy.
Treatment should include surgery and radiother-
apy. The overall 5-year survival rate is more than
80 per cent.

Another autoimmune disease that affects the sal-
ivary glands is graft-versus-host disease (GVHD).
This is a complication of allogeneic bone mar-
row transplantation in which functional immune
cells in the transplanted marrow recognize the
recipient as ‘foreign’ and mount an immunological
attack. Kuttner’s tumour and Mikulicz disease have
recently been described as similar and are thought
to be IgG,-related systemic diseases. The serum
immunoglobulin G, (IgG,) concentration is ele-
vated, and IgG, expressing plasmacytes infiltrates
the salivary glands.’

NEOPLASMS

BENIGN

In the United Kingdom the annual incidence of
benign salivary gland neoplasms ranges from 6.2
to 7.2 per 100000 people. The majority of salivary
gland neoplasms are benign (65-70 per cent), and
nearly 80 per cent are found within the parotid
gland.® Histological analysis of benign salivary
neoplasms, most recently classified by the World
Health Organization (WHO) in 2005, has identi-
fied some 10 entities. However, the vast majority
(80-85 per cent) are diagnosed as pleomorphic ade-
noma and adenolymphoma (Warthin’s tumour),
either by FNAC or after excision. Other benign
non-epithelial lesions may present as slow-grow-
ing masses in the parotid or submandibular
gland areas and include haemangioma, lymphan-
gioma and lipomas. Before considering surgical
excision, it is important that a firm diagnosis be
made, because surgery may result in an angry and
unhappy patient. Other lesions need to be consid-
ered in the differential diagnosis, such as lymph
node disease, salivary cysts, inflammatory lesions
and granulomatous lesions, many of which do not
necessarily need excision surgery.

MALIGNANT

Primary malignant salivary gland neoplasms are
considered rare, with an age-standardized inci-
dence between 0.6 and 1.4 per 100000 in Europe.
In England, about 450 new cases of salivary gland
malignancy are diagnosed every year, with the inci-
dence increasing by 37 per cent between 1990 and
2006. Malignant salivary glands have been classified
into 24 differing types of carcinoma.®® The major-
ity are histological variants of adenocarcinoma. The
most common types (88 per cent) diagnosed include
adenoid cystic carcinoma, mucoepidermoid carci-
noma, acinic cell carcinoma, adenocarcinoma not
otherwise specified (NOS) and polymorphous low-
grade adenocarcinoma.’ The less common cancer
histopathology types are identified in the parotid
and minor salivary glands. In the evaluation of
patients considered to have a salivary gland malig-
nancy, it is important to consider metastatic disease,
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most commonly skin cancers (squamous cell carci-
noma and malignant melanoma) or the possibility
that the tumour mass is a lymphoma process; or,
uncommonly, a distant metastasis from a distant
cancer site — lung, breast or genito-urinary system.
The proportion of malignant tumours increases as
the gland size decreases, with malignancy account-
ing for 10 per cent of parotid gland cancers, 33 per
cent of submandibular gland cancers and 67 per
cent of minor salivary gland cancers. A diagnosis of
a benign salivary gland neoplasm of the sublingual
gland is exceedingly rare.

MANAGEMENT OF SALIVARY
GLAND NEOPLASM

Surgical excision is the treatment of choice for both
benign and malignant salivary gland neoplasms,
with an appropriate margin, ensuring that the cap-
sule of the tumour is not breached or the tumour
contents spilt into the wound.’® Any cranial nerves
in proximity should be identified and preserved.
While a working diagnosis can be made preopera-
tively on an FNAC, complete excision ensures that
a definitive diagnosis can be made and the clinical
team can prognosticate the likely clinical course of
the disease.!! Most tumours are likely to continue to
grow, causing a cosmetic deformity because of posi-
tion or interfering with local function if located in a
minor salivary gland. There is reported to be a risk of
malignant degeneration/transformation associated
with the salivary pleomorphic adenoma of about
8 per cent, which is thought to increase the longer
the tumour remains untreated. Malignant salivary
gland tumours are many, but prognosis is associated
with the presence of nerve weakness or paralysis,
size of the tumour, presence of cervical adenopathy,
histological grade of disease, ability to ensure com-
plete excision and whether or not post-operative
radiotherapy has been applied to the tumour bed.

COMPLICATIONS AND
MORBIDITY AFTER SALIVARY
GLAND SURGERY

The possible early (immediate >4 weeks) and
late (after hospital discharge) complications and

Table 28.2 Early and late complications of
salivary gland surgery

Late (after hospital
discharge)

Early (immediate
>4 weeks)

Hyperaesthesia of
local skin

Nerve palsy

Facial, lingual, Cosmetic deformity:

hypoglossal divot defect
Greater auricular  Hypertrophic scar
nerve

Haemorrhage/ Frey's syndrome
haematoma

Seroma First-bite syndrome

Infection Recurrent disease —

tumour/infection
Skin-flap necrosis

Trismus

Fistula/sialocoele

morbidity are listed in Table 28.2. The most seri-
ous complication of major parotid surgery is facial
or hypoglossal nerve paralysis, which might be
partial or complete.!? Temporary facial nerve pare-
sis, which can last for weeks or months, has been
reported in 29 per cent of patients; the rate of per-
manent palsy can be as high as 6-8 per cent. The
marginal mandibular branch of the facial nerve
is the branch most likely to be traumatized dur-
ing surgery on the parotid and submandibular
glands. Other complications are related to local
effects on wound healing, wound draining and
local skin numbness. Frey’s syndrome (gustatory
hyperhydrosis) is a nuisance in some 5-10 per cent
of patients. This symptom can be treated using
botulinum toxin local injections periodically.
Recurrence of disease — tumour (benign or malig-
nant) and infective - is the most frustrating event
for patients and tends to manifest within 5 years
of initial surgery.!®* Further surgery, when possible,
presents the best likelihood of cure but carries
increased risk of local complications and further
recurrence of the disease originally treated.
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EMBRYOLOGY

The embryology of the thyroid has been covered
elsewhere.

ANATOMY

The thyroid gland is a butterfly-shaped organ that
surrounds the anterolateral aspect of the trachea in
the root of the neck. It has three parts: a right and
a left lobe joined by the isthmus in the midline. It
has a discrete blood supply from the superior and
inferior thyroid arteries and venous drainage via
the superior, middle and inferior thyroid veins.
Lying within the pre-tracheal fascia, posterior to
the strap muscles (sternohyoid and sternothyroid),
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it has attachments at facial condensations (Berry’s
ligament) fixing it to the larynx and trachea just
anterior to the cricoarytenoid region on each side.
Its surgically important relationships are with the
right and left recurrent laryngeal nerves and to the
parathyroid glands (Figure 29.1).

PHYSIOLOGY

The thyroid is an endocrine gland that produces a
variety of hormones and proteins.

The thyroid epithelial cells, or thyrocytes, which
arearranged in a follicular pattern (see Figure 29.1),
produce the hormones triiodothyronine (T,) and
tetraiodothyronine (T,) under the control of the
pituitary thyroid-stimulating hormone (TSH),

253
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7— Thyroid cartilage

Recurrent
laryngeal nerve

Oesophagus

Figure 29.1 Thyroid in the neck.

which is itself controlled by thyrotropin-releasing
hormone (TRH) (see Figure 29.2). T, and T, act
on the body to increase metabolism, affect growth
and development and increase the sensitivity to
catecholamines. In addition to the metabolically
active hormones, the thyrocytes also produce the
protein thyroglobulin, which is stored as colloid in
the follicles.

The parafollicular or C cells produce calcitonin,
which acts to reduce the circulating blood levels of
calcium.

Hypothalamus

FreeT,

Anterior pituitary

Metabolic .
offects Thyroid
— Stimulatory effect
— Ve Feedback effect
Circulating T, has an inhibitory effect

on TRH and TSH

Figure 29.2 Hormone feedback diagram, T; and T,.

) % Hyoid bone N
/74\\

Parathyroid
glands
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PATHOLOGY

Diseases of the thyroid typically present with
hyperthyroidism or hypothyroidism, or as a mass
in the neck.

HYPERTHYROIDISM

Overproduction of T, and/or T, manifests clini-
cally with tachycardia, diarrhoea, increased appe-
tite, weight loss, anxiety, hyperkinesis, insomnia
and heat intolerance.

HYPOTHYROIDISM

Lack of thyroid hormones presents with weight
gain, lethargy, cold intolerance, coarse skin and
hair loss. In adults, the conditions that affect the
thyroid gland can be classified as inflammatory
and autoimmune, hyperplastic and metabolic
abnormalities, cysts and neoplasms (Table 29.1).

THYROID MASSES

Presentation

From a surgical perspective, thyroid masses are
the most common presentation of thyroid disease.
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Table 29.1 Inflammatory and autoimmune conditions

Pathophysiology

Graves' disease Thyroid hyperplasia in
response to high levels
of circulating antibodies
to the TSH receptors in
the thyroid gland
(thyroid receptor
antibodies [TRAB] or
long-acting thyroid
stimulator [LATS])

Diffuse lymphocytic
infiltration of the thyroid
gland leads to
progressive destruction
of the gland

Hashimoto's
thyroiditis

De Quervain'’s
thyroiditis

Subacute granulomatous
thyroiditis; normally
self-limiting

Hyperplastic/metabolic disorders

Physiological Diffuse thyroid
goiter enlargement often
comes on during
pregnancy/puberty
Simple/ Benign enlargement often
multinodular with nodularity of the
goitre gland

Endemic goitre Diffuse enlargement of
thyroid due to iodine
deficiency, notably

Sudan, Nepal, etc.

Thyroid cysts
Cystic degeneration of
thyroid follicle

Blood tests

TSH — suppressed
T4/, — elevated
TRAB — elevated

TSH —suppressed/
normal/elevated

Ty/s

Thyroid peroxidase
— elevated

TSH —elevated/
suppressed/normal

T4/, — variable
depending on stage
of inflammation

All normal

All normal

TSH may be elevated

Normal

Clinical presentation

Diffuse goitre with clinical
signs of hyperthyroidism
with or without proptosis
(thyroid ophthalmopathy)

Diffuse thyroid
enlargement with or
without pain; patient
may be hyper/euthyroid
in the initial stages but
gradually becomes
hypothyroid

Diffuse painful goitre with
initial hyperthyroidism,
leading to
hypothyroidism,
ultimately becoming
euthyroid

Mild diffuse goitre

Diffuse enlargement of
gland may have multiple
nodules on scanning/
clinical assessment

Diffuse, massive
enlargement of gland
shows some nodularity

Thyroid mass, normally
asymptomatic
Occasionally can present
with compressive
symptoms secondary to
a bleed into the cyst with
rapid enlargement

(Continued)
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Table 29.1 (Continued) Inflammatory and autoimmune conditions

Pathophysiology

Neoplasms of the thyroid
Malignant growth of
papillary cells

Papillary thyroid
cancer (PTC)

Malignant growth of
thyroid epithelial cells

Follicular thyroid
cancer (FTC)

Medullary thyroid
cancer (MTC)

Malignancy of parafollicular
C cells; 25 per cent have
genetic causality; part of
MEN 2 (medullary
thyroid cancer,
phaeochromocytoma
and primary
hyper-parathyroidism)

Poorly differentiated
malignancy of thyroid
origin; high rates of
lymphovascular invasion
and spread

Development of lymphoma
nodules within the
thyroid, classically on a
background of
Hashimoto's thyroiditis

Anaplastic/
undifferentiated
thyroid cancer

Thyroid lymphoma

Normal or slightly

Normal or slightly

Calcitonin elevated
Carcinoembryonic

Blood tests Clinical presentation

Mass in thyroid/neck; may
have metastasis on
presentation

elevated TSH

Mass in thyroid, rarely
presents with metastatic
disease

elevated TSH
Mass in thyroid/neck

antigen — elevated

RET proto-oncogene

— positive in 25 per

cent
Normal Mass with rapid
enlargement; often
presents with airway
compromise/dysphagia
in thyroid/neck
Normal Mass in thyroid/neck; rapid

enlargement; often
presents with airway
compromise/ dysphagia

This can be because of the obvious presence of a
mass or compressive symptoms related to pressure
on the trachea (causing breathing issues) or the
oesophagus (causing swallowing problems); rarely,
a retrosternal thyroid can present with superior
vena cava obstruction.

The important consideration when assessing
these patients is whether the mass is part of a gen-
eralized process affecting the gland or a malignant
tumour. Historically, this differentiation was based
largely on clinical examination. A solitary thyroid
nodule was assessed as if it were potentially malig-
nant, whereas a diffuse enlargement was more
likely to be benign. Whilst the assessment technol-
ogy has changed with the advent of cross-sectional
imaging and ultrasound assessment, the terminol-
ogy has not. Therefore, a solitary thyroid nodule
may represent:

1. A clinically identified nodule

2. A radiological suspicious nodule in a more dif-
fuse process such as a multinodular goitre

3. An incidentally found suspicious nodule in a
patient scanned for other reasons

Imaging

Ultrasound is now central in the assessment of
these patients. With ultrasound, it is possible to
describe position, shape, size, margins, content,
echogenic pattern and, whenever possible, the vas-
cular pattern of the nodule. In addition, it can help
to identify whether the nodule at risk is malignant;
can stratify the nodule with a risk score based on
the ultrasound findings; and, if necessary, can
guide the fine-needle aspiration (FNA) biopsy. For
patients with a suggestion of retrosternal extension,
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computed tomography (CT) is also required to
define the full extent of the disease. Scintigraphy
is rarely used in the assessment of thyroid masses
unless the patient is thyrotoxic and clarification is
required as to whether the mass is a ‘hot nodule’,
in which case hemithyroidectomy may be curative.

Investigation

The key investigation in the assessment of any
suspicious thyroid mass is fine-needle aspiration
cytology (FNAC), which gives excellent assessment
of nodules in which papillary thyroid cancer is
present. It is of less utility in diagnosing follicular
thyroid cancer because the differentiation between
a benign adenoma and a carcinoma is not cytologi-
cal but is based on the presence of peri-vascular or
peri-capsular invasion. This requires histological
assessment of the entire nodule. In surgical terms,
this means a diagnostic hemithyroidectomy or
isthmusectomy (Figure 29.3).

FNAC is best performed by a dedicated cytolo-
gist and/or ultrasound guidance to reduce sam-
pling error. The optimal results are likely to be
achieved by a dedicated cytologist under ultra-
sound guidance. Without the ability to target the
sampling, the value of FNAC is reduced. In the
United Kingdom, the results of the cytological
examination are categorized according to the THY
classification of thyroid cytology, but elsewhere the
Bethesda System for Reporting Thyroid Cytology
is becoming popular. The systems are similar. The
THY system gives assessment categories and man-
agement strategies based on the result (Table 29.2).

THYROID CANCER

The incidence of thyroid cancer has been increas-
ing for many years. In 1986, the overall incidence of
thyroid cancer in Scotland was 1.9 cases per 100 000,
but it is more common in women (2.6/100000)
than in men (1.3/100000). By 2008, the overall
incidence had risen to 3.4 cases per 100000, with
the incidence for women being 4.6 and for men
being 2.1 per 100000. This increase has been noted
throughout Europe and America, although the
cause for this is not clear. Thyroid cancer generally

has a good prognosis, and despite this rise in inci-
dence, the mortality rate has remained unchanged
at 0.4 per 100000. Known risk factors for thyroid
cancer are radiation exposure, family history and
pre-existing thyroid disease.

More than 90 per cent of thyroid cancers are dif-
ferentiated thyroid cancer (DTC). Of these, there
are two main histological types: papillary, which
accounts for around 80 per cent of thyroid malig-
nancies, and follicular, which involves another
10-15 per cent. Medullary thyroid cancer makes
up an additional 3-5 per cent, with lymphoma and
anaplastic thyroid carcinoma at 1-3 per cent.

STAGING OF THYROID CANCER

As in other cancers, the TNM system is the most
commonly used. The tumour is classified according
to size, and loco-regional nodal disease is assessed
with ultrasound and/or CT. The presence of metas-
tasis can be assessed by CT of the chest or chest
x-ray, although this is an area of debate. Staging is
then further defined according to tumour type and
patient age (Table 29.3).

MANAGEMENT OF
THYROID CANCER

Unlike in other head and neck cancers, in the
majority of cases papillary and follicular thyroid
cancer cells retain the typical characteristics of
thyroid cells. These features can be used to opti-
mize treatment.

1. They respond to TSH stimulation. Therefore,
TSH suppression with hormone replacement
can potentially reduce the growth rate of any
residual thyroid cells.

2. They take up iodine. I-131 can be used for diag-
nostic purposes to assess both the completeness
of the excision and the presence of metastatic
disease (iodine uptake) or the destruction of
residual thyroid tissue and metastatic disease
with high-dose radioiodine (iodine abla-
tion). The use of radioiodine also requires any
residual thyrocytes to be metabolically active.
This means having high circulating TSH levels,
which is achieved by withholding hormone
replacement. If T, is used, it must be continued
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Table 29.2 Management of thyroid nodules according to the THY cytology classification

Diagnostic category

THY1: non-diagnostic
(lack of cellularity)

Actions

Repeat fine-needle aspiration with ultrasound guidance;
consider surgery if several results are nondiagnostic,

Risk of
malignancy

0-10 per cent

especially if the nodule is solid

THY1c: clearly
identified as cyst

If the cyst has been aspirated completely with no residual
mass, a repeat ultrasound scan alone may be sufficient,

0-10 per cent

with fine-needle aspiration only if the cyst recurs

THY2: non-neoplastic
THY3: follicular lesion

Repeat fine-needle aspiration in 3 to 6 months
Most patients should be treated by surgical removal of the

0-3 per cent
15-30 per cent

lobe containing the nodule; these cases should be
discussed in the MDT meeting if a therapeutic procedure
is being considered; completion thyroidectomy may be
necessary if the histology proves malignant

THY3a: atypical
cytological findings
are worrying but do
not fit in the THY2
or THY4 categories

THY4: suspicious but
non-diagnostic

diagnostic lobectomy

These cases should be discussed in the MDT to decide on
the appropriate course of action; most will go on to a

Surgical intervention is usually indicated for suspected
cancer; where THY4 assessment has been given because

5-15 per cent

60-75 per cent

of the absence of material for immunocytochemistry
(medullary carcinoma) or flow cytometry (lymphoma), the

aspirate should be repeated

The diagnosis should be discussed at the MDT meeting
where further management should be agreed upon;
surgical intervention is indicated for DTC and MTC
depending on tumour size, clinical stage and other risk

THYS5: suspicious for
papillary carcinoma
or Hurthle cell
neoplasm

97-100
per cent

factors; appropriate further investigation, radiotherapy
and/or chemotherapy is indicated for anaplastic thyroid
carcinoma, lymphoma or metastatic tumour

DTC — differentiated thyroid cancer; MDT— multidisciplinary team; MTC — metastatic thyroid cancer. Adapted from

the British Thyroid Association.

for about 6 weeks, but in the case of T, supple-
mentation, a 2-week washout period is normally
enough.

3. They produce thyroglobulin. Blood levels of
thyroglobulin can be used as a tumour marker
to assess both response to treatment and rising
potential of recurrent disease. This needs to
include an assessment of thyroglobuin antibod-
ies as well; if present, they will give a false, low
result. In this situation, however, the thyroglob-
ulin antibody level itself can act as a tumour
marker.

These strategies are effective only in patients
who have undergone total thyroidectomy. In clini-
cal practice, this means that most patients undergo
total thyroidectomy and post-operative radioio-
dine ablation.

If the tumour is a small (<10mm) papillary or
follicular carcinoma, then hemithyroidectomy
alone may be satisfactory.

Medullary thyroid cancer is a malignancy of the
parafollicular C cells. This is part of MEN2 (medul-
lary thyroid cancer and phaeochromocytoma); it is
subcategorized as 2a in the presence of parathyroid
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Table 29.3 TNM system

Prognostic scoring systems for thyroid cancer

Staging

The 7th edition of the TNM classification is recommended

Classification according to tumour, nodes and metastases

Primary tumour

pT1 Intrathyroidal tumour, <2 cm in greatest dimension
pT2 Intrathyroidal tumour, >2-4 cm in greatest dimension
PT3 Intrathyroidal tumour, >4 cm in greatest dimension
pT4 Tumour of any size, extending beyond thyroid capsule

pTX Primary tumour cannot be assessed

All anaplastic carcinomas are considered stage IV:
pT4a Intrathyroidal anaplastic carcinoma

pT4b Anaplastic carcinoma with gross extrathyroidal extension

Regional lymph nodes (cervical or upper mediastinal)

NO No nodes involved

N1 Regional nodes involved
If possible, subdivide

N1a lpsilateral cervical nodes

N1b Bilateral, midline or contralateral cervical nodes or mediastinal nodes

NX Nodes cannot be assessed

Distant metastases
MO No distant metastases
M1 Distant metastases
MX Distant metastases cannot be assessed

Based on these three categories, the cancer is assigned a Stage of 1, 2, 3 or 4.

Papillary or follicular carcinoma staging

Under 45 years
Stage | Any T, any N, MO
Stage Il Any T, any N, M1
Stage lll
Stage IV

45 years and older
pT1, NO, MO

pT2, NO, MO,

pT3, NO, MO

pT4, NO, MO,

Any pT, N1, MO,
Any pT, any N, M1

Medullary cancer has a different staging. Undifferentiated or anaplastic carcinomas: All are stage IV.
Adapted from Edge SB, Byrd DR, Compton CC, Fritz AG, Greene FL, Trotti A, et al. AJCC Cancer Staging Manual, 7th

ed. New York: Springer-Verlag; 2010.

hyperplasia and as 2b if associated with mucocuta-
neous neuromas.

Twenty-five per cent of patients have a mutation
in the RET proto-oncogene. All patients with this
diagnosis should be referred for genetic testing and
counseling.

Whilst medullary cancer cells do not take up
iodine, they produce calcitonin; this can be used as
a diagnostic blood test and also for post-operative
monitoring.

Patients with medullary thyroid cancer do not
respond to radioiodine. Therefore, the minimum
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operation is total thyroidectomy with neck dissection
and a low threshold for external beam radiotherapy.

MANAGING THE NECK IN
THYROID CANCER

Neck dissection in papillary
thyroid cancer

The presence of metastatic neck disease mandates
a therapeutic neck dissection of the involved nodal
groups to optimize the post-operative adjuvant
treatments. The role of a staging central compart-
ment clearance, in the absence of known disease,
is controversial. It is known that papillary thyroid
cancer metastasizes early to lymph nodes in levels
6 and 7 and that pre-operative imaging of this area
is difficult. Therefore, it is justified that in greater
than 20 per cent of cases, such a clearance will
be therapeutic. In the node-negative cases, it may
reduce the need for post-operative radioiodine.

Neck dissection in follicular
thyroid cancer

Most follicular cancer is diagnosed after diagnos-
tic hemithyroidectomy. For small lesions that are
low risk on the basis of the pathology and staging
scans (ultrasound, CT or both), this may be all
that is needed; most, however, require comple-
tion surgery (removal of the contralateral lobe of
the thyroid) and adjuvant treatment as dictated by
formal staging. The presence of metastatic neck
disease mandates therapeutic neck dissection of
the involved levels to optimize the post-operative
adjuvant treatments. Unlike in papillary thyroid
cancer, there is no established benefit in doing
a staging neck dissection because lymph node
metastases are not frequently found.

Neck dissection in medullary
thyroid cancer

Central compartment neck dissection with total thy-
roidecotomy is the minimum treatment for medul-
lary thyroid cancer, and many would also do a lateral
neck dissection (levels 2a, 3, 4 and 5b) on the ipsilat-
eral side. The presence of disease in the lateral neck
mandates a comprehensive dissection on that side.

SURGERY FOR ANAPLASTIC
THYROID CANCER

This poorly differentiated malignancy is charac-
terized by rapid growth, local invasion and distant
metastasis. It responds poorly to chemotherapy
or radiotherapy and is normally inoperable by
the time of diagnosis. Median survival time from
diagnosis is 4-6 months.

Historically, the only surgery advocated was
biopsy or tracheotomy for airway obstruction, with
or without isthmusectomy. If there is no involve-
ment of the great vessels, then surgery in the form
of total thyroidectomy and neck dissection can be
performed, but this is unlikely to be curative and
is aimed at reducing the chance of airway or swal-
lowing problems.

SURGERY IN THE
THYROTOXIC PATIENT

With the advent of medical treatments of thyrotox-
icosis and the excellent results of radioiodine in the
long-term control of thyrotoxicosis, surgical man-
agement of this condition is becoming increas-
ingly rare. Normally, those patients who cannot
be rendered euthyroid by other means present for
surgery.

Surgically, these patients are a challenge,
because the metabolically active gland has an
increased blood supply, and global enlargement
makes the surgery more complex and at higher risk
of complications than do other indications for thy-
roid surgery. Logo’s iodine can be used pre-oper-
atively for 1-2 weeks at a dose of 0.1-0.3mL TDS
to try to render the patient euthyroid rapidly, but
this carries the potential risk of initiating a thyroid
crisis if surgery is delayed. Historically, subtotal
thyroidectomies, preserving part of the superior
pole to reduce the chance of developing hypothy-
roidism, were performed, but with improvements
in the use and monitoring of thyroxine treatment,
total or near-total thyroidectomy is the standard.

From the anaesthetic point of view, the toxic
patient is prone to cardiac arrhythmias; with peri-
operative manipulation of the gland, this can be
exacerbated. B-blockers can be used to regulate this
either pre- or peri-operatively. Post-operatively,
toxic patients are at increased risk of developing
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hypocalcaemia as a result of hypoparathyroidism
but also due to hungry bone syndrome. In this
condition, post-operative reversal of phytotoxic
osteodystrophy causes increased uptake of cal-
cium in the presence of normal or high circulating
levels of parathyroid hormone (PTH). Treatment
is with calcium and vitamin D supplementation
once recognized. Some surgeons advocate pre-
operative treatment if the patient is at risk, as pre-
dicted by an elevated alkaline phosphatase level
pre-operatively, with calcium and alafacalcidol.
Failure to correct or recognize this serious compli-
cation can cause cardiac arrhythmias and seizure
activity. Emergency treatment of symptomatic
hypocalcaemia is with calcium glucuronate given
intravenously. These patients should have cardiac
monitoring during the infusion.

COMPLICATIONS OF
THYROID SURGERY

In addition to the usual complications of surgery
encountered in any sub-site of the neck, the rela-
tionship of the thyroid to the airway, the recur-
rent laryngeal nerves and the parathyroid glands
causes specific risks.

BLEEDING

Airway obstruction secondary to a post-operative
bleed is a potentially life-threatening complication.
Traditionally, drains were routinely used, but their
use is no longer universal, and bleeds can occur
even in their presence. If there are signs of a hae-
matoma, careful consideration should be made of
returning to the operating theatre for evacuation.
Most surgeons would return to the theater if faced
with a haematoma, and definitely if there were
signs of airway obstruction.

RECURRENT LARYNGEAL
NERVE PALSY

all patients to be aware of it as a potential prob-
lem. Temporary weakness is probably quite com-
mon but is rarely looked for specifically. Bilateral
vocal cord palsies can cause airway obstruction,
and because of this patients undergoing total
thyroidectomy are sometimes counselled about
the possibility of tracheostomy. All patients
undergoing thyroid surgery for malignancy,
undergoing revision surgery or with a history of
voice change should have a pre-operative vocal
cord assessment, and it is good practice to do so
in all cases.

HYPOCALCAEMIA

Low calcium levels post-thyroid surgery can be
due to hungry bone syndrome (see earlier discus-
sion), but hypoparathyroidism secondary to either
removal or devascularization of the parathyroid
glands is the most common cause. This is a very
low risk for patients who have undergone hemithy-
roidectomy but is a potential problem in those who
have undergone either total or completion surgery.
Calcium levels should be monitored post-opera-
tively and treatment commenced as appropriate.

KEY LEARNING POINTS

o The key assessment for a suspicious thy-
roid mass is the FNAC.

o All patients undergoing thyroid surgery
for malignancy, undergoing revision
surgery or with a history of voice change
should have a pre-operative vocal cord
assessment.

e Hypocalcaemia is a serious post-
operative complication in patients who
have undergone completion or total
thyroidectomy.

FURTHER READING

Permanent recurrent laryngeal nerve palsy is
rare after thyroid surgery (1-4 per cent of cases),
but because of its implications it is imperative for

Mehanna HM, Morton RP, Watkinson J, Shaha A.
Clinical review: Investigating the thyroid nod-
ule. British Medical Journal. 2009; 338: b733.
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INTRODUCTION

This chapter will consider the diseases affecting
the teeth, the gingiva (gums) and the oral mucosa,
since tumours of the mouth and the salivary
glands and facial pain are covered in other chap-
ters. However, where relevant, these latter topics
will be briefly mentioned, since the oral cavity is
often neglected within medical training.

Patients can present to the ear, nose and throat
(ENT) surgeon with a variety of oral problems.
Such a manifestation may mimic a more seri-
ous disease; therefore, it is important to exclude
the more common conditions, not least to avoid
unwanted investigations or unnecessary surgery.
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CONDITIONS AFFECTING

THE HARD TISSUES

TEETH

Dental caries (‘tooth decay’) describes decalcifi-
cation of tooth enamel due to acids released from
plaque bacteria following their metabolism of car-
bohydrates (Figure 30.1). (Fluoride in water and
toothpaste aid remineralization.)

There are a number of risk factors, which include
genetics, saliva flow, bacteria and diet. Saliva helps
protect the teeth. Decreased saliva flow (caused by
Sjogren’s syndrome or certain drugs, for example
diuretics, or previous radiotherapy to the major

263
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Dental Disease

Dental caries
(tooth + bacteria + sugar)

/

Surface decay Pulpal involvement

Risk factors Pulpitis
(saliva, bacteria, diet) (toothache)

Pulpal necrosis
(dental abscess)

Submasseteric
(e.g. facial swelling)

Referred pain?

(e.g. chin point sinus)

Periodontal disease
(bacterial toxins & inflammation)

Gingivitis Periodontitis
(e.g. ANUG, exclude leukaemia) (e.g. loose teeth)

T

Submental Sublingual + submandibular

(Ludwig’s angina)

Figure 30.1 Description of the most common dental diseases.

salivary glands) may also predispose an individual to
dental caries (Figure 30.2). The main acid-producing
bacteria are mutans streptococci and lactobacilli.

Subsequent cavitation into dentine can cause
pain (‘toothache’) due to pulpitis (inflammation of
the dental pulp). This may lead to pulpal necrosis
and the development of a dental abscess.

The importance of pulpitis to the ENT surgeon
is twofold. It can cause vague pain that is difficult
to localize, and it may lead to referred pain else-
where in the mouth. (Maxillary sinusitis can also
result in pain referred to the teeth.) Pulpitis may be
detected by applying a cold stimulus to the tooth

(e.g. ethylchloride-soaked cotton pledget), eliciting
pain, which does not immediately recede once the
stimulus is removed.

If the tooth becomes non-vital, a negative
response to cold stimulus is found. If an abscess
occurs, this can track through the fascial plains,
for example to the submandibular ‘space’, giving
rise to a unilateral swelling under the body of the
mandible (Figure 30.3). A submasseteric abscess
can cause trismus (inability to open the mouth)
and swelling, for example unilateral fat face. A
bilateral swelling involving both sublingual and
submandibular ‘spaces’ (also known as Ludwig’s

Figure 30.2 Panoramic radiograph to illustrate gross caries affecting the dentition.
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Figure 30.3 A large fluctuant dental abscess
‘pointing’ externally and ready for incision and
drainage.

angina) is a life-threatening condition. In addi-
tion to marked trismus and a raised temperature,
a patient with this condition may find it difficult to
swallow or even breathe. Because of the trismus,
some authorities avoid using a general anaesthetic
(owing to risk of failure to intubate following use
of a muscle relaxant) and prefer a local anaesthetic
instead. Bilateral drains are inserted, with the inci-
sion made from the neck into the mouth through
both sublingual and submandibular ‘spaces’.

Such infection is painful when enclosed in
bone, although temporary relief can arise when
it spreads into the soft tissues. Some teeth are
associated with particular swellings, for example
maxillary canine around the eye, maxillary lat-
eral incisor in the anterior palate, and mandibular
molar in the face. When the swelling is fluctu-
ant (i.e. pus is present; see Figure 30.3), it should
be incised and drained, with the offending tooth
either root treated or extracted. If is not, the infec-
tion may create a sinus (either intraorally or extra-
orally). The author has seen a sinus be mistaken
for a basal cell carcinoma (Figure 30.4) that subse-
quently ‘recurred’ after excision; hence, the impor-
tance of ruling out simple dental disease. In that
instance, trauma had resulted in the tooth becom-
ing non-vital. Radiographic investigation using a
panoramic radiograph gives a good general view,
with gross caries seen as darkening of the white
enamel (due to loss of calcification). There may also
be loss of bone at the apex of the tooth, particularly
when abscessed. Pain on chewing is suggestive of
this. Advice to patients to reduce caries risk should

Figure 30.4 Sinus from non-infected tooth at
chin point mimicking a basal cell carcinoma.

include good oral hygiene, dietary guidance, and
use of fluoride therapy (toothpaste or mouthwash).

OTHER DENTAL ANOMALIES

Tetracycline antibiotics should not be prescribed to
children younger than the age of 12 years because
they may lead to staining of the teeth (they fluo-
resce under ultraviolet light).

Dental erosion is the loss of tooth enamel due to
gastric acid reflux (or due to exogenous factors, e.g.
fizzy drinks). It typically leads to cupping of the
cusps or loss of enamel around an amalgam filling.
This may be an early sign of bulimia nervosa (asso-
ciated with depression, loss of self-esteem, misuse
of alcohol and self-harm).

Other causes of tooth discolouration include
exogenous factors (e.g. chlorhexidine mouthwash,
tobacco, bacteria) or endogenous factors (trauma
to pulp, fluorosis, certain drugs).

PERIODONTAL DISEASE

Gingivitis, the mildest form of periodontal disease,
causes the gums to be red and swollen and bleed
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Figure 30.5 Gingivitis due to gross deposits of
dental plaque.

easily. It is associated with the presence of plaque
bacteria (Figure 30.5). Rarely, it can be a feature of
leukaemia, although a combination of other asso-
ciated features such as lymphadenopathy, bleed-
ing, petechiae, oral ulceration, fungal infections
and herpes infection is usually present too. When
leukaemia is suspected, a blood film, white cell
count and platelet count should be obtained. Acute
necrotizing ulcerative gingivitis (ANUG; necrosis
and ulceration of the gingiva) is a particular exam-
ple in which halitosis, pain, gingival bleeding and
systemic involvement can be confused with symp-
toms of leukaemia.

Untreated gingivitis can spread to periodon-
tal disease. Toxins produced by the plaque bac-
teria stimulate an inflammatory response that in
turn leads to damage to the periodontal ligament
(tooth support) and surrounding bone (known as
‘pocketing’). As the disease progresses the teeth
can become loose and mobile. Multiple teeth
are usually involved, and where a single tooth
is found, malignant disease should be excluded.
Recently, there has been much interest in the link
between periodontal disease and systemic illness.
Originally thought to be due to the bacteria, peri-
odontal disease is now thought to be due to the
associated inflammatory response. The main links
have been to diabetes (reduced ability to control
blood sugar levels and also increased periodontal
disease) and cardiovascular disease (increased risk
of heart disease). In these cases, referral to a dental
surgeon is advised.

BONE

Sometimes a patient will present to a physician
worried about a swelling that she only just noticed,
which proves to be a developmental benign exos-
tosis (torus). Common sites include the midline of
the palate (palatine torus) and the lingual aspect
of the mandible (usually bilateral, lingual to the
premolars and unequal in size). Smooth or nodu-
lar, with an ulcerated surface if traumatized (e.g.
by a toothbrush), the subsequent pain and ulcer-
ation can draw the swelling to the attention of the
patient for the first time. Subsequent review will
reveal no increase in size and healing of the area of
ulceration (Figure 30.6).

As mentioned, the panoramic radiograph
provides a general screening of the jaw bones.
Common anomalies may include impacted teeth
(e.g. maxillary canines, supernumerary [extra]
teeth), odontomes (malformed dental tissue), cysts
(e.g. dentigerous cysts or odontogenic keratocysts),
benign conditions (e.g. fibrous dysplasia) and
malignant disease. A cyst has a well-delineated,
corticated white margin on a radiograph that may
be uni- or multilocular. Those associated with
the crown of a tooth are termed dentigerous cysts
(Figure 30.7). Malignant disease is associated with
resorption of adjacent tooth roots and a moth-
eaten appearance to the regular corticated margin.
Benign radiolucent conditions of the bone include
ameloblastoma (a locally invasive tumour) and
fibrous dysplasia (if polystotic, exclude Albright

Figure 30.6 An example of tori lingual to the
premolars, often bilateral and of unequal size.
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Figure 30.7 A dentigerous cyst in association with an impacted unerupted third molar.

syndrome, associated with skin pigmentation and
endocrine disorders, e.g. precocious puberty in
girls).

TEMPOROMANDIBULAR
JOINT SYNDROME

Synonyms of temporomandibular joint (TM])
syndrome include myofascial pain dysfunction,
facial arthromyalgia and TM] pain dysfunction
syndrome. It affects approximately 10 per cent of
the population at some point and commonly pres-
ents as clicking of the jaw, sometimes progressing
to limitation and locking with pain in the jaw and
surrounding musculature. It is most often seen
in young females and associated with stress (e.g.
exams) or trauma. Incoordination of the two heads
of the lateral pterygoid (which is also attached to
the TM] meniscus) can lead to no displacement of
the meniscus, anterior displacement with reduc-
tion (a click is heard as the meniscus snaps back
into position) or anterior displacement of the
meniscus with no reduction (it gets stuck and
causes ‘locking’ of the jaw).

TM]J syndrome is not usually associated with
any long-term damage and is usually self cor-
recting, although many patients can present to
their ENT surgeon complaining of pain around
the ear; hence the importance of excluding the
condition. There is no swelling associated with

this condition. Therefore, if there is swelling, it
is due to another cause. Positive findings include
tenderness of the muscles of mastication (e.g. on
palpating the masseteric muscle) and deviation
of the jaw on opening and/or closing. Jaw exer-
cises in the form of preventing forward postur-
ing and encouraging opening and closing in a
straight line are usually sufficient as long as the
patient persists (‘retraining the sprained muscle’).
Referral to a dentist to exclude a dental cause,
such as a high restoration (e.g. filling or crown),
is advised. Note that this condition can be part
of the spectrum associated with fibromyalgia,
which also includes chronic headaches, sleep dis-
order, dizziness, other joint stiffness, dysmenor-
rhea, and back pain. Beware also of psychological
issues such as somatization.

A panoramic radiograph is not usually indi-
cated, although magnetic resonance imaging
(MRI) can be useful to identify displacement of the
meniscus (Figure 30.8).

Often there is spontaneous remission. The
patient should be reassured that the ‘clicking’
sound is quite common and not usually associated
with damage to the joint.

Initial management includes jaw exercises and
analgesics. Many clinicians prescribe a bite guard,
although its efficacy is disputed. Patients who
fail to adhere to this regimen (or do not improve
with it) can often benefit from a 6-month course
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DFOY: 14.0 2 14.0cm

DFOV: 14.0 %z 14.0cm

Figure 30.8 MRI scans of left (meniscal displacement) and right (healthy) temporomandibular joints.
Notice the 'bow tie’ appearance of the normal positioned meniscus (dark) and the anteriorly displaced,

heaped up meniscus on the left.

of Prothiaden. It is prudent to exclude conditions
that may have a similar presentation, including
giant cell arteritis and trigeminal neuralgia. If
symptoms do not improve or there is persistent
pain within the joint, arthroscopy may be help-
ful both as a diagnostic tool and as a treatment. If
MRI reveals a damaged meniscus, then repair or
removal may be indicated. Another option, rarely
required, is condylotomy, which reduces pressure
on the meniscus, allowing it to move more freely
and alleviating the pain.

DISLOCATION OF THE TMJ

Dislocation is seen when the head of the mandib-
ular condyle leaves the glenoid fossa and cannot
return. The patient will present with an elongated
facial height and an inability to occlude the teeth.
This can be difficult to detect if the patient is eden-
tulous. The patient feels the strain on the stretched
masseter and medial pterygoid muscles, often
accompanied by pain and anxiety. Some patients
are more prone to dislocation owing to laxity of the
jaw joint, whilst in others it can be due to drugs,
for example phenothiazines, which are associated
with involuntary muscle spasm. In others disloca-
tion arises merely on opening the mouth too wide.
In the long term, if it occurs frequently, the head
of the condyle can be removed (condylectomy) or
the articular eminence removed (eminectomy) or
enhanced (e.g. bone graft or Dautrey procedure).

In the short term, the head of the condyles must
be reinserted as soon as possible. Sometimes seda-
tion with midazolam is required. The physician
should get the patient to sit next to a wall, so the
patient can exert pressure against the wall with
the back of his head. At the same time (with the
fingers away from the occlusal surface, and on the
external oblique ridge), the physician should press
downwards and backwards (first one side and then
the next). The condyles should slip back into posi-
tion. The physician should caution the patient not
to open widely for the rest of the day, particularly
if the patient has received IV sedation. A barrel
bondage from the chin to the head can remind the
patient not to open. If this proves impossible, the
use of a general anaesthetic and some bite blocks
may be necessary. On the panoramic radiograph,
the condyle heads are out of the glenoid fossa and
there is an anterior open bite.

CLEFT LIP AND PALATE

The incidence of this condition in the United
Kingdom is 1 in 700 live births. Its aetiology
includes environmental, genetic (e.g. gene IRF6)
and maternal factors (smoking; alcohol use; poor
nutrition, e.g. lack of folic acid; or use of certain
drugs, e.g. methotrexate). Cleft lip is unilateral
in 90 per cent of cases. Cleft lip and palate occur
more frequently in males, and cleft palate alone is
more frequently associated with other syndromes
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Table 30.1 Proportion of cleft types

Unilateral cleft lip and palate
Unilateral cleft lip

30-35 per cent
20-25 per cent
20-25 per cent
10 per cent

Unilateral cleft palate
Bilateral cleft lip and palate

(Table 30.1). It can have profound effects on speech,
hearing, appearance and psychology, with long-
lasting adverse effects on health and social integra-
tion. Such cases are treated in multidisciplinary
teams (Figure 30.9).

A typical care plan involves counselling for the
patient’s parents, and hearing tests and feeding
assessment for the patient from birth to 6 weeks.
At 3 months of age, surgical repair of the lip is per-
formed. Between 6 and 12 months, surgical repair
of the cleft palate is performed. Speech assessment
is conducted at 18 months, 3 years and 5 years.
When the patient is between 8 and 11 years old,
bone grafts to the cleft in the maxillary alveolus
may be required, with involvement of an ortho-
dontist, because the teeth can often be misplaced
or missing. Any corrective surgery is delayed
until the jaw growth is complete, after age 18. Key
stages of development are recorded in the United
Kingdom at ages 5, 10, 15 and 20 years to assess the
effects of treatment. It is important that children
receive specialist care in association with a paedi-
atric dentist.

Cleft lip can either be a small gap or inden-
tation (partial or incomplete cleft) or continue
into the nose (complete cleft). It can be unilateral
(90 per cent of cases) or bilateral and is due to a

failure of fusion of the maxillary and medial nasal
processes that form the primary palate. Repair at
3 months of age usually also involves the underly-
ing muscle.

Cleft palate can be complete (soft and hard pal-
ate) or incomplete (a hole in the palate). This occurs
where there is failure in formation of the second-
ary palate (formed from the palatine process and
nasal septum). The resulting opening between the
mouth and nose leads to velo-pharyngeal insuf-
ficiency, which also changes the voice (leading to
speech articulation errors) and compensatory mis-
articulations (e.g. glottal stops and nasal fricatives).

A submucous cleft palate is one in which there is
a triad of bifid uvula, a furrow along the midline of
the soft palate and a notch in the back of the hard
palate.

Cleft lip repair (the Millard procedure) involves
a Z-shaped scar, which helps to restore the lips’
‘cupid’ bow. For a palatal cleft, a temporary obtu-
rator may be required to aid feeding.

CONDITIONS AFFECTING
THE SOFT TISSUES

RED PATCHES

Inflammatory lesions

Most red patches (Table 30.2) are inflammatory,
although erythroplakia (a red dysplastic lesion
with an 80 per cent risk of cancer) may be pres-
ent as a carcinoma in situ or early carcinoma,

Cleft Lip + Palate

Cleft lip

Repair 3 months

T~

Unilateral 90% Bilateral 10%

Cleft palate

Repair 6 to 12 months

T T~

Incomplete Complete
('hole'in palate) (soft & hard palate)

Figure 30.9 Description of the main features associated with cleft lip and palate.
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Table 30.2 Causes of red lesions

Inflammatory, e.g. candida, radiation
mucositis, lichen planus

Purpura, e.g. trauma, platelet disorder

Reactive, e.g. pyogenic granuloma

Neoplastic

Vascular, e.g. haemangioma

especially in a heavy drinker or smoker, and should
be biopsied. Of the inflammatory lesions, most are
due to infection (e.g. antibiotic sore mouth due to
acute candida infection), chronic candida under-
neath a maxillary denture (creating a red palate) or
median rhomboid glossitis (on the midline of the
dorsal tongue). A past history of radiotherapy for
malignant disease to the oral cavity can give rise to
radiation mucositis and/or reduced salivary flow,
predisposing the individual to candida infections.
Viral infections include herpes simplex, either pri-
mary herpetic gingivostomatitis with raised tem-
perature and sore inflamed gingiva, or secondary
‘reactive’ herpes such as a lip ‘cold’ sore.

Reactive lesions

Erosive lesions can be due to a burn, for example
from aspirin, and skin disorders such as lichen pla-
nus, pemphigus vulgaris or erythema multiforme.

Lichen planus may arise with or without skin
lesions. Its cause is unknown, although similar
lesions (known as lichenoid reactions) are some-
times found in association with amalgam fillings,
drugs (e.g. antihypertensives or hypoglycaemic
agents) and graft-versus-host disease (in bone
marrow transplant patients). The erosive or atro-
phic form is considered to be a potentially malig-
nant condition and can be painful (Figure 30.10).
Management may include removal of amalgam res-
toration (if unilateral and solely in that area), use of
alternative drugs (if lichenoid reaction is suspected),
topical oral steroids and chlorhexidine mouth rinse.

Other red conditions

Pyogenic granuloma is typically a red painless
lesion that grows rapidly, bleeds easily and can be
mistaken for a malignant tumour. It often arises at

Figure 30.10 Erosive lichen planus affecting the
buccal mucosa. Note the clear division between
adjacent normal pink mucosa.

the gingival margin and is sometimes seen in preg-
nancyasan overreaction to plaque bacteria. Excision
is curative (and histopathology is confirmatory).

Purpura can be present as petechiae, ecchymo-
sis due to trauma, or blood platelet disorders (e.g.
leukaemia).

Vascular anomalies include haemangioma
(developmental but may become more obvious
with age) and neoplasia.

WHITE LESIONS

The appearance of white lesions (Table 30.3) can
be due to an increase in the prickle cell layer (acan-
thosis) or increased surface keratinization. If the
lesion is due to trauma, it is usually focal and
has no malignant risk. Smoker’s keratosis, how-
ever, especially affecting the floor of the mouth,
carries an increased risk for malignant change.
Leucoplakia, the term given to a white patch that
cannot be rubbed oft and has no obvious aetiology;,
has a malignant risk of less than 5 per cent (com-
pare this to erythroplakia, discussed earlier in this

Table 30.3 Causes of white lesions

Congenital, e.g. white sponge naevus, leukaemia

Infection, e.g. candida, Epstein-Barr virus,
human papillomavirus

Inflammatory, e.g. lichen planus

Neoplastic, e.g. leucoplakia, carcinoma

Other, e.g. aspirin burn, trauma, furry tongue
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chapter). However, squamous cell carcinoma can
present as a white patch or a red-and-white patch
(so-called speckled leucoplakia). Close monitoring
is required, and susceptible patients should avoid
alcohol and tobacco use.

Infection

Candidiasis can arise as either ‘thrush’ (acute
pseudomembranous candidiasis), where the sur-
face can be wiped away to reveal a red membrane,
or candida leucoplakia. Thrush can arise when the
normal oral flora is disturbed. Factors that can
lead to this condition include xerostomia, smok-
ing, corticosteroids, and broad-spectrum antibiot-
ics. Investigations include fasting glucose test, full
blood count, vitamin B,, and serum ferritin. In
addition to prescribed antifungal agents, smoking
cessation and adequate hydration may be required.
Where candida leucoplakia is suspected, biopsy
should be obtained and candida confirmed by
periodic acid-Schiff (PAS) staining.

Other infections that can present as a white
area include Koplik spots in measles, Epstein-Barr
virus in hairy leucoplakia and warts (human pap-
illomavirus, or HPV).

Inflammatory lesions

Lichen planus is the most common inflammatory
lesion and can present in reticular (striations), pap-
ular or plaque-like form.

Congenital

White sponge naevus is typically bilateral and
painless with a wrinkled appearance affecting the
buccal mucosa. Leucoedema describes the faint
white line seen at the occlusal level. Fordyce spots
are caused by ectopic sebaceous glands and usually
affect the buccal mucosa or inner lip

Other

Furry tongue (accumulation of dead epithe-
lial cells, bacteria and food debris) is a coat-
ing often seen in otherwise healthy adults who
may have poor oral hygiene or who are fasting
(Figure 30.11). Scraping the tongue with a firm

Figure 30.11 Deposits of dead cells and bacteria
resulting in ‘furry’ tongue.

toothbrush usually removes the coating. Trauma
(frictional keratosis) can cause whitening and
can arise from a sharp tooth, poor-fitting den-
ture or cheek biting. It has no malignant poten-
tial. Chemical burns, for example from aspirin,
can cause sloughing of the epithelium and hence
result in a white appearance.

PIGMENTED LESIONS

Single pigmented lesions are probably best excised
to exclude malignant melanoma (Table 30.4).

Black hairy tongue

This condition is due to elongation of the filiform
papillae, which become darker, possibly owing to
chromogenic bacteria. Brushing the tongue with a
toothbrush and using a sodium bicarbonate mouth
rinse usually eliminate the condition. A darkening

Table 30.4 Causes of pigmented lesions

Amalgam tattoo

Black hairy tongue

Drugs

Kaposi's sarcoma

Malignant melanoma

Melanotic macule

Naevus

Pregnancy

Racial pigmentation

Syndromes, e.g. Peutz-Jeghers, Addison’s disease
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of the dorsal surface of the tongue can also be due
to smoking or chewing tobacco, eating or drinking
certain foods (e.g. coffee) or using drugs (iron salts)
and mouthwashes (chlorohexidine).

Other causes

Other causes of pigmented lesions include the
following:

e Racial pigmentation - usually symmetrical

e Amalgam tattoo — the most common cause of a
single ‘lesion’; doesn’t change shape or size, and
if large enough will be radiodense on radiograph

® Melanotic macule - asymptomatic smooth
single brown collection of melanin-containing
cells usually seen near the lip and palate in
Caucasians; can increase in size

e Naevi - blue-black papular lesions formed
from increased melanin-containing cells;
unlike the macule, they are often raised but do
not change rapidly in size and are often seen in
the palate

e Kaposi’s sarcoma - a purple-violet lesion caused
by human herpesvirus 8, seen in HIV or immu-
nocompromised patients; intraorally may be
raised and found on the palate or gingiva

e Malignant melanoma - rare and usually pala-
tal, may arise in a previous pigmented naevus;
signs of malignancy include rapid increase in
size, pain, ulceration, swelling, satellite spots
and regional lymphadenopathy; although usu-
ally dark, can be amelonotic

Additional causes of increased oral pigmenta-
tion include smoking tobacco (smoker’s melano-
sis), antimalarial therapy, pregnancy and some oral
contraceptives. Other rare causes include Addison’s
disease (hypoadrenalism), in which there is exces-
sive production of adrenocorticotropic hor-
mone (ACTH), which has activities similar to
melanin-stimulating hormone; and Peutz-Jeghers
syndrome, circumoral pigmentation associated
with polyps in the small intestine (Figure 30.12).

ULCERATION

When a single ulcer has persisted for more than
3 weeks with no obvious cause, biopsy is indicated

Figure 30.12 Circumoral pigmentation associ-
ated with a case of Peutz-Jeghers syndrome.

— particularly if the ulcer is not painful (and associ-
ated with tobacco and alcohol habits). Baseline tests
for multiple ulcers include full blood count and
iron studies.

Local causes

Trauma resulting in ulceration can arise from a
sharp tooth oran appliance (e.g. denture, orthodon-
tic device) or may even be self-inflicted (Table 30.5,
Figure 30.13). Ulceration of the frenulum under
the upper lip may be a marker for non-accidental
injury (child abuse). Chronic trauma often results
in an ulcer surrounded by a white halo.

Drugs

Cytotoxics, nonsteroidal anti-inflammatory drugs
and nicorandil are some examples of drugs that
can cause ulcers.

Table 30.5 Causes of ulceration
Drugs

Local cause, e.g. trauma
Malignant disease
Recurrent apthae
Systemic conditions
¢ Blood disorders
e Gastro-intestinal disease
¢ Mucocutaneous disease
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Figure 30.13 A traumatic (painful) ulcer in the
buccal sulcus of an edentulous patient.

Recurrent apthae

Recurrent apthae can be classified as minor (80
per cent), major (15 per cent) or herpetiform (5
per cent). They affect at least 10 per cent of the
population.

Minor apthae affect the non-keratinized sites
(e.g. buccal mucosa) in younger people, are less
than 5mm in diameter, and may last for up to
2 weeks. They are painful, but often no underlying
cause can be found.

Major apthae can arise anywhere in the mouth,
are at least 1cm in diameter and tend to last for
more than 2 weeks, sometimes with scarring and
drooling.

Herpetiform ulcers start as vesicles that form
minute areas of very painful ulceration that can
coalesce to create irregular areas of ulceration.

Recurrent apthae are diagnosed on clinical
presentation, are usually self-limiting and occur
in otherwise healthy individuals. Blood investiga-
tions are usually normal. Symptomatic relief can
be obtained with benzydamine and/or chloro-
hexidine mouth rinses, although topical steroids
may also be required. Some patients’ symptoms
improve when using a sodium lauryl sulphate—free
toothpaste and/or avoiding fizzy drinks that con-
tain benzoic acid as a preservative.

Systemic disease

Blood disorders that can cause oral ulceration
include anaemia and haematinic deficiencies.

Infections include viral (e.g. herpes simplex; hand,
foot and mouth disease), bacterial (syphilis, tuber-
culosis), and fungal disease (angular cheilitis).
Skin conditions include lichen planus, erythema
multiforme and pemphigus. Gastro-intestinal dis-
eases with oral ulceration include coeliac disease
(serology for anti-endomysial antibody), ulcerative
colitis and Crohn’s disease. Oral manifestations of
Crohn’s include cobblestone buccal mucosa, gingi-
val and labial swelling, and mucosal tags.

SOFT TISSUE SWELLINGS WITHIN
THE MOUTH

Pyogenic granuloma dental abscesses and salivary
gland problems (e.g. mucocele, ranula) are cov-
ered elsewhere in this book. Malignant disease can
present as a swelling in the palate (e.g. lymphoma
or carcinoma from maxillary antrum). Other soft
tissue swellings are discussed in the following sec-
tions (Table 30.6).

Fibro-epithelial polyp

A fibro-epithelial polyp may be sessile or predun-
culated. Arising as a result of trauma, its surface is
smooth, and it is usually seen on the buccal mucosa
at the occlusal level (Figure 30.14).

Papilloma

A papilloma is an intraoral wart due to HPV.

Fibrous hyperplasia

Trauma from a poorly fitting denture flange can
give rise to denture-induced hyperplasia, usually

Table 30.6 Causes of swelling

Dental abscess

Fibro-epithelial polyp

Gingival hyperplasia, e.g. drugs, pregnancy
Hyperplasia

Malignant disease, e.g. lymphoma, cancer
Pyogenic granuloma

Salivary gland problem, e.g. mucocele, ranula
Unerupted canine
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Figure 30.14 A fibro-epithelial polyp affecting the
buccal mucosa. Note the overlying pink healthy
mucosa.

in the anterior maxilla or mandible region, or a
‘leaf” fibroma (under the maxillary denture).

Gingival hyperplasia

Gingival hyperplasia can be due to drugs (e.g.
phenytoin, cyclosporins, nifedipine) or hereditary
(gingivofibromatosis). It also can arise in preg-
nancy, either as generalized gingivitis or as dis-
crete gingival epulis.

Burning mouth syndrome

Burning mouth syndrome (BMS) is defined as a
burning sensation in the absence of any obvious
organic cause. It is most frequently seen in middle-
aged to older females. In approximately 20 per cent
of cases, anxiety, depression or cancer phobia can
be identified. It is important to exclude other con-
ditions that can present with similar symptoms,
such as geographic tongue (Figure 30.15), lichen
planus, candida infection, glossitis (due to haema-
tinic deficiency or hypothyroidism) and diabetes.
Parafunctional habits such as bruxism and tongue
thrusting also should be excluded.

BMS is a chronic condition that usually affects
the tongue. It may be associated with dry mouth
and drugs such as angiotensin-converting enzyme
(ACE) inhibitors. Although patients complain of
a burning sensation, they rarely take analgesics,
possibly because they have tried them and found
they make little difference. Management includes

Figure 30.15 Erythema migrans (geographic
tongue) affecting the dorsal surface of the
tongue.

providing the patient with information, such as
the fact that it is a common condition, is not infec-
tious and so on. Screening for deficiency states
(thyroxine levels, saliva, iron, B,,, folate levels),
diabetes and denture problems is also important.
Cognitive behavioural therapy may be helpful
(with an empathetic approach, linking symp-
toms to psychological/psychosomatic problems)
together with the use of antidepressants ‘to treat
the symptoms, not the depression’ for a period of
6 months.

This chapter has been written for the ENT trainee
as the patient might present with a specific prob-
lem. There are only a limited number of ways in
which the oral mucosa can react, hence the subdi-
vision of the latter section into colour change (red,
white, pigmented), ulceration and swelling.
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KEY LEARNING POINTS

® A dental cause for pain in the orofacial
region should always be considered and,
if necessary, excluded.

e All patients should be encouraged to
register with a dentist.

® Teeth do not need to appear obviously
decayed to cause pain.

e Maxillary sinusitis can be caused by an
abscessed tooth.

® Most swellings and white patches in the
mouth are benign; however, red (or red/
white) lesions (especially in smokers
and/or heavy drinkers) can be an early
sign of cancer.

® A discrete swelling in the lower lip is
likely to be a mucocoele, but in the upper
lip it is more likely to be a salivary gland
tumour.
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Neck infections can be broadly divided into super-
ficial and deep infections (Figure 31.1). Superficial
neck infections typically involve the skin and sub-
cutaneous tissue, including the superficial fascia.
These are further divided into non-necrotizing and
necrotizing infections. Deep infections involve the
deeper neck tissues, which are surrounded by mul-
tiple layers of fascia with potential spaces between
them. Itis important to have a clear idea of the deep
cervical fascia and associated deep neck spaces to
have a better understanding of deep neck infec-
tions and abscesses.

ANATOMY

The neck is surrounded by superficial and deep
cervical fascia. The superficial fascia is a thin layer
of connective tissue that lies deep to the dermis and
encloses the platysma. The space deep to this layer
does not constitute part of the deep neck space
system and contains cutaneous nerves, superfi-
cial veins and superficial lymph nodes. The deep
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cervical fascia supports the muscles, the vessels
and the viscera of the neck. It is condensed to form
three well-defined fibrous layers and the carotid
sheath. These are described as follows:!

o Superficial layer: Also known as the investing
layer of the deep cervical fascia. This is a thick
layer, arising from the spinous processes and
ligamentum nuchae and encircling the neck.

It splits to enclose the trapezius, the inferior
belly of omohyoid and the sternocleidomastoid
muscles.

e Middle layer: This is a thin layer found in
the anterior neck and has two divisions: the
muscular division surrounding the infrahyoid
muscles and the visceral division surround-
ing the pharynx, oesophagus, larynx, trachea,
thyroid and parathyroid glands.

® Deep layer: This is a thick layer that passes like
a septum across the neck behind the phar-
ynx and the oesophagus and in front of the
prevertebral muscles and the vertebral column.
It has two divisions. The prevertebral division
adheres to the anterior aspect of the vertebral
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Superficial neck infections

Non-necrotizing

Impetigo
Erysipelas
Cellulitis
Lymphadenitis and
subcutaneous abscesses

Figure 31.1 Flow chart of neck infections.

body and extends laterally to the transverse
processes of the vertebrae. The alar division
lies between the prevertebral division and the
visceral division of the middle layer of the deep
cervical fascia. Lateral extension of this deep
layer on the anterior and medial scalene and
levator scapulae muscles forms the fascial floor
of the posterior triangle.

e Carotid sheath: This is a local condensation
of all the above-mentioned three layers of the
deep cervical fascia that surrounds the com-
mon and internal carotid arteries, the internal
jugular vein, the vagus nerve and the deep
cervical lymph nodes.

There are 11 deep neck spaces? that communi-

cate with each other and are briefly described in
Table 31.1.

SUPERFICIAL NECK INFECTIONS

Common examples of non-necrotizing infec-
tions include impetigo, erysipelas, cellulitis,

Necrotizing

Cervical fasciitis
Purpura fulminans

Neck Infections

Deep neck infections

|

- Parapharyngeal space abscess
« Retropharyngeal space abscess
« Prevertebral space abscess

« Danger space abscess

« Masticator space abscess

« Submandibular space abscess
- Carotid space abscess

« Pretracheal space abscess

« Peritonsillar space abscess

- Parotid space abscess

« Temporal space abscess

lymphadenitis and subcutaneous abscesses in all
age groups. It is important to differentiate these
from skin rashes and reactions® (Figures 31.2
to 31.5).

Impetigo is a common, superficial bacterial
skin infection primarily caused by Staphylococcus
aureus, and it is most frequently encountered in
children. The lesions are mostly located in the head
and neck region. There is good evidence that topi-
cal mupirocin and topical fusidic acid are equally
as effective as oral treatment, if not more effec-
tive. However, oral antibiotics may be required in
patients with extensive impetigo.*

Erysipelas and cellulitis are the most common
skin and soft tissue infections requiring in-hospital
treatment. Erysipelas is a superficial skin infection
that does not involve the subcutaneous tissue. It
has a typically raised, well-demarcated and local-
ized rash and is usually caused by Streptococci.
Spreading cellulitis, on the other hand, involves
both dermis and the subcutaneous tissue and is
commonly due to Staphylococci. Community-
associated methicillin-resistant ~ Staphylococcus
aureus is a growing problem. In diabetics and
patients with suppressed immunity, a deep-seated
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Table 31.1 Description of deep neck spaces?

Number
1

10

11

Deep neck
space

Parapharyngeal
space

Retropharyngeal
space

Prevertebral
space

Danger space

Masticator space

Submandibular
space

Carotid space
Pretracheal
space

Peritonsillar
space

Parotid space

Temporal space

Description

Resembles an inverted pyramid and extends between the skull base and
the lesser cornua of the hyoid bone. Divided into pre-styloid and
post-styloid compartments and connects posteromedially with the
retropharyngeal space and inferiorly with the submandibular space.
Laterally, connects with the masticator space. The carotid sheath
courses through this space into the chest.

Lies between the visceral division of the middle layer of the deep cervical
fascia and the alar division of the deep layer of deep cervical fascia
posteriorly. Extends from the skull base to the tracheal bifurcation
around T2, where the visceral and alar divisions fuse. Laterally,
communicates with the parapharyngeal space. Primarily contains
retropharyngeal lymphatics.

Located anterior to the vertebral bodies and posterior to the prevertebral
division of the deep layer of the deep cervical fascia. Extends from the
skull base to the coccyx.

Located immediately posterior to the retropharyngeal space and
immediately anterior to the prevertebral space, between the alar and
prevertebral divisions of the deep layer of the deep cervical fascia.
Extends from the skull base to the posterior mediastinum and
diaphragm.

Situated lateral to the medial pterygoid fascia and medial to the masseter
muscle. Lies inferiorly to the temporal space and is anterolateral to the
parapharyngeal space.

Bounded inferiorly by the superficial layer of the deep cervical fascia
extending from the hyoid to the mandible, laterally by the body of the
mandible, and superiorly by the mucosa of the floor of the mouth.
Submandibular space infections may spread to the parapharyngeal
space or retropharyngeal space.

Potential space within the carotid sheath.

Enclosed by the visceral division of the middle layer of the deep cervical
fascia and lies immediately anterior to the trachea. Extends from the
thyroid cartilage to the superior mediastinum.

Bounded by the tonsil medially and the superior constrictor laterally. The
anterior and posterior tonsillar pillars form the remaining borders of this
space.

Enclosed by the superficial layer of the deep cervical fascia. This is an
incomplete enclosure because the superomedial aspect of the gland is
not covered. This discontinuity allows communication between the
parapharyngeal space and the parotid space.

It lies between the temporalis fascia and the periosteum of the temporal
bone. The temporalis muscle effectively divides the space into a deep
and superficial compartment.
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Figure 31.2 Skin reaction to radiotherapy.

infection should always be kept in the differential
diagnosis of a superficial skin infection.>®7
Non-tuberculous cervico-facial lymphadeni-
tis is a relatively common condition, particularly
in children. The treatment options are varied and

Figure 31.3 Superficial neck infection.

include a wait-and-see policy, medical therapy and
surgery.

NECROTIZING SUPERFICIAL
NECK INFECTIONS

These include necrotizing fasciitis and purpura
fulminans. Both conditions have a high morbid-
ity and mortality rate if not diagnosed and treated
early.

Cervical necrotizing fasciitis is a rare and rap-
idly progressive infection of the superficial fascia
characterized by necrosis of the subcutaneous tis-
sue. It can lead to necrotizing mediastinitis and
progressive sepsis with toxic shock syndrome.
Historically, group A p-haemolytic streptococ-
cus has been identified as a major cause of this
infection. However, scientists have found that the
pathogenesis of necrotizing fasciitis is polymicro-
bial. Diagnosis should be made as soon as possible
by looking at the skin inflammatory changes, and
magnetic resonance imaging (MRI) may be carried
out to detect the presence of air within the tissues.
Percutaneous aspiration of the soft tissue collec-
tion followed by prompt Gram staining should
be conducted. Intravenous antibiotic therapy and
early surgical fasciotomy and debridement are
required to treat this life-threatening skin infec-
tion. Hyperbaric oxygen therapy complemented by
intravenous polyspecific immunoglobulin are use-
ful adjunctive therapies.®”

Purpura fulminans is a rare syndrome of intra-
vascular thrombosis and haemorrhagic infarction
of the skin; it is rapidly progressive and accompa-
nied by vascular collapse.!? Clinically, it presents as
septic shock. The newest revolutionary advance-
ment in the treatment of neonatal purpura fulmi-
nans is the use of activated protein C.

Deep neck infections (DNIs) involve the neck
structures surrounded by multiple layers of the
deep cervical fascia (Figures 31.8 to 31.13). DNIs
can result from the following processes: potential
lymphatic spread of infection from oral cavity, face
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Figure 31.4 Superficial neck infection in the sub-
mental region.

2

T ——

Figure 31.5 Incision and drainage of the submen-
tal abscess.

Figure 31.6 Wound infection with surrounding
cellulitis.

Figure 31.7 Superficial neck abscesses.

Figure 31.8 Right parapharyngeal space abscess
pushing the right tonsil medially.

and superficial neck compartment to deep neck
spaces; cervical lymphadenopathy, which may
lead to suppuration and localized abscess forma-
tion; and penetrating trauma, which can introduce
the infection to the deeper neck compartment.
The infection spreads along the fascial planes, and
the resultant pus can expand the potential spaces
between the different layers of the deep cervical
fascia. The signs and symptoms of DNIs develop
because of the mass effect of the inflamed tissues or
abscess cavity on the surrounding structures and
because of the direct involvement of the surround-
ing structures in the infectious process. DNIs
can happen in any age group but are historically
associated with patients with poor oral hygiene
and lack of dental care. Depending upon the ana-
tomical location, DNIs can be named as listed in
Table 31.2.
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Figure 31.9 Head and neck malignancy present-
ing as neck abscess.

Figure 31.10 Parotid space abscess.

Figure 31.11 Trismus caused by parotid space
abscess.

Figure 31.12 Parotid space abscess — incision and
drainage.

CLINICAL PRESENTATION

A high index of suspicion is required for early
diagnosis of DNIs because the patient may have
only minimal symptoms and signs. However,
some patients may present in distress and with
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Figure 31.13 Complication after incision and
drainage of deep neck abscess.

life-threatening signs. Patients may or may not
have pyrexia, malaise, dehydration, sore throat,
odynophagia, dysphagia, referred otalgia, drool-
ing, respiratory distress, stridor, tismus, hoarse-
ness, neck swelling, painful neck movements and
torticollis. The predisposing factors for mediasti-
nal extension in DNIs are older age, involvement of
two or more spaces and the presence of cardiovas-
cular and pulmonary comorbidities.!!

AETIOLOGY

Today, tonsillitis remains the most common aeti-
ology of deep neck space infections in children,
whereas odontogenic origin is the most com-
mon aetiology of DNIs in adults.? Sometimes, the
source of DNIs is not found, but taking a detailed

patient history may help to establish the most
likely aetiology (Table 31.3). Patients with a history
of intravenous drug abuse and with human immu-
nodeficiency virus (HIV) are at risk of developing
tubercular deep neck space infection and abscess.

EXAMINATION

Deep neck infections are difficult to palpate and
externally visualize because of normal soft tis-
sues covering the deeper neck spaces. However,
Ludwig’s angina is a rapidly progressing cellulitis
involving the submandibular neck space. It is char-
acterized by induration of the submental region
and floor of the mouth. It is a clinical diagnosis,
and close airway monitoring is essential because
upward and backward tongue elevation can result
in a compromised airway.

Peritonsillar abscess (PTA) often presents with
sore throat, dysphagia, peritonsillar bulge, uvular
deviation, trismus and a muffled voice. The diag-
nosis of PTA can be made based on history and
physical examination. The situation may be com-
plicated if the patient is an uncooperative child.

Clinical evaluation may underestimate the
extent of DNI in patients, which may lead to con-
servative treatment with worse prognosis.'2

On clinical examination, patients with DNIs
may exhibit signs mentioned in Table 31.2.

INVESTIGATIONS

Because of the complex anatomy of the neck and
deep-seated nature of DNIs, precise localization
on clinical grounds is challenging, and investiga-
tions are helpful in this situation. Patients should
undergo laboratory tests to confirm raised mark-
ers of infection, and blood cultures are required
in septic patients. The radiological assessment is
carried out in consultation with radiologists. The
options include a lateral neck radiograph, ultra-
sound scan and computed tomography (CT). It is
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Table 31.2 Deep neck infections/abscesses?

Number

1

10

11

Name

Parapharyngeal space
abscess

Retropharyngeal space
abscess

Prevertebral space
abscess

Danger space abscess
Masticator space
abscess

Submandibular space
abscess

Carotid space abscess

Pretracheal space

abscess

Peritonsillar space

abscess

Parotid space abscess

Temporal space abscess

Predictive descriptors on history and examination

Anterior compartment infection/abscess causes
® Marked trismus; odynophagia and dysphagia
e Induration at the angle of mandible
¢ Medial displacement of the lateral pharyngeal wall and tonsil

Posterior compartment infection/abscess causes
e Medial displacement of the posterior pillar of the tonsil and

posterior pharyngeal wall
e Thrombosis of internal jugular vein

May present with airway occlusion at the pharynx level.

Anterior displacement of one or both sides of the posterior
pharyngeal wall. Torticollis and reduced neck movement.

Asymmetry of neck and lymphadenopathy.

Much more common in children under 5 years of age. Occasionally
caused by chronic conditions such as tuberculosis

Torticollis and reduced neck movement.

Most common aetiology is iatrogenic trauma — instrumentation.

Can cause vertebral osteomyelitis and spinal instability.

Extension of abscess from above mentioned three spaces.

It can lead to mediastinitis, empyema and sepsis.

Trismus. Originates from third mandibular molar infection.

May spread to the parapharyngeal, parotid or temporal space.

Ludwig's angina refers to cellulitis or abscess in this space and may
present with pain, trismus, drooling, odynophagia, dysphagia, neck
swelling and worsening airway caused by displacement of tongue.

Develops secondary to oral trauma, submaxillary or sublingual
sialadenitis, or dental abscess of mandibular teeth. May spread to
the parapharyngeal space or retropharyngeal space.

Vocal cord paralysis

Horner syndrome

Dysphagia, odynophagia, pain, fever, hoarseness and airway
obstruction. Mostly caused by perforation of the anterior
oesophageal wall by endoscopic instrumentation, foreign bodies,
or trauma. Can involve the superior mediastinum.

Trismus, throat pain, referred otalgia, odynophagia, drooling, a ‘hot
potato’ voice and fever. There is uvular deviation, palatal
asymmetry and displacement of the tonsil medially.

It may spread to the parapharyngeal space. It is the most common
deep neck space abscess and represents a sequela of tonsillar
infections.

Pain, oedema and erythema in the region of the parotid.

Trismus is a later finding.

Risk factors include dehydration, elderly patients with poor oral
hygiene who develop salivary duct obstruction.

Can spread to parapharyngeal space.

Pain and trismus with or without deviation of the mandible.
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Table 31.3 Aetiology of deep neck space
infections/abscess?

1 Pharyngitis

2 Tonsillitis

3 Peritonsillar abscess

4 Odontogenic infection

5 Salivary gland infection

6 Penetrating oropharyngeal injury

7 latrogenic perforation of oesophagus
8 Fish bone ingestion

9 Foreign body inhalation

10  Suppurative lymph node

11 Infection in branchial cleft anomalies
12 Thyroglossal duct abscess

13 Thyroiditis

14 Mastoiditis

15  Laryngopyocele

16 Intravenous drug abuse

17 Malignant necrotic lymph node

important to note that a normal radiograph does
not rule out DNIs in children.® A CT scan with
contrast is regarded as the gold standard investi-
gation. The presence of air indicates abscess in all
cases. A CT scan can be helpful in differentiating
the retropharyngeal adenitis from abscess, thereby
guiding the clinician to avoid unnecessary surgical
intervention.'*!®> However, a central necrotic cervi-
cal metastatic lymph node may sometimes mimic a
simple pyogenic deep neck abscess on both clinical
pictures and CT images. A routine biopsy of the tis-
sue should be performed during surgical drainage.'®
The MRI scan can yield better soft tissue delinea-
tion. Arteriography is chosen if major neck vascu-
lature is suspected to be involved in the infectious
process.

The ultrasound scan not only helps in diag-
nosing the DNIs, but it can also be very useful
for guided fine-needle aspiration for microscopy,
culture and sensitivities.”” The bacteriology of the
deep neck space abscess is polymicrobial, mostly
reflecting the oral flora; aerobic as well as anaero-
bic organisms are isolated, and both Gram posi-
tive and Gram negative organisms are cultured. In
one study, children younger than 16 months and

with lateral neck abscesses were at a significantly
increased risk of having a Staphylococcus aureus
infection, the majority being methicillin-resistant
Staphylococcus aureus (MRSA).!8

MANAGEMENT

With advancements in laboratory testing, radio-
logical investigations and broad-spectrum antibi-
otics, the overall morbidity and mortality of DNIs
have improved."”

Some patients with DNIs can present in a mori-
bund condition with impending airway compro-
mise. Securing the airway must take priority for
such patients. They should be kept in the resuscita-
tion section of the accident and emergency depart-
ment until the airway management team can safely
transfer them to a theatre to secure the airway. The
anaesthetist should always be part of the team look-
ing after these patients in a calm and controlled
fashion. Orotracheal and nasotracheal intubation
in patients with DNIs may be difficult because of
trismus, swollen pharyngeal walls and oedema of
the supraglottis impairing the vocal cords’ visual-
ization, deviation of the larynx, external tracheal
compression, restricted neck movement because of
paraspinal muscle spasm, and laboured breathing.?
In such situations oropharyngeal instrumentation
should be avoided because it can aggravate the
pharyngeal swelling. Ideally, when diagnostic flex-
ible pharyngolaryngoscopy is carried out, it should
be as atraumatic as possible and the procedure
video recorded so that the anaesthetist can have a
better assessment of the airway without having to
repeat the laryngoscopy. In compromised airway
scenarios, it is perhaps a better option to carry out
tracheostomy under local anaesthetic, and equip-
ment should be made available for cricothyroid-
otomy and crash tracheostomy along with good
suction facility.

Stable patients suspected to have DNIs should
ideally be nursed in a close monitoring area of
the ward with facilities available for prompt
intervention should a need arise. These patients
need adequate analgesia, fluid resuscitation, and
parenteral broad-spectrum antibiotics, which
should be reviewed soon after the culture and
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sensitivity results are available. The choice of
empiric therapy should be based on local proto-
cols, taking into account the most likely source of
DNIs. The duration of medical therapy depends
upon the patient’s progress. If the patient contin-
ues to improve and no abscess is located on initial
investigations, then parenteral antibiotics can be
switched to oral ones.

A trial of high-dose intravenous antibiotics
in stable children with close observation is war-
ranted as first-line treatment, especially for small
deep space neck infections.??! However, if medi-
cal therapy fails, timely surgical intervention in the
form of incision and drainage is essential to prevent
any adverse outcome. The decision to initiate sur-
gical drainage depends on the patient’s clinical sta-
tus and the accessibility of the abscess. Most deep
neck space abscesses are drained transcervically,
but retropharyngeal abscess is preferably drained
transorally. Quinsy-tonsillectomy remains contro-
versial but is an option. In patients unfit for general
anaesthesia, needle drainage under ultrasound
and/or CT guidance is a viable option but requires
a motivated, experienced radiologist.

The incidence of life-threatening complications,
including airway obstruction, sepsis, pneumonia
and death, is significantly higher in patients with
extension of DNIs into the mediastinum. Also,
life-threatening complications can occur because
of a delay in diagnosis or inadequate treatment
(Table 31.4).

Table 31.4 Complications of deep neck
infections/abscesses?

1 External compression of trachea

2 Rupture of DNIs into the trachea

3 Internal jugular vein thrombosis

4 Carotid artery erosion

5 Mediastinitis/empyemea

6 Cranial nerve dysfunction

7 Brain and pulmonary abscesses

8 Osteomyelitis of the spine, mandible or
skull base

9 Grisel syndrome (i.e. inflammatory

torticollis causing cervical vertebral
subluxation)
10 Septic shock

KEY LEARNING POINTS

® Neck infections can be divided into
superficial and deep depending on the
anatomical region involved.

o The superficial and deep cervical fascial
layers divide the neck into potential
spaces, which expand by pus when infec-
tion spreads along the fascial planes.

e The symptoms and signs of deep neck
infections develop because of the mass
effect of the inflamed tissues or abscess
cavity on the surrounding structures.

e C(linically patients may have only mini-
mal symptoms and signs, but some may
be distressed with a compromised airway.

® CT scan with contrast is regarded as the
gold standard investigation. The pres-
ence of air indicates abscess in all cases.

o The bacteriology of deep neck space
abscesses is polymicrobial, mostly
reflecting the oral flora. Aerobic as well
as anaerobic organisms are isolated.

o The incidence of life-threatening compli-
cations is significantly higher in patients
with extension of deep neck infection
into the mediastinum.
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The first cry of a baby heralds his arrival on this
earth. Human voice with its meaningful dis-
tinctions bestows Homo sapiens with a unique
evolutionary advantage over all other species.
The larynx forms an integral part of the airway
(Figure 32.1) and serves to protect the lung by its
phylogenetic function as a sphincter. It also func-
tions as a pressure valve system helping in vari-
ous other human needs, such as straining. Voice
is generated at the glottis, resonated, articulated
and amplified in the supraglottic vocal tract to
produce meaningful speech sounds, which are a
rare attribute of Homo sapiens. Distal migration

Henry Wadsworth Longfellow

of the laryngeal complex through evolution has
been observed among various species, and the 1:1
ratio of the parts of the tongue being present in the
oral cavity and oropharynx help in the production
of human speech. In primates the tongue is pre-
dominantly present in the oral cavity, which pre-
vents them from developing sophisticated speech
sounds. Phonation is a relatively recent event in
evolutionary terms; it has, to some extent, com-
promised both the breathing and the protective
functions of the larynx because of its anatomical
contiguity with the hypopharynx and sharing of a
common wall.
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Figure 32.1 Abducted vocal folds during
respiration.

DEVELOPMENT

Around 3 weeks of intrauterine life, the epiglot-
tis shows signs of development from the embryo’s
hypobranchial eminence. The laryngo-tracheal
groove appears as a vertical slit on the floor of the
primitive foregut. The laryngo-tracheal diverticu-
lum develops from this groove and rapidly gets
separated from the foregut by the formation of the
tracheoesophageal septum. The ventral portion
develops into the larynx and the lower respiratory
tracts. Muscles of the larynx are derived from the
mesoderm of the fourth and fifth branchial arches.
True and false vocal cords are developed by the
tenth week of gestation.

ANATOMY AND PHYSIOLOGY

The human larynx is composed of three single and
three paired cartilages held together with liga-
ments, membranes and intrinsic muscles of the lar-
ynx. This unique arrangement allows movements
and variations of shape and volume of the supra-
glottic vocal tract. This is essential for regulation

of the acoustic characteristics of human voice. The
thyroid, cricoid and paired arytenoid cartilages
are the most important structures of the larynx in
relation to the vocal function. Thyroid cartilage is
formed from two rectangular laminae fused at the
midline. The angle between these two laminae is
90° in males and 120° in females, resulting in vari-
ation of the anteroposterior length of the laryn-
geal cavity. Vocal folds are, therefore, longer in
males (17.5mm-25mm). Female vocal fold length
is approximately 12.5mm-17.5mm. The cunei-
form and corniculate cartilages are found within
the aryepiglottic fold. They are believed to stiffen
these folds and allow closer apposition with the
epiglottis during the pharyngeal phase of degluti-
tion, to protect the airway from the risk of aspi-
ration. The cricoid cartilage is the only complete
ring at the beginning of the lower airway. It is a
signet-shaped ring with a steep superior anterome-
dial inclined plane that allows arytenoid gliding.
The crico-arytenoid joint allows rotational and
mediolateral movements. The inferior cornu of the
thyroid forms a synovial joint with the articulat-
ing facet on the posterolateral aspect of the cricoid
ring. This joint allows rotatory movement around
a transverse axis and anteroposterior sliding. The
cricothyroid membrane connects the upper border
of the cricoid with the lower border of the thyroid
cartilage. Contraction of the cricothyroid mem-
brane lengthens the vocal fold. The quadrangular
membrane is an elastic membrane that extends
from the arytenoid to the lateral parts of the epi-
glottis. The superior free edge of this mast-shaped
membrane is called the aryepiglottic fold; the infe-
rior border forms the vestibular ligament. Mucosal
lining draped over this ligament produces the false
cord or ventricular fold. The thyrohyoid membrane
connects the superior margin of the thyroid carti-
lage with the inferior border of the hyoid bone like
a drape. The conus elasticus is a triangular-shaped
fibro-elastic membrane. The base of this mem-
brane is fixed on the superior border of the cricoid
cartilage, and the apex is attached anterosuperi-
orly to the medial part of the inferior border of the
thyroid cartilage. Medially, it blends into the vocal
fold and forms the vocal ligament. Laryngeal ven-
tricles are small spaces bound within the vertical
limits of the vocal and ventricular folds and small
sinus (cul-de-sac) lateral to them. These spaces are
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lined with mucosa with thyroarytenoid muscles on
their lateral wall.

In neonates the laryngeal opening is at the
level of the soft palate, thus making them obli-
gate nasal breathers. The progressive descent of
the larynx aids in the development of speech.
Laryngeal descent continues until adulthood. The
low larynx adds to the lengthening of the supra-
glottic vocal tract with its ability to change its
shape and volume to produce complex and varied
voice sounds.

INTRINSIC MUSCLES OF THE
LARYNX

Abductor

The posterior crico-arytenoid (PCA) muscle, in
essence, with the help of contraction of its horizon-
tal part, provides most of the abduction movement
of the vocal fold. Abduction of the vocal fold is
necessary for the passage of airflow during inspira-
tion and expiration. The contraction of the vertical
belly of the PCA increases the length and tension
of the vocal fold.

Adductors

The adductor muscles include the lateral crico-
arytenoid (LCA), inter-arytenoid (IA) and thyro-
arytenoid (TA). Vocal folds need to be in the
adducted position, allowing intimate contact of the
contralateral mucosal surfaces to initiate the rise
in subglottic pressure in part of the vibratory cycle
of phonation.

Tensor

The cricothyroid muscle with movement of the cri-
cothyroid joint can change the length of the vocal
folds. The vertical belly of the PCA also contributes
to tensing.

EXTRINSIC MUSCLES OF THE
LARYNX

The thyrohyoid, sternohyoid, sternothyroid, genio-
hyoid, mylohyoid, digastric and stylopharyngeus
are involved in stabilization of the laryngeal position

and change of the shape of the supraglottic vocal
tract by variation of this.

NEUROANATOMY

The lower motor neurons from the nucleus ambig-
uus in the brain stem supply the larynx travel-
ling to the neck as the vagus nerve and then as its
branches to the destination. The superior laryngeal
nerve (SLN) carries the general sensation from the
mucosa of the glottic and supraglottic larynx. The
SLN provides the motor supply to the cricothyroid
(CT) muscle. The recurrent laryngeal nerve (RLN)
arises from the vagus nerve in the mediastinum
on the left side and loops round the aortic arch to
return to the neck. On the right side the RLN loops
round the subclavian artery in the neck. The PCA,
IA, LCA and TA all have their motor supply from
the ipsilateral RLN. All intrinsic muscles of the
larynx are supplied by the RLN from the ipsilat-
eral side except the CT muscle. The IA, being an
unpaired entity on the midline, receives its motor
supply from the both RLNs of the ipsilateral and
contralateral side.

VOICE PRODUCTION

The fundamental frequency of sound is generated
when the vocal folds are adducted into apposition
on the midline (Figure 32.2) causing temporary
increase in subglottic air pressure until it is able
to overcome the resistance of the mucosal fold in
close contact and push them apart to move a small
blast of air in the supraglottic. Mucosal folds recoil
to their original position owing to their inher-
ent elasticity. This is aided by rapid passage of a
laminar stream of air that causes a drop in lateral
pressure (Bernoulli effect). This sustained cycle of
separation and apposition of the vocal folds that
chops the flow of expired air from the lung creates
and sustains the fundamental sound generated at
the level of the glottis. The sound waves gener-
ated through this combined muscular and aero-
dynamic phenomena are subsequently resonated,
articulated and amplified in the supraglottic
vocal tract (SGVT). The frequency of vibrations
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varies among adult males (100-120Hz), adult
females (180-220 Hz) and children (250-300 Hz).
At puberty, in boys, the bulk of the TA muscle
increases significantly under the action of testos-
terone. Absence of this hormone is demonstrated
in the castrato type of operatic voice in history.
Increase in the bulk of the vocal fold brings about
the lowering of the fundamental frequency, add-
ing more bass to the voice. In girls the vocal pitch
drops as well, thus adding more maturity to the
voice of a woman. Loudness of the voice increases
with any increase in the amplitude of vibration,
while the pitch of the voice increases with an
increase in the frequency of vocal fold vibrations.
The length, mass, tension and volume of the vocal
folds will determine the fundamental physical
characteristics of the voice. The resonance of the
voice is determined by the resonating chambers
of the SGVT and their natural resonance fre-
quency. The fundamental frequency of voice (F,)
passing through the vocal tract generates multiple
harmonics and gathers resonance while getting
articulated. Resonance is described as formants
in relation to phonetics of spoken sounds. These
are distinguishing acoustic signatures that help to
identify vowel sounds in speech. The first two for-
mants (f; is the lowest formant frequencys; £, is the

Figure 32.2 Adducted vocal folds during
vocalization.

frequency just above the first formant) determine
the quality of the vowel sounds and their auditory
recognition. Formant frequencies also character-
ize the singing voice. The first formant is charac-
terized predominantly by the opening of the jaw,
the second formant by the shape and position of
the tongue and the third formant frequency is
dependent on the position of the tip of the tongue.

VOCAL FOLDS

The vocal fold is a trilaminar musculomembra-
nous structure that extends from the vocal pro-
cess of the arytenoid cartilage to the anterior
commissure, where it meets its counterpart and is
anchored into the lamina of the thyroid cartilage
by the ligament of Broyle. Vocal folds are made
up of five distinct layers; the rigidity of the tissue
increases with its depth. The anterior two-thirds
of the vocal fold contributes mainly to phonatory
function, while the posterior one-third contributes
to respiratory function.

SURFACE MUCOSA

The mucosal lining is approximately 0.05 to
0.lmm in thickness and is composed of non-
keratinizing squamous epithelium. This layer of
tissue can tolerate a minimal degree of stretching.
A transition layer between the surface mucosa
and the lamina propria is described as the base-
ment membrane zone. It has two subdivisions:
lamina lucida and lamina densa. These layers
are held together by collagen IV and fibronectin.
Anchoring fibres, composed of collagen VII, bind
the lamina densa to the superficial layer of lamina
propria (SLLP). There is a significantly high con-
centration of these fibres in the middle third of
the vocal folds, thus providing increased integrity
and tensile strength to this layer.

LAMINA PROPRIA

The lamina propria is composed of three histo-
logically and somewhat functionally distinct lay-
ers of tissues. It is made up of extracellular matrix
(ECM). Collagen, elastin, fibronectin, fibromodu-
lin, decorin and hyaluronic acid variably consti-
tute the body of the ECM.
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Superficial layer of lamina propria

The SLLP is a very thin (0.5mm) elastin-rich layer
with sparse collagen fibres embedded in muco-
polysaccharide and mucoprotein matrix. The SLLP
also contains macrophages, decorin, fibronectin
and myofibrils with high healing potential. This
layer is also described as Reinke’s space. This is a
highly deformable, isotropic and resilient layer
with innate structural integrity to support the gen-
eration of mucosal waves.

Intermediate layer of lamina propria

The intermediate layer of lamina propria (ILLP)
is characterized by the highest concentration of
strongly hydrophilic glycose amino glycan (GAG)
molecules. There is also an abundance of elastin
fibres along with the presence of fibronectin and
fibromodulin. A predominance of elastin fibre at the
anterior and posterior parts of the vocal ligament
may have a function in dissipation of any tension.

Deep layer of lamina propria

This layer is predominantly made of longitudinally
arranged collagen fibres. There is also fibroblast,
elastin, hyaluronic acid and fibronectin in the
ECM.

MUSCULAR LAYER

Fibres of the vocalis muscle form the body of the
vocal fold and add bulk and rigidity to it. The fibres
nearest to the vocal ligament are densely inner-
vated of slow-twitch type while the fibres at the
muscularis part are of fast-twitch type in function.

DISORDERS OF VOICE

Disorders of voice can be due to physical and/or
functional abnormality of the glottic and supra-
glottic structures or pathologies affecting move-
ments of the vocal folds. Human voice has a
significant emotional overlay; hence it may be
predisposed to various psychopathologies with or
without organic pathology.

LARYNGITIS

This is a common short-lasting acute inflammation
of the laryngeal mucosa of multifactorial aetiology.
Upper respiratory tract infections, viral infections,
physical and chemical injury (coughing, voice mis-
use, smoking, alcohol abuse) and sometimes bac-
terial infection can cause laryngitis. Most patients
will recover spontaneously. Voice rest, rehydra-
tion and inhalation of steam (without any addi-
tive) are effective in resolution of acute laryngitis,
when toxic causes are avoided. When symptoms
continue beyond 3 weeks, it is then considered to
be chronic laryngitis. Laryngopharyngeal reflux,
smoking, heavy alcohol ingestion, severe snoring
and inhalers for asthma (if not administered cor-
rectly with precautions) may frequently predispose
individuals to recurrent and chronic laryngitis.
Dietary and lifestyle strategies are most effective
in the management of this category of laryngitis,
along with voice therapy.

Some rare systemic diseases (Wegener’s granu-
loma, sarcoidosis, rheumatoid arthritis) may be
associated with chronic inflammation of the laryn-
geal mucosa and present with hoarse voice and/or
variable intensity of respiratory distress.

MUCOSAL INFLAMMATORY
PATHOLOGY (EXUDATIVE
PATHOLOGY)

Cysts

Cysts are usually associated with laryngitis, vocal
trauma or laryngopharyngeal reflux. The two dis-
tinct varieties are epidermoid cysts, which are pearly
in appearance and found buried in submucosa, and
greyish-yellow ductal mucus retention cysts, which
are often found under the free edge of the focal
fold in its middle third. In a large study of benign
laryngeal lesions, cysts were found in 13.6 per cent
of cases. Histologically, epidermoid cysts show kera-
tinized stratified squamous epithelium, while reten-
tion cysts show columnar epithelium (Figure 32.3).

Polyps

Polyps are pedunculated or sessile lesions, often
unilateral, that arise from the free edge of the
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Figure 32.3 Mucus retention cyst.

vocal fold. They are associated with inflammatory
changes with exudative materials being present
in the lamina propria. Multiple areas of extrava-
gated blood with surrounding endothelial cells are
frequent histopathological findings in vocal pol-
yps. Physical trauma (voice abuse, chronic cough),
chemical trauma (laryngopharyngeal reflux, smok-
ing and alcohol), infection and inflammations, and
allergy have all been implicated in the aetiology of
vocal polyps (Figure 32.4).

Figure 32.4 Inflammatory polyp.

Polypoid degenerations (Reinke’s
oedema)

Inflammatory oedema of the SLLP causing signifi-
cant distension is a characteristic finding in this
category. Reinke’s oedema is often bilateral at pre-
sentation but can be a unilateral finding. Although
it is most commonly found in smokers, polyploidy
degeneration of the vocal fold can also be found
in presence of severe laryngopharyngeal reflux.
Increased bulk of the vocal cord causes masculin-
ization of the voice, producing predominantly bass
notes like the thicker cords in the guitar. Lateral
cordotomy (mucosa-sparing approach) with the
removal of viscous fluid from Reinke’s space is effec-
tive in restoring voice function. If the precipitating
noxious agent (smoking in most cases) for oedema
is not removed, recurrence is almost inevitable.

Laryngeal granulomas

Laryngeal granulomas are characterized by con-
tinual damage of tissue creating a state of frus-
trated healing process.

Arytenoid granuloma, foreign body granuloma
and intubation granuloma are a few examples of
laryngeal granulomas. Arytenoid granuloma is
often associated with a hard vocal attack at the
onset of phonation. This can also be found in pres-
ence of severe laryngopharyngeal reflux. Some
authorities believe that this particular type of
granuloma is more common in passive-aggressive,
narcissistic individuals with poor levels of toler-
ance to stressful situations.

Only a minority of cases of mucosal trauma
during intubation result in granuloma formation,
indicating possible types of cellular reactions to
trauma and characteristic healing patterns of heal-
ing in some individuals.

Vocal fold nodules

Vocal fold nodules are manifestations of repetitive
trauma due to misuse of the voice with overactive
intrinsic muscle action. These nodules are a fre-
quent cause of hoarseness in children who are nat-
urally excitable and vocal. When seen in singers,
the condition is called ‘singer’s nodules’. Failure
to warm up the voice, overuse, incorrect methods
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of singing and amateur voice are often associated
with vocal cord nodules, although this pathol-
ogy also affects famous singers and performers.
Nodules often start as a soft inflammatory swelling
due to oedema over an area of microscopic haem-
orrhage (pronodules). A mature nodule is com-
posed of fibroblasts and collagen fibres contained
within the vocal fold epithelium and the superfi-
cial layer of the lamina propria. Vocal cord nod-
ules do not have any deeper connection with the
underlying tissue.

FUNCTIONAL VOICE DISORDERS

Dysphonia in this group is characterized by hyper-
function of the vocal apparatus, often in presence of
normal laryngeal anatomy. Abnormal overactivity
of intrinsic and extrinsic groups of muscles is often
an underlying feature. Structural abnormalities
and pathologies, where present, cannot match up to
the abnormality of the vocal function. Patients with
functional voice disorders make up nearly half of
the patient traffic to the specialist voice clinic.

Muscle tension dysphonia

Muscle tension dysphonia (MTD) is the most com-
mon type of functional voice disorder. It was origi-
nally described in patients with significant vocal
demandliving in stressful situations. Increased and
sustained tension of the laryngeal muscles leads to
abnormal laryngeal movement during phonation
with consequent dysphonia. The primary form is
seen predominantly in females (up to 40 per cent
in a voice clinic population). MTD is diagnosed
in absence of any organic pathology of the vocal
fold, or psychiatric or neurological pathology.
Secondary MTD has an established association
with underlying organic pathology. It still remains
undecided whether MTD is the cause or the effect
in the secondary variety. Anterior-posterior and/
or lateral constriction of the supraglottis is often
noted during endoscopy. Endoscopic observations
that are useful ways of describing clinical findings
and for communication with the voice therapist
are: pitch, loudness, breathiness, timbre, prosody,
fluency and intelligibility. MTD has been con-
veniently classified into four types, although the
endoscopic findings are not always very distinct.

MTD Type 1: Hypertonic state of the posterior
crico-arytenoid muscle causing posterior open
chink and laryngeal isometric contraction

MTD Type 2: Supraglottic contraction with
adducted ventricular folds

MTD Type 3: Anterior-posterior contraction
with approximation of the epiglottis with the
arytenoids; posterior migration or placement
of the tongue base

MTD Type 4: Extreme anterior-posterior contrac-
tion; supraglottic squeeze. Difficult to view
the entire larynx with the flexible endoscope
positioned in the mid-oropharyngeal level.

The underlying factors predisposing and/or per-
petuating MTD can be psychological conditions,
misuse/abuse of the voice, organic pathology (local/
systemic) or changes (aging) where vocal compen-
sation is needed. Respiratory infections associ-
ated with prolonged frequent coughing, deafness,
chronic snoring and laryngopharyngeal reflux
(LPR) may also predispose an individual to MTD.

Recurrent respiratory papillomatosis

Prevalence of recurrent respiratory papillomatosis
(RRP) in adults is 1.8/100000 and twice as much
in children in the United States. When the larynx
is affected, dysphonia can be a common presenta-
tion. Human papilloma virus (HPV) types 6 and
11 are the frequently identified pathogens. These
subtypes also cause genital warts. Endoscopic
removal of papillomas with a microdebrider is the
preferred surgical option. Recalcitrant cases need
concomitant local treatment with Mitomycin or
cidofovir or a-interferon. Photodynamic therapy
and pulsed dye laser and photodynamic therapy
have been reported to be effective. Introduction
of the HPV vaccination and its availability to this
group of patient holds promise.

Sulcus vocalis

This condition is characterized by the presence of a
furrow/sulcus or a depression at the free edge of the
vocal fold with consequent abnormality of vocal
fold vibration and glottic insufficiency. It has been
classified into three types depending on the depth
of the sulcus and its shape. Type I is superficial and
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is not associated with any voice abnormality. Types
ITa and IIb cause moderate and severe dyspho-
nia, respectively. The aetiology of sulcus vocalis
remains controversial, but acquired origins seem
to have more support with evidence. Patients from
the Indian subcontinent seem to have a higher pre-
dilection for sulcus vocalis. The presence of bilat-
eral sulci can give a very breathy character to one’s
voice owing to significant air escape during vocal-
ization as the free edges of the vocal folds cannot
come in close contact during full adduction.

NEURAL PATHOLOGY
(MOVEMENT DISORDERS)

VOCAL FOLD PARALYSIS

Vocal fold paralysis in association of cerebro-
vascular accidents predominantly presents with
other neurological deficits. Wallenberg syndrome
(lateral medullary infarct) is a rare neurological
pathology that presents with vocal fold paraly-
sis. The most common occurrence of unilateral
vocal fold palsy is of the idiopathic type where the
underlying cause cannot be identified. Iatrogenic
trauma, when recognized intraoperatively, should
be considered for anastomosis at the same setting.
Bilateral vocal fold palsy will frequently require
tracheostomy to secure the airway.

IDIOPATHIC VOCAL FOLD
PARALYSIS

Twenty to forty per cent of patients with idiopathic
vocal fold paralysis show spontaneous recovery.
It might take up to 12 months to show signs of
recovery; some patients get partial recovery with
an acceptable quality of voice. Possible underlying
viral aetiology (herpes zoster, Epstein-Barr virus
and cytomegalovirus) has been reported by some
authors as causal with the suggestions of the role of
anti-inflammatory medications such as steroids (as
in the treatment of facial palsy). Computed tomog-
raphy (CT) or magnetic resonance imaging (MRI)
scan of the brainstem to the arch of the aorta will
help exclude any mitotic disease involving the
vagus nerve or its RLN branch. Voice therapy

is very useful and helps with the compensation
from the contralateral cord in adductor paralysis.
Patients with abductor paralysis often require sur-
gical interventions such as medialization laryngo-
plasty, thyroplasty and so forth.

SPASMODIC DYSPHONIA

Spasmodic dysphonia (SD) is a neuropathology of
focal dystonia affecting muscle groups of the lar-
ynx supplied by the RLN. The central pathology is
thought to be at the basal ganglia of the midbrain
and its connections. The incidence is 1 in 50 000-
100 000. Adductor spasmodic dysphonia (ADSD)
is the most common variety and is characterized
by strained and strangulated voice. Symptoms of
ADSD are more intensified during voiced read-
ing (reading the Rainbow Passage). Abductors
spasmodic dysphonia (ABSD) constitutes approxi-
mately 15 per cent of laryngeal dystonia. Combined
varieties of SDs are very rare. SD may present with
generalized dystonia. Public speaking, speaking to
a stranger and telephone conversations are known
to trigger symptoms of SD.

PARKINSON'S DISEASE

Parkinson’s disease is characterized by vocal
tremor with difficulty holding a conversation for
long (bradykinesia of small muscles). Social isola-
tion due to dysphonia is a common subjective find-
ing (on the VH-10 questionnaire) in this group.
Parkinson’s disease affects all aspects of voice pro-
duction from the generation of subglottic air pres-
sure to the articulation and amplification of voice.
The prosody and timbre of voice are also affected.
Lee Silverman voice treatment (LSVT), which
helps to increase the loudness of the voice, is found
to be effective in this group of patients.

JOINT PATHOLOGY

Cricothyroid joint and crico-arytenoid joint
involvement by trauma or systemic disease may
present with the symptom of dysphonia. Intubation
trauma can dislocate the crico-arytenoid joint
causing immobility of the vocal fold and resultant
marked hoarse voice. Timeous closed reduction
is the most effective treatment in this situation.
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Arthritis of the crico-arytenoid joint in rheuma-
toid arthritis, relapsing polychondritis and sys-
temic lupus erythematosus has been reported; this
can present with dysphonia of varying severity.

DIAGNOSIS

Anyone with dysphonia of 12 weeks’ duration or
more must have an endoscopic examination of
the larynx to exclude mitotic pathology. High-risk
patients should have this done expediently. Every
patient presenting with dysphonia needs careful
attention with a perceptive approach of care from
a multidisciplinary team. What matters to the
patient is the key and central theme upon which all
curative and supportive efforts should be concen-
trated. The pace of patients’ movements, at the spe-
cialist voice clinic, needs to be intuitively balanced
to fulfill the needs of the patients and of the profes-
sionals. All patients attending our voice clinic com-
plete a Voice Handicap Index-10 (VHI-10) before
each consultation. Patients’ own perception of the
problem and its psychological and social effects are
important aspects that one should always be mind-
ful of. We find it very useful to understand what
matters to the patient; it helps us tailor the neces-
sary care to each individual patient with maximum
sensitivity. A detailed, voice-specific history (onset,
duration, constancy, precipitating and aggravat-
ing factors, hydration and fluid intake, smoking,
alcohol intake, diet, voice use/demand) should
be taken. The fundamental necessity to under-
stand various psychosocial and biological aspects
of the voice pathology in every patient cannot be
over emphasized. Each patient is also scored using
the GRBAS scale (grade, roughness, breathiness,
asthenia and strain; 0 normal, 1 mild, 2 moderate,
3 severe) on the perceptual quality of their voice
by two clinicians. The roughness and breathiness
scores have shown very good inter-observer reli-
ability. However, the other two parameters, asthe-
nia (weakness) and strain, are slightly less reliable,
as reported in current literature. The GRBAS scale
is an excellent and easy-to-use perceptual scoring
system. Other characteristics, such as loudness,
fluency, intelligibility, prosody and tremor, should
be recorded separately.

Measures of fundamental frequency (pitch
perturbation) and amplitude perturbations are

very useful in the determination of basic quality
of voice. Jitter represents a variation of F; (funda-
mental frequency), and therefore pitch of the voice
measured over a fixed period of time. Shimmer
is a measure of amplitude (or loudness) variation
over a defined timeline. A comprehensive history
frequently leads to a provisional diagnosis even
before any endoscopic examination is carried out.
Careful listening to the patient’s voice, once she
or he is relaxed in the clinic, gives a good aware-
ness of the acoustic qualities of the voice for per-
ceptual grading. Certain dietary contents can
directly or indirectly predispose the vocal tract
to mucosal damage; smoking and heavy inges-
tion of alcoholic beverages, especially spirits, are
notorious for their ability to damage the mucosa
and the microenvironment of the upper aerodi-
gestive tract. Some systemic diseases, for example
pulmonary malignancy (left lung), parkinsonism,
Wegener’s disease, sarcoidosis, myasthenia gravis,
stroke, multiple sclerosis, muscular dystrophy and
generalized muscular dystonia, can manifest as
disorders of voice.

Complete clinical examination of the patient’s
head and neck is carried out with special atten-
tion to the oral cavity, oropharynx, nose, neck
muscles and the laryngeal cartilages and joints.
All patients have endoscopic examination of their
upper aerodigestive tract with a high-definition
chip on the tip flexible endoscope, without local
anaesthetic (if possible), after they have a careful
explanation of the reasons for the procedure and
what it entails. Acoustic recording of the voice is
done in each patient during endoscopic exami-
nation. All structures of the larynx are carefully
checked. Laryngeal function is assessed with
videolaryngostroboscopy/videokymography (VLS/
VKG) with voice commands and during periods of
rest and movement. VLS/VKG is used to visualize
and assess vocal fold mucosal movement, periodic-
ity and symmetry of opening and closing events.
Rigid endoscopy (through the oral cavity) is only
used when the nasendoscope is not tolerated or
cannot be negotiated owing to abnormal intrana-
sal anatomy. The necessary prerequisites for rigid
endoscopy distort the supraglottic vocal tract and
laryngeal position by forced extrusion and holding
down of the tongue by the endoscopist or patient.
Complex physical assessment of various voice
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Table 32.1 Specialist voice assessment

VHI-10: Subjective rating by patients

Perceptual assessment: Audible, Comprehensible/Intelligible, Fluent, Prosodic/

Rhythmic, Tremor, Rhinophonia

GRBAS (Global Score, Roughness, Breathiness, Asthenia, Strain; normal 0, mild 1,

moderate 2, severe 3)
Acoustic recording:

Short-term perturbation of fundamental frequency,
Short- or medium-term amplitude perturbation and voiceless segments

Noise vs. harmonics ratio

Long-term frequency and amplitude variation
Reading: Paragraph from standard text, i.e. the rainbow passage.
Aerodynamic assessments: MPT (Maximum Phonation Time of sound

/a: /; male 25-35 sec; female 15-25 sec)
Endoscopic visualization

Videolaryngostroboscopy (VLS) / videostrobokymography (VKG)

Electroglottograph (EGG)
Electomyogram (EMG)
Voice analysis

Voice range profile

Voice strain test

parameters such as voice analysis, voice range
profile, voice strain test, electroglottography and
electromyography is done, as required, in patients
with complex pathology and high vocal demand
(Table 32.1).

MANAGEMENT

All patients with dysphonia should have his or her
vocal pathology and psychosocial needs dealt with
adequately. Most of the inflammatory pathology
will resolve well with strict vocal hygiene mea-
sures (Table 32.2), voice therapy with diet and life-
style advice. Phonosurgery is necessary in some
cases. One should have a very cautious approach
to surgery of vocal fold pathology, especially on its
anterior two-thirds and its free border. Ideally, all
patients should be dealt with in a specialist voice
clinic setting where possible. Patients requiring
surgical interventions should receive pre- and post-
operative voice therapy. Vocal fold nodules should
be treated with voice therapy and practice of strict
vocal hygiene measures by the patient. Surgery is

not the first line of treatment here, although it may
be necessary in some very refractory cases. Partial
vocal fold insufficiency is associated with breathy
voice where the close apposition of these struc-
tures is prevented by the presence of cysts, polyps,
granulomas or nodules. Unilateral vocal fold palsy
unresponsive to conventional medical treatment
will benefit from endoscopic medialization of the
cord with injectable materials. This can be done
as a day case/office procedure. Type I (medializa-
tion) thyroplasty will give such patients permanent
improvement of voice quality.

Muscle tension dysphonia needs voice therapy
and good patient compliance with the vocal hygiene
measures. Severe cases of MTD can be difficult to
differentiate from adductor spasmodic dysphonia.
ADSD responds to electromyography (EMG)-
guided botulinum toxin injection to the thyroaryte-
noid muscle, although the duration of the paralytic
effect on the muscle is temporary. Voice therapy
with behavioural and psychological interventions
may be effective in some patients. Selective neural
resection should be left as the last resort.
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Table 32.2 Take care of your voice

Do not shout if at all possible.

Use voice support (microphone) if lecturing or instructing (i.e. physical
instructor).

Drink up to 2 litres of still water every day.

Use steam inhalation.

Avoid using throat lozenges.

Avoid alcoholic beverages, especially spirits.

Reduce intake of tea and coffee.

Do not smoke and avoid passive smoking.

Warm up regularly and adequately before singing.

Amateur singers should consider taking singing lessons.

Rest well, sleep well and avoid physical exertion.

Identify stressful situations and develop coping strategies.

Strictly rest your voice in presence of dysphonia.

If hearing impaired, have hearing function checked and/or rehabilitated.

Sip ice cold water to stop frequent throat clearing and irritable,

nonproductive dry cough.

Seek treatment for snoring when it is present.
If diagnosed with laryngopharyngeal reflux, reduce intake of dairy products;
acidic, spicy or fried food; and fizzy drinks.

KEY LEARNING POINTS

® Voice disorders should be managed in
voice clinics by multidisciplinary teams.

e Dietary and lifestyle strategies are very
helpful in prevention of mucosal inflam-
matory pathologies.

® Voice problems are common in the late
stage of Parkinson’s disease.

® MTD can sometimes mimic the symp-
toms of SD.
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Vocal cord paralysis is commonly encountered in
otolaryngology practice and is often a manifesta-
tion of disease and not a diagnosis in and of itself.
True vocal cord paralysis refers to immobility of
the ‘true’ vocal cord resulting from disruption
of motor innervations to the laryngeal muscula-
ture.! This may be secondary to injury to either the
vagus or the recurrent laryngeal nerve (RLN). As
a broad entity, vocal cord paralysis has dissonant
etiologies, including neurological, iatrogenic and
neoplastic pathologies. A thorough knowledge of
the vagus nerve, laryngeal musculature and frame-
work is therefore vital to understanding vocal cord
palsies and their clinical significance.

ANATOMY

An understanding of the anatomy of the larynx,
and in particular of the relevant muscles producing
abduction and adduction and their nerve supply, is
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fundamental to ascertaining the potential causes
of vocal cord paralysis. The resting position of the
cords provides an important clue as to the likely
site of neural disruption. The intrinsic muscles
of the larynx, with the exception of the cricothy-
roid muscle (the sole abductor of the vocal cords,
which is supplied by the external branch of the
superior laryngeal nerve [SLN]), are supplied by
the RLN. The internal branch of the SLN provides
the main sensory innervation to the supraglottic
and glottic regions of the larynx, with some sen-
sory contribution also to the posterior sub-glottis.
The SLN is the second major branch of the vagus
nerve. It branches away from the vagus at the level
of the inferior cervical ganglion, coursing deep to
the internal carotid artery before emerging in an
anteromedial direction towards the larynx. The
SLN divides into internal and external branches
before supplying the larynx. In addition to sup-
plying all of the intrinsic muscles of the larynx,
with the exception of the cricothyroid, the RLN
also contributes sensory branches to the glottis,
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sub-glottis and proximal trachea. The left RLN
has a longer route than the right and branches
from the vagus nerve to loop beneath the arch of
the aorta, posterior to the ligamentum arteriosum,
before ascending between the trachea and esopha-
gus to reach the neck. On the other hand, the right
branch of the RLN loops around the right subcla-
vian artery.

As previously mentioned, the final resting posi-
tion of the cords provides an indication as to the
specific site of disruption of the nerve supply to
the vocal cord. In the case of unilateral vocal cord
paralysis (ULVCP), it is important to establish
whether the paralysis is secondary to a RLN injury
or results from disruption to the vagus nerve. The
characteristic paramedian vocal cord position
results from disruption below the level of the SLN.
The vocal cord adopts a paramedian position due
to unopposed action of the cricothyroid muscle.
Paralysis of the left vocal cord is more commonly
observed than right vocal cord paralysis owing
to the longer and more tortuous course of the left
RLN within the mediatsinum.?

AETIOLOGY OF VOCAL
CORD PARALYSIS

UNILATERAL VOCAL CORD
PARALYSIS

Unilateral vocal cord paralysis (ULVCP) is more
commonly encountered than bilateral cord paral-
ysis and represents about 75 per cent of cases.?
ULVCP results from dysfunction of the brainstem
nuclei, the vagus nerve, or the RLN supplying
the involved side of the larynx. The most com-
mon cause of ULVCP remains controversial. Most
recent studies cite non-laryngeal malignancy as
the most common cause of ULVCP, with surgical
injury reported as the second most common con-
tributing factor.* Table 33.1 summarizes the main
causes of vocal cord paralysis in adults.

While RLN or SLN damage was once largely
limited to thyroid surgery, the types of surgery
that may potentially cause ULVCP have greatly
expanded and include a variety of skull base
procedures, and several cervical and thoracic

Table 33.1 Aetiology of adult vocal cord paralysis

ULVCP
e Malignancy 25 per cent
* |atrogenic surgical 25 per cent
trauma
e |diopathic 20 per cent
* Non-surgical trauma 11 per cent
® Intubation 7 per cent
e Neurological disorders 7 per cent
BLVCP
e |atrogenic 44 per cent
e Malignancy 17 per cent
e Neurological 12 per cent
® Intubation 15 per cent
e |diopathic 12 per cent

Table 33.2 Surgical procedures associated with
vocal cord paralysis

Cervical surgery

¢ Thyroidectomy/parathyroidectomy

e Carotid endartectomy

® Anterior approach to the cervical spine
® Repair Zenker's diverticulum

e Cricopharyngeal myotomy

Thoracic procedures

® Thoracic aneurysm repair

® Pneumonectomy

e Aortic valve repair

e Coronary artery bypass grafting

* Esophageal or tracheal surgery

e Mediastinoscopy

e Ligation of patent ductus arteriosus

Others

e Skull base or brainstem surgery
¢ Endotracheal intubation

procedures (see Table 33.2). Idiopathic causes are
next in frequency and have been the subject of
debate for several decades.” Several recent stud-
ies have addressed the possibility of nerve injury
by infectious agents, and a review of the literature
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reveals cases attributed to a host of infectious
agents, including Lyme disease, herpes zoster,
Epstein-Barr virus, herpes simplex and cytomega-
lovirus in the immunocompromised patient.® The
reported outcomes in the literature for idiopathic
ULVCP vary widely. ” Larger series, however, sug-
gest a spontaneous recovery rate of about 20-40
per cent in patients with idiopathic vocal cord
paralysis, with average recovery ranging between 1
and 9 months after the onset of paralysis.”

BILATERAL VOCAL
CORD PARALYSIS

Bilateral vocal cord paralysis (BLVCP) is a broad
term that denotes reduced or absent movement
of both vocal cords resulting from the impaired
function of the vagus nerve or its distal branch, the
RLN. There is little controversy in the literature
with respect to the most common causes of BLVCP
in the adult setting. Most studies cite iatrogenic
surgical damage as the most common precipitat-
ing cause of BLVCP, with thyroidectomy reported
as the procedure that is most likely to result in
BLVCP.® Larger series indicate that surgical injury
accounts for 44 per cent of cases of BLVCP, malig-
nancies 17 per cent, endotracheal intubation 15
per cent, neurological disease 12 per cent and idio-
pathic causes account for a further 12 per cent of
cases.’

While uncommon, mechanical disruption of
the laryngeal framework, such as the crico-ary-
tenoid joint, represents an important differential
diagnosis of vocal cord paralysis. Crico-arytenoid
joint fixation may arise secondary to inflammatory
disease, most commonly rheumatoid arthritis or
due to endotracheal intubation, external trauma or
penetrating injuries. Symptoms suggestive of crico-
arytenoid joint fixation include vocal fatigue, pain
on phonating and loss of voice control, but ulti-
mately symptoms will depend on the position of
the immobile vocal cord. While differentiating
crico-arytenoid joint dislocation from vocal cord
paralysis on the basis of the clinical history may
prove challenging, several findings on fibre-optic
scope are suggestive of crico-arytenoid dislocation,
including disparity in height of the vocal cords,
arytenoid oedema or an anteriorly overhanging
arytenoid. Laryngeal electromyography, discussed

Table 33.3 Thyroplasty types

* Type |I: Medialization of vocal cord

e Type II: Lateralization of vocal cord

e Type lll: Shortening or relaxation of vocal cord

* Type IV: Elongation or tensioning of the
vocal cord

later in this chapter, also aids in differentiating
ULVCP from crico-arytenoid joint pathology.

Most authors recommend early treatment
of crico-arytenoid fixation with some surgeons
advocating arytenoidectomy via an endoscopic
approach or external approach via laryngofissure.!?
However, arytenoidectomy has not been widely
accepted owing to the risk of aspiration and poor
airway protection associated with the procedure.
Vocal cord medialization, via a type 1 thyroplasty
as described by Isshiki (see Table 33.3), remains
the treatment of choice for patients presenting at a
later stage with crico-arytenoid fixation.!!

It is important to note that sometimes weak-
ness or a paradoxical motion of the vocal cords
may mimic a true vocal cord paralysis. Such
patients can present with a wide variety of symp-
toms, such as hoarseness, cough, dyspnea, stridor
and reflux. During paradoxical motion of the
cords, the vocal folds approximate together dur-
ing inspiration as opposed to abducting normally.
The exact pathogenesis of paradoxical vocal cord
motion remains indeterminate, but both organic
(e.g. gastro-oesophageal reflux disease, irritant
induced) and non-organic (anxiety, stress) causes
have been described.!? In treating these patients
the cause of the paradoxical motion of the vocal
cords should first be elicited and organic causes
ruled out. Heliox may be used for management in
the acute phase and a multidisciplinary approach
(e.g. speech therapy, psychological support) is
required for long-term management of these
patients.!?

PRESENTATION

A wide variety of symptoms may be observed
in vocal cord paralysis, including dysphonia or
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hoarseness, vocal fatigue, aphonia, shortness of
breath and swallowing difficulties. Classically,
patients with ULVCP present with weak, breathy,
low-pitched dysphonia, and it is typically the
dysphonia or hoarseness that prompts the
patient to seek medical help in the first instance.
Occasionally, dysphonia may be high-pitched
in quality as a result of a compensatory length-
ening of the vocal cords in an effort to achieve
better glottic closure. Patients with ULVCP may
report dysphagia, often to liquids, particularly if
the ULVCP is due to the presence of a high vagal
lesion, which results in impairment of both the
RLN and SLN. The latter may result in significant
pharyngeal hypoaesthesia and an increased risk
of aspiration. To compensate for glottic incompe-
tence, significant muscle tension may be observed
in the laryngeal framework, and patients with
ULVCP often describe pain or discomfort after
vocalization, which may be attributable to exces-
sive muscle tension.

The clinical presentation of BLVCP differs con-
siderably to that observed in patients presenting
with a unilateral paralysis. In contrast to ULVCP,
voice quality is not usually the chief concern in
patients with BLVCP. Voice quality is often only
mildly affected, as the paralyzed cords tend to
assume their natural position during phonation.
Classically, patients with BLVCP present with
symptoms of airway compromise that range from
being mild to, more commonly, dyspnea and stri-
dor. Signs suggestive of neurological involvement
may also be present, such as vocal fatigue and
tremor, weak or breathy voice, altered resonance or
acquired dysarthria.

EVALUATION

An inventory of the patient’s vocal requirements,
both work-related and social, should be central
to the clinical history as this will influence the
type of treatment that a patient will opt for, e.g. a
professional voice user may opt for a temporizing
vocal augmentation in an effort to expedite his or
her return to work (see Table 33.3). Any history
of recent surgery should be established, with par-
ticular emphasis on any recent thyroid, cervical

or thoracic procedures (see Table 33.2). Physical
examination should include a complete head and
neck examination with particular emphasis on
the cranial nerves. Evaluation of the gag reflex
and palatal elevation should also be undertaken,
as a high vagal injury will cause palatal deviation
to the intact side. Direct visual examination of
the larynx with fibre-optic laryngoscopy provides
valuable information with respect to possible
aetiology of the vocal cord paralysis. Evidence
of asymmetry, vocal fold bowing, the presence
of any lesions and the exact position of the vocal
cords should be noted: cadaveric (lateral), para-
median, median or vertical. Paralysis of the RLN
results in the cords adopting a paramedian posi-
tion, whereas in cases involving both the RLN
and SLN the vocal cords will adopt the so-called
cadaveric or lateral position. Maximal adduction
and abduction can be assessed with the ‘ee-sniff’
manoeuvre.'*

Commonly in cases of ULVCP there may be a
temporal relation between the onset of hoarseness
and a surgical injury, and in such instances fur-
ther investigations may not be deemed necessary.
However, where there is no identifiable aetiology,
it is imperative that all patients should undergo
a computed tomography (CT) (with contrast) or
magnetic resonance imaging (MRI) scan from
the skull base to the level of the diaphragm to rule
out an extra-laryngeal neoplasia. From a neuro-
logical standpoint, the most common cause of
ULVCP is a cerebral vascular accident, usually
involving the brainstem. The vast majority of such
patients, however, will present with additional
cranial nerve involvement and associated neuro-
logical signs (e.g. paraplegia, dysphasia, aspira-
tion), and in such cases an MRI of brain should
be requested.

Video-stroboscopy is commonly deployed in
the clinic setting to assess the structure and move-
ment of the vocal cords. It is an important tool in
the workup of vocal cord paralysis enabling the
detection of subtle mucosal motion abnormalities.
Valuable information regarding vocal fold height
differences and vocal process status during phona-
tion can be obtained with the use of video-strobos-
copy. It may demonstrate, for example, increased
amplitude of vibrations owing to the atrophic
nature of a denervated vocalis muscle.!®



Management of vocal cord paralysis: conservative/non-surgical / Surgical options 305

LARYNGEAL
ELECTROMYOGRAPHY

While direct visual examination can confirm the
presence of vocal cord immobility or dysmobility, it
cannot determine if the underling pathology repre-
sents a paralysis or paresis. By definition, paralysis
(a complete loss of movement) and paresis (which
denotes slight or partial paralysis) are neurological
entities, and thus can only be adequately assessed
with neurophysiological testing. Laryngeal electro-
myography (LEMG) is an important tool in access-
ing the neural integrity of the larynx. It provides
valuable information with respect to prognosis and
can affect treatment decisions and operative plan-
ning.!* In addition, its therapeutic role in guiding
the placement of botulinum toxin in cases of spas-
modic dysphonia is well described.!”

The optimal time to perform LEMG is between
1 and 6 months after the onset of ULVCP, with
several recent studies suggesting that LEMG out-
side this time frame may yield inaccurate results.!®
If paresis is detected on LEMG, voice therapy
that is specially targeted at strengthening laryn-
geal musculature may be beneficial. LEMG aids
in determining the type and timing of surgical
intervention; if there is evidence on LEMG of pro-
gressive degeneration (evidenced by the presence
of positive sharp waveforms and fibrillations on
LEMG), surgery may be delayed until degeneration
is complete. Similarly, if regeneration is detected
(characterized by the presence of polyphasic
potentials on LEMQG), surgery may be postponed
until maximal nerve function is obtained.

MANAGEMENT OF VOCAL CORD
PARALYSIS: CONSERVATIVE/
NON-SURGICAL

Patient characteristics such as age, occupation
and patient preference will ultimately guide the
management plan. Once an underlying neoplastic
process has been definitively ruled out, expect-
ant treatment may be indicated. As the majority
of cases of ULVCP will compensate within a 6- to

18-month period, classical teaching favours a 9-
to 12-month observation period before surgical
options are considered.”

Voice therapy is widely recommended prior to
restorative surgery and will aid in establishing the
severity of the paralysis and evaluate the impact of
vocal fold paralysis on the patient’s phonation, artic-
ulation, respiration and swallowing. Speech therapy
provides an important stand-alone and adjuvant
treatment in the management of vocal cord paraly-
sis, focusing on optimizing the efficiency of voice
production, minimizing compensations that are
counterproductive (e.g. increased effort during
speech, extraneous muscle activity in head neck and
shoulders during speech) and educating patients
about their underlying voice disorder.

In patients with ULVCP who are deemed suit-
able for surgical intervention, medialization of the
displaced, immobile vocal cord can be achieved in
three main ways: injection augmentation, medial-
ization laryngoplasty and selective reinnervation.

SURGICAL OPTIONS

Injection augmentation

Over the past two decades, vocal cord injection
has emerged as a valuable treatment modality for
vocal cord paralysis. The primary aim of injection
augmentation is to implant a substance that can fill
a space and restore the normal characteristics of
vocal cord movement and thereby improve phona-
tion and glottic competence. Injection augmenta-
tion confers the advantage of immediate results,
is generally well tolerated by patients and may be
performed in the office setting."”

Materials for injection augmentation are gen-
erally classified as temporary or permanent/long
lasting, and the overall aim of the injected mate-
rial is to match the biomechanical and viscoelas-
tic properties of the tissue of the lamina propria of
the vocal cord.? In the past decade, the number of
available injectables for augmentation has greatly
expanded, with newer materials seeking to elimi-
nate the foreign body and inflammatory reactions
observed with the use of alloplastic implants such
as silicone, paraffin and, historically, Teflon.?!

Bio-implants (e.g. autologous collagen, fat and
fascia) may be incorporated into the host tissue
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and are associated with a lower risk of a for-
eign body reaction, but their main limitation has
proven to be their unpredictable durability. This
trend is observed with the use of autologous fat for
small-to-medium glottic gaps.?? Fat has the advan-
tage of being readily available, and its biomechani-
cal properties closely mirror those of the vocal fold
itself. However, one of its drawbacks is the loss of
a variable amount of the injected material in the
first few weeks following injection.?? This usu-
ally necessitates over-injection of the vocal cord
in the initial setting. In a few reported cases, this
has resulted in excess fat persisting post-injection,
with resulting post-operative dysphonia.?* Again,
though rare, patients may experience airway com-
promise as over-injection may induce a variable
amount of oedema and under-medialization is
reported in a number of cases, resulting in persis-
tent dysphonia.?*

On the other hand, alloplastic materials are not
prone to resorption and permit more permanent
medialization. In addition to the aforementioned
foreign body reaction, there is a risk of migration
of the injected materials with such compounds.?
Thus, as a general rule, alloplastic materials should
be injected quite deeply into the thyroarytenoid
muscle and paraglottic space. Various sites of pre-
ferred implantation have been described for bio-
implants, and these have been shown to produce
effective results when injected at levels varying
from the superficial lamina propria to deep in the
thryoarytenoid muscle. However, if injected too
superficially, these agents can cause stiffness of
the vocal cord. Newer available agents for injec-
tion augmentation include calcium hydroxlapa-
tite, known by its trade name Radiesse Voice.?¢
Results of a recent multi-institutional trial demon-
strated excellent results at 12-month follow-up and
showed that persistent medialization after calcium
hydroxylapatite injection may be present up to 2
years or more, with an average follow-up duration
of 18 months.2°

While vocal fold augmentation is considered
to be less precise than framework surgery, it does
confer the advantage of a more minimally invasive
approach that can be undertaken in a clinic-based
setting.! As a general rule, injection augmentation
is best deployed for treatment of mild-to-moderate
glottic insufficiency (>1 to 3mm glottic gaps).”

With a glottic gap of greater than 3 mm, the insuf-
ficiency becomes more difficult to correct with
injection augmentation and, in such cases of large
posterior glottic gaps, arytenoid adduction in con-
junction with medialization thyroplasty will usu-
ally yield better results.

Medialization laryngoplasty

The central aim of medialization laryngoplasty or
type I thyroplasty (see Table 33.4) is to improve
glottic closure by modifying the position of the
vocal cords. The most common indication for
laryngeal framework surgery is uncompensated
or unrecovered ULVCP, with most surgeons advo-
cating deferring surgical intervention for at least
6-12 months, to allow for spontaneous recovery.”
Laryngeal framework surgery was first described
by Payr as early as 1915; however, the procedure
did not gain widespread acceptance until the late
1970s when Isshiki described his thyroplasty tech-
nique.! Isshiki’s approach involved displacing
and stabilizing a small, rectangular cartilaginous
window in the thyroid lamina, at the level of the
vocal cord, pushing the soft tissue medially and
using Silastic instead of cartilage as the implant
material.!! Several materials in addition to Isshiki
et al’s original Silastic block, including titanium,

Table 33.4 Factors influencing treatment decisions

* Neurotemesis/
axontemesis (i.e. nerve
cut) favours early
treatment

Neuropraxia (i.e. nerve
stretched) favours
conservative treatment

Aetiology of
nerve injury

Clinical aspiration e Favours early intervention

Vocal Professional voice user:
requirements of Early intervention
patient e Limited voice users:
Observation
LEMG findings ® Good prognosis:
Observation or temporary
injection
Poor prognosis: Early ML
or permanent filler
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Gore-Tex and hydroxylapatite, have been described
with favourable results.?

Medialization laryngoplasty has the advan-
tage of being performed under local anaesthetic,
allowing the patient to phonate during the pro-
cedure. Thus the degree of medialization can be
determined immediately by the quality of the
patient’s voice. This allows for more graduated
adjustments in the degree of medialization of the
cords. Furthermore, while injected materials have
a tendency to spread throughout the tissue in an
unpredictable manner, thyroplasty can medialize
a specific, targeted area.?” The main complications
reported with medialization laryngoplasty include
airway compromise and implant extrusion, and in
a recent study Young et al. cite a revision rate of
6 per cent.’® A key factor necessitating revision is
the presence of a persistent posterior glottic gap
(indicating a lack of vocal process contact on pho-
nation) in cases where an arytenoid adduction was
not performed in conjunction with the primary
surgery. Arytenoid adduction aims to reposition or
displace the vocal process medially and should be
considered as an adjunctive procedure in patients
with evidence of impaired vocal process contact or
disparity in vocal cord height on videostroboscopy.

Laryngeal reinnervation

Selective laryngeal reinnervation was originally
described by Tucker in 1977 and has been pre-
dominately used in cases of unilateral paralysis of
the RLN.3 The most popular reinnervation tech-
nique involves neurorrhaphy of the ansa cervicalis
to the RLN stump, with hypoglossal to the RLN
anastomosis also described.? Laryngeal reinner-
vation holds several potential advantages over the
techniques previously described. First, it has the
potential to restore a normal or near normal voice
quality without affecting vocal cord pliability, with
Tucker and several other authors reporting satis-
factory results.’> An added advantage to selective
reinnervation is that it preserves the possibility
of other laryngoplasty techniques, should further
intervention be necessary in the future. However,
some results with selective laryngeal reinnervation
have been disappointing, and limitations such as
the need for a general anaesthetic, a delay in time
to voice restoration (usually about 2 to 6 months

before benefits are realized) and the requirement
of both an intact donor and recipient nerve have
prohibited its widespread use.*

MANAGEMENT OF BLVCP

While voice is the predominant issue in cases of
ULVCP, airway is the primary concern in cases of
BLVCP. Tracheotomy may be required in cases of
significant airway compromise arising from BLVCP.
Surgical interventions including tracheotomy, vocal
cord lateralization, tissue removal and direct mus-
cle reinnervation provide the mainstay of treatment
for BLVCP. The principal procedures deployed for
treatment of BLVCP are vocal cord lateralization
and removal of vocal cord or arytenoid tissue.

While there was significant initial enthusi-
asm for lateralization, its technical difficulty has
restricted its widespread use. Vocal cord lateral-
ization aims to surgically widen the glottic open-
ing by excising a wedge of thyroarytenoid muscle.
The resulting surgical defect is then closed and the
vocal cords displaced laterally by passing a suture
across the cord with two needles inserted through
the skin, gaining entry to the larynx above and
below the level of the vocal cord. The suture is sub-
sequently tightened to place the vocal cords in the
desired position, and the suture is then secured to
the surface of the skin. The sutures are removed at
approximately 2 weeks post-operatively, at which
time the vocal cord should be fixed in the desired
position. Most authors report favourable outcomes
with the advantage of reversibility. However, pain
on swallowing and aspiration are recognized early
complications, and patients may require additional
procedures to maintain their airway.>*

Removal of vocal cord or arytenoid tissue is
an effective, albeit permanent, method of widen-
ing glottic diameter and improving the airway.
Arytenoidectomy is currently the gold standard
for the management of BLVCP and involves the
removal of some or all of the arytenoid cartilage.
Concerns with regards to aspiration observed
with complete removal of the arytenoid have led
to more conservative removal.® Arytenoidectomy
can be performed endoscopically, by microsurgi-
cal or laser technique, or externally with a lateral
neck approach. Outcome for arytenoidectomy is
related to the amount of tissue removed and the
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success of healing of the residual surgical defect.
The use of the CO, laser with the operating micro-
scope has allowed a more conservative approach to
arytenoidectomy, greater reproducibility of results
and greater facility in performing the procedure
in a narrower operative field.3® The CO, laser per-
mits ablation of a segment of cartilage with greater
precision instead of removing the entire arytenoid,
as described by earlier approaches. Partial cordec-
tomy is the procedure of choice in our institution
and involves laser excision of part of the vocal
process and a C-shaped wedge from the poste-
rior area of one vocal cord. While this technique
yields excellent reproducibility of results, it is best
reserved for cases where airway restriction is mild
or modest.” If satisfactory results are not obtained,
the procedure can be repeated or a cordectomy
performed on the contralateral side.

VOCAL CORD PARALYSIS
IN CHILDREN

Vocal cord paralysis accounts for 10 per cent of
congenital laryngeal anomalies in children and is
the second most common cause of stridor in the
neonate.’ Some authors observe a slight predomi-
nance of ULVCP in children, whereas others report
a higher frequency of BLVCP in the paediatric set-
ting.’#3° BLVCP usually manifests in the neona-
tal period and, in addition to stridor and airway
difficulty, is associated with a breathy cry, feeding
difficulties and aspiration. The principal causes of
neonatal BLVCP are neurological, birth trauma
(especially with forceps, breach, or vertex delivery)
and idiopathic. Arnold-Chiari malformation is the
classical neurological cause of BLVCP and is caused
by herniating contents of the posterior fossa exhibit-
ing direct pressure on the vagus nerve as it exits the
skull base.** An MRI scan is diagnostic once the air-
way has been secured. In all cases of BLVCP, airway
compromise is the pre-eminent concern, and some
children will ultimately require tracheostomy.
While the true incidence of ULVCP in the pae-
diatric setting is unknown, ULVCP is more com-
monly observed in infants and older children.
The aetiology differs from that observed in adults
with iatrogenic causes accounting for most cases.*!

Cardiothoracic surgery to correct patent ductus
arteriosus is reported as the most common iatro-
genic precipitant, followed by traumatic and neu-
rological causes and more rarely inflammatory and
neoplastic processes.*>** Spontaneous recovery of
vocal cord paralysis has been shown to occur in a
significant number of cases. Rosin et al. observed
a 16 per cent recovery in bilateral cases and 63 per
cent of unilateral cases in the paediatric setting.**
Given the chance of spontaneous recovery, partic-
ularly of ULVCP, many authors advocate conserva-
tive management in the initial setting.”

CONCLUSION

The aetiology of vocal cord paralysis is varied,
and it is imperative that otolaryngologists are well
versed in laryngeal anatomy and the disparate eti-
ologies that may contribute to unilateral or bilat-
eral vocal cord paralysis. The approach to ULVCP
is usually conservative, with voice quality and the
exclusion of malignant pathology the foremost
concern, whereas in cases of BLVCP the airway will
be the preeminent issue. It is important to remem-
ber that vocal cord paralysis should be considered
as a physical finding and not a diagnosis in and of
itself. The timing of surgical intervention, if any,
will ultimately depend on patient circumstances,
recovery potential and the severity of symptoms.

KEY LEARNING POINTS

® Vocal cord palsy is a manifestation of
disease and not a diagnosis.

e Unilateral vocal cord palsy is more com-
mon than bilateral vocal cord palsy.

e Surgical procedures associated with
vocal cord palsy include cervical and
thoracic skull base surgery and endotra-
cheal intubation.

e Bilateral vocal cord palsy may present with
airway compromise. Patients with unilat-
eral vocal cord palsy should have CT and
MRI from skull base to the diaphragm.
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Injury to the larynx and trachea are rare but seri-
ous, life-threatening events. It is estimated that less
than 1 per cent of trauma seen in the emergency
department includes an upper airway injury.!
A high index of suspicion is essential to identify
laryngo-tracheal injury. Therefore, it is essential for
the otolaryngologist to have a clear understanding
of the assessment and management of upper air-
way injury as the condition is unlikely to be seen
often by a single practitioner. This chapter aims
to give the reader an overview of the mechanisms
and sequalae of injury to the larynx and trachea, as
well as the management options from a practical
perspective.

Laryngeal and tracheal trauma can be both
internal as well as external. Both pose a highly
challenging situation to the clinician with possible
life-threatening sequelae, along with possible long-
term morbidity from poor voice or dependency on
tracheostomy. It is beyond the remit of this chapter
to discuss other injuries to the neck. However, one
must appreciate in cases of laryngeal or tracheal
injury that coexisting injuries to the pharynx,
oesophagus, upper chest, thyroid gland, salivary
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gland, nerves and large vessels are common and
must be considered during the assessment of these
patients.

CLASSIFICATION

There are several ways to classify trauma to the lar-
ynx and trachea:

1. Anatomical - supraglottis/glottis/subglottis

2. Mechanism - blunt or penetrating injury

3. Zonal division - Roon and Christiansen origi-
nally described this in 1979, details of which
are given in Table 34.1.

Injury to the trachea and larynx falls into zones
1 and 2, respectively. The descriptive use of zones
allows clinicians to understand which anatomical
structures and hence which clinical problems may
occur with trauma to each of the areas. It must be
appreciated that trauma can extend beyond a sin-
gle zone, especially in penetrative injuries.

31
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Table 34.1 Zonal division of cervical trauma

Zone Anatomical boundaries

1

Extends from clavicle to cricoid cartilage

2 Extends from cricoid cartilage to angle
of mandible

3 Extends from angle of mandible to base
of skull

AETIOLOGY

The incidence of trachea and larynx injury is
greater in men than in women. This is in part due
to a greater participation of men in contact sports.
The introduction of seat belt laws and improved
vehicle safety features such as airbags has led to a
decrease in incidence from road traffic accidents.

The mortality from blunt trauma is considered

to be higher than that from penetrating trauma.
However, it is impossible to obtain accurate fig-
ures due to a significant number of deaths occur-
ring as a result of multiple injuries at the site of the
trauma. The mechanisms of trauma are outlined
below:

. Penetrating injury: for example, knife injury,

gunshot wound, wires. Such injuries have a
higher risk of associated oesophageal injuries.

. Blunt injury: for example, road traffic accident,

blow to the neck (contact sports) or strangula-
tion. Blunt injuries may be further classed into
low-velocity or high-velocity. It is important

to appreciate that even in the absence of any
external signs, internal laryngeal injury may
still have occurred.

. Internal injury: inhalation of foreign bodies

(Figures 34.1 and 34.2) or caustic substances,
which is usually seen in young children who
accidently swallow chemical agents (e.g.
weedKkiller). These chemicals cause burns to
the upper airway, producing oedema, mucosal
haemorrhage and ultimately tissue loss. This
chapter will focus on external trauma, but

the principles of management of the airway
remain the same for inhalation injuries to

the larynx.

Figure 34.1 Lateral chest x-ray illustrating a
foreign body that has eroded the posterior
tracheal wall. A lateral chest x-ray is mandatory
when assessing foreign bodies. Figure courtesy
of Professor Henry Pau.

Figure 34.2 Bronchoscopy view of the foreign
body seen on the chest x-ray in Figure 34.1.
Figure courtesy of Professor Henry Pau.

PATHOPHYSIOLOGY

Laryngeal fractures are relatively rare as the lar-
ynx is a mobile and elastic organ, and it is also pro-
tected by the mandible and sternum. During blunt
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Figure 34.3 Two phases of blunt trauma to the
larynx in the younger patient. Initially, the larynx
is compressed against the vertebral column and
is fractured along the prominence. The larynx
then springs back into position. However, the
vocal cords are detached at their anterior ends.

trauma, depending on the force of injury, the lar-
ynx is compressed against the cervical spine and
then springs forward (Figure 34.3). This is espe-
cially true in younger patients (less than 40 years
of age) as older patients generally have a calcified
larynx, which is more likely to break or ‘shatter’
when force is applied (Figure 34.4).3

Blunt trauma may cause haemorrhage into the
mucosa and deeper structures along with possible

Figure 34.4 Blunt trauma to the larynx in older
patients where the thyroid cartilage has ossified.
The initial impact shatters the larynx, which can-
not recoil. The neck is flattened and the airway is
reduced.

laceration and avulsion of tissue. This will lead to
further swelling, bleeding and possible tissue frag-
ments emerging into the laryngeal lumen. A sim-
ple way to understand blunt airway emergencies
is to consider the larynx as a box. Trauma causes
swelling, which will occur inside the box, thus
reducing the airway. High-velocity blunt trauma
can fracture the laryngeal skeleton as described
above (Figures 34.3 and 34.4). In extreme force
the tendon of the anterior commissure is ruptured
along with the attachment petiole of the epiglottis
(as would be the case in a thyroid prominence frac-
ture, Figure 34.3). In such cases the vocal cords roll
back on themselves and the epiglottis may fall back
into the airway.* In severe cases the larynx can be
sheared from the trachea at the level of the cricoid®
(Figure 34.5).

It is imperative to note that with trauma to
the larynx and trachea, other structures may be
injured, e.g. in approximately 8 per cent of moder-
ate to severe laryngeal injuries, the cervical spine

Cricotracheal
separation

Figure 34.5 Shearing of the cricoid cartilage
from the trachea.
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is fractured.® Oesophageal injuries can also occur
readily with laryngo-tracheal trauma, so other
symptoms such as dysphagia and odynophagia
may also be present. This is an important issue
as laryngo-tracheal injuries may be underdiag-
nosed in the presence of multiple traumas where
other presenting injuries may overshadow that of
the upper airway, which can lead to serious conse-
quences for the patient.

HISTORY AND EXAMINATION

There are three main symptoms to trauma of the
upper airway: dysphonia, dyspnoea and stridor.
The force and mechanism of trauma will dictate
the injuries; this may be purely oedema, which
typically reaches its maximal peak around 12
hours after the injury. These patients may have
mild dysphonia and possibly neck pain (second-
ary to the trauma) as their only presenting symp-
toms. Coughing can also occur owing to damage
to the internal larynx and secretions such as blood.
Bleeding into the upper airway can also cause hae-
moptysis. Pain in the region should also alert the
clinician to a possible laryngeal fracture.

Signs of upper airway trauma are bruising, ten-
derness, surgical emphysema, deformed contour
of the laryngeal framework and granulations over
injured cartilage.” Tables 34.2 and 34.3 summa-
rize the symptoms and signs of laryngo-tracheal
trauma.

The first part of the examination should be to
carefully assess the airway. Several factors may in
isolation or together lead to airway compromise.
Bleeding into the laryngeal lumen may occur, along
with fragments (such as cartilage) protruding into
the lumen, and oedema. Blood in the larynx also
causes spasm of the vocal cords, which further

Table 34.2 Symptoms of laryngo-tracheal trauma

Dysphonia
Dyspnoea
Stridor
Pain
Coughing

Table 34.3 Signs of laryngo-tracheal trauma

Bruising

Tenderness

Surgical emphysema
Abnormal contour of larynx
Granulations over cartilage

compromises the laryngeal lumen. Oedema devel-
ops over time (minutes to hours), so symptoms on
first presentation may not indicate how perilous
the airway may become.

It is essential to perform a full examination of
the neck. If it is deemed safe (see later discussion),
then the airway should be inspected using flexible
transnasal laryngoscopy, which should be done
by an experienced otolaryngologist. Figures 34.6
and 34.7 depict normal and abnormal views on
transnasal laryngoscopy. As these patients often
have multiple injuries, it is essential to include
examination of other viscera in the neck. Usually,
the emergency medicine physicians will have per-
formed a comprehensive trauma screen examina-
tion, but it is important for the otolaryngologist

Figure 34.6 A normal larynx as viewed on
flexible nasendoscopy. It can be appreciated
that any blood, cartilage, oedema or disruption
such as arytenoid dislocation will narrow this
lumen, producing symptoms such as stridor,
dyspnea and altered voice.
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Figure 34.7 The vocal cords are oedematous and
swollen with bleeding into Reinke's space.

to ensure that this has been done and note any
associated injuries. Surgical emphysema is a car-
dinal sign of airway breach and must be investi-
gated carefully.

AIRWAY AND GENERAL
MANAGEMENT

The priority is to ensure that the patient has a safe
and secure airway. A senior otolaryngologist and

anaesthetist together should manage the airway.
Initial management options include the following:

1. Observation in a hospital for a minimum
period of 24 hours. In cases with minimal
oedema on laryngeal examination, a course
of intravenous steroids with observation on a
high-dependency ward is a reasonable course
of management. Such patients would generally
be classed as group I in Schaefer’s classification
(see Table 34.4).

2. Surgical tracheostomy under local anaesthetic.
This is considered by many to be ‘the gold stan-
dard’ in terms of securing an airway.

3. Endotracheal intubation. This should be done
under direct supervision by an experienced
anaesthetist. ‘Blind intubation’ is not recom-
mended as it may lead to more damage to the
laryngeal structure and if unsuccessful may
lead to a very compromised airway. Use of
cricoid pressure to help view at intubation is
contraindicated to an already disrupted larynx.

Tracheostomy under local anaesthetic has some
advantages. First, patients who are conscious will
try to maintain their own airway, but if given seda-
tive medication they may not, which then poses a
risk of losing the airway in cases of failed attempts
to intubate. A second advantage is the fact that
whilst flexible laryngoscopy has been performed,
the state of injuries may be difficult to assess with

Table 34.4 Schaefer’s classification of acute upper airway injury and the management

Group Symptoms Signs
Grade | Minor airway Minimal haematoma, small
symptoms lacerations, no detectable
fractures
Grade |l Airway Oedema, haematoma, minor
compromise mucosal disruption, no cartilage
exposure
Grade lll Airway Oedema, mucosal tears, exposed
compromise cartilage, vocal cord immobility
Grade IV Airway Massive oedema, significant

compromise

mucosal tears, exposed
cartilage, vocal cord immobility

Management

Observe, humidified oxygen,
possible steroids

Direct laryngoscopy with
oesophagoscopy, possible
tracheostomy, possible steroids

Tracheostomy, direct laryngoscopy
with oesophagoscopy, exploration
and repair, no stent necessary

Tracheostomy, direct laryngoscopy
with oesophagoscopy, exploration
and repair. Stent needed.
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blood, oedema and the patient coughing. In these
cases intubation may worsen the anatomical inju-
ries along with worsening the situation if it fails.
As a general principle patients with mild to mod-
erate injuries should be transferred to the oper-
ating theatre where an experienced anaesthetist
should try to intubate the patient in the presence
of an otolaryngologist prepared to perform an
emergency tracheostomy should intubation fail. In
the case of a high-velocity injury (severe trauma)
where the larynx has been split or shattered, there
is a definite argument for tracheostomy under local
anaesthetic being the first line management of the
airway. In patients where there is any doubt to the
state of the airway and symptoms are increasing in
severity, a secure airway via intubation is a priority
with a low threshold for tracheostomy.

Once the airway is secure, high-resolution com-
puter tomography (CT) scanning should be under-
taken along with possible pharyngo-laryngoscopy
if anomalies are detected (Figure 34.8).

Once the airway has been secured and any scans
have been undertaken, the patient can and should
then undergo suspension micro-laryngoscopy and
rigid pharyngo-oesophagoscopy to assess the extent
of injuries. This must be done by an experienced
otolaryngologist. Penetrating injuries (stabbings) to
the larynx (giving an airway breach) will produce

Figure 34.8 CT scan (axial view) demonstrating
granuloma formation over the left vocal cord.

Figure 34.9 CT scan (axial view) demonstrating
air bubbles in the neck. Surgical emphysema was
evident on clinical examination.

the finding of crepitus (surgical emphysema) on
neck examination (Figure 34.9).

Penetrating injuries will generally be diverted
by the thyroid cartilage to either the thyrohyoid
membrane above or the cricothyroid membrane
below, as the blade usually ‘slides’ on the thyroid
cartilage.” In cases of penetrating trauma, neck
exploration is mandatory and the risk of intuba-
tion is less. Hence patients with these injuries are
more readily intubated and taken to theatre where
exploration and direct closure of tracheal and
laryngeal injuries are performed. It is also impor-
tant to examine the exit wound of the injury.

PRINCIPLES OF MANAGEMENT
OF LARYNGEAL FRACTURES

Hyoid bone fracture occurs in strangulating inju-
ries or blunt force injuries such as in karate. In
itself a hyoid fracture warrants no treatment. These
patients usually have exquisite pain on swallowing,
and an internal inspection of the larynx should be
performed to delineate other injuries. A bursa may
form at the site of the break. This will cause mal-
union and may need excision, although this would
be at a later stage as an elective procedure.”
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High-velocity blunt injuries may lead to thyroid
cartilage fracture. This should be treated by open
reduction and fixation with (mini) plates or wire
if needed. Any associated soft tissue injuries to
the larynx should be repaired if possible (includ-
ing mucosal tears), and, if necessary, vocal cords
that have lost attachment anteriorly to the thyroid
cartilage should be re-suspended. It is important to
cover exposed cartilage with mucosa or perichon-
drium to minimize granulation tissue formation
and long-term scarring.

Non-displaced laryngeal fractures may be
treated expectantly. Any degree of displacement
should be reduced and fixed; otherwise, impaired
function will ensue. In cases where webbing is
likely, adhesions forming between two areas on
either side of the laryngeal lumen, a stent can be
sutured into position with a covering tracheos-
tomy. The stent should be removed in theatre typi-
cally after 10 to 14, days and the patient can often be
decannulated (tracheostomy removed) at the same
time. These injuries need to be corrected as soon as
possible (ideally within 48 hours); otherwise, long-
term sequalae are more likely.® Table 34.4 summa-
rizes the management of laryngeal trauma as per
Schaefer’s classification.’

LONG-TERM COMPLICATIONS

Any trauma can lead to haematoma formation,
and further organization can lead to fibrosis, scar-
ring and webbing. Patients with laryngeal trauma
can have long-term problems with phonation
and breathing, ultimately needing tracheostomy.
Inability to protect the airway (aspiration) may also
mean long-term tracheostomy. These patients may
have a narrower airway, either owing to structural
damage or vocal cord palsy as a result of trauma
to the recurrent laryngeal nerve. Another impor-
tant potential complication is subglottic stenosis,
which may form as a result of the initial trauma
or as a consequence of medical intervention such
as a ‘high’ tracheostomy (through the cricoid car-
tilage or first tracheal ring) or a prolonged period
of intubation. Management of subglottic stenosis
is challenging and should be done in specialized
centres. The details are beyond the remit of this

chapter but in principle range from serial dilations
to resection of the stenotic segment with appropri-
ate reconstruction.

SUMMARY

Trauma to the larynx and trachea is rare. However,
such injuries need to be treated with great respect
and experienced airway practitioners sought as
soon as feasibly possible. These patients may have
little to no airway signs at the site of trauma, and
other coexisting injuries, such as overt bleeding
from a chest injury, may occupy the minds of the
treating team. It may not be apparent an upper
airway injury has occurred until symptoms from
laryngeal oedema develop some hours later or the
patient fails extubation after successful surgery on
another anatomical site. In contrast, other patients
may have marked symptoms, such as stridor at the
trauma scene, and will require swift, decisive and
often courageous attempts by non-airway special-
ists to secure the airway as a matter of urgency.
Once the airway is secured and anatomical injury
has been assessed and dealt with, these patients
can still have lifelong morbidity in a personal,
social and employment setting from necessitating
long-term tracheostomy or voice disorders.

The acute dangers and potential great morbid-
ity from such injuries necessitate a team approach
by experienced practitioners with a good under-
standing of the diagnosis and treatment of laryngo-
tracheal injury. Early treatment comprises securing
the airway and giving consideration to the voice.
Early appropriate intervention is generally recom-
mended to minimize long-term adverse sequelae
including laryngeal scarring and subglottic stenosis.

KEY LEARNING POINTS

e The incidence of tracheal and laryngeal
trauma is greater in men than in women.

e Laryngeal fractures are rare as the lar-
ynx is mobile and an elastic organ.

e Blunt trauma may compress the larynx
against the cervical spine.
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® Priority is to ensure that the patient has
a safe and secure airway.

e ‘Blind intubation’ is to be avoided as it
may lead to more damage to the laryn-
geal structures and if unsuccessful may
lead to a very compromised airway.

® Schaefer’s classification of upper airway
injury helps in management.
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A tracheotomy is the creation of an opening into
the trachea. A tracheostomy implies that this open-
ing has a connection to an opening in the skin, i.e.
the formation of a stoma. Historically, the proce-
dure appears to have been depicted on Egyptian
tablets in approximately 3600 BC. The early opera-
tions were associated with a very high mortality
and became an established technique only in the
nineteenth century when a large number were per-
formed on patients suffering from diphtheria.

The overall literature on the procedure is exten-
sive, and a significant percentage deal either with
a paediatric population or with percutaneous
procedures. This chapter will discuss tracheosto-
mies that can be temporary and reversed/closed
if required and will deal with the technique as it
applies to an adult population. The chapter will not
discuss the permanent, non-reversible tracheos-
tomy that is performed as part of a laryngectomy.

Post-operative care and tracheostomy tubes 323

Complications 324
Key learning points 324
Further reading 325

This chapter should be read in conjunction with
Chapter 59 on paediatric tracheostomy.

ANATOMY

The important anatomical structures in the neck
should be palpated prior to the procedure. These
include the lamina of the thyroid cartilage, usually
easily identified in the central compartment of the
neck by an obvious notch on its superior border.
Inferior to the thyroid lamina is the crico-thyroid
membrane and, in turn, the cricoid cartilage. This
is a complete ring of cartilage and forms a promi-
nent band. The trachea is attached to its inferior
border and is a cartilaginous/membranous tube
extending into the mediastinum and bifurcat-
ing at the carina. Posteriorly, the tracheal wall is
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membranous with the anterolateral walls being
incomplete cartilagenous rings.

INDICATIONS FOR
TRACHEOSTOMY

The list of potential conditions that may necessitate
a tracheostomy is wide and differs between adult
and paediatric populations. Today, the majority of
tracheostomies in adults are performed electively,
and this probably accounts for in excess of 85 per
cent of cases. The literature suggests that the most
common indication is patients in an intensive care
setting who are undergoing prolonged mechani-
cal ventilation. The list of underlying illnesses
that would lead to that is extensive and includes -
amongst other conditions - critical illness due to
surgery and its complications, and head injury.
The exact timing of such surgery is also debated
but should be considered if ventilation continues
for more that 14 days. Tracheostomy allows for
pulmonary toilet by tracheal suctioning, should
reduce the risk of aspiration and may facilitate the
weaning of these patients from mechanical respi-
ratory support. These elective tracheostomies may
be of the conventional surgical type, but increas-
ing numbers of percutaneous tracheostomies
performed by either intensive care physicians or
anaesthetists are undertaken.

Elective tracheostomy may also be performed as
a planned event during major head and neck sur-
gery to allow protection of the airway from bleed-
ing and/or post-operative oedema and to eliminate
endotracheal tubes from the operative field. Rarely,
but effectively, it will solve significant sleep apnoea.

An emergency tracheostomy is therefore rela-
tively uncommon. The most likely cause is upper
airway obstruction, where a tracheostomy will
bypass the obstruction and restore the patient’s
breathing. The list of pathologies that can obstruct
the airway is large and includes anaphylaxis/
angioneurotic oedema, infective pathology such
as deep neck space infections or acute epiglottitis,
neoplasia such as advanced laryngeal cancer, sub-
glottic stenosis, and glottic stenosis due to bilateral
vocal cord palsy and trauma (i.e. to the laryngeal
framework or major facial injuries). An emergency

tracheostomy will almost certainly be an open
surgical operation performed by an ear, nose and
throat (ENT) surgeon and is the default in a life-
threatening situation. However, depending on the
cause and severity of the upper airway obstruction,
alternative interventions such as a percutaneous
tracheostomy, a crico-thyroidotomy or intubation
should be considered.

PROCEDURE FOR
TRACHEOSTOMY

The procedure is much easier and less stressful for
both patient and surgeon if done under a general
anaesthetic. However, if there are contraindica-
tions to this, local anaesthesia (lignocaine 1 per
cent with adrenaline 1:80000) can be used and
is injected into the skin and subcutaneous tis-
sues overlying the trachea in the neck. Unless the
situation is exceptional, it should be performed in
an operating theatre on an operating table with
appropriate theatre lights and supporting staff.
One or preferably two assistants are required. The
patient should be supine with the neck extended
as much as is feasible. It is worthwhile marking on
the skin the important landmarks in the neck, i.e.
the laryngeal framework, the cricoid cartilage and
the trachea. These can be quite difficult to feel in
an obese neck and in females who have less promi-
nent thyroid cartilage. The incision can be midline
and vertical from the cricoid cartilage down to the
supra-sternal notch (Figure 35.1), or horizontal
midway between these two landmarks. There is no
evidence that a vertical scar will lead to a poorer
cosmetic outcome than a horizontal one. Should a
horizontal incision be made, superior and inferior
skin flaps must be elevated; this is not necessary in
a vertical approach.

The trachea is a midline structure and the dis-
section should then proceed in the midline by iden-
tifying the midline raphe and separating the strap
muscles (sternohyoid and sternothyroid), which
are then retracted laterally along with the anterior
jugular veins. Deep to the strap muscles within the
investing fascia will be the thyroid isthmus. This
typically crosses the second and third tracheal
rings but is variable in size. As it lies directly on top



Procedure for tracheostomy 321

Hyoid bone

Thyroid cartilage

Cricoid cartilage

Incision

Figure 35.1 Diagram of site of vertical skin
incision.

of the preferred site for the tracheotomy, it should
be divided. Failure to do so leaves the potential
for the isthmus to fall over and occlude the tra-
cheotomy during early tube changes. The isthmus
can be divided using diathermy or alternatively
can be clamped, divided and the cut edges over-
sewn or transfixed. Once divided and any bleeding
controlled, the lobes of the gland can be retracted

Cricoid
cartilage

Tracheal flap
created avoiding
the 1st tracheal ring

Figure 35.2 Diagram of creation of Bjork flap.

laterally and the trachea will be exposed. If the
trachea is low in the neck, it can be very useful to
insert a cricoid hook under the inferior aspect of
the cricoid and elevate the trachea into the opera-
tive site.

Various options then exist for the tracheal
opening, but the important principle is to avoid the
first tracheal ring. Should the cricoid cartilage or
first tracheal ring be damaged, a late complication
of subglottic stenosis can occur. In an adult, the
cartilage of the tracheal rings can be calcified, and
therefore a vertical cut, as is the preferred option
in paediatric practice, is not viable. Similarly, a
horizontal cut between tracheal rings is unlikely to
give safe and satisfactory access. A circle or square
of the anterior tracheal wall centred on the second
and third tracheal rings is probably the most com-
mon opening. This can, however, leave consider-
able dead space between the skin opening and the
tracheal opening, which can be of concern par-
ticularly in obese necks. This can be overcome by
approximating the edges of the tracheal opening
to the skin opening with sutures, as is common in
paediatric practice. An alternative method, how-
ever, is to utilize a Bjork flap (Figure 35.2). This
entails fashioning an inferiorly based U-shaped
flap of anterior tracheal wall, again typically cen-
tred over the second and third tracheal rings. The
free edge of the flap can be everted and sutured
to the skin on the inferior aspect of the stoma.
This eliminates dead space between the skin and

Retracted
strap muscles

Thyroid isthmus
divided and
transfixed
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trachea and makes tube insertion and subsequent
tube change more straightforward. It should help
to eliminate incorrect positioning of the tube in,
for example, the pre-tracheal tissues.

At the end of the operation, careful check for
haemostasis should be performed, paying par-
ticular attention to the anterior jugular veins and
the divided thyroid isthmus. The wound should
be loosely closed with sutures around the tube,
thereby lessening the risk of surgical emphysema.
The tube can be secured in place either with ties
around the neck or sutured to the skin. The lat-
ter may be better practice in the immediate
post-operative period where the risk of tube dis-
placement must be minimized. In either case, the
tube should be secured with the neck flexed. The
wound can be covered with a tracheostomy site
dressing, but this is best avoided in the immediate
post-operative period, allowing early detection of
any bleeding.

PERCUTANEOUS
TRACHEOSTOMY

First popularized in the 1980s, percutaneous tra-
cheostomy is based on the placement of a guide-
wire into the tracheal lumen. This method has
advantages and disadvantages over a conventional
tracheostomy. It tends to be the domain of inten-
sive care physicians and is a bedside procedure,
thereby avoiding the transfer of a potentially
unstable patient to the operating theatre. There
is no need to have a full operating team, and it
is reported in skilled hands to take approximately
15 minutes.

There are several types of percutaneous pro-
cedures, but all are reportedly safer if done under
continuous fibre-optic guidance with a flexible
bronchoscope. In addition, there is evidence that
ultrasound control can reduce complications and
is advisable if there are concerns regarding pos-
sible anatomical abnormalities in the neck. This
is particularly relevant if there is vascular pulsa-
tion at the site of the proposed procedure. Once
percutaneous placement of the guidewire has been
performed, ideally between the second and third

tracheal rings, several techniques are available. The
initial Ciaglia approach utilized multiple dilators
to create an opening of sufficient size, but increas-
ingly a revised procedure using a single tapered
dilator is favoured and is the most popular tech-
nique. Griggs describes the use of dilatational for-
ceps, and the use of a screw-like device to create
the opening has been reported. Upon completion
of the procedure, correct tube placement should
be confirmed by either endoscopic visualization or
capnography.

In general, percutaneous tracheostomy is not
a procedure for an emergency situation. There is,
however, literature from major trauma centres
where it is the initial preferred intervention in an
emergency and can be performed in approximately
5 minutes. This assumes a great deal of experience
and expertise. The conventional contraindications
include, other than an emergency situation, awk-
ward anatomy such as difficulty identifying the
trachea or a bulky thyroid, an underlying bleed-
ing diatheses, a short neck or obesity. Abnormal
vascular pulsations should raise concern, and
there are reports of accidental major vessel dam-
age typically to the innominate vein. Any vascu-
lar pulsation over the operative area should lead
to an ultrasound or, perhaps more appropriately,
a change of plan to surgical tracheostomy. It is
contraindicated in paediatric practice and rela-
tively contraindicated if there has been previous
tracheal/neck surgery or radiotherapy. However,
with increasing use and increasing experience and
skill, these all become more relative. The proce-
dure will be unsuccessful in approximately 2 per
cent of cases and require conversion to a surgical
tracheostomy. The complications are outlined in
Table 35.1, the list being broadly the same as for
an open surgical procedure, although percutane-
ous tracheostomy may have a lower incidence of
wound infection. Recent meta-analysis would sug-
gest that the varying techniques of percutaneous
insertion also have similar rates of success and
complications. Significant early complications
can occur in up to 3 per cent of patients, with a
reported late complication rate of 0.7 per cent. It
should be noted that intraoperative complications
can be severe, indeed fatal, owing to inadvertent
vascular injury, for example.
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Table 35.1 Complications of surgical tracheostomy

Immediate/operative

Haemorrhage Tube obstruction
Air embolism

Pneumo-thorax

Damage to recurrent laryngeal
nerves, cricoid cartilage
Loss of airway

Within first 2 weeks

Tube displacement
Chest or wound infection

Delayed
Tracheo-cutaneous fistula
Subglottic stenosis
Tracheal stenosis (narrowing >50 per cent of
tracheal lumen)
Tracheo-malacia
Trachea-innominate artery fistula

CRICO-THYROID AIRWAY
PROCEDURE

As is the case with tracheostomy, crico-thyroid-
otomy can be an open surgical procedure or per-
formed utilizing a Seldinger-type approach. A
conventional surgical crico-thyroidotomy involves
inserting a tracheostomy tube into the airway
through the crico-thyroid membrane. The mem-
brane is palpable in most necks between the infe-
rior aspect of the thyroid lamina and the upper
border of the cricoid cartilage. It is generally faster
and simpler than a tracheostomy as the membrane
is nearer the skin and there should be no major ves-
sels in the area. As with tracheostomy, local anaes-
thetic can be used for the procedure. The neck
is fully extended, the membrane palpated and a
horizontal incision made through the skin and the
subcutaneous tissues. This is deepened until the
airway is opened horizontally. Tracheal dilators
will then be needed to open up the space, allowing
further division of the soft tissues to widen access
and then allow insertion of a suitable tube.

The Seldinger approach involves the correct
placement of a curved small-bore crico-thyroid
cannula though the crico-thyroid membrane into
the airway under local anaesthesia. The cannulae
have a diameter of 13Fr (inner diameter 2 mm)
and when correctly placed in the airway enable the
patient to be ventilated with a high-pressure oxygen
injector for up to approximately 15 minutes. This
gives vital time to secure a more adequate airway.
This in itself may entail a conventional tracheos-
tomy, but a Seldinger technique utilizing the can-
nula to insert a larger bore tube can be undertaken

Figure 35.3 Seldinger kit for crico-thyroidotomy.

swiftly. Kits containing all the required equipment
for both a Seldinger-type crico-thyroidotomy
(Figure 35.3) and a surgical crico-thyroidotomy
are commercially available.

POST-OPERATIVE CARE AND
TRACHEOSTOMY TUBES

Various types of tracheostomy tube are available.
They vary in terms of materials (typically silicone
or silver), diameters, the presence or absence of a
cuff, the presence or absence of a fenestration and
whether there is an inner cannula. There are tubes
of standard length, longer tubes and tubes with an
adjustable flange.
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The tube inserted at the time of surgery will be
cuffed and non-fenestrated. The patient will be at
risk of blood and secretions entering the trachea
and the airway will need protection. Additionally,
the patient may require ventilation. The typical
tube to be inserted in an adult male should have
an inner diameter of at least 9mm, and in an
adult female at least 8mm. It is standard practice
to insert a tube that has an inner cannula, as it is
safer, and the initial tube should not be removed
until the tract from skin to trachea has stabilized,
typically in 5 to 7 days. It is important to allow
sufficient time for the tracheocutaneous tract to
mature and thereby reduce potential complica-
tions associated with changing the tube. The most
significant of these is incorrect positioning of the
tube such that it is no longer in the trachea. It is
good practice for the first tube change to be carried
out by the surgical team that performed the pro-
cedure and for the eventual position to be checked
by inserting a flexible laryngoscope down the tube.
The changing of the tube over a guidewire as in a
Seldinger approach may also facilitate the process.

When the tube is changed, the distal airway may
no longer need protection from secretions or blood
and the patient may no longer require ventilation.
If these conditions exist, a cuffless fenestrated tube
may enable the patient to communicate. At all
times a tube with an inner cannula should be used.
This is of slightly narrower calibre than the outer
tube and is marginally longer. It can be removed
and cleaned, obviating the need for any unneces-
sary removal of the outer tube.

It is vital in the early days to avoid accidental
de-cannulation. This potentially disastrous event
can be reduced by sound surgical technique and
tube fixation, along with careful and experienced
nursing skill. Post-operative care includes careful
monitoring of the airway, regular inspection of the
tube to ensure there is no displacement, and regular
removal and cleaning of the inner tube to prevent
occlusion in conjunction with regular humidifi-
cation. Secretions, particularly in the early post-
operative period, will require removal by gentle
suction. Suctioning should be performed using a
low vacuum pressure; the suction catheter should
be inserted into a non-fenestrated inner cannula
and then slowly withdrawn while applying suc-
tion. The cuff of the tube should be checked again

on a regular basis. It is good practice to have bed
head signs displaying essential information such as
date of surgery, type of tracheal opening fashioned
and size and type of tube inserted. Guidelines also
outline the list of recommended bedside equip-
ment, including emergency airway equipment that
should be available, in addition to discussing how
to assess tracheostomy patency and manage prob-
lems that may arise. Clinical consensus statements
and guidelines for tracheostomy care are available.

COMPLICATIONS

Complications are an inherent part of any surgical
procedure and should be considered prior to final-
izing the decision to operate. The complications that
can arise — typically classified as operative, early
post-operative and late post-operative — are listed in
Table 35.1. Typically, a 3-4 per cent figure for opera-
tive complications is quoted, and this is likely to be
similar regardless of whether a surgical or percuta-
neous procedure is undertaken. Literature would
suggest that the risk of bleeding, major operative
complications and long-term complications is simi-
lar in the two groups. The most common complica-
tion is bleeding, and this is usually of a minor nature.

KEY LEARNING POINTS

e The majority of tracheostomy opera-
tions are performed electively, and an
increasing proportion of these will be
performed percutaneously.

e The main area of debate in an open
surgical approach surrounds the type of
opening made in the anterior tracheal
wall and the use of skin maturation
sutures.

® Intensive nursing care during the first
7 post-operative days is of paramount
importance.

e ENT surgeons should have a wide
knowledge of different techniques and
equipment available for accessing the
airway in an emergency.
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INTRODUCTION

Evaluation of a patient with a neck swelling requires
a careful and systematic clinical approach with
sound understanding of the anatomical structures
of the neck and appreciation of the pathology,
which is the focus of this chapter. Neck lumps may
be benign or malignant and can be the presenting
symptom of loco-regional and/or systemic diseases
across all age groups. A comprehensive history and
assessment of the characteristics of the neck swell-
ing, including a thorough examination of the upper
aerodigestive tract followed by appropriate investi-
gations (cytology/haematology/radiology), will pro-
vide the diagnosis in more than 95 per cent of cases.
With the above structured approach, open surgical
excision of neck masses should almost always be
part of the planned treatment rather than a diag-
nostic step. Treatment of neck lumps, especially
if malignant, depends on the underlying disease
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process, and a detailed discussion is thus outside the
scope of this work.

HISTORY

The key points in the history that will help reach a
diagnosis are the age of the patient, duration and
location of the neck mass. A comprehensive history
should explore risk factors and associated symp-
toms. Dysphonia, sore throat, dysphagia, ody-
nophagia, referred otalgia and nasal obstruction
may suggest a neoplasm of the upper aerodiges-
tive tract. Weight loss, anorexia, malaise and night
sweats (‘B’ symptoms) may suggest lymphoma or
tuberculosis. Past medical history of exposure to
tuberculosis, surgery, irradiation (risk factor for
malignancy), occupational/sexual history (e.g. risk
factors for human immunodeficiency virus [HIV]
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infection), foreign travel and contact with pets (e.g.
cat scratch disease) are also relevant.

The neck masses should be assessed and recorded
in a systematic fashion with emphasis on the num-
ber, size, site, shape and consistency. Figure 36.1
suggests one such system. It is convenient to use
the neck nodal level system to describe the location
of lymph node disease in the neck. Level I contains
the submental and submandibular nodes. Levels II
to IV contain lymph nodes along the jugular chain
(upper, middle and lower). Level V contains the
lymph nodes located in the occipital and subcla-
vian triangles. The pre- and paratracheal and pre-
cricoid (Delphian) nodes are found within level VI
(Figure 36.2).

Inspection of the scalp, skin over the face and
neck is necessary to look for potential sources of
pathology. Otolaryngologists are best placed to

Figure 36.1 A suggested method to
systematically examine the lymph nodal chains

in the neck. The red dots indicate the groups

of the deep cervical nodal chains, and the blue
dots indicate the superficial groups. Note that
the neck is turned away to the opposite side for
ease of description. In real life, turning and tilting
the head to the same side as the side of the neck
being examined will relax the sternomastoid
muscle and enable easier palpation.

Figure 36.2 Neck levels classification system
as proposed by the American Head and Neck
Society and the American Association of
Otolaryngology — Head and Neck Surgery.

evaluate neck masses as clinical examination is
incomplete unless the entire mucosa of the upper
aerodigestive tract is examined (see Chapters 2
and 18 on investigation of nasal and pharyngeal
diseases). This includes endoscopic assessment of
the nasal cavity, nasopharynx, oropharynx, larynx
and hypopharynx. Where facilities exist, a trans-
nasal oesophagoscopy will allow examination of
the oesophagus down to the cardia. The examina-
tion should conclude with a general physical exam-
ination to include the chest, axillae and breasts in
women.

Important signs that should raise concern
include matted nodes (often felt in lymphoma),
nodes that feel hard or rounded (usually indicating
malignancy) and ulceration or masses in the upper
aerodigestive tract (which can indicate a primary
cancer).

In the majority of patients with neck lumps, an
ultrasound and a needle biopsy are the first-line
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investigations. However, these should be tailored to
each individual case based on the clinical findings.
For instance, if an inflammatory mass is suspected,
especially in a young patient, haematological
investigations including blood counts, inflamma-
tory markers, viral titres, serology for Brucella spp.
and Toxoplasma spp. and liver function tests may
be indicated. An ultrasound scan may help identify
an abscess. Also, a clinical trial of antibiotics and
observation not exceeding 2 weeks may be insti-
tuted with close follow-up. However, a suspected
neoplastic mass will need imaging and cytology as
the initial diagnostic studies.

ULTRASOUND IMAGING

Ultrasound (US) is a useful modality in the evalua-
tion of all lumps, especially of thyroid and salivary
origin, with the added ability to precisely target
tissue for fine-needle cytology. Currently available
higher resolution probes can study the architecture
of the lump and identify features that have high
predictive values for benign or malignant diagno-
ses. It is relatively inexpensive, quick, non-invasive,
and does not use ionizing radiation, but is operator
dependent.

COMPUTERIZED TOMOGRAPHY

Computerized tomography (CT) is useful in iden-
tifying the presence of clinically undetectable
lesions (e.g. deep-seated masses in parapharyn-
geal and retropharyngeal spaces) and in delin-
eating the extent, vascularity and relationship of
neck lumps to adjacent structures. It is used rou-
tinely for the staging of head and neck tumours
and also in the investigation of a patient with an
unknown primary presenting with metastatic
neck disease.

MAGNETIC RESONANCE IMAGING

Magnetic resonance imaging (MRI) has uses that
are similar to CT, but it also provides very good soft
tissue contrast and is the preferred modality where
soft tissue detail is important, for instance the oro-
pharynx and parotid gland. MR angiograms are
an excellent modality for vascular delineation and

obviate the need for contrast injection. There is
also the inherent advantage of no radiation expo-
sure, and some of the newer MRI protocols (e.g.
diffusion weighted MRI) are being tested for use
in identifying recurrent or persistent cancer after
treatment.

POSITRON EMISSION
TOMOGRAPHY

Positron emission tomography (PET) is a func-
tional imaging technique that depicts tissue meta-
bolic activity and uses short-lived radioisotopes
that contain protons that decay emitting positrons.
PET is rarely used as a sole imaging modality, but
hybrid PET-CT or PET-MRI is especially useful in
assessing patients presenting with metastatic neck
disease with an unknown primary (Figure 36.3)
and following treatment for head and neck can-
cer, where differentiation between post-treatment
fibrosis and residual/recurrent tumour can be
difficult.

FINE-NEEDLE ASPIRATION
CYTOLOGY

Fine-needle aspiration cytology (FNAC) is cur-
rently regarded as the key diagnostic modality for
neck lumps and can be done with or without US
guidance. Unless the mass is suspected to be of vas-
cular origin (e.g. paraganglioma) or the diagnosis
is very apparent (e.g. lipoma), an FNAC is integral
to the diagnostic pathway. Although it is an easy
procedure to learn, rigorous attention to detail and
familiarity with the cytological processing at one’s
own institution are important to achieve consis-
tently high yield rates. In addition to direct smears,
needle rinses can be very useful for additional
tests (immunostaining, microbiological investiga-
tions, flow cytometry or molecular testing) that
can help make the diagnosis. For instance, find-
ing plé positivity on immunohistochemistry or
high-risk human papilloma virus (HPV) on in situ
hybridization of a needle rinse can point towards
an oropharyngeal origin for a metastatic node. If
the initial attempt is non-diagnostic, subsequent
FNAC done under US guidance increases diagnos-
tic rates by 10-15 per cent.
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Figures 36.3 Computed tomography (CT)-positron emission tomography scan (a) showing high-risk
human papillomavirus—positive primary cancers in both tonsils with a right-sided metastatic node.
Note that the CT scan of the same patient at approximately the same level is not suggestive of tonsillar

cancer (b).

CORE BIOPSY

Core biopsy (CB) is a valuable adjunct to the
diagnostic process when FNAC is unsuccessful.
Although there had been earlier fears of seeding
the CB needle tract, these are largely unfounded.
CBs are especially valuable to characterize salivary
gland malignancies (the heterogeneity of salivary
tumours makes FNAC diagnosis difficult) and
lymphomas.

OPEN BIOPSY

Open biopsy (OB) may be necessary if both FNAC
and CB are unhelpful, imaging modalities suggest
a malignant process but the primary is unknown
or when the overwhelming diagnosis is a lym-
phoma. This is best undertaken by surgeons who
will plan the incision to accommodate a future
neck dissection if necessary. Wherever possible,
an incision biopsy should be avoided in favour of
excising a whole node.

APPROACH TO DIFFERENTIAL
DIAGNOSIS

A basic understanding of the neck anatomy and
the various disease processes is essential to direct
investigations and arrive at a working diagnosis
without compromising the patient’s clinical out-
come. There are more than 150 lymph nodes on
each side of the neck, and thus lymphadenopathy
is the most common neck mass seen in clinical
practice and also in any part of the neck. Apart
from lymph nodes, a mental checklist of the nor-
mal anatomical structures underlying the site of
the palpable neck lump from which it may have
originated will help with the differential. A lump
high in level II of the neck is likely to be a lymph
node, parotid tail mass or branchial cyst, but when
it is pulsatile, consideration should be given to a
carotid body tumour. A useful differential can be
arrived at by considering the age of the patient
(<15 years old, 15-35 or >35 years old), consid-
ering the location of the lump (central or lateral,
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Neck Masses in an Adult
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Figure 36.4 Flow chart showing the differential diagnostic options for neck masses in a