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Foreword

Since the 1980s, rhinology has genuinely experienced its “Golden Age” with
the advent of new diagnostic techniques, medical treatments, and surgical
approaches. This has been underpinned by an increasing understanding of the
anatomy, physiology, and pathophysiology of the respective conditions and
an appreciation of the interplay of the nose and sinuses with the lower respi-
ratory tract and the rest of the body. Furthermore, rhinology has embraced the
application of an evidence-based approach with an exponential rise in ran-
domized controlled trials and prospective cohorts, enabling individualized
precision medicine and surgery.

This book offers not only a contemporary approach to rhinology but also
one which is comprehensive. It covers both the scientific aspects of the spe-
ciality but also provides clear practical advice on clinical management in both
adults and children. It is, therefore, of use to a broad constituency of readers
and practitioners from the motivated medical student, through the ENT
trainee, interested primary care physician, to the general otorhinolaryngolo-
gist and tertiary care rhinologist. It is increasingly recognized that optimum
management of many rhinologic conditions, such as recalcitrant allergic rhi-
nitis or chronic rhinosinusitis, sinonasal neoplasia, and rarities such as vascu-
litis and hereditary hemorrhagic telangiectasia, is ideally undertaken by
multidisciplinary teams that provide the widest range of expertise and great-
est benefit to patients and clinicians alike. Similar synergies exist at the sino-
orbital interface and skull base. All of these topics are addressed in this book,
so there are also allergists, immunologists, pulmonologists, oncologists, oph-
thalmologists, neurosurgeons, gastroenterologists, and rheumatologists
among many others who would find the contents of this book of value.

In commissioning this book, the editors have spread their net widely to
include an array of experts from many countries and subspeciality interests so
the advice represents a distillation of up-to-date information, irrespective of
the healthcare system.
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Foreword

It is happenstance to be in the right place at the right time and that is cer-
tainly true for those of us with an interest in the nose and sinuses in recent
decades. However, one should recognize that it is more important to know
how to take advantage of being in the right place at the right time, and this
book facilitates that aspiration.

Professor Valerie J. Lund, CBE
Royal National Ear, Nose and Throat
and Eastman Dental Hospital, UCLH

London, UK



Preface

A complete understanding of the nose, paranasal sinuses, and the respiratory
tract is best regarded as a work in progress and a subject that is constantly
developing. Whilst the ongoing pandemic was a major setback, it also pro-
vided opportunities for discovery and became an important landmark in rhi-
nological and olfactory knowledge. We have used this to our advantage and
included the newly learnt knowledge about the SARS-CoV-2 coronavirus
within this book.

Medical technology and computing have continued to rapidly improve,
enabling high-quality imaging and visualization of previously obscured
structures to be seen with outstanding clarity.

In parallel with this, our understanding of the basic science, the physiol-
ogy, and medical disorders of the nasal and paranasal passages greatly
improved, facilitating better understanding of treatment strategies and modal-
ities that led to better patient outcomes.

From the historical perspective, the field of rhinology has gained much
scientific acclaim. In the 1970s and 1980s, studies on mucociliary flow, insti-
gated by Professor Walter Messerklinger and aided by Heinz Stammberger,
underpinned a novel concept of surgical techniques for the nose and sinuses,
leading to the term “Functional Endoscopic Sinus Surgery (FESS).” This
term has stood the test of time but is now used loosely to describe any mini-
mally invasive sinus surgery, even when extensive resection is performed.

The year 2004 marks a landmark event, when Linda Buck and Richard
Axel were awarded the Nobel Prize for their work on olfaction. The SARS-
CoV-2 virus subsequently led to a huge expansion in olfactory research and a
whole wealth of new information.

The heightened profile of rhinology has led to a whole new generation of
endoscopic sinus surgeons, who have been at the forefront of a dramatic
expansion in the scale and scope of various endoscopic techniques. Surgical
procedures that were once considered “challenging and fraught with danger”
are now rendered as routine operations. This advance has been achieved by
certain more serious procedures being focused in specialist centers dedicated
to controlling risk and minimizing complications, leading to improved patient
outcomes.

The net effect of the above changes has been to place rhinology at the
forefront of surgery. This incredible journey began with the development of
the rigid endoscope, alongside dedicated CT and MRI imaging techniques.
We can only wonder as to what other advancements lie on the horizon, how

vii
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Preface

these will affect our current management protocols and the outcomes for the
wide range of rhinological disorders.

We, the editors, are immensely grateful to our contributory authors, who
are all experts within their fields. Each author has produced a state-of-the-art,
extremely valuable contribution, each taking many hours of planning,
research, development, and writing. We thank each and every one of the
authors for their commitment and support.

We hope the readers of this book will be filled with awe and wonder at the
extreme complexity of the nose and the paranasal sinuses. We also hope that
this will lead to an unending desire to study this fascinating, complex, and
specialist organ that continues to surprise us all. We would strongly encour-
age our younger colleagues to develop an interest into the art and science of
the diseases of the nose, and hope that this book will be the catalyst for this
dedicated journey.

Liverpool, UK Andrew C. Swift
Newcastle, UK Sean Carrie
Mumbai, Maharashtra, India Christopher de Souza
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Embryology of the Nose
and Paranasal Sinuses

Daniel W. Scholfield and Neil Cheng-Wen Tan

Nose Development

Early Development Three facial projections
contribute to the formation of the nose—the fron-
tonasal process, the maxillary process, and the
mandibular process (Fig. 1.1). At the end of the
third week of embryonic life, the forebrain
enlarges and pushes overlying ectoderm forward
to form the frontonasal process. The stomodeum
forms inferior to the frontonasal process in the
fourth week as an invagination with ectodermal
covering.

The ectoderm over the stomodeum meets the
endoderm of the developing foregut to form the
oropharyngeal membrane, which breaks down in
the fifth week to allow an external communica-
tion with the foregut (Tables 1.1 and 1.2).

Branchial Arches Mesenchymal growth of the
first branchial arch forms the maxillary and man-
dibular processes bilaterally. The stomodeum is
therefore surrounded by the maxillary processes
either side, the mandibular processes below and
frontonasal process above [1] (Fig. 1.1).

D. W. Scholfield
Barts Health NHS Trust, London, UK

N. C.-W. Tan (D<)
Royal Cornwall Hospitals NHS Trust,
Truro, Cornwall, UK

University of Exeter Medical School, Exeter, UK
e-mail: n.tan@exeter.ac.uk

Nasal Development Nasal development begins
when a pair of thickened ectodermal nasal plac-
odes, derived from the frontonasal process,
becomes visible in the 4-week-old embryo. Pax-6
expression is essential in the development of the
nasal placodes [2]. The forward growth of the lat-
eral and medial aspects of the nasal placodes
gives rise to the nasal pits, which are well devel-
oped at 32-34 days.

The nasomedial and nasolateral processes are
mesenchymal elevations surrounding the nasal
pits. This mesenchymal proliferation is stimu-
lated by release of fibroblast growth factor 8
(FGF-8), expressed in the rim of invaginating
nasal pits [3]. These swellings merge towards the
midline during the sixth and seventh week. The
nasolateral processes then form the alae of the
nose, whilst the nasomedial processes form the
tip and crest, with part of the nasal septum. The
frontonasal process then recedes to contribute to
the nasal bridge.

Olfactory Development The epithelium of the
nasal pits develops neural processes under the
influence of FGF-8 and sends axonal projects
towards the olfactory bulb to form the olfactory
neurons.

Choanal Development The nasal pits continue
to deepen towards the oral cavity, and by 6.5 weeks,
only a thin oronasal membrane separates the oral
cavity from the nasal cavity. The rupture of the

© The Author(s), under exclusive license to Springer Nature Switzerland AG 2023 3
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Frontonasal
Nasal process
placode . Nasal
Maxillary pit
process
Mandibular
process
4 1/2 weeks 5 weeks
Frontonasal
Nasolacrimal process Nasolacrimal
groove Nasal groove
pit
Eye Nasolateral Eye
processes
Nasomedial Maxillary
processes process
Stomodeum
6 weeks 7 weeks
Fig. 1.1 Early naso-facial embryological development
Table 1.1 Timeline of foetal development
Week of
gestation Nasal development Sinus development Lacrimal development
3rd Frontonasal process formation
4th Stomodeum and nasal placode Ethmoid sinus development
formation begins
Sth Oropharyngeal membrane Olfactory pit formation
breakdown
6th Oronasal membrane breakdown Ectoderm extension from
olfactory sac
7th Turbinate development begins
8th Lacrimal pathway formation
complete
9th
10th Maxillary sinus development
begins
11th
12th Chondrification of nasal capsule | Sphenoid sinus development
begins
13th Tooth germs arise
14th
15th
16th Frontal sinus development
begins
17th Apoptosis of epithelial plug
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Table 1.2 Timeline of early childhood

Ethmoid sinus
3-4 air cells

Age
Birth

Maxillary sinus
Lower border above nasal floor

1st rapid growth phase

2" rapid growth phase

Sinus floor level with nasal
floor

14

Adult Up to 15 air cells

oronasal membrane occurs between days 42 and
44, forming the primitive choanae—a communi-
cation between the primary oral and nasal cavities.
The choanae lies behind the primary palate, which
is formed by the fusion of the medial nasal pro-
cesses. Choanal atresia results if the oronasal
membrane fails to break down. The external nares
are brought closer together as the frontonasal pro-
cess, which separates them, reduces in size.

Palatal Development The maxillary processes
arise from the first pharyngeal pouch and pro-
duce palatal shelves which are vertical mesen-
chymal tissue outgrowths. These re-orientate into
the horizontal plane and continue growing until
they meet at the midline. Secondary palate for-
mation progresses from anterior to posterior,
simultaneously forming the secondary nasal cav-
ity. This results in the posterior choana being
repositioned posteriorly. The nasopalatine canal
remains as a persistent communication at the
junction of the premaxilla and palate.

Nasal Vestibule A plug of epithelial cells blocks
the anterior lumen of the nasal cavity by 7-8 weeks.
By the 17th week, this epithelial plug undergoes
apoptosis, resulting in the nasal passages reopen-
ing and becoming the nasal vestibule [4].

Frontal sinus
Present as small pit

Sphenoid sinus
Rudimentary recess

Present as small blind pocket
Formation complete
Reaches mid-vertical height of orbit

Reaches superior orbital rim
Extends into frontal squama
Adult size

Pneumatization
complete

Internal Nose and Sinuses Nasal pit epithe-
lium induces the surrounding neural crest mes-
enchyme to form the -cartilaginous nasal
capsule. This structure forms a boundary for
paranasal sinus and nasal development while
also combining with more centrally derived
mesenchyme to form the nasal septum and
later the ethmoid bones. Chondrification of the
nasal capsule starts at the skull base adjacent to
the sphenoid bone in the third month of devel-
opment. Ossification of the nasal capsule origi-
nates in centres of ossification, the first of
which is located at the anterior edge of the
sphenoid bone. The second centre of ossifica-
tion occurs in the lateral aspect of the nasal
capsule, with multiple subsequent centres
developing [5].

Nasal Septum The septum is initially entirely
cartilaginous and develops from the medial
wall of the lateral capsule during the second to
third embryonic month. At birth, the maxillary
crest, palatine crest and vomer will have ossi-
fied. The cartilaginous septum grows swiftly
during the first 2 years of life. Ossification of
the cranial and posterior part of the cartilagi-
nous septum results in perpendicular plate for-
mation [6].
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Turbinate Development

During the seventh gestational week, the first
projection into the nasal cavity occurs, namely,
the maxilloturbinal, which is the precursor to the
inferior turbinate.

The first ethmoturbinal originates at the supe-
rior junction of the lateral nasal wall and septum,
developing into the middle turbinate. The middle
nasal meatus forms between these two structures
and within this the diverticulum of the embryonic
infundibulum forms.

The second ethmoturbinal gives rise to the
superior turbinate, and third ethmoturbinal forms
the supreme turbinate, which can be identified in
50% of adults [7]. The furrow between these
structures forms the supreme turbinate.

The first, second and third ethmoturbinals are
considered ethmoid in origin. These structures
grow from their origins in the lateral nasal wall to
attach to the lamina papyracea and skull base.

Paranasal Sinus Development

The paranasal sinuses arise as outpouchings of
the lateral nasal wall, except for the sphenoid
sinus. They are generally established in the
embryo but are rudimentary at birth, with the
exception of the maxillary sinus. Their develop-
ment influences facial structure during childhood
and vocal resonance in adolescence, with highly
variable growth patterns between sides and
individuals.

Maxillary Sinus

The maxillary sinus begins as an outpouching of
the lateral nasal capsule mucosa during the tenth
week of gestation [8], occurring posterior to the
primitive uncinate process within the primitive
ethmoid infundibulum. At this stage, it can be
considered as an extension of the infundibulum;
therefore, both should be considered as part of
the same anatomic and developmental unit. This
is supported by the association of a poorly devel-
oped infundibulum with maxillary sinus hypo-

plasia [8]. The perichondrium of the nasal capsule
prevents significant extension into the maxilla,
and it is not until the nasal capsule undergoes
ossification that the maxillary sinus pneumatizes
into the maxilla.

Further growth of the maxillary sinus follows
the descent of dentition. In the neonate, the lower
border lies above the nasal floor; however, it
begins to descend as the mid-third of the face
develops and dentition erupts (Fig. 1.2). Between
9 and 12 years old, the floor of the maxillary sinus
is at the level of the nasal floor [8]. The descent
then continues as permanent teeth erupt, until it is
0.5-10 mm below the nasal cavity. The maxillary
sinus has two period of rapid growth during child-
hood, one between birth and the 3rd year and the
other between the 7th and the 12th year [9].

The maxillary sinus ostium is elliptical
throughout prenatal development, with narrower
proportions than the adult ostium. The foetal
ostium is located in the anterior third of the eth-
moid infundibulum, whereas the adult ostium is
located between the middle and posterior third of
the ethmoid infundibulum [8].

Tooth germs are identifiable as early as the
13th week of gestation [10]. It is important to
note that until 8 years of age, the floor of the nose
is still lower than the floor of the maxillary sinus,

Superior
turbinate

Middle
turbinate

Nasal
septum

Inferior
turbinate

Fig. 1.2 Maxillary sinus development pattern
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and the permanent teeth have not all erupted.
Therefore, an inferior middle meatal antrostomy
or Caldwell-Luc procedure in this age group
could damage permanent tooth buds, leading to
failure of tooth development [11, 12].

Ethmoid Sinus

Ethmoid sinus development begins in the fourth
week of gestation. They are well developed at
birth and comprises of 3—4 air cells, increasing to
up to 15 by adulthood. Ethmoid sinus develop-
ment can be divided into anterior and posterior
cell groups, based on their initial sites of pneu-
matization. The anterior ethmoidal cell group
develops in the middle meatus, and the posterior
ethmoidal cell group originates in the superior
meatus.

Five basal lamellae serve as attachments to the
lateral nasal wall during development (Table 1.3).
The first basal lamella is the lateral extension of
the uncinate process; the second basal lamella is
the lateral extension of the ethmoid bulla; the
third basal lamella is the attachment of the mid-
dle turbinate; the fourth basal lamella is the
attachment of the superior turbinate; and the fifth
basal lamella is the attachment of the supreme
turbinate when present. The ethmoidal sinus cells
respect the boundaries of the lamella during
development, and the lamella can be stretched
but not broken. This is clinically relevant to the
endoscopic sinus surgeon, who can make use of
embryological knowledge to navigate safely
through the full ethmoid labyrinth using a struc-
tured approach. Figure 1.3 highlights this con-
cept of how the ethmoid lamellae act as doors and
gateways to the ethmoid sinus chambers behind
and the importance of identifying these lamellae
to perform safe sinus surgery.

Depressions in the nasal mucosa of the nasal
capsule deepen and become globular air cells
during primary pneumatization. The sinuses are
named by the bone in which they finally reside.
However, they may have their origins in the eth-
moid during foetal life. These are called extramu-
ral cells, an example being the frontal sinus
which may be considered as a displaced anterior

7

Table 1.3 The basal lamellae

First basal The lateral extension of the

lamella uncinate process

Second basal The lateral extension of the

lamella ethmoid bulla

Third basal The lateral attachment of the

lamella middle turbinate

Fourth basal Attachment of the superior

lamella turbinate

Fifth basal Attachment of the supreme

lamella turbinate

Fig. 1.3 Parasagittal slice of CT sinus demonstrating 1
uncinate process; 2 lamella of middle turbinate; 3 lamella
of superior turbinate; 4 anterior face of sphenoid sinus; 5
middle turbinate; 6 inferior turbinate

ethmoid cell. The extramural ethmoid air cells do
not grow beyond the ethmoid bone until after
birth. These cells include the agger nasi cells,
which develop from the nasoturbinal promi-
nence, anterior and superior to the middle meatus;
the frontal sinus cells; infraorbital ethmoid cells
and sphenoid bone cells.

Frontal Sinus

The frontal sinus begins to develop during the
fourth month of gestation, by direct extension of
the frontonasal recess or as a superior epithelial
migration of the anterior ethmoidal cells that
penetrate the inferior surface of the frontal bone
[13]. The foetal frontal process is situated
between the anterior attachment of the middle
turbinate and the uncinate process.
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The frontal sinus is not seen on imaging at birth
but is present as a small pit. Underdevelopment
means that frontal sinusitis cannot occur before
4 years of age. Primary pneumatization occurs
in the first year after birth, and the frontal sinus
remains a small blind pocket until 2 years after
birth (Fig. 1.4). Secondary pneumatization
begins between 6 months and 2 years and con-
tinues until adolescence. At 4 years of age, the
superior edge of the frontal sinus reaches the
mid-vertical height of the orbit. It then reaches
the height of the superior orbital rim at 8 years
and grows into the frontal squama at 10 years of
age [4]. The adult appearance of the frontal sinus
usually forms by 12 years. Supra-agger frontal
cells, supra-bulla frontal cells or supra-orbital
ethmoid cells may form if the anterior ethmoid
cells pneumatize the frontal bone at a growth
rate greater than the frontal sinus. This extensive
variation in pneumatization of anterior ethmoid
cells into the frontal recess and frontal sinus leads
to the complex anatomical challenges when con-
sidering the surgical anatomy of the frontal sinus.

The left and right frontal sinuses may be
asymmetrical due to their independent forma-
tion. A hypoplastic or absent frontal sinus is seen

Adult
10 years
8 years
1 year
Birth

Middle
turbinate

Nasal
septum

Inferior
turbinate

Fig. 1.4 Frontal sinus development pattern

in about 5% of the population [14]; however,
some populations such as Alaskan or Canadian
Eskimos can have a much higher predisposition
with up to 43% reported [15]. Excess pneumati-
zation of the frontal sinus can also occur and is
termed either sinus hyperpneumatization or
pneumosinus dilatans with extension extending
laterally to the orbital rim or even to the tempo-
ral bone.

Sphenoid Sinus

Sphenoid sinus development begins in the third
month of gestation, when a small presphenoid
recess forms by invagination of nasal mucosa
into the posterior cartilaginous nasal septum. An
inferiorly based nasal mucosal fold develops by
the end of the fourth month, which partially sepa-
rates the presphenoid recess from the nasal cav-
ity. A cartilaginous sphenoid concha forms within
this fold during chondrification of the nasal cap-
sule, forming cartilaginous concavities which
eventually enclose the presphenoid recess by the
end of the fifth month. The surrounding cartilage
wall ossifies towards the end of foetal develop-
ment, and the presphenoid recess becomes the
sinus ostium in adult life.

At birth, the sphenoid sinus is a rudimental
recess. Magnetic resonance imaging shows the
sphenoid sinus consists of red marrow (uniformly
low signal intensity on T1-weighted images) in
children less than 4 months old. Bone marrow
conversion then commences at 4 months of age
(signal intensity changes from hypointense to
hyperintense) [16]. There is then extension infe-
riorly and posteriorly by the resorption of carti-
lage, forming the sphenoid sinus by 3 years of
age. Unlike the other paranasal sinuses, primary
pneumatization does not occur in sphenoid devel-
opment. Pneumatization of the sphenoid sinus
commences between 2 months and 3 years of age
[17]. The sphenoid sinus pneumatizes by expand-
ing into the presphenoid and then the basisphe-
noid, while the sphenoid concha remains as the
anterior wall of the sinus. The sphenoethmoid
recess is formed from the presphenoid recess.
Pneumatization is complete by 14 years of age.
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The sphenoid bone develops from the ossifica-
tion of several independent cartilaginous precur-
sors. The post-sphenoid and pre-sphenoid centres
form the body of the sphenoid bone, and the ali-
sphenoid forms the greater wings and orbito-
sphenoid contributes to the lesser wings. Union of
these ossified components results in the formation
of the sphenoid bone. The lateral craniopharyngeal
or Sternberg’s canal will form if there is incom-
plete fusion of the greater wings and sphenoid
body. It exists with high incidence in 3-year-olds,
but sinus pneumatization leads to obliteration of
the canal, leaving a defect in less than 5% of adults
[18]. Sternberg’s canal is therefore infrequently
associated with spontaneous cerebrospinal fluid
(CSF) leak and congenital encephaloceles [19].

Prior to the development of the sphenoid
sinus, the optic nerve, vidian nerve and carotid
artery are present. As sinus formation progresses,
these structures create irregularities in the walls
of the sinus and subsequent canals. Vidian canal
variants can be classified as type 1, within the
sphenoid bony roof (55.6%); type 2, partially
protruding into the sphenoid sinus (34.8%); and
type 3, totally protruded into the sphenoid sinus
with a stalk (9.6%) [20].

Nasolacrimal Duct Development

The lacrimal passageway arises from an epithelial
cord embedded in the mesenchyme, as a thicken-
ing of the surface ectoderm in the rudimentary
naso-optic fissure at 32 days of gestation.

This thickened ectoderm lies between the lat-
eral nasal process and the maxillary process. At
37 days, the olfactory pit is well formed, and the
surface ectoderm of the naso-optic fissure thick-
ens and projects inferiorly. Caudal and cephalic
branchings of the epithelial cord form the cana-
liculi and the duct.

By 44 days, the olfactory sac is well formed,
and as the ectoderm extends downwards, it
detaches itself from the surface and buries itself
in the mesenchyme. This epithelial cord extends
downwards towards the nasal cavity and is
entirely buried between the inferior meatus of the
nasal fossa and the inner canthus of the eye.

It later begins to canalize at the ocular end at
60 days and extends downwards to become the
lacrimal pathway.

The distal end opens into the inferior meatus
via the valve of Hasner, but the nasolacrimal duct
is initially not patent in 73% of neonates [21]. In
a small proportion of cases, this can lead to con-
genital epiphora, but about 95% of cases will
undergo spontaneous resolution by the age of
13 months as canalization through the valve of
Hasner occurs.

Sinonasal Vasculature Development

The vascular supply to the head, neck and sinona-
sal region arises from the aortic arches, which are
formed sequentially within the pharyngeal
arches. They initially appear symmetrically on
both sides of the embryo but then regress or per-
sist. The first pair of aortic arch arteries arises
from the aortic sac, forming between day 22 and
24 of gestation. By day 26, the second arch artery
arises in the second pharyngeal arch, and at the
same time, the first pair of aortic arch arteries
begins to regress. A first aortic arch remnant
forms the maxillary artery and its subsequent
branches, including the sphenopalatine artery. On
day 28, the third and fourth aortic arch arteries
form. The third arch arteries give rise to the com-
mon carotid arteries bilaterally and to the proxi-
mal portion of the right and left internal carotid
arteries. The cranial extensions of the dorsal aorta
give rise to the distal portion of the internal
carotid artery, which gives rise to the ophthalmic
artery and subsequently the anterior and posterior
ethmoid arteries. The external carotid artery buds
from the common carotid artery [22].

Areas of Uncertainty
and Controversy

e The growth of the nasal septum has tradition-
ally been described as occurring in a caudal
direction, growing downward between the
paired nasal cavities until it reaches the palatal
shelves. However, scanning electron micro-
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scope dissection suggests that the septum is

derived from tissue between the primary choa-

nae, which fuses with the palatal shelves as

they elevate [23].

Age of onset and completion of sinus pneuma-

tization vary in the literature. However, it can

generally be stated that initial signs of pneu-

matization are present at birth for the maxil-

lary and ethmoid sinuses, at 9 months for

sphenoid sinus, and after the age of 5 years for

the frontal sinus [24].

There are various theories on the embryology

of choanal atresia, summarized by Hengerer

et al. (2008) [25] as the following:

— Persistence of the buccopharyngeal mem-
brane from the foregut

— Abnormal location or persistence of meso-
derm, forming adhesions in the naso-
choanal region

— Abnormal persistence of the nasobuccal
membrane of Hochstetter

— Misdirection of neural crest cell migration

Key Learning Points

Nasal development begins in the 4-week-old
embryo, when a pair of thickened ectodermal
nasal placodes becomes visible. These develop
into the nasal pits.

A plug of epithelial cells blocks the anterior
lumen of the nasal cavity by 7-8 weeks. By
the 17th week, this epithelial plug undergoes
apoptosis, resulting in the nasal passages
reopening and becoming the nasal
vestibule.

The septum is initially entirely cartilaginous.
It develops from the medial wall of the lateral
capsule during the second to third embryonic
month. By birth, the maxillary crest, palatine
crest and vomer will have ossified.

The maxilloturbinal is the precursor to the
inferior turbinate. The first ethmoturbinal
originates at the superior junction of the lat-
eral nasal wall and septum, developing into
the middle turbinate. The second ethmoturbi-
nal gives rise to the superior turbinate, and
third ethmoturbinal forms the supreme turbi-
nate, if present.

e The maxillary sinus begins as an invagination
of the mucosa in the lateral wall of the nasal
capsule during the tenth week of gestation.
Further growth of the maxillary sinus follows
the descent of dentition. The remaining
sinuses are rudimentary at birth.

e Ethmoid sinus development begins in the
fourth week of gestation and comprises of
three to four air cells at birth. The extramural
ethmoid air cells do not grow beyond the eth-
moid bone until after birth.

¢ Five basal lamellae serve as attachments to the
lateral nasal wall during development and are
key for the endoscopic surgeon’s understand-
ing of surgical anatomy.

e The frontal sinus begins to develop during
the fourth month of gestation, by direct
extension of the frontonasal recess or as a
superior epithelial migration of the anterior
ethmoidal cells that penetrate the inferior
surface of the frontal bone. The frontal sinus
is not seen on imaging at birth but is present
as a small pit.

e Sphenoid sinus development begins in the
third month of gestation, when a small pre-
sphenoid recess forms, by invagination of
nasal mucosa into the posterior cartilaginous
nasal septum. At birth, the sphenoid sinus is a
rudimental recess.

e The lower end of the lacrimal duct is not pat-
ent in most neonates.
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Applied Anatomy of the Nose

and Sinuses

Rajiv K. Bhalla

The Nose
Introduction

The nose is a complex anatomical structure,
externally, a strong aesthetic component of the
face and internally is responsible for humidify-
ing, warming and cleansing inspired air before it
reaches the lower airways, and as a gateway to
the base of skull. The olfactory areas are also
located in the roof of the nose bilaterally and are
responsible for our sense of smell. Anatomy of
the nose is considered cephalic, caudal, lateral or
medial (Fig. 2.1).

External Structure

The external structure of the nose is best thought
of in thirds in the horizontal plane (Fig. 2.2). The
upper third consists of bones, the middle and
lower thirds of cartilage. All of these structures
are draped with skin and its underlying soft tis-
sues of fat, muscles and fascia.

Bones of upper third of nose:

Two paired nasal bones

Paired frontal processes of maxilla
Paired nasal processes of frontal bone

R. K. Bhalla (D)
Manchester Foundation Trust and Salford Royal
Hospital, Manchester, UK

Sutures of upper third of nose (Fig. 2.3):
Fronto-nasal

Inter-nasal

Naso-maxillary

Fronto-maxillary

The middle third of the nose consists of the
paired upper lateral cartilages, attached to the
quadrangular cartilage of the nasal septum in the
midline (Fig. 2.4). The cephalic borders of the
upper lateral cartilages (ULCs) sit underneath the
nasal bones (Fig. 2.5). The caudal edge of the
ULC:s curls back on themselves as a scroll.

The lower or tip third of the nose is comprised
of the lower lateral cartilages (LLCs) and their
association with the caudal end of the quadrangu-
lar septal cartilage (Fig. 2.6). The cephalic bor-
ders of the lateral crura of the lower lateral
cartilages are in a scroll configuration with the
caudal border of the upper lateral cartilages
(Fig. 2.7).

Major tip support structures:

(1) The intrinsic integrity of the alar cartilages

(2) The medial crural footplates to the caudal septum
(3) The scroll junction between the upper lateral and
lower lateral alar cartilages

Minor tip support structures:

Ligaments (interdomal, intercrural, Pitanguy’s
midline, pyriform, and a scroll ligament complex
consisting of the longitudinal and vertical scroll
ligaments)

Membranous septum

Anterior nasal spine

Attachment of alar cartilages to the overlying skin and
musculature
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Fig. 2.1 Anatomical
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Fig. 2.2 The external structure of the nose in thirds

The Nasal Septum

The nasal septum separates the right nasal pas-
sage from the left and is cartilaginous anteriorly
and bony posteriorly (Fig. 2.8). The bony septum
is formed by the perpendicular plate of ethmoid

above and vomer below. The septum sits in the
crest of the maxilla in the midline and articulates
with the rostrum of the sphenoid posteriorly.
Superiorly, the cartilaginous septum forms the
mid-third of the dorsum of the nose, and the per-
pendicular plate of the ethmoid attaches to the
thin cribriform plate.

Key areas of the nasal septum (Fig. 2.9):
Anterior septal angle

Posterior septal angle (attachment to anterior nasal
spine)

K (keystone) area

The actual relationship between the cartilagi-
nous septum, the bony perpendicular plate of the
ethmoid (PPE), and the bony vomer, together
with anatomical variants, is depicted in
Fig. 2.10(10.1-10.3).

The Inferior Turbinate

The bone of the inferior turbinate is the inferior con-
cha, articulating with the medial aspect of the max-
illa and extending over the inferior maxillary hiatus
like a bridge. Posteriorly, it articulates with the pala-
tine bone and superiorly the uncinate process.
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Fig. 2.3 Sutures of the
nasal bones/upper third
of nose:

Fronto-nasal suture 6
Inter-nasal suture 4
Naso-maxillary suture 5
Fronto-maxillary suture 7
Additional key numbers:
Nasal bone 1

Nasion 2
Frontal process of
maxilla 3
Anterior nasal spine 8
Intermaxillary / median
suture 9

Cartilaginous dorsum

Returning
|

Ventrocaudal Triangular
corner cartilage

Sphenoidal
process

Caudal end /\

Lateral  Cartilaginous
process septum

Fig. 2.4 The relationship of the upper lateral cartilages to
the septal quadrangular cartilage

The scrolled bone of the inferior concha is
covered by specialised erectile tissue and ciliated
nasal mucosa. The erectile tissue contains vascu-
lar lakes that dilate (causing congestion) and con-
strict (causing decongestion) in response to the
physiological nasal cycle.

Bony pyramid

Cartilaginous
pyramid

Fig. 2.5 The relationship of the upper lateral cartilages to
the nasal bones

The inferior turbinate is an extremely impor-
tant structure and furnishes a sense of nasal
health and well-being—it should be treated gen-
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tly, with care, and mucosa should be preserved
where possible. At its head it contributes to the
internal nasal valve and awareness of nasal air-
flow. It should not be reduced excessively or
aggressively as this may lead to the much feared
‘empty nose syndrome’.

Allergens and irritants cause changes to both
the mucosa of the inferior turbinate and to the
functionality of the submucosal vascular lakes.

Inferolateral to the inferior concha is the infe-
rior meatus.

Interdomal area

Dome |
- =

y/ Intermediate crus
/ \ Protruding end
of lateral crus
/
\ IE

Protruding end
of medial crus

Fig. 2.6 The nasal tip cartilages and their association
with the caudal end of the septal quadrangular cartilage

Bony pyramid

Cartilaginous
pyramid

Lobule

Soft-tissue areas

The nasolacrimal duct opens into the inferior
meatus at the valve of Hasner, approximately
1 cm posterior to the head of the inferior turbi-
nate (see below).

Sinonasal Mucosa

The mucosa of the nose and sinuses is of two types:
largely a pseudostratified columnar ciliated respira-
tory variety, but with small areas of olfactory epithe-
lium in the roof of the nose and adjacent nasal
septum, middle and superior turbinates bilaterally.

Respiratory epithelium of the nose:
* Contains goblet cells that produce mucus
 Contains subepithelial vascular lakes that congest/
decongest, warm and humidify inspired air
Produces IgA that prevents microbes from
attaching to and invading the mucosa
Produces lysozyme which degrades pathogenic
microbes

Olfaction

Olfactory neuroepithelium is located on the nasal
surface of the cribriform plate and extends to the
parts of the superior and middle turbinates and
the superior nasal septum adjacent to the middle

Fig. 2.7 The scroll configuration of the upper and lower lateral cartilages
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Fig. 2.8 The nasal
septum

Sphenoidal

Nasofrontal
spine

Fronto-
ethmoidal
suture

Cartilaginous
septum

Fig. 2.9 Key areas of the nasal septum. 1 Septal quadran-
gular cartilage; 2 posterior septal angle; 3 K area

turbinate. Hence, turbinates should be preserved
as far as possible.

Each olfactory cleft is 1-2 mm wide with
200-400 mm? of olfactory epithelium. The epi-
thelium includes olfactory sensory neurones and
supporting cells that include sustentacular,

! Cribriform
{ plate

suture

Perpendicular plate

vomeris

Sphenoidal
process

microvillar, globose basal, horizontal basal and
duct cells, and Bowman’s glands.

The olfactory sensory neurones give rise to
fila that connect to the olfactory bulbs above
the skull base. Within the olfactory bulbs,
olfactory sensory neurones synapse with sec-
ond order neurones (mitral and tufted cells).
These project posteriorly as the olfactory tracts
to various areas including the thalamus, the
limbic system and the orbitofrontal neocortex
(secondary olfactory cortex) (please refer to
Chap. 41).

The primary olfactory cortex includes areas
such as the anterior olfactory nucleus, the olfac-
tory tubercle and the piriform cortex.

Projections of second-order neurones to the
primary olfactory cortex are direct connections,
with some neurones connecting in turn directly to
the secondary olfactory cortex and some relaying
via the thalamus between these two cortical areas.

Odour discrimination takes place in the sec-
ondary olfactory cortex, and affective responses
are controlled by the limbic system.

After an odour passes into the nose, olfactory
transduction relies on interaction between odour
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Fig. 2.10 Anatomy of the nasal septum. (Images of ana-
tomical dissections prepared by Andrew C. Swift). (a)
Sagittal cadaveric dissection of the nasal septum. The per-
pendicular plate of the ethmoid (PPE) is shown within the
blue line. The quadrangular/quadrilateral cartilaginous
septum is shown anterior to the PPE. The vomer is sited
inferior to the PPE, outlined in red. (b) Cartilaginous sep-

molecules dissolved in the mucus layer and the
transmembrane receptors of the cilia.

During orthonasal olfaction, up to 15% of an
incoming air stream is directed towards the olfactory
cleft during inhalation, facilitated by turbulence
provided by the turbinates

Retronasal olfaction is the passage of food odours
from the oral cavity whilst eating and accounts for
approximately 80% of flavour perception

The Paranasal Sinuses
Introduction

There are four paired sinuses of unequal size:
maxillary, ethmoid, sphenoid, and frontal. At
birth, only the maxillary sinus and the ethmoid
sinus are developed but not yet pneumatised.
They are fully aerated by the age of 7. The sphe-
noid sinus appears at the age of 3. The frontal

tum separated from the PPE, demonstrating the junction
between bone and cartilage and the thin, transparent area
of the PPE. (¢) Cartilaginous septum separated from the
PPE, demonstrating the anatomical variant at the cartilag-
inous-osseous junction and the thick anterior bar of the
PPE anterior to the paper-thin area of the PPE

sinuses are the last to develop and may not be of
significant size until adolescence.

The frontal sinuses may underdevelop or not
develop at all. This should be noted during a pre-
operative appraisal of radiology.

The paranasal sinuses are thought to lighten the
weight of the heavy skull and its contents, to pro-
vide resonance for voice, and to produce mucus.
Mucus lubricates and protects the nose from pol-
lutants, microorganisms, dust, and allergens.

Osteology

The nasal cavities are formed by the paired max-
illary bones laterally and inferiorly and anteriorly
with the paired nasal bones and the nasal process
of the frontal bone.

The frontal bone is made up of two parts: the
robust vertically oriented squamous part that forms
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the forehead and the thinner horizontally oriented
orbital part that forms the roof of the orbit.

The pyriform aperture is the triangular-shaped
opening into the anterior aspect of the nasal cavity,
with the floor of the aperture formed by the anterior
nasal spine and pre-maxilla and the sides formed
by the ascending processes of the maxillae.

The maxilla bone is a major bone of the mid-
face making up the upper jaw, the floor of the
orbit and along with its opposite number, the
bony hard palate. It contains the upper alveolus
with their dental roots, common sources of infec-
tion and inflammation of the maxillary sinus.

The roof of the nasal cavity from medial to
lateral is formed by the cribriform plate, the lat-
eral lamella of the cribriform plate and the fovea
ethmoidalis of the frontal bone.

The cribriform plate, the honeycombed eth-
moid air cells, the middle conchae, the roof of the
ethmoid, perpendicular plate and the lamina pap-
yracea are extremely important anatomical struc-
tures that make up the ethmoid bone.

The lamina papyracea makes up the majority
of the medial wall of the orbit, with the lacrimal
bone anteriorly, the optic canal in the lesser wing
of the sphenoid bone posteriorly and the frontal
bone superiorly.

The nasal cavities are divided into left and
right by the bony nasal septum (see above).

The lateral wall of the nose, from front to
back, is formed by the ascending process of the
maxilla, the lacrimal bone, the lamina papyracea
of the ethmoid bone, the palatine bone, and the
medial pterygoid.

The sphenoid bone bounds the nasal cavity
posteriorly along with the ala of the vomer
posteromedially.

The sphenoid bone is perhaps the most com-
plex bone of the sinonasal cavity. Made up of
greater and lesser wings, it connects the sinonasal
cavity to the anterior, middle and posterior cra-
nial fossae. A thorough understanding of the
sphenoid bone is essential for extended sinus and
endoscopic skull base surgery.

There are various canals, ducts, foramina and
notches that permit the passage of major struc-
tures into the sinonasal cavity (see below).
Critical neurovascular structures pass into and
through the sphenoid bone.

The Maxillary Sinus

This is the largest of the four sinuses, shaped like
a pyramid with its base forming a large part of the
lateral wall of the nose.

It is pneumatised at birth but through child-
hood largely contains unerupted teeth.

Anterosuperiorly on its medial wall is the
infundibulum of the maxillary sinus, the
conical-shaped communication with the nasal
cavity.

When entering the maxillary sinus, it is impor-
tant to angle instruments downwards and later-
ally to avoid inadvertent penetration of the orbit.
This complication may cause ecchymosis at the
medial canthus.

The bone is dehiscent over the medial wall
forming the fontanelles that are often covered
with mucosa and fibrous tissue. They are gener-
ally divided into anterior and posterior by the
shape of the uncinate process. Dehiscences are
seen as accessory ostia and must not be confused
with the natural ostium.

The infundibulum and free posterior margin
of the uncinate process make up the hiatus
semilunaris inferioris, an area richly populated
by ciliated pseudostratified columnar respira-
tory and vitally important for mucociliary
clearance. A heavy hand surgically in this area
can adversely affect the function of three
sinuses: maxillary, frontal and anterior
ethmoid.

A careful uncinectomy and gentle anatomical
middle meatal antrostomy will successfully treat
the majority of sinusitis affecting these three
sinuses.

The infundibulum may be further narrowed by
an infraorbital air cell (previous terminology:
Haller cell). This anatomical variant can be iden-
tified on preoperative CT scanning. It is dealt
with by carefully marsupialising at the time of
the middle meatal antrostomy.

Maxillary atelectasis (silent sinus syndrome)
is a particularly treacherous situation where the
uncinate process is plastered to the inferomedial
orbit. Failing to recognise the orientation of the
uncinate process and difficulty of uncinectomy in
these cases will invariably result in an orbital

injury.
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The Ethmoid Sinuses

The complex ethmoid sinus cells sit lateral to the
middle turbinate. It is imperative to have a com-
plete understanding of the anatomy of the middle
turbinate (see Key concepts below).

Superiorly is the ethmoid roof; laterally the
lamina papyracea of the orbit; medially the lat-
eral surface of the middle turbinate; and inferi-
orly the horizontal attachment of the middle
turbinate. It is important to carefully skeletonise
these structures during sinus surgery to ensure
that a complete ethmoidectomy has been per-
formed. Otherwise, there is a risk of refractory
disease and mucocele formation.

They are divided into anterior and posterior by
the basal (or third) lamella (see Key concepts
below).

The bulla ethmoidalis comprises the anterior
ethmoid air cell(s). It may be a simple projection
off the lamina orbitalis laterally or a more com-
plex configuration of cells.

Its drainage is into the hiatus semilunaris
superioris medially.

Its upper part may extend to the skull base or
fall short, forming a suprabullar recess. The
attachment of the bulla superiorly, either to the
skull base or not, influences the drainage path-
way of the frontal sinus.

The anterior ethmoidal artery sits between the
second and third surgical lamellae (see Key con-
cepts below).

When performing an anterior ethmoidectomy,
instruments must be angled laterally and away
from the lateral lamella of the cribriform plate to
avoid an iatrogenic CSF leak. Powered instru-
mentation must also be used with care, particu-
larly in the region of the anterior ethmoidal artery
and on the lamina papyracea. If at all possible,
the latter should be avoided outside of the most
experienced hands.

The posterior ethmoidal air cells often com-
prise one to four air cells of varying sizes. They
drain posteriorly into the superior meatus.

When entering the posterior ethmoid, this
should be done low-and-medial on the basal
lamella at the point where it turns to become hor-
izontal (Fig. 2.11). High-and-lateral sits the optic

Fig. 2.11 Clinical image illustrating safe entry into the
posterior ethmoid through the basal lamella. RAPM right
ascending process maxilla, LP lamina papyracea, SB skull
base, RM right middle turbinate, BL basal lamella

canal and its nerve; high-and-medial sits the skull
base and lateral lamella of the cribriform plate;
and low-and-lateral sits the lamina papyracea of
the orbit.

It is still possible to inadvertently penetrate
the skull base when entering the posterior eth-
moid from a low-and-medial point if the instru-
ment being used is directed upwards rather than
parallel to the hard palate.

With or without stereotactic navigation, it is
sometimes difficult to identify the posterior eth-
moid skull base and hence perform a complete
clearance of air cells during an ethmoidectomy,
especially with a low skull base. Here, identify-
ing the level of the skull base in the sphenoid
sinus and following forwards is extremely
helpful.

The posterior ethmoid air cells should usually
stop at the face of the sphenoid sinus and skull
base above. Sometimes however, a posterior eth-
moid air cell might extend beyond the face of the
sphenoid sinus, forming a sphenoethmoidal (pre-
vious terminology: Onodi cell). These cells can
be dangerous for a surgeon if unrecognised on
preoperative CT imaging (please see Chap. 14).

An unrecognised sphenoethmoidal cell may
lead to an iatrogenic injury of the optic nerve
causing blindness.

It is not difficult to penetrate the ethmoid skull
base at various sites to cause an iatrogenic CSF
leak (see Table).
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Weak points of the skull base:
e Cribriform plate/olfactory fossa
¢ Lateral lamella of the cribriform plate
 Fovea ethmoidalis
 Entry points into lateral lamella of anterior and
posterior ethmoidal arteries

The Sphenoid Sinus

The sphenoid sinus is located in the sphenoid
bone, with the left and right cells separated by the
intersinus septum.

Superiorly is the planum sphenoidale and tuber-
culum sellae; posteriorly is the sella turcica and
clivus; inferiorly is the rostrum of the sphenoid
containing the vidian canal; and laterally is bone
separating the sinus from Meckel’s cave in the
middle cranial fossa and containing the V, (maxil-
lary division) of the trigeminal nerve, which exits
the skull base through the foramen rotundum.

The sphenoid sinuses are often asymmetric in
shape and size.

The sphenoid sinus may be variably pneuma-
tised and is classified as conchal, pre-sella and
sella varieties (Fig. 2.12).

In the conchal type, the area below the sella is
solid bone without an air space extending below
and behind into the clivus. This may give a very
flat appearance to the sella, and neurovascular
anatomical indentations may be impossible to
discern. This is the commonest type in children
but least common in adults.

A. Conchal

B. Presellar

In the pre-sella type, the sphenoid sinus has a
moderate air space in front of the sella but without
extension into the clivus below and posteriorly.

In the sella type, which is the commonest con-
figuration in 85% of cases, the body of the sphe-
noid is well pneumatised, and so the sella and
related neurovascular anatomy are well defined.
Pneumatisation extends below and posteriorly
into the clivus.

The most difficult for sella access during pitu-
itary surgery is the conchal variety. Stereotactic
navigation is almost mandatory in these cases.

The intersinus septum is positioned eccentri-
cally and posterolaterally often attaches to the
bony covering of the internal carotid artery (ICA).
Vigorous manipulation of the intersinus septum
may result in an iatrogenic injury to the ICA.

The sphenoid sinus drains into the nose
through its natural ostium into the sphenoeth-
moidal recess. The sphenoid ostium is slit-like
and is often obscured by the superior (or where
present, supreme) turbinate.

The sphenoid ostium can usually be located
12—-18 millimetres (mm) above the arch of the
posterior choana (Fig. 2.13). Other reference
points are very helpful and may prevent inadver-
tent penetration of the skull base (see Table).

Locating the sphenoid ostium using anatomical
reference points:

12-18 mm above arch of posterior choana

Level with upper border of the maxillary ostium
Junction of mid- and lower thirds of the superior
turbinate

C. Sellar

Fig. 2.12 Variations in sphenoid sinus pneumatisation. Sagittal view showing the types and degree of sphenoid sinus
pneumatisation related to the anterior wall of sella turcica (red dashed line)
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12mm-18mm

\

Fig. 2.13 Position of natural ostium of sphenoid sinus in
the sphenoethmoidal recess. SO sphenoid ostium, MT
middle turbinate, ST superior turbinate, SB skull base, NS
nasal septum, PC posterior choana, SER sphenoethmoidal
recess

If stereotactic navigation is not available, a
diseased and contracted sphenoid sinus may be
identified by opening into the normal side and
traversing the intersinus septum or by following
the vomer posteriorly as it becomes the intersinus
septum. This latter technique will always ensure
the sphenoid sinus is entered in the midline and
away from critical neurovascular structures.

When entering the sphenoid sinus, instru-
ments should be directed inferiorly, and the safest
point of entry is via the natural ostium in the low
and medial position on the face of the sinus.
High-and-lateral is the optic canal and nerve;
low-and-lateral is the ICA in its paraclinoid and
cavernous segments; and high-and-medial is the
skull base (planum sphenoidale).

The ICA may be dehiscent (absent of a bony
covering) in 25-30% of cases. The optic canal
may be dehiscent in 6% of cases. Both situations
lend themselves to a high chance of an iatrogenic
injury and should be recognised on careful
appraisal of preoperative CT imaging.

The pituitary gland sits in the sella turcica, a
midline structure in the posterosuperior sphenoid
sinus. The optic chiasm sits above and behind the
sella. The clivus sits below. Pituitary tumours,

clival chordoma and chondrosarcoma, suprasel-
lar pathologies such as craniopharyngioma and
meningioma, and cavernous sinus and Meckel’s
cave pathologies can be accessed via a transsphe-
noidal corridor.

The Frontal Sinus

This is the sinus of the frontal bone. There are
usually two frontal sinuses within the single fron-
tal bone that is unique for humans. The frontal
sinuses are often asymmetric in size and shape,
and it is not unusual for there to be an overriding
frontal sinus from one side.

Each frontal sinus is bounded anteriorly by its
anterior table, posteriorly by its posterior table,
medially by the intersinus septum, and inferiorly
by the roof of the orbit.

The frontal sinus communicates with the nose
via its hourglass-shaped infundibulum, through
the frontal ostium and into the frontal recess. The
infundibulum sits inferomedially in the frontal
sinus. The opening into the nose is medial and
anterior.

The frontal ostium is the narrowest part of this
funnel-shaped communication, bounded anteri-
orly by the nasal process of the frontal bone (the
frontal ‘beak’), posteriorly by the frontal horn of
the skull base, laterally by the orbit, and medially
by the bony nasal septum (Fig. 2.14).

The frontal recess sits below the beak. It is an
area bounded medially by the lateral surface of
the middle turbinate, laterally by the orbit, anteri-
orly by the agger nasi, and posteriorly by either
the bulla ethmoidalis or the suprabullar recess.
Disease or scarring in this critical area may read-
ily obstruct drainage and/or pneumatisation of
the frontal sinus.

There may be massive pneumatisation into
the frontal bone or very little pneumatisation at
all. This is important to consider in patients that
report a ‘sinus headache’ as an alternative cause
for the headache should be sought in these
cases.

It is imperative to accurately appraise preop-
erative CT imaging before contemplating surgery
on either the frontal recess or the frontal ostium.
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Fig. 2.14 Anatomical boundaries of the ostium of the
frontal sinus. Posterior (green line), skull base; anterior
(red line), nasal process frontal bone (frontal beak); infe-
rior, agger nasi cell (or Kuhn 1 cell if present); lateral,
lamina papyracea; medial, intraseptal cell

Failure to recognise frontal sinus agenesis or
hypoplasia may lead to an iatrogenic CSF leak.

A supraorbital ethmoid air cell (SOEC) is
pneumatisation into the orbital plate of the fron-
tal bone. It may be confused for a frontal sinus. A
SOEC opens posteriorly and laterally into the
nose and may readily be confused for the natural
ostium of the frontal sinus.

The frontal sinus should be managed carefully
and by those with great experience. It is easy to
cause more long-term harm than benefit if the
drainage pathway is traumatised.

The mucosa of the natural ostium may be cir-
cumferentially damaged causing scarring and
stenosis.

Fragments of the agger nasi or bulla ethmoida-
lis may be pushed upwards causing obstruction.

Inexperienced instrumentation may cause
damage to the anterior ethmoidal artery, a CSF
leak posteromedially, or orbital injury laterally
with either exposure of orbital fat or dislocation
of the trochlea and superior oblique extraocular
muscle causing postoperative diplopia (please
see Chap. 34).

It is often better to leave a frontal sinus and its
drainage pathway untouched than to perform a
partial, incomplete, or traumatic dissection. A
significant volume of revision sinus surgery is a
result iatrogenic obstruction of the frontal drain-
age pathway.

Fig. 2.15 Agger nasi ‘bulge’ in the axilla of the middle
turbinate. MT middle turbinate, LP lamina papyracea, AP
ascending process maxilla; shaded area—bulge of agger
nasi cell

The Agger Nasi
This is the most anterior of ethmoid air cells and
occurs in over 90% of individuals.

It sits at the upper aspect of the uncinate process
and, when present, sits abutting the nasal process of
the frontal bone. Its position causes a ‘bulge’ at the
axilla of the middle turbinate (Fig. 2.15).

The degree of pneumatisation of the agger
nasi and its relationship to the adjacent skull base
and medial intraseptal pneumatisation may influ-
ence drainage from the frontal sinus and predis-
pose to chronic frontal sinusitis.

The agger nasi and any associated frontal cells
may be dissected with care and precision to aid
ventilation and drainage of a diseased frontal
sinus.

Frontal Cells and Classification

Several classification systems have been pro-
posed for ethmoidal cells encroaching into the
frontal sinus.

An effective frontal sinus cell classification system
should:
¢ Aid clear and concise communication between
clinicians
« Facilitate decisions regarding extent of surgery
* Be simple to apply
* Not be too complicated to remember
» Translate between countries
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The most commonly in use are the Kuhn clas-
sification of frontoethmoidal cells and the
International Frontal Sinus Anatomy Classification
(IFAC) system (see Further reading).

The Kuhn classification has existed for some
time now. Although it might not be considered to
be perfect by all, it does permit decisions regard-
ing interventions to be made easily. The classifi-
cation does not, however, provide a direct link
between anatomy and extent of surgery. The clas-
sification system talks of frontoethmoidal cells
1-4 (Fig. 2.16).

Type 1 Cell

A single air cell sits above the agger nasi. The
degree of pneumatisation of this cell and of the
agger nasi will push the frontal sinus drainage
pathway posteriorly and medially. It can usually
be accessed with an angled endoscope (70° or
45°) and a 90° frontal curette. Rarely, an axillary

flap approach will be necessary if the pneumati-
sation is substantial.

Type 2 Cell

These are two or more (a tier) air cells sitting
above the agger nasi. The frontal sinus drainage
pathway is again pushed posteriorly and medi-
ally. The cap, uppermost part, of the topmost air
cell is likely to be difficult to reach using a con-
ventional uninarial frontal recess dissection with
an angled endoscope and an angled curette. An
axillary flap and rongeur excision of the axillary
bone of the beak facilitates superb access to both
the agger nasi and the type 2 cells.

Type 3 Cell

This is a much larger pneumatisation above the
agger nasi, but it still only occupies less than 50%

Fig.2.16 Kuhn cells 1-4
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of the height of the frontal sinus. In a uninarial
approach, it is highly likely an axillary flap will
be required to access the apex of the type 3 cell or
alternatively, a more extensive frontal sinusot-
omy incorporating a degree of drill-out of the
frontal beak. Occasionally, due to the restrictive
anatomy of the nasal septum, the superomedial
orbit and the skull base a bi-nostril approach
(high-septal window and floor of frontal sinus
drill-out) to a type 3 cell might be required, which
facilitates a better ‘cross-court’ trajectory to the
apex of the diseased cell and sinus.

Type 4 Cell

This is an exceptionally large pneumatisation
above the agger nasi occupying more than 50%
of the height of the frontal sinus. These cells are
fortunately rare. Options to treat a diseased fron-
tal sinus containing a type 4 cell are a frontal
sinus drill-out or an osteoplastic flap, depending
on the experience of the surgeon.

International ~ Frontal ~ Sinus  Anatomy
Classification (IFAC) system (Fig. 2.17).

Suprabullar Cell

This is a cell that sits above the bulla ethmoidalis
and posterior to the frontal infundibulum upon
which it impinges. They do not pass through the
frontal ostium to enter the frontal sinus. A supra-
bullar cell pushes the frontal drainage pathway
anteriorly. This is a complexity that should be iden-
tified on preoperative sagittal CT imaging. This cell
or cells often must be addressed at the time of
undertaking a frontal sinusotomy so as not to com-
promise the frontal outflow drainage pathway.

Frontal Bullar Cell

This is a cell arising above the bulla ethmoidalis
which extends along the skull base to encroach
on the frontal sinus by passing through the fron-
tal ostium. It restricts the lumen of the frontal

ostium from posteriorly and also pushes the
frontal drainage pathway anteriorly. This is also
a complexity that should be identified on preop-
erative sagittal CT imaging. This cell must also
usually be addressed at the time of a frontal
sinusotomy to optimise the frontal outflow drain-
age pathway.

Medial Intraseptal Cell

This is a pneumatisation at the upper aspect of
the perpendicular plate of the ethmoid that con-
stitutes the superior bony nasal septum. It pushes
the frontal drainage pathway laterally. It is a cell
that drains into one or other frontal recess—this
should be identified on preoperative coronal CT
imaging.

The IFAC system was developed to describe
the extent of required surgery based on an ana-
tomical classification of the frontal recess and
sinus. In contrast to the Kuhn classification, the
IFAC system proposed to reflect the different sur-
geries performed in a gradated manner in the
frontal recess and frontal sinus during endoscopic
sinus surgery.

Cells Defined in the IFAC
Anterior cells that push the drainage pathway of the
frontal sinus medial, posterior, or posteromedially:
* Agger nasi cell
* Supra agger cell
* Supra agger frontal cell
Posterior cells that push the drainage pathway
anteriorly:
¢ Supra bulla cell
* Supra bulla frontal cell
* Supraorbital ethmoid cell
Medial cells that push the drainage pathway laterally:
« Frontal septal cell

Grades 0-3 of IFAC extent of surgery relate to
surgery of the frontal recess rather than surgery
within the frontal sinus itself. These grades
involve dilatation/fracture or removal of cells that
obstruct the frontal ostium or frontal drainage
pathway without enlargement of the bony frontal
sinus ostium.

Grades 4-6 involve removal of bone to enlarge
the bony frontal ostium.
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Fig.2.17 Summary of
IFAC system and
relationship to Draf
classification

IFAC extent of endoscopic frontal sinus surgery:
Grade 0: Balloon dilatation, no tissue removal

Grade 1: Clearance of cells in the frontal recess, below
the frontal ostium (no bone removal aka. Draf 1)
Grade 2: Clearance of cells obstructing the frontal
ostium (no bone removal aka. Draf 2a)

Grade 3: Clearance of cells pneumatising through the
frontal ostium (no bone removal aka. Draf 2a)

Grade 4: Clearance of a cell pneumatising through the
frontal ostium into the frontal sinus with removal of
bone of the frontal beak (aka. Draf 2a)

Grade 5: Enlargement of the frontal ostium from the
lamina papyracea to the nasal septum (a unilateral
frontal drill out aka. Draf 2b)

Grade 6: Removal of the entire floor of the frontal
sinus with joining of the left and right frontal ostia

into a common ostium with a septal window (aka. Draf
3/modified Lothrop)

The Palatine Bone

The palatine bone forms a key area of the lateral
nasal wall. It is a slender bone sitting between the
maxilla and the pterygoid processes of the sphe-
noid bone.

It has a horizontal plate contributing to the
floor of the nose, a perpendicular plate contribut-
ing to the lateral nasal wall, and three processes:
pyramidal, orbital, and sphenoidal.

Superiorly, between the orbital and sphenoidal
processes, there is a notch, which forms the large
part of the sphenopalatine foramen. A groove
halfway down the perpendicular plate articulates
with the inferior concha.
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The medial end of the horizontal plate articu-
lates with its opposite number to form the poste-
rior nasal spine. This facilitates attachment of the
muscles of the uvula and is a key bony landmark
to lower when performing surgery at the mid- and
lower thirds of the clivus.

Two important foramina in the palatine bone
transmit neurovascular structures: the greater and
lesser palatine canals. The former transmits the
greater palatine nerve and blood vessels; the lat-
ter transmits the lesser palatine nerve and blood
vessels to the soft palate and palatine tonsils.

The Nasolacrimal Apparatus

Tears are produced by the lacrimal gland supero-
laterally and drain inferomedially into the supe-
rior and inferior puncta.

The drainage system comprises of the upper
and lower canaliculi that join to form the com-
mon canaliculus, the lacrimal sac and the naso-
lacrimal duct. The common canaliculus enters
the lacrimal sac approximately 5 mm below the
fundus.

There are two one-way valves: the valve of
Rosenmuller at the entrance of the lacrimal sac
and the valve of Hasner at the distal end of the
nasolacrimal duct as it opens into the inferior
meatus.

The lacrimal sac and duct can be accessed
endoscopically via dissection of bone of the lat-
eral nasal wall in cases of low obstruction. Due to
its ease of exposure from a nasal route, the duct
might also easily be damaged through excessive
anterograde bone removal during uncinectomy
and creation of a middle meatal antrostomy.

Two-thirds of the lacrimal sac and duct sit lat-
eral to the ascending process of the maxilla, a
third lateral to the lacrimal bone. The anterior
aspect of the sac is covered by bone of the beak
which also overlies the agger nasi. It is not unusual
to open the agger nasi when performing an endo-
scopic dacryocystorhinostomy [see Chap. 49].

The sac and its fundus extend up to 9 mm above
the axilla of the middle turbinate. Hence, it is
important to carefully carry bony removal above
the axilla to ensure that the area around common

canaliculus is exposed for optimal surgical results.
Similarly, dissection and opening of the nasolacri-
mal duct should continue low enough to avoid the
risks of both tear reflux and sumping.

The Blood Vessels of the Nose

The sinonasal cavity is incredibly well supplied
by blood vessels (Fig. 2.18). Both the internal
and external carotid arteries send branches to
supply the nose. This is perhaps why epistaxis
can sometimes be alarming and intraoperative
bleeding difficult to control, particularly in cases
of tumour resection.

Internal Carotid Artery System

The common carotid artery bifurcates in the neck
into the internal and external carotid arteries. The
internal carotid artery (ICA) enters the base of
the skull without giving off any branches in the
neck. It immediately turns medially and slightly
posteriorly in its petrous segment before turning
vertically in its paraclival segment. Off this first

Fig. 2.18 Internal and external carotid artery supplies to
the nose. External carotid artery 1 supply to the nose; 2
internal maxillary artery; 3 sphenopalatine artery; 8
greater palatine artery; 9 posterior septal artery. Internal
carotid artery supply to the nose: 4 posterior ethmoidal
artery; 5 anterior ethmoidal artery; 6 Kiesselbach’s plexus;
7 dorsal nasal artery
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genu comes the vidian artery. The vidian artery
traverses anteriorly in its pterygoid canal with the
vidian nerve to enter the pterygopalatine fossa
posteriorly (see below). It is a key landmark to
this first genu of the ICA during skull base
surgery.

The paraclival ICA continues upwards to enter
the cavernous sinus in its cavernous segment. It
then moves to sit lateral to the sphenoid sinus
before dipping medially and anteriorly in its
paraclinoid segment. This forms the characteris-
tic siphon, above which comes off the ophthalmic
artery.

The ophthalmic artery passes through the
superior orbital fissure into the orbit, giving off
the posterior and anterior ethmoidal arteries.
These arteries enter the roof of the ethmoid
through their named foramina in the fronto-
orbital suture of the medial orbital wall.

The posterior ethmoidal artery is most likely
to sit in bone of the skull base. It may be absent
in around 15% of individuals. The anterior eth-
moidal artery may sit off the skull base in a bony
mesentery. This can render it susceptible to injury
during dissections of the frontal recess.

Both arteries traverse the roof of the ethmoid
from lateral to medial to enter the lateral lamella
of the cribriform plate. The arteries bifurcate to
send a branch to the falx cerebri (falcine branch)
and a branch into the nose (nasal branch).

A terminal branch of the ophthalmic artery is
the angular artery of the nose. This vessel sits in
the region of the nasal base line (medial canthus-
alarfacial groove) and is often traumatised during
external lateral osteotomies of the nose.

External Carotid Artery System

The external carotid system sends branches into
the anterior and posterior nasal cavities from
below and laterally. The superior labial artery is a
branch off the facial artery. It supplies
Kiesselbach’s plexus in Little’s area of the nasal
septum.

The bulk of the blood supply to the nose comes
via the internal maxillary (IMAX) branch of the
external carotid system. The greater palatine

artery comes off the IMAX in the retromaxillary
space to enter its canal of the same name.

The IMAX becomes the sphenopalatine
artery (SPA) once it crosses the sphenopalatine
notch medially.

The SPA may divide into five or more branches
in the lateral wall of the nose. Hence, in cases of
intractable posterior epistaxis, it is important to
seek out these additional vessels to give the best
chance of control of bleeding.

A highly reliable surgical landmark to the SPA
is the crista ethmoidalis of the palatine bone. The
artery invariably sits within a few millimetres of
the posterior edge of the crest. The crest may
need to be excised to facilitate a better trajectory
to the SPA.

The main external carotid supply to the nasal
septum is the posterior septal branch, which
crosses the face of the sphenoid from lateral to
medial in the mucoperiosteum between the sphe-
noid ostium and the mucosal arch of the posterior
choana. The posterior septal branch forms the
basis of the pedicled nasoseptal flap used in
reconstruction of skull base defects.

Vessels supplying Kiesselbach’s plexus in Little’s
area of the nasal septum:

* Anterior ethmoidal artery

« Posterior ethmoidal artery

 Superior labial artery

* Greater palatine artery

* Sphenopalatine artery (via its nasal septal branch)

The Nerves of the Nose and Sinuses

The trigeminal nerve predominates in sensory
innervation to the external and internal nose,
whilst the facial nerve innervates the nasal
musculature.

The olfactory nerve (CN 1) is responsible for
the sense of smell. Olfactory fila from the olfac-
tory bulbs pass through foramina in the cribri-
form plate into the roof of the nose. They supply
the upper nasal septum and medial surfaces of the
middle and superior turbinates.

The optic nerve (CN 2) passes out of the orbit
via the optic canal in the lesser wing of the sphe-
noid bone and is responsible for vision. It is
important to appreciate the anatomy of the optic
canal during sinus surgery as unfamiliarity may
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lead to an iatrogenic optic nerve injury. The
orbital apex sits lateral to the face of the sphenoid
sinus, and the optic canal sits in the superolateral
aspect of the sphenoid sinus. A sphenoethmoidal
(Onodi) cell may render the optic nerve suscep-
tible to injury in the posterior ethmoid.

External Nose

Sensation of the external nose is derived from
the ophthalmic (V,) and maxillary (V,) divisions
of the trigeminal nerve. The lacrimal, frontal and
nasociliary nerves are the three main branches of
the ophthalmic division. The infratrochlear nerve
arises from the nasociliary nerve and supplies
the superior aspect of the external nose. Another
branch of the nasociliary nerve is the external
nasal nerve which, after exiting between the
nasal bone and the upper lateral cartilage, pro-
vides sensation to the nasal tip skin, the medial
aspect of the nasal alae, and the dorsum of the
nose. The maxillary division provides sensory
input to the lateral dorsum and the alae of the
external nose.

Internal Nose

Both V, and V, also supply sensation to the nasal
mucosa. The anterior ethmoidal nerve is a branch
of the nasociliary nerve and provides sensation to
the vault and anterior nasal septal mucosa. The
nasopalatine nerve is a branch of V, and supplies
the posterior nasal septum. The greater palatine
nerve (V,) and the anterior ethmoidal nerve (V)
innervate the mucosa of the lateral wall of the
internal nose.

Sinuses

The paranasal sinus mucosa is innervated by the
V, and V, divisions of the trigeminal nerve.

The maxillary sinus is innervated by the V,
division of the trigeminal nerve. The infraorbital
nerve is the terminal branch of V,. It runs in its
canal in the roof of the maxillary sinus and exits

the orbit at the infraorbital foramen. It supplies
the skin of the lower eyelid, anterior cheek, side
of the nose, moveable part of the nasal septum,
and upper lip.

The frontal sinus is innervated by the V; divi-
sion of the trigeminal nerve.

The ethmoid sinuses are also innervated by V,
via the ophthalmic nerve and nasociliary nerve
that branches into the ethmoidal nerves.

The sphenoid sinus is innervated by both the
V, and V, divisions of the trigeminal nerve.

Autonomic Nerve Supply to the Nose

The nerve of the pterygoid canal (Vidian nerve:
named after Vidus Vidius 1509-1569) contains
axons of both sympathetic and parasympathetic
nerves. It is formed by the greater petrosal (a
branch of the facial nerve) and deep petrosal (a
branch of the internal carotid plexus) nerves
within the foramen lacerum. The vidian nerve
travels to the pterygopalatine fossa through the
pterygoid canal in the sphenoid bone.

The preganglionic parasympathetic axons
synapse in the pterygopalatine ganglion which
contains the postganglionic secretomotor fibres
to the lacrimal gland and to the nasal and palatine
goblet cells.

The postganglionic sympathetic axons travel
on the branches of V, to provide sympathetic
innervation to blood vessels. They do not synapse
in the pterygopalatine ganglion.

Key Concepts
The Internal Valve

This is a critical area of the nose, the narrowest
part of the nasal airway, and is responsible for
sensing airflow. It is formed by the caudal border
of the upper lateral cartilage superiorly, the nasal
septum medially, the floor of the nose inferiorly,
and the head of the inferior turbinate laterally.
Hence, abnormalities of any of these structures at
the internal valve may impede airflow and cause
a sense of nasal airflow obstruction.
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Septum Attachment Points

The nasal septum has critical attachment points
at the k (keystone) area, at the anterior nasal
spine, and at the anterior septal angle.

The k area is formed at the confluence of the
nasal bones, the upper lateral cartilages, the
quadrangular cartilage of the septum, and the
perpendicular plate of the ethmoid bone. It is
critical for support in the roof of the nose. Any
septorhinoplastic surgery in this area should be
performed cautiously as disruption may lead to
cosmetic deformity.

The quadrangular cartilage of the nasal sep-
tum is firmly attached to the anterior nasal spine
of the pre-maxilla. Disruption of these fibrous
attachments during septoplasty surgery may lead
to rotation of the quadrangular cartilage causing
a supratip deformity. If disturbed, the quadrangu-
lar cartilage must be fixed firmly back to the ante-
rior nasal spine.

The anterior septal angle plays an important
role to the nasal tip support, length of the nose,
and internal nasal valve anatomy. Surgery in this
area must be conducted with care, with the com-
plex configuration of the anterior septal angle and
lower lateral cartilages restored at the completion
of surgery.

The Middle Turbinate

Understanding the anatomy of the middle turbi-
nate is key to successful sinus surgery. It is
imperative to work lateral to the middle turbinate
during sinus surgery to avoid inadvertent pene-
tration of the skull base. It should be noted
whether polyps are arising from lateral to or
medial to the middle turbinate. Any polyps or
polypoid mucosal change medial to the middle
turbinate should be excised with extreme care as
the cribriform plate is easily injured at this site.
This is a particularly dangerous situation in revi-
sion sinus surgery.

The middle turbinate derives from the eth-
moid bone. It has three parts: anterior, middle,
and posterior thirds. The anterior third is oriented

vertically and attaches to the lateral lamella of the
cribriform plate. The middle third turns laterally
and attaches to the lamina orbitalis. It is the junc-
tion of the anterior and posterior ethmoids. The
posterior third is attached to the crista ethmoida-
lis of the maxilla on the lateral wall of the nose.

Careless instrumentation towards the frontal
sinus in the anterior third of the middle turbinate
may lead to an iatrogenic CSF leak if instruments
are inadvertently turned medially.

The transition from anterior to posterior eth-
moids happens at the basal lamella. This is other-
wise known as the third surgical lamella and is
described below.

The posterior attachment of the middle turbi-
nate to the lateral nasal wall is a reliable land-
mark to identifying the sphenopalatine artery.

The middle turbinate should be respected dur-
ing sinus surgery. It should be excised only as a
very last resort. Excision can lead to lateral scar-
ring, to loss of smell, and to confusion during revi-
sion surgery when trying to identify the frontal
ostium. It should not be moved excessively during
sinus surgery as this may lead to a ‘floppy’ turbi-
nate that easily lateralises and causes sinus occlu-
sion. Similarly, the horizontal attachment of the
middle turbinate should be preserved when pass-
ing from the anterior to the posterior ethmoids as
this will provide rigidity to the structure of the
middle turbinate, again avoiding floppiness.

Often, the middle concha may contain a large
air cell, called a concha bullosa. The lateral
lamella only needs to be excised if sinus function
is compromised. In the healthy state, a concha
bullosa may be left intact.

Sometimes, a middle concha pneumatisation
may occur further back producing an interlamel-
lar cell. This type of pneumatisation may cause a
variance of the frontal sinus drainage pathway
and should be noted on the preoperative CT scan.

The middle turbinate may be curved laterally,
called a paradoxic curvature. This is usually
related to a deviation of the perpendicular plate
of the nasal septum. A paradoxic curvature may
be difficult to diagnose without decongestion of
the nasal mucosa. It may certainly be missed by
those less experienced in nasal endoscopy. A par-
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adoxically curved middle turbinate may lead to
disease of the maxillary and anterior ethmoid
sinuses. For reasons alluded to above, the treat-
ment of choice in these cases should relate to the
septum, uncinate process, and bulla ethmoidalis
rather than to excision of the middle turbinate.

The Ostiomeatal Complex

This is a key drainage area where disease might
adversely impact the function of three sinuses:
maxillary, ethmoid, and frontal sinuses. It is
comprised of, from medial to lateral, the lateral
surface of the middle turbinate, the frontal
recess, the hiatus semilunaris superioris, the
bulla ethmoidalis, the uncinate process, the hia-
tus semilunaris inferioris, the ethmoid infun-
dibulum, and the maxillary ostium. Hence, a
careful and complete uncinectomy with an
anterior ethmoidectomy may successfully treat
the large majority of cases of sinus disease
involving the maxillary, anterior ethmoid and
frontal sinuses without need for further, more
complicated intervention.

The Surgical Lamellae

The complex ethmoidal labyrinth can be reduced
into a series of obliquely oriented lamellae based
on embryologic precursors. There are four in
number and are broadly parallel to each other.

The 4 surgical lamellae:

Ist: Uncinate process

2nd: Face of the ethmoid bulla

3rd: Third lamella (also known as the basal or ground
lamella)

4th: Superior turbinate (some might refer to the face of
the sphenoid as the fourth lamella)

It is imperative for dissection to proceed safely
in primary sinus surgery that the surgical lamellae
are dissected in sequence from 1 to 4. The only
exception to this is in cases of isolated sphenoid
sinus disease, where the middle turbinate may be
gently lateralised to approach the sphenoid ostium
directly via the sphenoethmoidal recess.

Pterygopalatine Fossa

This is a key area in the superomedial retromaxil-
lary space, important for identifying the vidian
nerve and the vidian canal in cases of infra- and
suprapetrous dissection of the ICA. The boundar-
ies are:

e Anterior: infratemporal surface of maxilla

e Posterior: root of the pterygoid and anterior sur-
face of the greater wing of the sphenoid bone

e Medial: perpendicular plate of the palatine
bone and its orbital and sphenoidal processes

e Lateral: pterygomaxillary suture

e Inferior: pyramidal process of the palatine
bone

Contents of the pterygopalatine fossa:
IMAX (terminal third)
Maxillary nerve (V2)
Vidian nerve
Pterygopalatine ganglion suspended by nerve roots
from V,

The pterygopalatine fossa is readily accessed
endoscopically by removal of bone in the region
of the sphenopalatine notch (after ligating the
SPA) and the adjacent medial pterygoid. The vid-
ian nerve is a substantial nerve and should not be
confused with the palatovaginal nerve, which is
more readily identified but has a completely dif-
ferent, perpendicular course to the vidian nerve.

Infratemporal Fossa

This is another key area that sits in the superolat-
eral retromaxillary space. It is where tumours,
such as juvenile angiofibroma and meningioma,
may extend to. Its boundaries are:

e Anterior: infratemporal surface of the maxilla

* Posterior: styloid and condylar processes

e Superior: greater wing of sphenoid containing
the foramen ovale (which transmits the man-
dibular branch of the trigeminal nerve) and
foramen spinosum (which transmits the mid-
dle meningeal artery)
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* Inferior: medial pterygoid muscle
e Medial: lateral pterygoid plate
» Lateral: ramus of the mandible

Contents of the infratemporal fossa:
Muscles:
e Temporalis
 Lateral pterygoid
* Medial pterygoid
Vessels:
« IMAX
 Pterygoid venous plexus
Nerves:
¢ Mandibular (V3)
 Posterior superior alveolar
» Chorda tympani
* Lesser petrosal nerves
* Otic ganglion

The infratemporal fossa (ITF) is readily
accessed endoscopically by first performing an
endoscopic medial maxillectomy and then
removing the posterior wall of the maxillary
sinus to establish a corridor to the retromaxillary
space—Ilateral is the ITF.

It is usually necessary to control the IMAX to
avoid excessive bleeding. Fat in the ITF may also
need to be excised to facilitate accurate identifi-
cation of anatomical structures.

A trans-septal approach or canine fossa punc-
ture may facilitate a better angle of approach to
the ITF in either two- or four-handed surgery.

Essential Learning Points

e Understanding nasal and sinus anatomy
is key to mastering surgery in these
areas.

e Many surgical failures and complications hap-
pen due to a lack of understanding of critical
anatomy.

e This chapter forms a basis for theoretical
knowledge; this must be expanded upon by
participating in dissection courses, observing
experienced surgeons, recognising and learn-
ing from anatomical variants whenever seen,
and being open to learning, irrespective of age
or seniority.
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Physiology: Nasal Airflow

Giancarlo Ottaviano

Introduction

The nose has multiple functions. Among these,
humidification, warming and cleaning of the air
are the most important [1]. In physiological
breathing, the nose is the gateway of the respira-
tory system that provides respiration as well as
the ventilation of the paranasal sinuses [2]. Mouth
breathing can sustain life, nevertheless exclusive
oral breathing is rare. Nasal breathing can be
supplemented by the oral airway in particular
conditions, i.e., during physical exercise (see
below) or severe nasal obstruction [3].

Neonates are obligate nasal breathers until the
age of 2-3 months. Nasal occlusion in newborns
causes impaired respiration leading to dyspnea
[4]. Oral breathing in children can alter facial
growth (children with chronic nasal obstruction
tend to have longer and narrower faces) as well as
cause dental malocclusion (especially posterior
cross-bite), due to a lower dental-traverse maxil-
lary dimensions [5].

The upper airway is responsible for up to 70%
of the total airway resistance, helping the lungs to
expand optimally while allowing venous return.
During nasal inspiration, air enters the nasal cavi-
ties due to the pressure gradient existing between
the ambient air and the alveoli. During nasal
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expiration, the opposite happens. Every day,
more than 10,000 L of ambient air are inhaled
and reach the lower respiratory airways for venti-
lation [6, 7]. Since proper gas exchange in the
pulmonary region relies on clean air at a tempera-
ture of 37 °C with a relative humidity of 100%,
the upper respiratory system, and particularly the
nose, needs to filter, warm, and humidify the
inhaled air before it reaches the lungs [1]. In
order to be effectively filtered, heated, and
humidified, the inhaled air benefits from maxi-
mal exposure to the nasal mucosa. While the
nasal turbinates provide a large surface area of
about 100 and 200 c¢cm? [1], nasal airflow turbu-
lence (see the following paragraph) guarantees a
prolonged duration of air/mucosa contact time,
allowing the nose to filter particles bigger than
10 pm as well as to warm and humidify the
inhaled air before reaching the lungs [7, 8].

Nasal Breathing, Airflow
Distribution, and Physiology

Nasal cavity airflow characteristics during breath-
ing have been studied by means of simulations
conducted on nasal models, such as those
obtained as casts from human cadavers [3]. More
recently, much more complex analyses of nasal
cavity airflow patterns have been obtained by
means of computational fluid dynamics (CFD).
CFD are based on three-dimensional nasal mod-
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els generated from computed tomography or
magnetic resonance imaging datasets. By means
of CFD studies, airflow velocities, temperature,
humidity, pressure, and distribution can be simu-
lated and displayed as a function of multiple
boundary conditions [8, 9].

Air entering the nostrils passes through the
nasal vestibule and, just beyond this, converges
into the nasal valve before entering the main
nasal passages. The nasal valve has a dynamic
character being bounded by compliant and
mobile as well as rigid components [10]. At this
level, the minimal cross-sectional (MCA) area
(about 20-60 mm?) has the greatest resistance
(about 50%) of the entire respiratory airways [6,
11-13]. The airflow convergence promotes lami-
nar flow through the narrow nasal valve. After
this point, airflow enters to the much larger main
nasal passages (cross-sectional area of 100-
300 mm?) and linear velocity decelerates from
12-18 to 2—4 m/s [10, 12]. The kinetic energy
release generates inertial disturbances that pro-
mote mixing of the airstream. Hence the laminar
airflow will be disrupted to become turbulent [3,
10]. Once in the main nasal passages, the airflow
changes direction (with an angle of 60°-130°)
and becomes parabolic [10] (Fig. 3.1). At the
same instance, the airflow splits into three air-

:

Fig. 3.1 A computational fluid dynamic (CFD) image
showing the classic parabolic airflow during nasal inspira-
tion in a normal subject. The areas where the airflow is
laminar or turbulent during nasal respiration are indicated.
The circles indicate the nasal vestibule, the nasal valve,
and the choana

streams. The main one with a width of 1-3 mm
proceeds between the inferior and the middle tur-
binates, horizontal to the middle meatus [3, 6,
12]. A second smaller airflow runs along the
nasal floor. Finally, a minimal flow reaches the
upper part of the nasal cavities where the olfac-
tory mucosa is largely distributed. “Sniffing”
[14] changes the airflow patterns enabling a
greater amount of airflow to reach the nasal vault
and as such the sites where olfactory mucosa is
most predominant [15]. According to CFD find-
ings on healthy human models, at a flow rate of
7.5 L/min, the percentage of the inhaled air pass-
ing through the middle meatus is about 36%,
while the percentage of airflow that runs through
the inferior meatus and the olfactory cleft is about
11% and 4%, respectively [16]. After reaching
the choana, a reduction in the cross-sectional area
(100-250 mm?), leads to an increase in airflow
speed (3—4 m/s) before entering the nasopharynx.
At this level, the main airflow changes direction
by almost 90° before entering the oropharynx
and returning to laminar flow [12].

The division of the nasal airflow in different
airstreams and the associated airflow turbulence
allows maximal distribution of the inspired air
throughout the nasal cavities [6]. In fact, under
conditions of laminar flow, only the particles in
the airstream close to the wall would come in
contact with the mucosa [3]. Moreover, turbu-
lence, leading to dehydration of the mucosa,
increases the resistances to flow, thus helping to
guarantee the contact between the inspiratory air
and the nasal mucosa [1, 9]. Turbulence as well
as the flow deceleration, prolonging the contact
time between the inspiratory air and the mucosa,
promotes adequate air heating, filtering, and
humidification and prepares the air for gas
exchange in the lungs [1, 3, 12, 17, 18]. Nasal
airflow turbulence and deceleration are funda-
mental preconditions for proper respiratory func-
tion [1].

It has been estimated that the nose manages to
humidify the inspired air to a humidity of over
80% before it enters the lungs [7]. CFD studies
have shown that passing through the nose air
temperature and humidity reach almost 98% of
mucosal temperature and 94% of mucosal humid-
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ity before the nasopharynx. The anterior part of
the nasal cavity is characterized by high heat and
moisture fluxes due to the larger temperature and
humidity differences between ambient air and
nasal surfaces. The contribution of the inferior
and middle turbinates in heat and moisture trans-
fer to the inhaled air is also significant (around
25.6% of total heat transfer), whereas heat trans-
fer in the nasopharynx and olfactory area is
barely perceptible. Interestingly, with increasing
respiratory rate, heat flux increases more in the
posterior than in the anterior part of the nose [16].

By contrast with the inspiratory airstream,
during expiration, well-conditioned air coming
from the lower airways is dispersed throughout
the nasal cavities. Convective exchanges between
the air and the cooled mucosa allow the partial
recovery of heat and water. It has been estimated
that during expiration, the nose is able to recover
about 100 mL of water daily [6, 19]. Nevertheless,
during nasal breathing at room temperature, the
daily total loss of water is about 500 mL [6].

Airflow through the nasal passages is usually
asymmetric [20] because of spontaneous conges-
tion and decongestion of the nasal venous sinuses
at the anterior end of the inferior turbinate and
the nasal septum in the nasal valve region. This
alternation of nasal airflow is usually referred to
as the nasal cycle [11].

As mentioned above, normal upper airway
function is essential for normal lower airway
activity. A large body of evidence shows that
there is a strict association between the upper and
the lower airways and supports the concept of a
unified airway in physiological as well as in path-
ological conditions [21]. Total nasal obstruction
results in a significant decrease of total lung
capacity, functional residual capacity, and resid-
ual volume [22].

Ventilation of Paranasal Sinuses
and Physiology

The ventilation of the nose and paranasal sinuses
includes the gas exchanges between these two
areas, as well as the sinuses’ mucosal gas
exchanges [23, 24]. At resting ventilation, fluc-

tuations of nasal respiratory airflow pressures
approximate <+100 Pa (£1.0 cm H,O). Such
pressures are able to displace only 1/1000 [3] of
the sinuses air volume through the patent ostia
with each breath. Nevertheless, the gas exchange
between the nose and the paranasal sinuses is
faster due to passive processes of gas diffusion
through the natural ostia. In normal conditions, a
maxillary sinus undergoes a 90% air exchange
within 5 min [25, 26].

In healthy conditions, the oxygen absorption
by the mucosa of the maxillary sinus is about
0.1 mL per minute. The inflow of oxygen through
an ostium with a functional size of 2.4 mm in
diameter (corresponding to an ostium size of
5 mm?) or more is enough to compensate for this
absorption. Ostia patency is thus essential to
guarantee normal gas exchange with a balance
between inflow of gas through the ostium and
local consumption. Interestingly, studies con-
ducted on the maxillary sinus showed that the
functional size of the ostium decreases when
lying down, especially when passing from a 30°
semi-recumbent position to the horizontal one
[23, 25]. A pathological reduction of sinus
patency causes gas pressures alterations within
the sinus with pO, and pCO, alteration and,
finally, mucosal exudation [25]. In some cases,
the trapping of secretions into the maxillary sinus
can lead to the absorption of gas and the creation
of a subatmospheric pressure gradient finally
leading to the sinus silent syndrome. The classi-
cal syndrome is characterized by bone absorption
and remodeling of the orbital floor due to the
bowing of the sinus walls and the inward dis-
placement of them. Classically, it presents with
ipsilateral maxillary sinus hypoplasia, hypoglo-
bus, and otherwise asymptomatic maxillary sinus
disease [27].

No conclusive theory on the function of para-
nasal sinuses has been accepted yet, and the
physiological significance of the paranasal
sinuses free from disease remains unclear. Many
hypotheses have been proposed for their role.
Some authors have suggested a functional role of
the paranasal sinuses, such as helping nasal and
olfactory functions as well as midface growth
and phonetic and respiratory functions. Others
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have argued that paranasal sinuses in humans do
not play a significant role in processing respira-
tory air, being merely nonfunctional remnants of
a common mammalian ancestor [6].

The Nasal Cycle

Nasal cycle is the spontaneous, reciprocal conges-
tion and decongestion of the nasal mucosa during
the day, where congestion of one side is often
accompanied by reciprocal decongestion of the
contralateral side. These changes result in asym-
metrical airflow that alternates from one nasal
passage to the other. The phase of decongestion is
often called the “working phase,” while the con-
gested one is defined the “resting phase.” This
phenomenon is based on the dilation and constric-
tion of the venous cavernous tissue in the mucosa
of the turbinates and septum [28] and is present in
almost 80% of people [29], but a true periodicity
and reciprocity exists only in 21-39% of the pop-
ulation. The nasal cycle is considered an ultradian
rhythm of side-to-side nasal mucosal engorge-
ment. In most people, these cycles last around
2-4 h, but for some, the cycle can be irregular
[30], shortened, elongated, or absent [31]. It is
present in seated and standing position, as well as
in the laterally and dorsally recumbent [32].

The functional role of the nasal cycle is not
completely understood. It may be involved in the
production of mucous nasal secretions [33], in
the humidification of inspired air [34], and/or in
respiratory defense [35]. In this regard, plasma is
rich in immunoglobulins and proteins involved in
the generation of inflammatory mediators, com-
ponents important in the inflammatory response,
and defense against infection. So, the contribu-
tion of the nasal cycle to the generation of plasma
exudate may be seen as a contribution to respira-
tory defense. During nasal infection, the nasal
cycle increases its amplitude and frequency, and
this may enhance the generation of plasma exu-
date and so that of inflammatory components.
White and colleagues [36] also suggested that the
nasal cycle enables the upper airway to accom-
modate the contrasting roles of air-conditioning
and the removal of entrapped contaminants

through fluctuation in airflow. In particular, an
efficient transport of entrapped inhaled patho-
gens and pollutants requires low air velocities
and sustained airway surface liquid (ASL) hydra-
tion that is carried out by the congested side of
the nose. Conversely, air-conditioning requires
high air velocities to be effective, and this role is
facilitated by the patent side. The presence of an
alternation in nasal congestion and decongestion
enables ASL layer to return to an uninterrupted
state of hydration during the resting phase, thus
supporting continuous and normal mucociliary
clearance [36]. It has also been hypothesized that
the nasal cycle allows local accumulation of
nitric oxide, which normally has an important
role in modulating epithelial function and antimi-
crobial features [37].

Recently, some authors [38] defined
four types of nasal cycles
e Classic pattern, with reciprocal congestion/
decongestion alterations and a constant total
volume
e Parallel pattern, with congestion or deconges-
tion appearing in both nasal cavities at the
same time
e Irregular pattern, with mutual alteration in
nasal volume without a defined pattern and a
constant total nasal volume
e No pattern, in which total nasal volume and
nasal volume in each nostril do not differ

Although in 2016 it was demonstrated that the
majority of subjects exhibit reciprocal changes in
unilateral airflow [39], more recently it was
observed that in a group of 20 healthy subjects,
half of them presented a parallel pattern, while
the other half showed a reciprocal pattern [40]
(Fig. 3.2).

Whatever the reason for cycling, it usually
allows one nostril to be “at rest” relative to the
other during normal breathing. The nasal cycle
seems to be controlled mainly by the sympathetic
nerve supply to the nose [41] under the direction
of the central nervous system [42]. At present, the
central regulation for the alternation of the sym-
pathetic activity at the level of the nasal cavity is
not completely understood.
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Fig. 3.2 Changes in unilateral nasal airflows measured
by means of peak nasal inspiratory flow (PNIF) showing a
classical nasal cycle type (left picture) in a healthy sub-
ject. Changes in unilateral nasal airflows measured by

A variety of external stimuli, such as arterial
pCO,, emotion, and skin temperature changes,
are able to influence the activity of the nasal cen-
ters [32]. Airflow through the nose has been
hypothesized as important in the control of the
nasal vasomotor activity, although the presence
of the nasal cycle has been demonstrated in lar-
yngectomized patients, in the absence of nasal
airflow [43, 44].

Effects of Physical Activity on Nasal
Airflow

Since nasal function has historically been associ-
ated with performance in aerobic exercise, respi-
ratory function during physical exercise has been
extensively investigated [45, 46]. Exercise causes
a decrease in nasal mucosa congestion similar to
that seen with the application of a nasal decon-
gestant such as oxymetazoline hydrochloride.
Overall, exercise can produce a drop in total nasal
resistances within 30 s that is maximal at 5 min
and may persist for up to 30 min after completing
the aerobic performance [47]. Many factors can be
involved in the reduction of nasal resistance due
to exercise: increase in the activity of alar nasal

T T
8 9 10 11 12 13 14 15
hours

means of peak nasal inspiratory flow (PNIF) showing a
parallel nasal cycle type (right picture) in a healthy sub-
ject. In red the left nostril, in blue the right nostril

muscle, blood redistribution for muscles under
exercise distant from nasal mucosa, increase in
nasal airflow, hyperventilation, and nasal mucosal
active vasoconstriction [48]. Vasoconstriction is
believed to be a consequence of changes in arterial
pCO, and is mediated by the autonomic innerva-
tion of the nasal vasculature [49]. Plasma concen-
trations of neuropeptide Y seem to correlate with
postexercise nasal vasoconstriction suggesting
that this neuropeptide might act as a modulator
of nasal airways reactivity [50]. Interestingly, a
rebound increase in nasal resistances after exer-
cise has been observed [51, 52].

Some studies have evaluated the effects of the
physical activity at high altitude. Globally, an
increasing number of people living at low altitude
enjoy sport and recreation at altitudes higher than
2000 m [53, 54]. During altitude exposure, the
airways adapt by activating a number of mecha-
nisms aimed at optimizing oxygen availability. In
particular, high-altitude trips (defined as higher as
2700 m above sea level) [55] may cause, among
others, nasal congestion and increased nasal resis-
tances due to decreased partial oxygen pressure
and dry air [56]. Nevertheless, a recent study,
evaluating nasal function at rest in a group of sub-
jects during a weeklong skiing vacation at high
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altitude (3400 m) found a significant increase of
nasal flows values at 3400 m with respect to the
baseline values (measured at the base camp, 2000
m). Interestingly, similar results were observed in
another study, which simulated the passage from
the sea level to 8000 m in a hypobaric chamber
[57]. The authors concluded that, when exposed
to high altitude, the human body produces an
increased amount of catecholamines, probably to
enable a faster cell regeneration, ultimately pro-
ducing nasal decongestion [58]. However, exist-
ing evidence is based on small sample sizes, and
more studies on this fascinating topic are needed
to confirm these findings.

Effects of Temperature and Air
Humidity on Nasal Respiratory
Function

The inhalation of cold/dry air and hot/humid air
has an influence on nasal air-conditioning [59]. A
study assessing the effects of air humidification
on complaints of nasal obstruction and nasal
patency measurement during 89 h of interconti-
nental flight noted that a 10% increase in the rela-
tive air humidity produced a significant reduction
in symptomatic nasal obstruction [60]. In addi-
tion, it has been noted that application of a cool-
ing face mask reducing facial skin temperature
by 10 °C produced intranasal increases in humid-
ity, mucosal temperature, and volumes, probably
mediated by trigeminal nerve stimulation and
necessary to guarantee a sufficient steady intra-
nasal nasal air-conditioning [61].

Effects of Posture on Nasal Airflow

Although it is known that body position can
influence pulmonary function [62], less is known
about the influence of body position on nasal
flows and patency [63].

In healthy subjects, changing from sitting to
upright position (and vice versa) seems to have
no effects on either nasal volumes [64] or on
nasal flows [65]. On the contrary, as demon-

strated by Roithmann and colleagues, change
from sitting to supine position produces decreased
nasal volumes in normal subjects [66]. In particu-
lar, in lateral recumbence, the nasal airflow of the
side where one is lying on is reduced, while the
other is mainly open for nasal airflow [11]. The
nasal patency/airflow changes observed in the
supine position could be explained by two differ-
ent mechanisms: an increased central venous
pressure when lying in the supine position and a
reflex change in the nasal vasomotor tone due to
the stimulation of receptors located in the area of
the shoulder, lateral thorax, and hip, when laying
laterally [1]. Although the effects of lateral
recumbence can override the nasal cycle, in gen-
eral, its periodic reciprocity begins again if the
lateral posture is maintained [3].

Nasal Nitric Oxide

Nitric oxide (NO) is an endogenous mediator in
the respiratory system. It is produced from argi-
nine and oxygen by NO synthase (NOS) [67].
There are three NOS isoforms in the human air-
way mucosa: the neuronal-type NOS, the
endothelial-type NOS, and the inducible-type
NOS (iNOS). Whereas the first two are constitu-
tively expressed and generate relatively low levels
of NO, iNOS is primarily expressed in response to
external stimuli, and it is raised in some patholo-
gies [68, 69]. The role of NO in the airway is com-
plex, possibly including pro-inflammatory effects,
regulation of blood flow, stimulation of ciliary
beat rate and bacteriostasis [70-72].

In the normal nose, high levels of NO are pro-
duced in remarkably large quantities from epithe-
lial cells of the paranasal sinuses [70], especially
the maxillary sinus [73], while less is produced
by the nasal mucosa [74]. Nasal NO has a signifi-
cant degree of interindividual variation (about
20-25%) and can be influenced by many internal
and external factors [68, 75], so, although it has
been suggested to be useful in the diagnosis of
primary ciliary dyskinesia, cystic fibrosis, and
nasal inflammation (i.e., rhinitis), its clinical
value is limited [67].
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Conclusions

Nonlaminar characteristics of inspiratory airflow
are induced by the constricted lumen at the site of
the nasal valve. Changes in nasal cavity diameter
after this point produce a decrease in the linear
velocity leading to the production of vortices and
a turbulent airflow. These characteristics are of
utmost importance as they promote cleansing and
conditioning of ambient air and thereby protect
smaller bronchioles and alveoli. The human nose
is also able to recover heat and water from expi-
ratory air (about 30% in temperate conditions).
The paranasal sinuses do not have a significant
role in the respiratory air processing that takes
place in the nasal cavities.

When present and regular, the nasal cycle, a
spontaneous congestion and decongestion of the
nasal mucosa, has been described as alternating.
It has been also demonstrated that in some sub-
jects, the nasal cycle can exhibit in-phase
changes. Very recently, it has been found that
reciprocal and in-phase patterns of the nasal
cycle can be equally distributed in adults.

Various physiological conditions can modify
nasal airflow, such as physical exercise and body
position. Exercise produces a significant nasal
vasoconstriction with a drop of total nasal resis-
tances. In lateral recumbence, the nasal airflow of
the side where one is lying on is usually reduced,
as consequence of the stimulation of some recep-
tors located in the area of the shoulder, lateral
thorax, and hip.

Key Learning Points

e The nasal valve is the most important area
able to influence nasal respiration. At this
level, the minimal cross-sectional area and the
highest resistance of the entire upper respira-
tory system occur.

* During inspiration, the main nasal airstream is
directed between the inferior and middle
turbinates.

e The nasal turbinates create a large surface area
and a uniform slit space between the septum
and the lateral wall, which promotes warming,
humidification, and cleansing of the inspired
air.

e The nasal cycle allows the nose to alternate
between working and resting phases to
improve gradients of thermal energy and
humidity.

e The paranasal sinuses do not play a significant
role in processing respiratory air, and the net
supply of humidity from all of the sinuses to
the inspiratory air is small.

¢ In lateral recumbence, the nasal airflow of
the side which one is lying on is usually
reduced.
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Physiology of the Nose
and Paranasal Sinuses: Mucociliary

Clearance

Mikkel C. Alanin and Christian von Buchwald

Introduction

The conducting airways in the nose and sinuses
are lined with a pseudostratified epithelium con-
sisting of ciliated cells, secretory cells and goblet
cells.

The epithelium in the sinonasal cavity is a
main entry port for respiratory pathogens, aller-
gens and pollutants, and it also plays an impor-
tant role in the initial host responses against
infection. Normal mucociliary clearance (MCC)
is essential for the maintenance of an effective
primary defence mechanism and healthy sinona-
sal cavities. Effective MCC necessitates appro-
priate mucus, and effective and synchronized
ciliary beating accompanied with a proper peri-
ciliary fluid layer.

Cilia propel respiratory mucus. After inhala-
tion of a pathogen, allergen, debris or a pollutant,
the foreign material is trapped in the mucus and
then phagocytised or removed by the process of
MCC. The coordinated and continuous unidirec-
tional beating of the cilia transports the mucus to
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the oropharynx, where it is cleared by ingestion,
coughing and expectoration.

If MCC is compromised, the airways become
vulnerable to infection and inflammation. This
phenomenon is evident in patients with chronic
rhinosinusitis who experience persistent cycles
of infection and inflammation resulting in ciliary
loss and a hyper-viscous mucus. Damage or dis-
ruption of mucociliary function due to viral
infection is probably a major cause of secondary
bacterial infection.

This chapter will review the essential compo-
nents of the mucociliary apparatus and discusses
important clinical examples of compromised
MCC. Factors that can improve MCC will also be
discussed.

Mucus

The normal mucosal lining of the nasal cavity is
coated by a mucus layer up to 70 pm thick [1].
The periciliary fluid layer is approximately 5 pm
thick [2].
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Mucus is produced by goblet cells and by sub-
mucous glands in the mucosa [3]. In the nose,
100-200 mL of mucus is produced per day [2].
Mucus is a barrier to prevent water loss by diffu-
sion and to remove inhaled foreign substances
such as viruses, bacteria, allergens, inflammatory
cells and pollutants. Upon infection of the nasal
epithelium, secretory cells release anti-microbial
surfactants and mucus to delay pathogen trans-
mission in the airway [2]. Mucus is characterized
by its volume, viscosity, elasticity and thread-
forming capacity [4].

Mucus is a gel consisting of predominantly
water (approximately 95%). The other key com-
ponents are ions, proteins and macromolecules.
The major macromolecular components of mucus
are the mucin glycoproteins. These can be subdi-
vided into:

1. Secreted mucins

2. Cell-associated mucins that are anchored at
cell surfaces

3. Gel-forming mucins

This arrangement of cell-associated and gel-
forming secreted mucins creates a two-layered
airway surface mucus barrier with a periciliary
liquid layer next to the cell surface and a gel-
forming mucin layer. The most important cell-
associated mucins are MUC1, MUC4, MUC16
and MUC20. The periciliary fluid, both in com-
position and volume, appears to be critical for
proper mucociliary transport [1]. The cell-
associated mucins attached to airway epithelial
microvilli and cilia generate an osmotic barrier
that preserves the periciliary layer [3].

The most important gel-forming secreted
mucins are MUCS5AC and MUCS5B. These are
responsible for the characteristic viscoelastic
properties of the mucus gel layer. MUCSAC pro-
duction from goblet cells increases following
viral infection. It has been shown that rhinovirus
infection induces temporary mucus hypersecre-
tion which is evident during the common cold.

Mucins can also mediate inflammatory cas-
cade pathways, and they contain innate immune
proteins such as lactoferrin, lysozyme and s-IgA
which aid in the local immune defences [5].

All of these rheologic and physical properties
are influenced by the degree of hydration and the
glycoprotein composition, factors that are
host-regulated.

Mucus hyperproduction is also an important
hallmark of type 2 inflammation via activation of
[1-13 and II-5; please see below.

Cilia

Ciliated cells are the major component of the
pseudostratified epithelium. Cilia are hair-like
organelles that are organized with microtubule,
Fig. 4.1. There are 50-200 cilia per epithelial
cell. The length of cilia is typically 6 um, and
they reach through the periciliary liquid layer and
just into the mucus layer.

Cilia are coated with cell-associated mucins
that exclude mucus from the periciliary space and
promote the formation of a distinct mucus layer
and a periciliary liquid layer as mentioned above
(31

Cilia are composed of structural proteins and
motor proteins that drive their coordinated unidi-
rectional beating of the cilia which are critical for
MCC. Under normal conditions, the cilia beat at
a frequency of 6-17 Hz [6, 7].

The normal ultrastructure of motile cilia con-
tains nine outer doublets of microtubules and a
central pair called the “9+2 axonemal appear-
ance.” Outer and inner dynein arms are attached
and contain enzymes for ATP hydrolysis produc-
ing power. Nexin links connect the doublets and
stabilize the structure, whereas radial spokes
interlock the outer doublet to the central pair.
When activated, the dynein arms slide one
microtubule-duplet relative to another, and since
these are connected by the nexin links, the whole
axoneme bends (Figs. 4.1 and 4.2).
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B tubule

Fig.4.1 Normal ultrastructure of cilia. Normal cilia have
nine outer doublet (A + B tubule) and a central pair “9 + 2
appearance.” Dynein arms are attached to the outer dou-

Fig.4.2 Normal ultrastructure by TEM. The “9 +2” axo-
nemal appearance is evident

Outer dynein arm

Inner dynein arm

Radial spokes

Nexin links

blets. Nexin links connect the outer doublets, and radial
spokes connect the outer doublets with the central pair

Assessment of Ciliary Ultrastructure
and Ciliary Beat Function

Ciliary ultrastructure can be assessed by transmis-
sion electron microscopy (TEM). TEM is used for
research purposes and in the clinical setting to aid
in the diagnosis of primary ciliary dyskinesia
(PCD); please see below. The required ciliated
epithelial specimen can be obtained using a cytol-
ogy brush on the inferior nasal turbinate [8].
Precise ciliary beat frequency and ciliary beat
pattern can also be assessed from brush biopsies
of the inferior turbinate using high-resolution,
high-speed video microscopy with slow-motion
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replay. Like TEM, it is used clinically to establish
a diagnosis of PCD (Video 4.1).

Nasal Mucociliary Clearance Testing

The MCC time is the time taken for a molecule
inserted into the nares to reach the oropharynx.
Mucus moves at a speed of approximately 10 mm
per minute in vivo under normal conditions, and nor-
mal values in adults are approximately 10—15 min. It
can be assessed using different methods [6, 9].

Saccharin Test

A 5 mg particle of saccharin is placed on the infe-
rior turbinate, 1.5 cm from the nares under direct
visualization. A timer is started, and the transit time
is reported as the elapsed time from the placement
of the particle until the patient reports a sweet taste.
Normal values reported for this assay are between
11 and 15 min and it has been recommended that
further investigations are necessary in patients with
a transit time of 60 min or more [9]. The saccharin
particle can be dissolved with methylene blue.
Thus, when the patient reports the taste sensation,
the objective finding of blue dye in the oropharynx
confirms the subjective taste report [10].

Scintigraphy with Technetium-99

A droplet of a suspension of colloid particles
labelled with technetium-99 (usually 50 [mu]Ci
diluted in 0.05 mL of saline) is placed 1 cm pos-
terior to the mucocutaneous junction of the nasal
cavity on the inferior turbinate or along the lat-
eral floor. Movement of the radioactivity is
recorded with a gamma camera with images
obtained every 30 s during a 10-min period [7].
Most studies report an average velocity of
10.9 mm/min for control populations. To deter-
mine MCC in the lower airways, a turboinhaler
may be used with labelled particles of different
sizes. Larger particles typically deposit in the
nose and pharynx, while smaller particles are
deposited in the trachea, and minute particles
remain suspended in inhaled air [4] (Video 4.2).

Examples of Compromised MCC

Impaired MCC leads to stagnant mucus in the
respiratory tract, which predisposes to infection
and inflammation.

Primary Ciliary Dyskinesia

PCD is an autosomal recessive genetic disease.
Well-described mutations in more than 30 genes
involved in ciliary structure and function are
characterized, and genetic testing can identify
approximately 60% of the phenotypically identi-
fied PCD patients. In PCD, MCC is impaired by
genetic mutations resulting in non- or hypofunc-
tional cilia.

The commonest ultrastructural defect in PCD
is defects in one or both dynein arms. This is
observed in >80% of patients with recognized
structural defects (Fig. 4.3 [11]).

Initially, the composition of the mucus is pre-
sumably normal in the PCD airway; however,
during prolonged or chronic infection and inflam-
mation, DNA and actin released from neutrophils
may increase the viscosity of the mucus.

PCD manifests primarily as an oto-sino-
pulmonary disease comprising chronic otitis
media with effusion, chronic rhinosinusitis with
or without nasal polyps and recurrent or chronic
lung infections leading to structural lung damage

Fig.4.3 Abnormal TEM in a patient with PCD. Transition
electron microscopy displaying missing outer dynein arm,
representing one of the most common findings in patients
with PCD
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such as bronchiectasis and declining lung
function.

CRS and bacterial sinusitis are ubiquitous in
patients with PCD affecting more than 70% of
the patients. Sinus surgery can improve QoL in
patients with PCD and may also be effective in
eradicating Gram-negative bacteria from the
global airways [12] (Video 4.3).

Cystic Fibrosis (CF)

Cystic fibrosis (CF) is a life-shortening genetic
disease caused by a mutation in the CF trans-
membrane conductance regulator (CFTR) gene
on chromosome 7. The gene encodes chloride
channels, and the defect leads to abnormal trans-
port of chloride and sodium across the cell. Loss
of CFTR function results in deficient chloride
and bicarbonate secretion and dysregulation of
the epithelial sodium channel with excessive
sodium absorption at the apical cell membrane.
The resultant decrease in salt concentration in the
airway secretion more than doubles the viscosity.
This leads to a dehydrated and sticky mucus
which reduces MCC by preventing normal ciliary
movement and predisposes to infection. Recurrent
or chronic lung infection with especially
CF-pathogenic Gram-negative bacteria (GNB)
including Pseudomonas aeruginosa,
Achromobacter xylosoxidans and Burkholderia
cepacia causes structural lung damage, declining
lung function, premature death or lung transplan-
tation. In CF, the cilia are apparently normal.
However, a recent study demonstrated abnormal
accumulation of an intracellular transport protein
(IFT88) and disrupted intra-ciliary trafficking
which suggest that disrupted ciliary function is
also a feature of the CF phenotype, which might
contribute to defective airway MCC [13].

Cough clearance is weakened in CF due to the
depletion of the airway surface liquid which is
not the case in PCD. Airway inflammation in
both PCD and CF are dominated by neutrophilic
infiltration compared to eosinophilic inflamma-
tion in patients with CRS with nasal polyps and
asthma.

CRS with or without nasal polyposis is com-
mon in patients with CF, and radiographic evi-

dence of CRS in CFis almost 100%. Nevertheless,
<50% report symptoms, but they can have a sub-
stantial negative impact on QoL. Sinus surgery
with adjuvant medical therapy can reduce pulmo-
nary infections with CF-pathogenic GNB and
improve QoL [14].

CFTR modulators serve as correctors or
potentiators of the chloride channel, and there is
substantial evidence that they can improve lung
function, quality of life and slow the progression
of lung disease. Emerging evidence support that
CFTR modulators also may improve sinonasal
symptoms, i.e. SNOT 22 in CF [15].

In contrast to PCD patient, OME is very rare
in CF.

Secondary Ciliary Dyskinesia

Ciliary abnormalities detected after infection and
inflammation are referred to as secondary ciliary
dyskinesia. Mucostasis, hypoxia, microbial prod-
ucts and toxic inflammatory mediators can induce
secondary ciliary changes, and ciliary impair-
ment is a feature of both viral and bacterial
rhinosinusitis.

Impairment of nasal MCC including a fall in
the number of ciliated cells and a moderate and
short-lasting change in beating frequency and
synchrony has been observed in patients during
the common cold. Other studies have further con-
firmed that impaired ciliogenesis is prominent
following viral infections consistently leading to
loss of cilia and ciliated cell ultrastructural abnor-
malities. Characteristically, influenza virus infec-
tion can be followed by apoptotic and necrotic
cell death causing the loss of epithelium includ-
ing ciliated cells, impacting ciliary function.
During sinusitis, a study found a prolonged nasal
MCC time of 18 min versus 10 min for matched
controls [6]. Impairment of MCC following viral
infection is probably a major cause of secondary
bacterial infections.

Smoking

Ciliary impairment is associated with cigarette
smoking. Smoking significantly prolongs nasal
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MCC probably due to a reduced beat frequency, a
reduction in number of cilia and changes in vis-
coelastic properties of mucus as a result of
significantly increased goblet cell density and
mucin volume density [3, 16]. It is also well
known that smoking can contribute to the devel-
opment of CRS [17].

Drugs

Several studies on the effect of nasal steroids
have found no change on MCC in healthy sub-
jects, but they may be effective in patients with
perennial rhinitis; see below.

Studies on the imidazoline derivatives oxy-
metazoline and xylometazoline which are alpha
adrenergic receptor agonists have found that
they exhibit ciliotoxic effects and inhibit ciliary
function and thus MCC [18]. Long-term use may
also lead to rhinitis medicamentosa. It is believed
that when the imidazoline derivatives are with-
drawn, increased parasympathetic activity leads
to rebound congestion as a consequence of vaso-
dilation and mucosal swelling. Long-term use
may also lead to goblet cell hyperplasia and
destruction of nasal cilia which compromise
MCC [19].

Gastroesophageal Reflux Disease
(GERD)

Reflux of gastric acid into the pharynx and naso-
pharynx is thought to cause mucosal inflamma-
tion which may impair MCC.

Type 2 Inflammation

The immune system covers a wide variety of
inflammatory cells with different functions and
features. Inflammation is generally defined as a
response to an invading pathogen or endogenous
signals from, e.g. damaged cells. Toxic, non-
allergic or allergen-induced inflammation of the
nasal mucosa causes swelling resulting in reduced
MCC.

Patients with asthma and CRS with nasal
polyps usually present with type 2 helper
T-cell (Th2) cytokine-mediated inflammation
in the mucosa, which has similarities to aller-
gic inflammation/hay fever. Controversially,
neutrophilic Thl-dominated inflammation is
seen in patients with COPD. Key Thl cell
cytokines are interferon (INF)-y and tumour
necrosis factor that trigger macrophages while
inhibiting mast cells, eosinophils and IgE
production.

Th2 cell-mediated production of interleukins
is dominated by I1-4, 11-5 and I1-13. II-5 produc-
tion increases tissue eosinophilia. I1-13 hyperpro-
duction leads to bronchial hyperreactivity, goblet
cell metaplasia and vessel wall priming that
allows eosinophils to extravasate, and they inhibit
macrophages. Especially, mucus hyperproduc-
tion and bronchial smooth muscle proliferation
are hallmarks of type 2 inflammation.

Mucus plugging of bronchi is seen in severe
asthmatics and associated with airway eosinophilia.
Similarly, mucus plugging in the sinus cavities is
evident in severe Th2 cell-mediated inflammation.
Activated eosinophils will release galectin-10 that
will undergo a transition to a crystalline form as
Charcot-Leyden crystals (Fig. 4.4 [20]). These crys-
tals are sharp and act as a barbed wire infiltrating the
mucus making it increasingly sticky—comparable
to dried glue [21]. Mucus plugging in the nose and
sinus cavities compromise MCC.

Fig. 4.4 Charcot-Leyden crystals formed in severe Th2
cell-mediated inflammation. Source: Original image
kindly supplied by Andrew C. Swift
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Improving Mucociliary
Clearance (MCC)

Nasal Irrigation with Saline

Nasal irrigation with isotonic and hypertonic
saline can improve the mucociliary transport
function of the nasal mucosa [22]. Different kinds
of nasal irrigation solutions, such as normal saline
as well as various concentrations of hypertonic
saline, have been used clinically. Saline solutions
have been widely used in nasal irrigations for
many years and are recommended for the treat-
ment of various nasal diseases by several interna-
tional expert groups including the EPOS 2020
[23]. Besides stimulating MCC, nasal irrigation
may also be effective in reducing nasal congestion
and secretions and moisturize the mucosa.

Drugs

Intranasally administered drugs can speed up or
slow down MCC, which may be used in the clini-
cal setting. For instance, a drug that increases
MCC may lead to a faster clearance of pathogens
or allergens from the mucosa. In contrast, drugs
that prolong MCC may increase the bioavailabil-
ity of topically administered drugs. However,
many studies are conflicting, but it is an interest-
ing area of future research [18].

Mucoactive drugs are regularly used as a thera-
peutic option for mucus alteration, including
hypersecretion. The drugs can be divided into
expectorants (e.g. hypertonic saline), mucoregu-
lators that regulate mucous secretion (e.g. carbo-
cisteine), mucolytics that decrease mucous
viscosity (e.g. N-acetylcysteine and DNase) and
mucokinetics that increase MCC by acting on the
cilia (e.g. bronchodilators and surfactants). Long-
term treatment of patients with perennial rhinitis
with fluticasone propionate can increase nasal
MCC, whereas treatment with xylometazoline
may prolong it [9].

Endoscopic Sinus Surgery (ESS)

ESS can improve MCC by addressing the natural
drainage pathways from the sinuses or by clear-
ing polyps from the nasal cavity. ESS has also
been found to significantly improve the number
of cilia and can reduce the number of goblet cells

in the mucosa which may facilitate MCC. In
addition, ESS can facilitate nasal irrigation and
subsequent topical treatment with steroids and
antibiotics of the nose and sinuses [24].

Key Learning Points

o Effective mucociliary clearance necessitates
proper mucus composition.

e Effective mucociliary clearance necessitates
normal respiratory cilia.

e Mucociliary clearance can be tested but is pri-
marily used for research purposes.

e Genetic diseases such as primary ciliary dys-
kinesia and cystic fibrosis lead to compro-
mised mucociliary clearance.

Infection, inflammation, gastroesophageal
reflux disease, smoking and various drugs can
affect mucociliary clearance.
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Immunology of the Nose
and Paranasal Sinuses

Stephen Ball and Richard Douglas

Allergy and Specific IgE

Allergic rhinitis is one of the commonest chronic
diseases, with a prevalence in Western societies
of around 20% [1]. In all countries in which there
are reliable longitudinal data, the prevalence of
this condition is increasing. It is characterised
by specific IgE-mediated inflammation of the
mucosa of the nasal cavity and is often associated
with conjunctivitis, asthma and atopic dermatitis.
The specific IgE that causes these conditions is
usually directed towards proteins contained in
aeroallergens such as grass pollen, house dust
mite and cat dander. Approximately 40% of the
population has an inherited predisposition to
produce specific IgE in response to exposure
to these aeroallergens, and about half of these
develop symptoms as a result of this sensitisation
(Fig. 5.1).

Allergic Rhinitis

Allergic rhinitis is characterised by nasal conges-
tion, clear rhinorrhoea, sneezing and itch. If
exposure to the allergen is seasonal (e.g. grass
pollen) so will be the symptoms. A key feature in
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the diagnosis of allergic rhinitis is the age of
onset of the symptoms. Atopic sensitisation to
aeroallergens occurs in the first couple of years of
life, and so allergic rhinitis generally has its onset
in preschool years. This is in contrast to non-
allergic rhinitis, which usually begins in early
adulthood. Although histopathologically identi-
cal to allergic rhinitis, non-allergic rhinitis is
pathogenetically distinct: it is not caused by
exposure to aeroallergens, but rather the cause of
the inflammatory response is unknown. As aller-
gic rhinitis is associated with asthma, so is non-
allergic rhinitis. Non-allergic rhinitis may also
develop into chronic rhinosinusitis with nasal
polyposis.

Specific IgE

Allergic rhinitis is diagnosed by features of the pre-
senting history, the examination findings (enlarged
inferior turbinates that often have a bluish tinge)
and determination of the presence of specific IgE to
aeroallergens. There are two techniques for detect-
ing specific IgE: skin prick testing and radioal-
lergosorbent (RAST) tests. In skin prick testing, a
drop of allergen suspended in glycerol is placed on
the volar surface of the forearm, and a lancet with a
1 mm point is placed through the allergen solution
and into the dermis (Fig. 5.2). If there is pre-formed
IgE specific to the aeroallergen on the mast cells
within the dermis, this will trigger the release of
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Fig. 5.1 Immunological defences in the nose. The pseu-
dostratified respiratory epithelium provides a physical
barrier, in combination with innate, cellular and humoral

Fig. 5.2 Skin prick tests for specific IgE to the antigens
tested. Clinical tests of specific IgE have a high sensitivity,
but low specificity for allergic rhinitis due to the presence
of atopy in up to 40% of the asymptomatic general
population
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immune defence mechanisms. Deficiencies in any aspect
of these systems predispose to sinonasal disease

histamine and other inflammatory mediators, and a
wheal-and-flare reaction will ensue. A wheal of
diameter greater than 3 mm is regarded as a posi-
tive result for that aeroallergen. RAST testing
detects specific IgE circulating in the serum. The
serum levels of specific IgE are generally much
lower than the tissue levels, and for this reason,
RAST tests are generally less sensitive. They also
tend to be more expensive per allergen tested.
However, RAST testing has a significant advantage
in that the analysis of the serum sample can be per-
formed remotely from the patient.

Positive skin prick and RAST tests to com-
mon aeroallergens define the atopic state.
Although approximately 40% of the general pop-
ulation is atopic, only about half of the atopic
population has symptoms of allergic conditions.
Accordingly, the specificity of SPT or RAST
tests is low (about 50%). The sensitivity, how-
ever, is high as allergic rhinitis is defined by rhi-
nitis symptoms occurring in association with
positive skin prick tests.
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There are some subtleties in the interpretation
of skin prick testing. One is the concept of entopy,
in which there is local specific IgE production (in
the nasal mucosa) but little systemic distribution
of these antibodies, so both SPTs and RAST tests
are negative. Testing for entopy has not been
standardised, and it is not clear how prevalent or
significant this local response is [2]. Another rel-
atively recently described variation on the clini-
cal manifestations of aeroallergen sensitivity is
the central compartment syndrome, in which the
mucosa of the inferior and middle turbinates is
oedematous to the point where polyps form
around the middle meatus [3]. Unlike most cases
of CRSwNP, there is minimal involvement of the
other regions of the paranasal sinuses. Whereas
CRSwNP is generally not associated with an
increased prevalence of atopy, central compart-
ment syndrome is strongly related to atopy.

The pharmacological mainstays of treatment
for allergic rhinitis are topical corticosteroid
sprays and antihistamines. When combinations
of these medications fail to provide adequate
relief, surgery (turbinate reduction) or immuno-
therapy can be considered. Immunotherapy
works on the poorly understood property of the
immune system whereby exposure to small quan-
tities of an allergen produces allergy, but expo-
sure to large quantities induces anergy or
immunological tolerance. Remarkably, once
induced by repeated exposure to an aeroallergen,
it can be very long lasting. Allergen immunother-
apy has been historically administered by subcu-
taneous injections, but these are associated with a
small risk of anaphylaxis so need to be given in a
clinic setting. However, oral and sublingual prep-
arations have been produced and have been
shown to be effective and not associated with
anaphylaxis and so can be taken at home, greatly
reducing the overall cost and increasing the con-
venience of this type of treatment.

Chronic Rhinosinusitis

The overwhelming majority of patients with
chronic rhinosinusitis have a normal immune
system. However, there are two phenotypes of

CRS that have specific immunological features:
allergic fungal sinusitis and aspirin-exacerbated
respiratory disease.

Allergic Fungal Rhinosinusitis

Allergic fungal rhinosinusitis is the sinonasal
equivalent of allergic bronchopulmonary aspergil-
losis, in which there is a mucosal immune response
mounted against colonising fungi. The condition
shows marked geographic variations in prevalence,
in part due to climate conditions and fungal diver-
sity. It is characterised by nasal polyposis in asso-
ciation with fungal debris that can be identified by
either their typical appearance, culture, micros-
copy or molecular methods [4]. There is an intense
eosinophilic infiltration of the mucosa, an elevated
total serum IgE and the presence of specific IgE to
fungal antigens can be detected in many patients
with this condition. Most patients respond to a
combination of standard medical and surgical
treatments. Antifungal agents are usually not
required as the colonising fungi are not invasive.

Aspirin-Exacerbated Respiratory
Disease (AERD) / N-ERD / Samter’s
Triad

Samter and Beers described a large cohort of
patients with adult-onset asthma, nasal polyposis
and aspirin hypersensitivity in a paper published
in 1968 [5]. Aspirin-exacerbated respiratory dis-
ease (AERD) is the current preferred name and
defines a triad of nasal polyposis, asthma and
hypersensitivity to aspirin and similar cyclo-
oxygenase inhibitors. It is of note that the termi-
nology for this group of disorders has changed
rapidly and whilst AERD is well-established for
aspirin-sensitive patients, N-ERD (non-steroidal
anti-inflammatory drug-exacerbated respiratory
disease) is the most used term within EPOS2020.
It is important to know whether asthmatic patients
with nasal polyps have aspirin sensitivity because
such patients can be desensitised to aspirin and
subsequently take a daily dose of this medication.
There is significant evidence that chronic aspirin
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Fig.5.3 Coronal CT scan image of a patient with AERD /
Samter’s triad and typical extent of sinonasal polyposis fill-
ing all paranasal sinuses and the nasal cavity

therapy post desensitisation improves treatment
outcomes for such patients, who are at higher risk
of early recurrence postoperatively (Fig. 5.3).
The pathogenesis of this condition remains
incompletely understood, but it reflects a distur-
bance of prostaglandin and leukotriene metabo-
lism. Arachidonic acid is converted to
prostaglandins by the action of cyclo-oxygenase
or leukotrienes by the action of leukotriene syn-
thase. Aspirin and other non-steroidal anti-
inflammatory  drugs act by  inhibiting
cyclo-oxygenase, which increases synthesis of
leukotrienes. Leukotrienes are powerful broncho-
constrictors and enhance capillary permeability
that increases rhinorrhoea and nasal obstruction.
Patients with AERD / Samter’s triad have higher
basal levels of leukotrienes compared to healthy
controls, which increase further after exposure to
cyclo-oxygenase inhibitors. Higher tissue levels
of prostaglandin receptors have been shown in
the respiratory mucosa of patients with AERD /
Samter’s triad. All of these factors predispose
these patients to the development of anaphylac-
toid responses after taking NSAIDs. Severe reac-
tions associated with AERD are described as
anaphylactoid rather than anaphylaxis as they are
not IgE mediated.

The diagnosis of AERD / Samter’s triad is
typically made from the history alone. A patient
with adult-onset asthma and rhinosinusitis ingests
an NSAID (which have usually been previously
well tolerated) and typically within an hour

develops a hypersensitivity response of the upper
and/or lower respiratory tract and the skin. There
are no widely available confirmatory laboratory
tests, but aspirin challenge can have a role to play
in diagnosis. Patients with adult-onset asthma are
typically warned against the potential dangers of
taking NSAIDs, and many have had no indication
to take NSAIDs since the time of developing
their condition. These patients have not per-
formed their own unintended aspirin challenge at
home. In cases where no convincing history is
evident, aspirin challenge can be considered.
Many challenge protocols proceed directly into a
desensitisation protocol, and so if a patient has a
positive challenge, he or she can complete desen-
sitisation. The optimal final dose has not been
clearly defined; there are case series of successful
desensitisations to doses of between 100 and
1200 mg. Higher doses are probably more effec-
tive but are associated with more side effects.
Zileuton, a lipoxygenase inhibitor and montelu-
kast, a leukotriene receptor antagonist, may both
be useful drugs in the management of this condi-
tion [6]. There is rapidly increasing clinical expe-
rience with the use of biologics for patients with
AERD / Samter’s triad that proves recalcitrant to
standard medical and surgical therapy. There are
reports of excellent responses associated with
dupilumab monoclonal antibody treatment [7].

Autoimmune Sinonasal Conditions

A small number of rare autoimmune conditions
can either present with or be associated with
sinonasal symptoms and pathology. These
include two forms of vasculitis that are associ-
ated with anti-neutrophil cytoplasmic antibodies
(ANCA) and sarcoidosis, which is characterised
by non-caseating granulomas.

Granulomatosis with Polyangiitis

Granulomatosis with polyangiitis (GPA, for-
merly known as Wegener’s granulomatosis) is a
vasculitic condition that affects the upper and
lower respiratory system and the kidneys. The
condition’s commonest sinonasal manifestations
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are crusting and sinusitis, and it may cause septal
perforation and a saddle deformity. It may also
result in subglottic stenosis, pulmonary lesions
and glomerulonephritis. The diagnosis of GPA is
usually secured by a combination of radiological
investigations, biopsies and serological tests. The
cytoplasmic or classical cANCA immunofluores-
cent test is sensitive for generalised GPA but less
so for localised disease. Specificity of serology
testing is improved by using ELISA test for PR-3
antibodies. Proteinase 3 (PR-3) is the antigen
towards which most cANCA antibodies are
directed [8].

GPA is treated with immunosuppressants. A
combination of cyclophosphamide and cortico-
steroids is used to induce remission, after which
less toxic agents than cyclophosphamide (such as
mycophenolate) are used for maintenance as the
corticosteroid dose is reduced. Biologic agents
such as rituximab have been used successfully in
recalcitrant cases [9].

If patients with GPA have symptomatic sinus-
itis despite medical treatment, it is reasonable to
consider performing FESS. Reconstructive sur-
gery can be offered for nasal deformities once
remission has been very well established.

Eosinophilic Granulomatosis
with Polyangiitis

Eosinophilic granulomatosis with polyangiitis
(eGPA) was formerly known as Churg-Strauss
disease. It occurs in a very small percentage of
patients with adult-onset asthma. The condition is
characterised by eosinophilia of the peripheral
blood and eosinophilic infiltration of many tissues
associated with a small vessel vasculitis. Nasal
polyposis is the commonest sinonasal manifesta-
tion of eGPA. Pulmonary infiltrates may be seen
on chest radiographs. The tissues of the heart, skin
and peripheral nerves can be involved. The diag-
nosis is suspected in asthmatic patients who
develop pronounced peripheral blood eosino-
philia. ANCA immunofluorescent tests are usu-
ally positive and demonstrate a perinuclear rather
than a classical pattern. ELISA tests may be posi-
tive for either PR-3 or MPO antibodies [10].

Sarcoidosis

Sarcoidosis is a chronic non-caseating granulo-
matous condition whose origin is unknown. Itis a
multisystem disease which predominantly affects
the Iungs but can affect any organ [11]. Up to a
third of patients with sarcoidosis may have head
and neck involvement, though sinonasal disease
is rarer with a 6% prevalence reported [12].
The aetiology remains elusive, with immune,
genetic, environmental and infectious events
possible triggers of disease. Clinical manifesta-
tions of sinonasal sarcoidosis are similar to the
symptoms of idiopathic CRS, but there is often
poorer response to standard CRS treatment regi-
mens. Non-specific symptoms are often present
and include respiratory symptoms of haemop-
tysis, dyspnoea, fatigue, weight loss and fever.
Diagnosis is made by a combination of serol-
ogy for serum angiotensin-converting enzyme
(ACE), radiology with high-resolution chest CT
and biopsy. Pathological examination of sinona-
sal sarcoid biopsies shows granulomatous disease
with Langerhans giant cells and epithelioid cells.
It is not uncommon for sinonasal sarcoidosis to
be identified in biopsies without prior clinical
suspicion. Symptomatic sinonasal sarcoid is gen-
erally treated with a combination of topical and
systemic immunosuppressive medications.

Immunodeficiencies and Sinonasal
Conditions

Conditions associated with immunodeficiency
are of clinical importance to rhinologists as some
patients who present with CRS are predisposed
to their condition by an underlying
immunodeficient  state. = Immunodeficiency
conditions may cause patients with CRS to
respond less well to standard therapies, and some
patients may require specific treatment for their
immunodeficiency for their CRS to be optimally
managed.

Immunodeficiency states can be primary or
secondary to other diagnoses or to
immunosuppressive medication. Primary
immunodeficiency conditions may be categorised
according to whether the deficiency affects B cells
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(humoral immunity), T cells (cellular immunity),
phagocytes or the complement system (both
innate immunity) [13]. In some cases, there are
multiple defects.

CRS is mainly associated with conditions caus-
ing humoral deficiency, and in this section, the dis-
cussion of primary immunodeficiency will be
mostly confined to hypogammaglobulinaemia.

Immune deficiencies are more common in
patients with CRS. A meta-analysis including
1418 patients with CRS from 13 studies found
23% of patients with difficult-to-treat CRS and
13% of individuals with recurrent CRS had
immunoglobulin deficiencies [14]. However,
many of the patients diagnosed in the meta-
analysis had subclass or specific antibody defi-
ciency. Laboratory criteria for diagnosing these
conditions and their clinical implications are not
uniformly accepted. Many studies contributing to
the meta-analysis were performed in larger ter-
tiary referral centres, potentially biasing patient
populations towards having underlying immune
defects. It is likely the prevalence of hypogam-
maglobulinaemia in CRS patients is higher than
in the general population, even though the great
majority of cases of CRS occur in patients with
normal immune systems.

Most cases of primary hypogammaglobu-
linaemia are caused by genetic mutations. The
majority of these are sporadic, although fam-
ily history of hypogammaglobulinaemia would
increase diagnostic suspicion (Table 5.1.
Causes of primary hypogammaglobulinae-
mia). Immunoglobulins act by opsonis-
ing encapsulated bacteria, so patients with
hypogammaglobulinaemia tend to be more
susceptible to infections with streptococcal
species, Haemophilus influenzae and Moraxella
catarrhalis [15]. Patients with hypogamma-

Table 5.1 Causes of primary hypogammaglobulinaemia

X-linked agammaglobulinaemia

Common variable immunodeficiency (CVID)
Selective IgA deficiency
IgG subclass deficiency

Selective antibody deficiency

globulinaemia are as a result at a greater risk
of developing sinusitis, pneumonia, bronchiec-
tasis and otitis media.

Other rare causes include Good’s syndrome,
which is CVID associated with thymoma and
hyper-IgE syndrome, in which patients have
eczema and staphylococcal furuncles. The num-
ber of causes of primary hypogammaglobulinae-
mia keeps increasing as the genotypes of these
conditions are identified [16].

X-linked agammaglobulinaemia presents in
infant boys with recurrent respiratory tract infec-
tions. Symptoms typically commence after 6
months of age when passive protection from
maternal immunoglobulins is lost.

Common variable immunodeficiency (CVID)
is more likely than X-linked
agammaglobulinaemia to present to rhinologists
because its onset is usually in adulthood. It is
diagnosed by low immunoglobulin levels and by
a poor response to vaccinations. In 2015, the
International Consensus Document on CVID
was published identifying six diagnostic criteria
for this condition, clarifying the clinical and
laboratory diagnosis [17]. Patients with CVID
are unfortunately predisposed to other
autoimmune conditions and malignancies such
as gastric lymphoma.

IgA deficiency is the most frequent immuno-
globulin deficiency. Its prevalence is reported
between 1:173 and 1:3024 [18]. Most patients
are asymptomatic, though IgA deficiency pre-
disposes patients to sinusitis and allergies [13].

IgG has four subclasses, each of which has sub-
tly different functions. Subclass deficiencies are
diagnosed when serum IgG level is normal, but one
or more of the subclasses are deficient. IgG subclass
deficiency is a controversial diagnosis, and there is
ongoing debate about the clinical significance of
this finding [19]. The overdiagnosis of IgG subclass
deficiency as a cause of immunodeficiency may
not be uncommon and can potentially result in
unnecessary long-term treatment.

Selective antibody deficiency (SAD) is diag-
nosed when patients have normal serum immu-
noglobulin levels but impaired responses to
polysaccharide antigens such as Pneumovax [20].
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Table5.2 Clinical featuresthatsuggestImmunodeficiency

Recalcitrance to standard treatments

Rapid recurrence of symptoms after stopping
antibiotics

Association of upper and lower respiratory tract
infections

However, diagnostic criteria are not universally
accepted.

CRS secondary to hypogammaglobulinaemia
may present to a rhinologist in a manner identical
to idiopathic CRS, explaining why there is often a
delay between initial presentation and diagnosis
of underlying immunodeficiency (Table 5.2).
Clinical features that may raise suspicion include
recalcitrance to standard treatments, especially
the rapid recurrence of symptoms after stopping
antibiotics, and association with lower respiratory
tract infections. Measuring serum antibody levels
in all patients presenting with CRS is not advised
as primary immunoglobulin deficiencies are so
rare. It is recommended the above clinical fea-
tures are used to select patients for immune func-
tion testing.

Where CRS patients are clinically suspected
of having humoral immunodeficiency because
of their presentation or response to treatment,
the key investigation is measuring serum
immunoglobulin levels. If levels are normal,
but there is high suspicion of humoral immu-
nodeficiency remaining, referring to a clinical
immunologist is suggested. Antibody tests are
the next step in confirming whether a relative
immunoglobulin isotype is clinically signifi-
cant, but we suggest that ORL surgeons to refer
to clinical immunologists for further testing as
the interpretation of these more sophisticated
tests of immune function are better interpreted
by experts in the field.

If low serum antibody levels are detected, the
next step is to determine the patient’s ability to
respond to specific antigens. To do this, the
patient is immunised with protein antigens (such
as tetanus toxoid) and polysaccharide antigens
(Pneumovax) and pre- and post-immunisation
antibody levels are compared [21].

The main treatment of hypogammaglobu-
linaemia is immunoglobulin replacement ther-

apy, in which the immunoglobulin fraction is
extracted from the plasma of a large number of
pooled donors so that passive immunity to a large
number of antigens can be transferred.
Immunoglobulin replacement can be given intra-
venously or subcutaneously [22]. Decisions
about initiating intravenous immunoglobulin
therapy and its subsequent oversight are usually
made by a clinical immunologist.

Long-term antibiotic treatment has improved
outcomes in some primary immunodeficiency
syndromes, although the numbers of controlled
trials are few [23]. In one observational study of
CVID, patients treated with prophylactic antibi-
otics continued to have infections despite immu-
noglobulin therapy, and no reduction in frequency
of infections was observed [24].

Various types of antibiotics and treatment reg-
imens have been trialled, often at half the usual
dose. Switching antibiotics either monthly or
every 6 months has been suggested to minimise
chances of antibiotic resistance. However, there
are no studies to evaluate the efficacy of this
practice [23].

It has been found that some patients with low
antibody levels to pneumococcal serotypes may
respond well to conjugated pneumococcal vacci-
nations, subsequently reducing antibiotic require-
ments [25].

The relative benefit of sinus surgery for
patients with hypogammaglobulinaemia com-
pared to idiopathic CRS has not been extensively
reported. A nested case control study comparing
FESS in patients with immunodeficiency (mostly
secondary) and those with idiopathic CRS found
immunodeficient patients responded as well as
their controls [26].

Chronic Rhinosinusitis (CRS) and
Secondary Immune Deficiencies

The prevalence of secondary immune deficiency
is rising due to the increased administration of
biologics and other novel immunosuppressants
[27]. Rituximab is a monoclonal antibody target-
ing CD20, which acts by causing B-cell deple-
tion. As indications for rituximab are increasing
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so is the incidence of rituximab-induced hypo-
gammaglobulinaemia. A recent study of patients
receiving rituximab for systemic autoimmune
disorders reported moderate-to-severe hypogam-
maglobulinaemia in 26% of patients, although
50% of cases resolved spontaneously while still
on the medication [28]. Additionally, immuno-
globulin replacement was started in only 4.2% of
patients for recurrent infections.

Recent reviews on HIV-associated presenta-
tions in otolaryngology highlight the prevalence
of CRS in patients with HIV [29]. Rhinologists
need to consider this condition, especially when
atypical pathogens are identified.

Chronic Rhinosinusitis (CRS) and
Secondary Fungal Sinusitis

The detection of fungal-specific IgE was one of
Bent and Kuhn'’s original criteria for diagnosing
allergic fungal sinusitis [30]. However, the
interpretation of positive or negative results may
not be straightforward in suspected cases of
allergic fungal sinusitis. There is variable
sensitivity of the allergen used in the actual skin
prick tests or RAST tests. Fungi can change their
antigenic  expression depending on the
environment they grow, so antigens being tested
may not be the same as those from fungi in the
patients’ sinuses. It is also very common for
patients with allergic rhinitis to produce fungal
specific IgE. The link between fungal specific
IgE and polyp formation is not clear.

Should we treat allergic fungal sinusitis differ-
ently to idiopathic CRS? Surgically, complete
removal of fungal debris is required, as are post-
operative short-term systemic and long-term topi-
cal corticosteroids and saline lavage. Accordingly,
this management protocol is identical to that of
patients with idiopathic nasal polyposis.
Establishing a fungal specific diagnosis is impor-
tant if it offers patients additional specific treat-
ments. Evidence supporting efficacy of topical or
systemic antifungals for the treatment of non-
invasive fungal sinusitis is not convincing [31,
32]. Studies supporting the efficacy of subcutane-
ous immunotherapy for fungal CRS are few [33].

It is not common practice to prescribe systemic

antifungal agents for non-invasive fungal
sinusitis.
Conclusion

Perturbations of the immune system can result in
a range of sinonasal conditions, by far the most
common of which are allergic rhinitis and
CRS. The great majority of cases of CRS are
idiopathic and do not have a recognisable under-
lying immune deficiency. Features that may sug-
gest coexisting immune dysfunction include an
early age of onset, coexistence of lower airways
disease or otitis media, being refractory to con-
ventional treatments and rapid recurrence on ces-
sation of antibiotic therapy. Measurement of
serum immunoglobulins is the key initial investi-
gation, though normal levels do not exclude
immunocompromised and where clinical suspi-
cion exists referral to a clinical immunologist is
warranted.

Key Points

e Sinonasal conditions can be caused by dys-
function of the immune system. The most
common are allergy, autoimmunity,
immunodeficiency and neoplasia.

e The overwhelming majority of CRS patients
do not have underlying immunodeficiency.

e Clinical features that raise suspicion of immu-
nodeficiency in CRS include recalcitrance to
standard treatments, especially the rapid
recurrence of symptoms after stopping antibi-
otics, and association with lower respiratory
tract infections.

* Where CRS patients are clinically suspected
of having humoral immunodeficiency because
of their presentation or response to treatment,
the key investigation is measuring serum
immunoglobulin levels.

e If immunoglobulin levels are normal, but high
suspicion of humoral immunodeficiency
remains, referral to a clinical immunologist is
suggested.
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Allergy and the Nose

Cecilia Ahlstrom Emanuelsson and Nick Makwana

Introduction

Normal Function The main function of the nose
is breathing. The nasal mucosa lining carries out
the necessary conditioning by cleaning, warming
and moistening the inhaled air. Nasal conchae/
turbinates play a major part in this process, and
nasal hair/vibrissae in the nostrils filter the air to
prevent large particles from entering the lungs.
Sneezing is a reflex to expel unwanted particles
from the nose that irritate the mucosal lining.

Inflammatory Rhinitis The symptoms of rhini-
tis including rhinorrhoea, nasal obstruction or
blockage, nasal itching, sneezing and postnasal
drip are common. Many patients do not recog-
nize rhinitis as a disease, and the prevalence of
allergic rhinitis is probably underestimated.
Although allergic rhinitis is not usually a severe
disease, it affects patients’ social life, school per-
formance and work productivity.
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Allergic Rhinitis Allergy affecting the nose
represents a global health problem affecting
10-30% of the population. About 15-40% of
patients with allergic rhinitis also have asthma
[1-3], and the presence of nasal symptoms in
patients with asthma varies widely from 6 to 85%
depending on the study [1, 4-7].

Allergy: Terminology

Atopy Atopy refers to the genetic predisposition
of developing allergy-related diseases such as
eczema, food allergy, asthma or allergic rhinitis
(AR) [8]. The characteristics of these diseases are
an exaggerated immune response to environmen-
tal allergens and are associated with the produc-
tion of allergen-specific immunoglobulin E (IgE).
Both environmental and genetic factors influence
the risk of development of allergen-specific IgE
sensitization [9]. Atopic disorders are well known
to have physical symptoms but, in addition, can
have psychological effects and can be life-
threatening [10, 11]. It is worth noting that being
atopic does not guarantee an allergy will develop
but makes this more likely. Atopic family mem-
bers will often have different kinds of allergies to
each other, although identical twins are more
likely to have the same allergies [12].
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Allergic Sensitization Sensitization is induced by
the exposure to exogenous allergenic molecules,
which are generally specific proteins. There is a
complex interaction between the intrinsic properties
of the proteins, environmental co-factors and host
immune responses that explains why every
individual exposed to an allergen does not develop
an allergy. During the sensitization phase, allergens
are taken up by dendritic cells which induce a
series of events leading to the generation of plasma
cells that produce allergen-specific IgE. This IgE
binds to mast cells and basophils [13]. Some, but
not all, individuals who are sensitized will develop
an allergic reaction on re-exposure to the antigen. It
is possible for an individual to go through their
whole life carrying allergen-specific IgE bound
mast cells without ever experiencing an allergic
reaction. In those that do develop an allergic
response, subsequent allergen exposure activates
basophils and mast cells, for example, in the nasal
mucosa, which triggers the release of allergic
mediators (including histamine, leukotrienes and
prostaglandins) leading to the acute symptoms of
allergic rhinitis [14].

Types of Allergic Reaction

Allergy is an abnormal response to an antigen.
Hypersensitivity is the immunological process
that leads to the clinical features of an allergy.
Hypersensitivity reactions are divided into four
types by the Gell and Coombs classification.
Many hypersensitivity disorders involve more
than one type.

Typel

Type I reaction is the most well-known type of
reaction and is the basis of IgE-mediated allergy,
and the symptoms are of rapid onset. The
physiological changes of Type I allergy result in
the acute symptoms of allergic rhinitis; the most
severe form of Type I allergy is anaphylaxis. The
mediator release, as noted above, leads to
vasodilation, increased capillary permeability,
mucus hypersecretion, smooth muscle spasm and
tissue infiltration with inflammatory cells,
including eosinophils.

Typell

Type II hypersensitivity reactions are due to the
abnormal binding of antibodies to normal host
targets. These are autoimmune reactions and
involve immunoglobulin G and M antibodies that
activate the complement cascade. Examples
would include blood transfusion reactions and
drug-induced haemolytic anaemia.

Type lll

Type III hypersensitivity involves immunoglobu-
lin G antibodies bound to foreign antigens in the
blood. These antibody—antigen complexes can
precipitate and deposit in the blood vessels of the
skin, kidneys and joints where they activate the
complement cascade and cause local damage.
Examples would include systemic lupus erythe-
matosus and Henoch—Schoenlein purpura.

Type IV

Type IV hypersensitivity, or delayed hypersensi-
tivity, occurs 48—72 h after exposure to an aller-
gen. This reaction does not involve antibodies
but rather the activation of T cells. The helper
CD4+ T cells initially recognize the antigen and
release cytokines that activate killer CD8+ T
cells, which have direct cytotoxic effects. Three
types of Type IV reaction are identified: contact
dermatitis, tuberculin-type hypersensitivity and
granulomatous-type hypersensitivity.

Allergy, Intolerance
and Hypersensitivity

The terms allergy, intolerance and hypersensitiv-
ity are often used interchangeably, but this is
incorrect. An overview of hypersensitivity is
noted above. Intolerance refers to an individual’s
ability to handle different types of food or drink.
Food intolerance is not an allergy as there is no
clearly defined immune mechanism, and the
symptoms are often specific to the gastrointesti-
nal tract. An intolerance is normally found in the
context of a deficiency of enzymes that aid diges-
tion. The absence of these enzymes results in
abnormal by-products that produce symptoms.
An example would be lactose intolerance which
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is due to a deficiency in the enzyme lactase,
which breaks down lactose. The absence of this
enzyme results in increased lactose entering the
colon and fermenting. This leads to symptoms
such as bloating, cramps (related to production of
hydrogen, carbon dioxide and methane) and
osmotic diarrhoea. Whilst uncomfortable, contin-
ued ingestion of lactose is not life-threatening.
With a true food allergy, the individual is required
to avoid that food for life in view of the potential
risk of anaphylaxis.

Allergens

As we have noted, allergies arise in response to
certain proteins, termed allergens, capable of
triggering immediate (Type I) hypersensitivity
reactions. The question naturally arises as to why
certain foreign proteins act as allergens whilst
other foreign proteins present in the same aller-
genic material do not.

Allergens are foreign proteins, or glycopro-
teins, with a molecular mass usually ranging
between 5000 and 70,000 kDa that must be pres-
ent in substantial amounts, and over prolonged
periods, in the patients’ environment or food, in
order to become an allergen. In addition, the
allergenic potential of a protein is also deter-
mined by the ease with which the proteins reach
the mucosa. For example, the lack of allergy to
pine pollen in Scandinavian countries is related
to the structure of the pollen grain. The pine pol-
len proteins are encased in a tough cellulose layer
which is resistant to the enzymes of the respira-
tory tract, and therefore no antigenic material
comes into contact with the mucosa [15].

As well as the mode and degree of exposure,
structural characteristics are also important in
determining the capacity of foreign proteins to
modulate the immune response. Allergenic pro-
teins cannot be recognized by T cells per se but
require processing and presentation by antigen-
presenting cells (APC). An allergenic protein will
therefore contain epitopes with the potential to
induce Th2 responses. Identification and purifi-
cation of allergens have been essential for struc-
tural and immunological studies necessary to

understand how these proteins stimulate IgE
antibody formation [7].

There are two categories of IgE-binding epit-
opes, linear and conformational, that occur in
allergens. Linear epitopes only require the pri-
mary amino acid sequence of the allergen for IgE
to bind, whilst conformational epitopes occur
when either the secondary or tertiary structure of
the allergen is required before IgE will bind [16].
Despite the importance of conformational epit-
opes for efficient IgE binding, the knowledge of
structural characteristics of conformational IgE-
binding sites is limited, and currently it is not
possible to identify any structural motif or con-
formational sequence common to all allergenic
proteins.

Resistance to denaturation and digestion is
thought to be an important characteristic of food
allergens, because the longer a significant portion
of the protein remains intact, the more likely it is
to encounter cells of the immune system.
Although allergen stability has been demon-
strated for a variety of food allergens, there is
little known about why these proteins have the
ability to resist degradation, and indeed some
labile proteins can still cause symptoms (e.g. pol-
len, fruit and vegetable proteins associated with
pollen-food/oral allergy syndrome).

Proteins with enzymatic activity have a pro-
pensity for inducing allergic reactions. Allergens
possess a wide range of biologic activities, and
some mechanisms have been identified whereby
the activity could contribute to the efficacy of the
allergen. The house dust mite allergen Der p 1 is
known to have proteolytic activity which has
been shown to increase the permeability of the
bronchial epithelium which may contribute to the
uptake of the allergen and production of
inflammatory cytokines [17]. In addition, Der p 1
cleaves the low-affinity receptor for IgE on B
cells and monocytes and thereby increasing IgE
production [18, 19] and decreases proliferation of
Thl cells which creates bias of the immune
response to Th2 cells [20]. Whilst these
observations do not explain how and why patients
develop an allergic response to Der p 1, they
demonstrate the ability of this allergen to facili-
tate its penetration of the bronchial epithelium
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and to shift the immune response towards IgE
production.

As we can see, a protein that is abundant,
resistant to processing, has some specific struc-
tural characteristics, with some biological
activity that has the potential to become an
allergen. However, not all proteins with these
properties become allergens as the development
of an allergic reaction is a complex process
involving a receptive immune system (genetic
predisposition), the protein being presented
with the correct inducers (signals that elicit a
Th2 response) and a protein with appropriate
biological characteristics.

The Concept of the ‘United Airways’

Interactions between the lower and the upper air-
ways in both health and disease are well known
and have been extensively studied since 1990.

In normal subjects, the structure of the airway
mucosa shows similarities between the nose and
the bronchi. Both nasal and bronchial mucosae
are characterized by a pseudostratified epithe-
lium with columnar, ciliated cells resting on a
basement membrane. In the submucosa, vessels,
mucous  glands, structural cells, some
inflammatory cells (e.g. lymphocytes and mast
cells) [21, 22] and nerves are present.

Specific inflammatory cells appear to be the
same in the nasal and bronchial mucosa [23] with
similar inflammatory infiltrate, comprising eosin-
ophils, mast cells, T lymphocytes, cells of the
monocytic lineage [23-26] and the same pro-
inflammatory mediators (histamine and leukotri-
enes) and Th2 cytokines (IL-4, IL-5, IL-13,
GM-CSF) [23, 27-29].

Differences Between the Nose
and the Bronchi

The nose is richly supplied with a subepithelial
capillary and arterial system and venous cavernous
sinusoids. This rich vascularization is a key feature
of the nasal mucosa, and changes in the vasculature
may lead to severe nasal obstruction [30].

In contrast, the bronchi are characterized by
the presence of smooth muscle from the trachea
to the bronchioles, accounting for the
bronchoconstriction of asthma [31].

The intensity of the inflammation may not be
identical in the upper and the lower airways. In
patients with moderate—severe asthma, eosino-
philic inflammation is more pronounced in the
bronchi than in the nasal mucosa [32]. The
remodelling of the airways that can be found in
the bronchial mucosa appears to feature less
extensively in the nasal mucosa.

Allergy in the Nose

Allergic rhinitis is a symptomatic IgE-driven
inflammation of the nasal mucosa resulting from
allergen introduction in a sensitized individual.

Allergic Rhinitis

Allergic rhinitis (AR) is clinically defined as a
symptomatic disorder induced by allergen expo-
sure and IgE-mediated inflammation of the nasal
mucous membranes.

Typically, there is a clear pattern of nasal symp-
toms that include rhinorrhoea (anterior or poste-
rior), congestion, intra-nasal itching and sneezing.
Additional symptoms often include itchy, watery
and red eyes from allergic conjunctivitis, throat
symptoms such as itching, throat clearing, sore
throat or itching in the roof of the mouth.

Trigger factors for allergic rhinitis are envi-
ronmental allergens such as pollen, pet hair,
house dust mite or mould. The symptoms are
reversible spontaneously or with treatment.

Entopy or Local Allergic Rhinitis (LAR)

Some patients previously diagnosed with non-
allergic rhinitis (NAR) or idiopathic rhinitis will
actually have local allergic rhinitis. These patients
display a phenotype of allergic rhinitis that is
characterized by a localized nasal allergic
response; skin prick testing to inhalant allergen is
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negative; serum-specific IgE antibodies
non-detectable.

are

Local allergic rhinitis (LAR) is characterized

by

* Local production of sIgE [33, 34]

e Nasal cellular Th2 immune response during
natural exposure to aeroallergens [33, 34, 35]

The diagnosis is confirmed by a positive
response to nasal allergen provocation (NAPT)
[33, 34, 35, 36], increased levels of local sIgE,
tryptase and eosinophil cationic protein (ECP) in
fluid from nasal lavage [37, 38].

Classification of Allergic Rhinitis

The traditional classification of allergic rhinitis
into seasonal, perennial and occupational rhinitis
is based on the time of exposure to allergen.
Whilst this classification has now been revised,
the terms will still be utilized to facilitate inter-
pretation of published studies.

The most recent classification was instigated
by the ARIA (Allergic Rhinitis and its Impact on
Asthma) in 2001, based on duration and severity
of symptoms (see Table 6.1) [39] intermittent
allergic rhinitis (IAR) and persistent allergic rhi-
nitis (PER) are not synonymous with ‘seasonal’
and ‘perennial’ (Fig. 6.1).

Perennial Allergic Rhinitis (PAR) This is most
frequently, although not necessarily, caused by

Table 6.1 ARIA classification of allergic rhinitis

Duration

¢ Intermittent—symptoms are present less than
4 days a week or for less than 4 weeks

e Persistent—symptoms are present at least 4 days
a week and for at least 4 weeks
Severity
¢ Mild—none of the following is present
*  Moderate—severe—at least one of the following
is present
Sleep disturbance

Impairment of daily activities, leisure and/or
sport or impairment of school or work
Troublesome symptoms

Allergic Rhinitis Classification

Persistent
> 4 days/week or
> 4 weeks

Intermittent
< 4 days/week or
< 4 weeks

Moderate/

Mild
Normal sleep
and daily activity

severe
Impaired sleep
and daily activity

Fig. 6.1 Current classification of allergic rhinitis

indoor allergens such as house dust mites,
moulds, cockroaches and animal dander.

Seasonal Allergic Rhinitis (SAR) This is most
often caused by outdoor allergens such as pollens
or moulds.

Occupational Rhinitis This refers to work-
related exposure to allergens and must be differ-
entiated from non-allergic rhinitis due to exposure
to irritants at work.

Immunological Aspects of Allergy

Allergic inflammation results from exaggerated
immune responses to external factors known as
allergens [40]. The components of the allergic
reaction are both humoral and cellular.

The humoral component includes a number
of cytokines that include interleukins, interfer-
ons and growth factor. Cytokines are peptides
or small proteins, secreted by immunological
cells, and have an effect on the function of
other cells.

The cellular component of the immune reac-
tion includes a variety of cell types but primarily
lymphocytes of the T-cell variety. Reactions are
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now subdivided into two main groups, namely,
T1 and T2 subtypes.

An important part of the response includes the
interaction between antigen-presenting dendritic
cells and Th2 lymphocytes. As a result of this cel-
lular crosstalk, specific cytokines are produced,
e.g. IL-3, IL-4, IL-5 and GM-CSF. These cyto-
kines regulate the inflammatory response and are
involved in IgE synthesis and in eosinophil
recruitment and survival (Fig. 6.2).

Mast Cell Activity

One of the immediate allergic features is the
interaction between allergen and specific IgE on
the surface of mast cells. This triggers mast cell

Environmental agents

APC

BcellorT cell

IL-3, IL-5,
GM-CSF

IL-3, IL-4,
IL-9
O

Mast cell Eosinophil

Fig. 6.2 Cellular response to exposure to an allergen

activation and induces release of histamine,
tryptase and other potent mediators (e.g. leukot-
rienes, prostaglandins). Whilst histamine is a
key mediator of the acute response to allergen,
others may have more sustained effects [41]
(Fig. 6.3).

Granulocyte Activity

Tissue infiltration of activated eosinophils is a
hallmark of allergic inflammation [42]. Increased
numbers of eosinophils in the nasal mucosa and
increased levels of eosinophil products including
ECP characterize allergic rhinitis [43]. Acute
allergen exposure will recruit neutrophils in
allergic rhinitis [44], but major release of
neutrophil mediators may not occur on seasonal
allergen exposure.

End-Organ Responses

In allergic rhinitis, end organs of the nasal
mucosa, i.e. microvasculature, glands and nerves,
react to the inflammatory activity produced by
allergen  exposure. The microvasculature
responds with vasodilatation, increased blood
flow and plasma exudation. Glands respond with
increased secretion and nerves with increased
signalling [45].

Plasma exudation is reflected by increased
levels of plasma proteins on the mucosal surface,
including a2-macroglobulin (molecular weight,
725 kDa) [46].

Plasma exudation implies a dramatic change
to the molecular environment during an inflam-
matory response. The extravasation and flux of
plasma into the nasal lumen affect the luminal
entry of cellular products from the tissue
compartment.

Airway end organs are often hyper-responsive
in allergic rhinitis and asthma. The response to
cholinergic agonists and sensory nerve stimuli
may be increased [47]. Also, the ability of
histamine to produce plasma exudation is
heightened in ongoing allergic rhinitis, i.e. an
exudative hyper-responsiveness (Fig. 6.4).
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Fig. 6.3 Mechanism of
mast cell activation
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Remodelling related to the smooth muscle cells interacting

Airway remodelling in asthma constitutes cellu-
lar and extracellular matrix changes in the large
and small airways, epithelial cell apoptosis, air-
way smooth muscle cell proliferation and
fibroblast activation [48].

Remodelling in AR is poorly understood [49].
The inflammation in AR and asthma is similar,
but the pathologic extent of nasal remodelling
may differ from the bronchi. The epithelial
damage is only minimal in the nasal mucosa [50—
52], and the reticular basement membrane does
not display pseudo-thickening [53].

Maybe some of the differences in remodelling
between the nasal and the bronchial mucosa are

with the epithelium and other mesenchymal cells
[54-56]. The nose and the bronchi have different
embryologic origins, and it might be proposed
that the persistence of foetal genes is involved in
the difference in remodelling.

Clinical Assessment for Suspected
Allergy

Medical History (Anamneses)
As always, the clinical history and association of

symptom exacerbation with various situations
are very important. Suspected allergic rhinitis
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can often be confirmed or rejected with an ade-
quate history.

An appropriate review of the history would

include

e Family situation

* Living situation—house/flat, city/countryside

¢ Pets—in home, relatives, friends, at work

¢ Work—kind of work, how is the environment/
surrounding

e Hobbies

e Presence of other atopic diseases

e Heredity

*  When do the allergy/symptoms occur?

Time of year

— Time of season

Time of day

Specific location

*  What are the symptoms?

Nose—blocked/runny/itchy/sneezing

Eyes—itchy/red/runny/swollen

— Itchy throat/ears

Exacerbations of asthma

Nasal Endoscopy

Endoscopic examination of the nose after decon-
gestion is of paramount diagnostic importance
and may be crucial in identifying other patholo-
gies that may either be associated with allergy or
mimic allergic symptoms.

The differentiation between AR, NAR and CRS
may be a challenge, as significant overlap may
occur. The combination of careful clinical history,
nasal endoscopy and, in some cases, a CT sinus
scan will all contribute to an accurate diagnosis
and thus more precise individualized treatment.

Spirometry

Spirometry is the most common pulmonary func-
tion test to diagnose asthma. This measures the
volume of air that an individual can inspire and
expire with maximal effort. An important part of
spirometry is the reversibility test. This deter-
mines whether there is obstruction that is revers-

ible (decreases) after inhalation of
bronchodilators. First, spirometry is performed
with measurement of FEV1 (forced expiratory
volume) with the patient unmedicated. The
patient then inhales bronchodilators, for exam-
ple, four puffs (4 x 100 pg) of salbutamol
(Ventolin®, Buventol®, Airomir®). The examina-
tion is then repeated after 15 min. An increase in
FEV1 of more than 12% and at least 0.2 L from
baseline would be interpreted as a significant
pharmacological effect and possible asthma
(Global Initiative for Asthma, 2021: www.gin-
asthma.org). Other tests to assist asthma diagno-
sis include methacholine challenge, nitric oxide
test and sputum eosinophils.

Allergy Testing

Allergen sensitization is confirmed by detecting
the presence of sIgE. Allergen-specific IgE can
be detected with skin prick tests (SPTs) or by
serum immunoassay [57].

Skin Prick Testing

SPT is the simplest in vivo method to assess the
presence of IgE sensitization. A specific allergen
is introduced through a lancet into the skin of
allergic individuals. This leads to dermal mast
cells degranulating, mainly due to the cross-
linking of allergen-specific IgE bound to their
membrane receptors. Degranulation leads to the
immediate release of histamine and other media-
tors, inducing a cutaneous response, clinically
characterized by a wheal and surrounding ery-
thema (flare) that can be measured in order to
assess the degree of cutaneous sensitivity. SPT
therefore represents a surrogate indicator of sys-
temic allergic sensitization through the presence
of cutaneous reactivity to specific allergens.

SPT should only be performed after an appro-
priate medical history and physical examination.
SPTs provide an objective and reliable
confirmation of allergic sensitization, but the
clinical relevance of IgE-mediated sensitizations
should always be carefully considered since,
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sometimes, positive SPTs do not directly imply
allergic manifestations.

The presence of allergic sensitization (a posi-
tive SPT with no correlative allergic disease) is a
common finding, occurring in 8-30% of the pop-
ulation when using a local standard panel of aero-
allergens. Standard allergen panels can include
various grass, tree and weed pollen mixes and, in
addition, can also have house dust mite and
mould mixes, depending on which panel is
requested.

There are also panels that include food and
animal allergens. If the clinical information sug-
gests Type I (immediate-type) allergy, SPTs are
indicated to detect the presence of specific IgE to
relevant causative allergens (e.g. inhalant in rhi-
nitis/rhinosinusitis/rhino-conjunctivitis).

The number of skin tests and the selection of
allergens for skin testing should be determined
based on specific clinical history, allergen expo-
sure pattern (seasonal versus perennial, or spo-
radic), distribution of allergenic sources in the
local environment, as well as living conditions,
occupation, hobbies or recreational activities.
When indicated, SPTs are convenient, simple,
biologically relevant, reproducible, time- and
cost-effective and highly sensitive.

Since the interpretation of skin tests can have

significant impact on daily life, in terms of

avoidance measures and therapies, individuals
must be aware that:

» Positive tests may occur in the absence of clin-
ically relevant symptoms (sensitization).

e Negative skin prick test results can miss the
presence of IgE-mediated sensitization (e.g.
due to lack of major allergens in commercial
extracts).

e Negative SPT results in children do not
exclude the possibility of development of
allergic diseases in the future.

Specific IgE (slgE) Testing
As a general rule, SPTs are more sensitive than

in vitro tests, whereas serum sIgE detection is
more quantitative than SPT. The amount of total

IgE was considered in early studies as the sim-
plest way to identify allergic subjects; however,
it soon became evident that total IgE levels could
not be considered a reliable marker of allergy sta-
tus [58] and low or normal values do not exclude
the presence of I[gE-mediated diseases. Serum IgE
concentration is largely age dependent. Very low
levels of IgE are found in cord serum (<4.8 ng/
mL) with a progressive increase observed up to
the age of 15 years, similar to serum IgA. Total
serum IgE then declines from the second through
the eighth decades of life [59].

The measurement of specific IgE recognizing
allergenic epitopes can be achieved both through
the usage of single reagents (singleplex) or with a
pre-defined panel of a number of molecules to be
tested simultaneously (multiplex) [60]. Allergens
used for sIgE can be raw extract allergens or sin-
gle molecules. Most specific IgE blood tests are
immunoassays that include enzyme-linked
immunosorbent assays (ELISAs), fluorescent
enzyme immunoassays (FEIAs), chemilumines-
cent assays or radioallergosorbent assays
(RASTSs). Since 2010, the National Institute of
Allergy and Infectious Diseases (NIAID)/National
Institutes of Health (NIH) have recommended
discontinuation of the RAST as a diagnostic tool
for allergy in favour of more sensitive fluores-
cence enzyme-labelled assays, in which a fluo-
rescent antibody binds to the patient’s sIgE and
the amount of IgE present is calculated from the
amount of fluorescence.

There are two distinct types of molecules used
in assays for sIgE. The first one is represented by
the so-called ‘genuine’ markers of exposure,
such as Phl p 1 from timothy grass pollen. These
allergenic molecules belong to a specific biologi-
cal source and are able to not only identify IgE
sensitization but also point towards the presence
of the related allergenic sources in the
environment [61]. The second group of molecules
is represented by the so-called ‘cross-reactive
molecules’ or ‘pan-allergens’ [62]. They are
families of strictly related proteins that are widely
distributed amongst different species because
they are involved in crucial cellular processes.
Several panels of pan-allergens families are now
identified and facilitate the diagnosis of sensitiza-
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tion in individual patients and also enhance the
accuracy of epidemiologic research. In recent
years, the availability of molecular components
(identifying both genuine and cross-reacting
molecules) has substantially improved the single-
plexed strategy by allowing mixing of whole
allergen extracts and selected components in
order to have a clear description of the IgE profile
of the patient. Whilst traditional extract-based
IgE blood tests measure the sum of the sensitiza-
tion to all protein components in whole allergens,
e.g. peanut, molecular allergology makes it pos-
sible to investigate important individual proteins
within a peanut for sIgE sensitization. IgE anti-
body profiles to these proteins vary significantly
from patient to patient, and they also differ geo-
graphically due to local differences of exposure.
Molecular diagnostics therefore reveals more
specific information about what a patient is aller-
gic to, as individual proteins and profiles can
indicate different clinical characteristics [63].

From a practical point of view, allergists use
the single-plexed diagnostics in two different
ways. The first is related to the results of SPT per-
formed in the patient, in order to verify whether a
positive or a negative result is confirmed by the
presence of IgE to that allergen, or if a SPT solu-
tion to that specific allergen is not available. Using
this approach, the allergist would focus on a very
select (and small) number of allergens. Secondly,
more focused on primary care is related to the use
of allergen panels. It is evident that panels for
adults are different from panels for children, pan-
els for a respiratory allergy are different from pan-
els for a food allergy, panels for northern countries
are different from panels of southern countries,
etc. As with SPT, however, the presence of anti-
body only proves sensitization, not allergy, the
latter being sensitization in the context of clinical
symptoms, and the use of panels is often discour-
aged unless being used in specific circumstances
as evidenced by clinical history.

Multiplex assays are now commercially avail-
able that can detect multiple allergen-specific IgE
(between 112 and 284) on a very small sample of
blood [64]. The assays correlate well overall with
singleplex assays and are highly reproducible
and accurate. These assays can be used to risk

stratify food allergic reactivity and selection of
patients for allergen-specific immunotherapy;
determine true allergy when there are multiple
sensitizations on singleplex assays; understand
cross-reactions between species, e.g. in oral
allergy (pollen food) syndrome; and determine
possible underlying cause of idiopathic anaphy-
laxis. An advantage of multiplex analysis, how-
ever, is also one of its main pitfalls: the generation
of an extensive IgE sensitization profile, detect-
ing IgE to unexpected allergens, which may
sometimes lead to confusion if there is no sug-
gestive pretest clinical history.

The sensitivity of specific serum IgE antibody
measurements could be considered as comparable
to that obtained with skin prick testing for
respiratory and food allergy. Serum IgE testing
entails no risk to the patient other than a blood
drawn and is preferable if the patient has an
unstable or uncontrolled medical condition, is at
high risk of anaphylaxis, is taking essential medi-
cation that interferes with testing, is very young
such that the procedure would be unduly stressful
or has a skin condition that limits available skin
for testing (e.g. severe atopic dermatitis).

Occasionally, skin prick testing to inhalant
allergens is negative, and serum-specific IgE
antibodies are not detected, but history is typical
for allergic rhinitis. This condition is likely to be
localized nasal allergy (LAR) (see above).

Commercial Allergy Tests (Outside
of Hospital Practice)

Food allergy is a frequent allergic disorder, as
6—8% of children and 2-3% of adults are affected.
The public perception of food allergy/intolerance
however is higher, as one in three people believe
they are allergic or intolerant to one or more
foods. This perception is at least in part based on
the results of unproven diagnostic approaches.
SPT and sIgE are the only clinically valid tests
available as they test a direct response to an
allergen.

Numerous tests claiming to diagnose allergies
can be found internationally on the high street
and online. There is no evidence that any of the
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below can accurately and reliably diagnose
allergies:

» Applied kinesiology looks for muscle weak-
ness after test substances are placed in the
patient’s mouth or hands. Muscle weakness
has no relationship to whether the patient is
allergic to the substance. In fact, results of
kinesiology tests are heavily influenced by the
tester.

e Cytotoxic tests (ALCAT, FACT, Bryan’s test)
expose a person’s blood sample to test sub-
stances. The reaction of the white blood cells
is observed. But the reaction of blood cells is
the same in people with and without
allergies.

e Food-specific 1gG testing (food intolerance
test, York Test, Hemocode) looks for specific
IgG antibodies against food stuffs in the blood.
Medical evidence has shown elevated IgG lev-
els do not suggest an allergy. Results are fre-
quently positive in individuals who do not
have an allergy or a food intolerance.

* Hair testing, in most cases, uses electro-
acupuncture to look at the electromagnetic
resonance of a lock of hair. Hair is not involved
in allergic reactions, so testing hair samples
cannot provide any useful information on
allergic status.

e Nambudripad’s Allergy Elimination
Techniques (NAET) are based on the idea that
allergies are caused by ‘energy blockage’ and
can be diagnosed by muscle testing and cured
by acupuncture. There is no credible evidence
that this technique can diagnose or treat
allergy.

e Vega test combines acupuncture and home-
opathy theory and measures electronic resis-
tance across the skin at various points. The
measurements have no relation to allergic sta-
tus, and the test cannot distinguish between
people who have an allergy and those who
don’t.

Therefore, these unreliable diagnostic
approaches may be costly for patients, delaying
appropriate diagnosis and therapy.

Other Aspects of Allergic Rhinitis
in Clinical Practice

Children with Allergic Rhinitis

Allergic rhinitis affects 3% of 4 year olds, increas-
ing to 27% of 18 year olds [65]. Allergic rhinitis
in early childhood is a risk factor for developing
asthma in later childhood and adulthood [66, 67].
It has a significant impact on a child’s quality of
life and can have negative effects on sleep, behav-
iour, school performance and family dynamics
[68]. It often presents alongside other atopic dis-
orders—asthma, eczema and food allergy. Its pre-
sentation may be influenced by comorbidities,
such as conjunctivitis, impaired hearing, rhinosi-
nusitis, sleep problems and oral allergy (pollen-
food) syndrome (PFS/OAS) [69]. Entopy (local
allergic rhinitis), diagnosed by nasal allergen
challenge, is found in children [70].

The incidence of allergic sensitization and
allergic (mostly seasonal) rhinitis is very low in
the first 2 years. Anecdotal information suggests
that very few infants and toddlers develop allergic-
type symptoms during any pollen season before
the third year of life. In general, 2 years (seasons)
of environmental allergen exposure seem to be
needed before allergic sensitization can be
observed by specific serum IgE measurement. The
percentage of new cases with seasonal allergic rhi-
nitis increases between the ages of 3 and 12 years
at a constant rate of ~2% per year. A positive fam-
ily history (father or mother with allergic rhinitis)
is the best predictor of allergic rhinitis.

Early in life, IgE responses to indoor or out-
door allergen sources may only be directed to a
minority of allergens, but the 12-month preva-
lence of sensitization rises from year to year in the
first decade of life. A systematic evaluation of the
process of sensitization was performed in grass
and birch pollen allergies: The analysis of sequen-
tial blood samples for IgE antibodies against grass
and birch pollen, including individual allergen
molecules, demonstrated the process of sensitiza-
tion, which precedes the initiation of symptoms
by several years. IgE responses to individual pol-
len allergens increase with time (molecular aller-
gen spreading), and IgE serum concentrations
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increase during pre-symptomatic years. Once
sensitization to pollen is established, the probabil-
ity for symptoms within the next 3 years strongly
increases (odds ratio 13.6). Simple detection of
preclinical allergic sensitization may therefore
allow prediction of the onset of allergic rhinitis in
an allergen-specific manner [71].

The key points of the approach to the diagno-
sis and management of allergic rhinitis in chil-
dren are as follows [71, 72]:

e The approach to diagnosis in children is simi-
lar to that in adults: history, skin prick test and
anterior rhinoscopy (Fig. 6.5).

* Entopy (local allergic rhinitis), diagnosed by
nasal allergen challenge, is found in this age
group.

e Therapy of rhinitis in children is based on the
same principles as in adults; however, it should
take into account specific paediatric needs,
such as acceptability, practicality for both
children and parents and concern for potential
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side effects. Nasal saline irrigation is effective
in the treatment of AR in children (Fig. 6.6).

e Brief concomitant use (3 days) of topical
decongestants can be helpful in children with
significant nasal blockage to aid introduction
of topical nasal steroid therapy.

e Recommendation for continuous use of intra-
nasal steroids can often create anxiety in par-
ents;  intranasal  steroids  with  low
bioavailability (mometasone, fluticasone)
have a better safety profile at recommended
doses and should be used in preference.

e It is advisable to monitor growth in children,
especially if they are receiving steroids by
multiple routes.

e A short course (3—7 days) of oral corticoste-
roids may be required in severe cases.
Intramuscular steroids have no role in the
treatment of AR.

e Immunotherapy is recommended in subjects
who have not adequately responded to maxi-
mal pharmacotherapy; the potential added

Preschool

School Adolescent

Classic symptoms

and signs Rhinorrhoea—clear or discoloured discharge, sniffing
Pruritus—nose rubbing, the “allergic salute”, “allergic crease”, “sneeze”, may
be associated with complaints of an itchy mouth or throat in older children
Congestion—mouth breathing, snoring, sleep apnoea, allergic shiners

Potential - X :

. Eustachian tube dysfunction—ear pain on pressure
atyplcal changes (e.g. flying), reduced hearing, chronic otitis
presentations media with effusion

|

Cough—often mislabelled as asthma

Poorly controlled asthma—may co-exist with asthma
Sleep problems-tired, poor school performance, irritability
Prolonged and frequent respiratory tract infections

Rhinosinusitis—catarrh, headache, facial pain,
halitosis, cough,hyposmia

Pollen-food syndrome—particularly with pollen
driven allergic rhinitis

Fig.6.5 Adapted from paediatric rhinitis: position paper of the European Academy of Allergy and Clinical Immunology

(73]
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benefit in disease prevention (e.g. asthma)
should be considered when treating children.
Education on therapy plays an important role
on treatment outcome. Both children and car-
ers should be provided with the relevant infor-
mation and appropriate training.

Otitis media with effusion and/or adenoidal
hypertrophy may be associated with AR; the
mechanistic link is unknown. Some studies
suggest benefit to these common paediatric
conditions from rhinitis treatment.

Red flag features that would prompt specialist
referral would include children with unilateral
symptoms, severe nasal obstruction +/— sleep
apnoea, children under 2 years old and those
with a history of rhinitis symptoms present
continuously from birth, children with nasal
polyps and those children refractory to medi-
cal management.

There are no high-quality data to formulate
treatment recommendations in children with non-
allergic and non-infectious rhinitis. Management
should be directed by the underlying cause.
Where this is not obvious, saline douches and/or
topical corticosteroids should be tried first. If
symptoms continue, further investigation should

N

Avoid Triggers
Saline Douching

(1) Antihistamine

Fig.6.6 Approach to therapy for paediatric allergic rhini-
tis. 1, 2 and 3 are potential entry points into therapeutic
approach depending on the severity of the rhinitis symp-
toms. For seasonal disease, regular therapy should be

(8) Trial of addition of antihistamine
+/- leukotriene receptor antagonists to
nasal corticosteroid

(2) nasal corticosteroid

be undertaken to exclude possible differential
diagnoses. For persistent obstruction, topical
antihistamine and then short-term topical
decongestants may be considered. For watery
rhinorrhoea, ipratropium may help.

Food Allergy, Sensitivity and Intolerance
Food allergy is an adverse immune response to a
food. It is included here as patients may suspect
food allergy or associate exacerbation of their
nasal symptoms with certain foods.

Food allergy can be classified into IgE-
mediated (acute onset after ingestion of food and
usually within 2 h) and non-IgE-mediated reac-
tions (delayed onset and can occur 2-72 h after
food ingestion). Many non-IgE reactions, which
are poorly defined both clinically and scientifi-
cally, are believed to be T-cell-mediated. Some
reactions involve a mixture of both IgE and non-
IgE responses and are classified as mixed IgE and
non-IgE allergic reactions.

Food allergy may be confused with food intol-
erance, which is a non-immunological reaction
that can be caused by enzyme deficiencies, phar-
macological agents and naturally occurring sub-
stances. Hypersensitivity has been discussed
elsewhere. In view of genetic predisposition and
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Oral or nasal*

commenced 2 weeks before the anticipated start of symp-
toms. *Oral antihistamines may be better tolerated, whilst
intranasal antihistamines have a more rapid onset [73]
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the atopic march, food allergy may be seen in
patients with allergic rhinitis.

The common mechanism leading to various
food allergies is the breakdown of immunologic
and clinical tolerance to an ingested food, which
results in both IgE and non-IgE-mediated reac-
tions. Sensitization to food allergens can occur
through the gastrointestinal tract, the skin and,
less commonly, the respiratory tract, presumably
in conjunction with impaired and/or inflamed
barrier function. Induction and maintenance of
tolerance to food antigens require active genera-
tion of food antigen-specific regulatory T (Treg)
cells, which are likely influenced by the resident
microbiome. This mucosal barrier might be less
efficient or ‘immature’ in infants and young chil-
dren. This would explain the increased preva-
lence of both gastrointestinal tract infections and
food allergy in the first years of life. The skin is
also more recently felt be a route of sensitiza-
tion, as exemplified in several mouse models
[74] and in epidemiologic studies suggesting
that environmental exposure to peanut might
promote sensitization and allergy [75, 76]. Thus,
the role of the skin barrier has attracted increas-
ing attention. Constitutive alterations in the skin,
for example, such as a defect in the filaggrin
gene, might also lead to a great risk of sensitiza-
tion [77].

There are extensive data to suggest that food
allergies are common (up to 10% affected), [78]
have been increasing in prevalence in the last 2—3
decades, appear to disproportionately affect per-
sons in industrialized/westernized regions and
are more common in children compared with
adults and that a shortlist of foods accounts for
most of the more serious disease burden, namely,
peanut, tree nuts, fish, shellfish, egg, milk, wheat,
soy and seeds [79-81].

The key to diagnosis and onwards referral is an
allergy focused history with identification of rele-
vant symptoms as noted in the Table 6.2 (adapted
from the NICE Food Allergy in under 19s: assess-
ment and diagnosis [CG116] guideline).

If a food allergy is suspected, then referral for
a specialist opinion should be organized promptly
for confirmation of the diagnosis.

Allergic rhinitis can be associated with the
pollen-food syndrome (PFS). Symptoms of oral

Table 6.2 Relevant symptoms of note in an Allergy-
focused history

IgE mediated \ Non-IgE mediated
The skin

Pruritus Pruritus

Erythema Erythema

Acute urticaria | Atopic eczema
Acute

angioedema

The gastrointestinal system
Angioedema of
lips, tongue and

Gastroesophageal reflux disease

palate

Oral pruritus Loose or frequent stools
Nausea Blood and/or mucus in stools
Colicky Abdominal pain

abdominal pain

Vomiting Infantile colic

Diarrhoea Food refusal

Constipation

Perianal redness

Pallor and tiredness

Faltering growth in conjunction with
at least one or more gastrointestinal
symptoms above (with or without
significant atopic eczema)

The respiratory system (usually in combination with
one or more of the above symptoms and signs)

Upper respiratory tract symptoms (nasal itching,
sneezing, rhinorrhoea or congestion [with or without
conjunctivitis])

Lower respiratory tract symptoms (cough, chest
tightness, wheezing or shortness of breath)

Other

Signs or symptoms of anaphylaxis or other systemic
allergic reactions

pruritus and swelling occur due to cross-reactivity
between aeroallergens, such as birch pollen, and
fruits and vegetables such as apple. The reactions
usually occur to the raw foods and some nuts.
The close homology of the food proteins to pol-
len proteins leads to the symptoms, which often
abate if the food is cooked, leading to denaturing
of the proteins. In patients with PFS, sensitiza-
tion occurs via the respiratory route. Following
this sensitization, the oral pruritus of allergic
patients when eating, for example, raw apples,
originates from the cross-reactivity of the apple
protein Mal d 1 to a homologous birch pollen
protein Bet v 1. There are limited paediatric data
although one study suggests that a quarter of 8
year olds with allergic rhinitis are affected [82].
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The natural course of childhood food allergy
depends on the food protein causing symptoms.
Some food allergies have a high rate of resolution
in childhood, such as milk (>50% by age
5-10 years), egg (approximately 50% by ages
2-9 years), wheat (50% by age 7 years) and soy
(45% by age 6 years), with continued resolution
into adolescence. Other food allergies typically
persist or have low rates of childhood resolution:
peanut allergy (approximately 20% by age
4 years), tree nut allergy (approximately 10%)
and allergy to seeds, fish and shellfish are also
considered persistent, but studies are lacking to
define the course.

Alcoholic Drinks and the Nose

Alcoholic beverages, notably red and white
wines, are known to produce bronchial symptoms
in certain individuals [83-85]. Alcohol-induced
nasal symptoms (ANS) can also occur after wine
intake [83, 86]. ANS are about twice as common
in women than in men [87].

Nasal blockage is the dominating symptom of
ANS, but sneezing and nasal discharge can also
occur. Alcohoic drinks I can trigger migraine and
induce acute onset symptoms of nasal conges-
tion, clear watery rhinorrhoea, and pressure over
the forehead and cheeks.

Red wine is the most frequently described
cause of acute-onset symptoms compared to
other alcoholic beverages. Red wine is also asso-
ciated with rhinorrhoea and a corresponding
increase of fucose, a carbohydrate present in
mucin glycoproteins, that can be measured in
nasal lavage fluid [86], and reflects altered muci-
nous secretion [88]. Sulphite and histamine are
constituents of wine and both have been sug-
gested to induce airway symptoms [84, 85, 89].

Patients with Aspirin-exacerbated respiratory
disease (AERD) have a predilection for alcohol
intolerance and respiratory reactions. Reactions
are most likely to occur with red wine, beer and
sometimes white wine. It has been suggested
that the reaction is induced by polyphenols that
inhibit the COX-1 enzyme. Polyphenols occur in
red wine grape skin, barley and hops used in

brewing beer and oak barrels used to age white
wine.

Patients should be advised to limit or avoid
alcohol, or try clear liquor such as vodka that is
free from polyphenols. In patients with AERD,
aspirin desensitisation has been shown to
improve alcohol intolerance. Loratidine has been
shown to reduce nasal blockage after drinking
red wine [86]. Wine produced with ecological
methods has been suggested to give less nasal
blockage than wine not labelled as ecologically
produced [90].

The Principles of Management

Allergic diseases are chronic and often variable
in degree of severity. Environmental factors often
play a major role in the development of allergic
disorders and in the symptom profile. Once
allergy is recognized, symptom control is depen-
dent on identifying allergens, minimizing expo-
sure and appropriate medication. Patient
information leaflets and web links, adjusting the
environmental exposure and clinical review to
assess impact of treatment, are all important
components to consider.

Allergen Avoidance Allergen avoidance is the
first line in management but is not always practi-
cally possible or sufficient.

Medication The drug treatment for allergic rhi-
nitis (and conjunctivitis) is based on local treat-
ment for the nose and/or oral treatment with
antihistamines and/or local nasal corticosteroids,
depending on the degree of discomfort and
patient preference. Many recommended prepara-
tions can be bought without a prescription (OTC)
and can be used for self-care in case of temporary
or mild symptoms. The combination of treatments
may achieve additive effects. Pronounced symp-
toms in adolescents and adults may require a
short course of oral steroids to allow more rapid
symptomatic relief.

Immunotherapy In cases of poor symptom
control despite allergen avoidance, optimal medi-
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Anti
IgE

Topical nasal
corticosteroid +
antihistamine

Antihistamine eye drops

Allergen avoidance

Based on ARIA 2017

Fig. 6.7 Treatment of allergic rhinitis

cal treatment and good compliance, the patient
should be considered for allergen immunother-
apy (AIT) (see Chap. 20) (Fig. 6.7).

Key Learning Points

Symptoms of rhinitis including rhinorrhoea,
nasal obstruction or blockage, nasal itching,
sneezing and postnasal drip exclude allergic
rhinitis.

Histamine is acute released by the allergic
reaction and gives rise to the symptoms of rhi-
norrhoea, nasal obstruction and sneezing.

The inspection in the nose, after decongestion,
with endoscope is obligated by patient with
rhinitis.

Many people with allergic rhinitis also have
asthma.

A majority of people with asthma also have
rhinitis.
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Introduction

Humans have 46 chromosomes in almost every
cell, arranged into 23 pairs. One homologue, or
copy, of each pair is paternally inherited (from
the father), and the other is maternally inherited
(from the mother). Chromosomes are numbered
from pair 1 to 22; chromosome 1 is the largest
chromosome, and 22 is the smallest. The 23rd
pair forms the sex chromosomes: XX in females
and XY in males.

Within the chromosomes sit around 20,000
individual genes. Some have been extensively
studied, and their role in human development and
disease is well-understood; others remain poorly
characterised with no clearly defined links to
human disease. Each gene is comprised of exons,
the coding sections of the gene. Between the exons
are the introns, or non-coding sections of deoxyri-
bonucleic acid (DNA). The joining regions
between introns and exons are called splice sites.

The basic structure of DNA is the double-
stranded helix, first identified back in the 1950s.
The DNA itself consists of a series of bases,
known as adenine (A), guanine (G), cytosine (C)
and thymine (T). Adenine on one strand pairs
with guanine on the complementary strand and
cytosine with guanine.
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When referring to the DNA sequence, it is the
order of these four bases, A, C, T and G, that is
important. When a cell requires the production
of a specific protein, a process called transcrip-
tion occurs. This is the ‘reading’ of the DNA
sequence to produce ribonucleic acid (RNA), a
single-strand replica of the DNA sequence for
that gene, as shown in Fig. 7.1. An important
step following transcription is called splicing,
whereby the introns (non-coding sections) are
removed, so that the final, mature RNA only con-
tains the code of the exons, as shown in Fig. 7.2.

The mRNA is then transported out of the
nucleus to the cytoplasm, where it interacts with a
ribosome. This allows for translation, the process
by which the genetic code is read, three bases at a
time. Small molecules known as transfer RNAs
align to the mRNA. The transfer RNAs are each
attached to an amino acid, and the combination of
these amino acids leads to the formation of the
final protein product, as shown in Fig. 7.3.

Changes to the original (or germline) DNA
sequence can result in changes to the mRNA and
subsequent amino acid and protein structure.
There are many ways that the DNA sequence can
be disrupted including:

¢ Substitution of a base

¢ Deletion of one or more bases, or one or more
exons

¢ Insertion of one or more bases, or one or more
exons
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Fig. 7.1 Gene transcription. The double-helix DNA
unwinds in the region to be transcribed. The two comple-
mentary strands separate, and free-floating nucleotides
(shown in green) align to the coding strand (shown in

black). Note that adenine (A), cytosine (C) and guanine
(G) exist as in DNA; thymine (T) is replaced by uracil (U).
An enzyme called RNA polymerase causes the free-
floating nucleotides to form a strand of RNA

Splice sites
RNA )// \\\\
Exon 1 Intron Exon 2 Intron Exon 3 Intron Exon 4
mRNA l
Exon 1 Exon 2 Exon 3 Exon 4

Fig. 7.2 Splicing. Introns are spliced out, forming mature messenger RNA (mRNA) containing only the coding

sequence

Growing chain
of amino acids

Fig. 7.3 Gene translation. The mature messenger RNA
(mRNA) is transported out of the nucleus to the cell cyto-
plasm, where it interacts with a ribosome. The mRNA is
‘read’ three bases at a time. Transfer RNA molecules
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acid

,— Transfer
r 1 | RNA
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u u G
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(shown in blue) align to the mRNA, attached to specific
amino acids. The amino acids then link to form the final
protein product
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* Substitution, deletion or insertion of the splice
site bases

* Whole gene deletion or insertion

e Contiguous gene deletion, where multiple
adjacent genes are deleted

In addition, there are other factors that can
affect the function of a gene and can result in
human disease. These include disruption or alter-
ation of gene regulators and epigenetic factors
such as imprinting, although these will not be
discussed in detail here.

Genetic Testing

Genetic testing is constantly evolving. It is help-
ful to understand the basis of some of the more
commonly requested tests.

General Sample Information

Most genetic tests are carried out on germline
DNA, i.e. the constitutional DNA created at con-
ception and present in almost every cell of the
body. Germline DNA is usually obtained from a
blood sample, although in some circumstances it
may be necessary to consider alternate sources
such as saliva, buccal swab or skin biopsy.

In certain types of cancer, it may be appropri-
ate to offer testing on tumour tissue, i.e. the DNA
contained within the tumour itself. During the
process of tumorigenesis, the tumour DNA will
accumulate many new variants and chromosomal
changes. Genetic changes present in a tumour
may not be present in the germline DNA, and
therefore the results need to be interpreted with
caution by an experienced clinician.

Karyotype

A karyotype is an assessment of the number and
structure of the chromosomes. It will detect any
whole extra or missing chromosomes, e.g. tri-
somy 21 (Down syndrome), and will also detect
large structural changes such as deletions, dupli-

cations and translocations, where material from
one chromosome becomes attached to a different
chromosome. Karyotyping is rarely used as a rou-
tine clinical test and has largely been superseded
by new technologies such as microarray (see
below).

Microarray

A microarray is a more detailed analysis of the
chromosomes, specifically looking for any dele-
tions or duplications. It will detect missing or
additional genetic material much more sensi-
tively than a karyotype. Microarray is usually
used as the first-line genetic test for individuals
with learning difficulties, developmental delay
and/or multiple congenital anomalies.

Single Gene Testing

Historically, most genetic testing involved analy-
sis of a single gene at a time. Nowadays, this is
far less commonly requested, as it is more cost-
effective and efficient to analyse large groups of
genes simultaneously. Single gene testing is still
appropriate in some circumstances, usually when
the patient’s phenotype is highly suggestive of a
single disorder. For example, a baby with meco-
nium ileus, failure to thrive and recurrent respira-
tory infections may undergo single gene testing
of the CFTR gene for cystic fibrosis.

Gene Panels

A gene panel involves simultaneous analysis of
multiple genes linked to a given disorder or phe-
notype (clinical feature or collection of features).
Panels may be small, with only a handful of
genes linked to that condition, e.g. hereditary
haemorrhagic telangiectasia. Other panels may
be very large, with hundreds or thousands of
genes linked to a particular characteristic, e.g.
hearing loss.

The advantages and disadvantages of using a
panel-based approach are outlined in Table 7.1.
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Table 7.1 Advantages and disadvantages of gene panels

Advantages Disadvantages

More efficient and
cost-effective than
testing a single gene at
atime

Generally takes longer for a
result than a single gene
test

Increased chance of
receiving uncertain or
incidental findings, due to
the large number of genes
being analysed

Useful when there is no
obvious clinical
diagnosis but a high
suspicion of an
underlying genetic
cause

Increased chance of
finding a clinically
relevant variant
compared to single
gene testing

Whole Exome/Genome Sequencing

Recent advances in genetic technology have
enabled the advent of whole exome sequencing
(WES) and whole genome sequencing (WGS).
These approaches involve sequencing either the
exome (the coding sections of all genes) or the
genome (all of the DNA). By analysing a much
larger proportion of the DNA, new variants and
even new genes are being discovered, and the
diagnostic rate for individuals with rare diseases
is going up. The cost of WES/WGS approaches
is falling rapidly, and results are now able to be
reported in a clinically relevant timeframe. This
means these technologies are becoming more
accessible in every day clinical practice.

However, the number of variants generated
from these approaches can be vast, and it can be
challenging to classify their pathogenicity (see
variant interpretation below). This can be particu-
larly relevant in WGS when variants are found
outside the coding region of a gene. With the
increase of WES and WGS, it is likely that many
more patients will be found to have uncertain
genetic results, which may increase anxiety and
may not always be clinically helpful.

Ethics of Genetic Testing
Diagnostic genetic testing, where a patient with

symptoms of a genetic disorder undergoes testing
to try to confirm a diagnosis, is usually fairly

straightforward from an ethical viewpoint. A
diagnostic test can be offered to a child or adult,
if it is felt that this would contribute to their clini-
cal care. Some genetic tests can be requested by
clinicians outside of Clinical Genetics; others can
only be requested following consultation with a
Clinical Geneticist.

Predictive genetic testing, where an asymp-
tomatic person is offered a test for a genetic con-
dition known about in the wider family, is
ethically more complex. Predictive testing is
often not carried out in children, unless there is a
specific reason why this result would change
clinical care in childhood. Undergoing a predic-
tive test can have insurance implications for the
patients and, in almost all circumstances, can
only be requested by clinicians working within
the field of Clinical Genetics.

Variant Interpretation

Current nomenclature states that any change to the
genetic codeis described as a ‘variant’. Historically,
genetic changes were called ‘mutations’, but this
term is no longer preferred for two reasons: firstly,
the term mutation or mutant may have negative
connotations for patients, and secondly, it implies
that the genetic change is disease-causing. The
human genome is subject to a wide range of varia-
tion between individuals, but most of these vari-
ants will not be associated with disease.

Variants can be classified using a five-point
scale of pathogenicity (as summarised in
Table 7.2), according to published guidelines [1]:

The key message is that not every variant iden-
tified on genetic testing is causative of disease.

When the result of a genetic test is reported,
the clinical scientist will classify any variants
identified using standard criteria. The variant clas-
sification is usually clearly stated on the report.

If a pathogenic or likely pathogenic variant is
identified in a gene linked to the patient’s pheno-
type, this can be regarded as a molecular
confirmation that the patient has the disease with
which the gene is associated. If there is uncer-
tainty about the phenotype, e.g. the patient has a
likely pathogenic variant found on a panel but the
phenotype does not entirely fit, then this should



7 Genetics and Disorders of the Nose and Sinuses

85

Table 7.2 Summary of variant classification (adapted
from ACMG guidelines) [1]

Class 1 | Benign Not clinically relevant
Class 2 | Likely benign
Class 3 | Uncertain Not clinically actionable
significance but may be appropriate to
discuss with a clinical
geneticist
Class 4 | Likely Clinically actionable, i.e.
pathogenic likely to be causative of
Class 5 | Pathogenic disease

be discussed with the reporting laboratory or the
patient should be referred to a Clinical Geneticist.

In most circumstances, the laboratory will not
report variants classified as benign or likely
benign, as these are regarded as part of the nor-
mal variation between individuals and are not
clinically relevant.

Where a variant is classed as being of uncer-
tain significance, the decision on whether or not
to report the variant will lie with the reporting
laboratory, often in conjunction with input from
Clinical Geneticists. If a patient is reported to
have a variant of uncertain significance, it is
sometimes appropriate to discuss with the local
Clinical Genetics service for further evaluation.
In some scenarios, it would be appropriate to test
other family members for the variant; this may
glean further information to reclassify the variant
as likely benign or likely pathogenic. Family
studies are usually only requested from within
the Clinical Genetics service.

Inheritance Patterns

There are different patterns of inheritance for
genetic disorders. It is important to correctly
identify the inheritance pattern within a family in
order to understand the risk of other family mem-
bers being affected by the condition. Table 7.3
summarises some of the key findings in a family
to help identify the inheritance pattern.

Autosomal Dominant

An autosomal dominant (AD) genetic disorder
only requires a single variant in order to cause dis-

ease. This means that an affected person has one
working copy of the gene and one altered copy.
When that person has children, there is a 50%
chance of passing on the altered copy of the gene,
and the child inheriting the genetic condition.

Autosomal Recessive

A genetic disorder that shows autosomal reces-
sive (AR) inheritance requires both copies of a
gene to be altered to cause the condition. An indi-
vidual who has one working copy and one altered
copy of a gene linked to an AR disorder is said to
be a ‘carrier’ of that condition. In most circum-
stances, being a carrier for an AR condition does
not cause any health concerns for that individual.
Indeed, it is believed that we are all carriers for
multiple rare, recessive disorders.

If two people who are both carriers for the
same AR disorder have a baby, they have a 25%
chance of a healthy child, 50% chance of a (usu-
ally healthy) carrier and 25% chance of an affected
child. The chance of both partners being a carrier
for the same disorder is generally low; however,
this chance is increased if the couple is consan-
guineous (i.e. genetically related to each other). It
is sometimes possible to offer carrier testing for
diseases known to be common in a given popula-
tion, e.g. cystic fibrosis carrier testing in Northern
European White Caucasian populations.

X-Linked (Dominant and Recessive)

An X-linked condition is one in which the associ-
ated gene is located on the X chromosome. Females
have two copies of the X chromosome, whereas
males have one X and one Y chromosome.

Some X-linked disorders show X-linked
recessive inheritance, meaning that females can
be carriers and males are usually affected. This is
because males with a variant associated with an
X-linked recessive condition do not have a sec-
ond copy of that gene to compensate and, there-
fore, tend to develop the disease. In some
X-linked recessive conditions, carrier females
can be at risk of developing features, but usually
more mildly than affected males.
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Table 7.3 Summary table of characteristic findings according to inheritance pattern

Autosomal Autosomal X-linked
dominant recessive dominant X-linked recessive | Mitochondrial
Affected Equal number | Equal Usually Usually males (can | Equal number of males
individuals of males and number of females (often | sometimes have and females affected
females males and lethal in utero | mildly affected
affected females in males) females)
affected
Multiple Likely Usually not | Possible on the | Likely, the condition | Likely on the maternal
generations maternal may appear to ‘skip’ | lineage
affected lineage a generation with an
unaffected carrier
female
Mother to 50% chance, Usually Affected Carrier females All offspring of a
child sons and none females have: have: woman with a
transmission | daughters * 25% chance |* 25% chance of mitochondrial variant
equally likely of an affected an affected son will be at risk of
to be affected daughter * 25% chance of a | developing the
* 25% chance carrier daughter | condition
of an affected | 25% chance of a
son (usually healthy son
lethal) * 25% chance of a
* 25% chance healthy
of a healthy (non-carrier)
son daughter
* 25% chance
of a healthy
daughter
Father to 50% chance, Usually Usually not Affected males will | Affected males will not
child sons and none relevant as have: 50% chance | pass the variant on
transmission | daughters males do not of a carrier
equally likely survive to daughter and
to be affected reproduce 50% chance of a
healthy son (i.e. all
daughters will be
carriers and no
sons will be
affected)

Other X-linked conditions are described as

X-linked dominant. This usually means that
females are affected. Males are sometimes
severely affected, but often X-linked dominant
conditions are lethal in utero to males, i.e.
affected boys do not survive pregnancy.

Mitochondrial

The mitochondria are small organelles that essen-
tially produce energy for the cell. Whilst most
DNA is held within the nucleus (nuclear DNA),
the mitochondria contain a small amount of their
own DNA (mitochondrial DNA).

Determining the genetic basis of mitochon-
drial disease can be complex, as there are both
nuclear-encoded and mitochondrial-encoded
genes that govern the function of the mitochon-
dria. For nuclear-encoded genes, the usual mode
of inheritance (usually AR) will apply. For mito-
chondrial variants, these can usually only be
passed through the maternal lineage, i.e. women
can pass on mitochondrial variants to their off-
spring (male or female), whereas men do not.
This is because ova contain mitochondria but
sperm cells generally do not.

Each cell contains multiple copies of the
mitochondrial DNA. If a variant is present in
all copies, this is termed homoplasmy. If a
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variant is present in only some of the copies,
then this is described as heteroplasmy. The
level of heteroplasmy can vary between differ-
ent tissues and organs, even within the same
individual.

Broadly speaking, a woman with a mitochon-
drial variant is assumed to pass on the variant to
all of her children. However, the severity of the
disease can be hugely variable, from completely
asymptomatic children through to being more
severely affected than the mother.

Genetic Diagnoses to Consider
General Approach

In patients who present with features suggestive
of a genetic diagnosis, try to gather as much rel-
evant information as possible. Ask about sys-
temic features that may help to formulate a
differential diagnosis. Do not forget to enquire
about the family history—are there relatives with
similar clinical features? Is there already a known
genetic diagnosis in the family?

If the clinical suspicion for a genetic cause
remains high, it may be pertinent to explore the
idea of a genetic test. Be aware of local policies
and access to genetic testing—it may be possible
to request a diagnostic test from your outpatient
clinic, or you may be required to refer the patient
for a review by the Clinical Genetics team. If
requesting a genetic test, make sure you are
familiar with the local consent process, the
expected timescale and how to interpret the
result.

Epistaxis

Many patients with epistaxis will not have an
underlying genetic disorder. However, there may
be features in the history or examination that may
raise the suspicion of an inherited cause.
Hereditary =~ haemorrhagic  telangiectasia
(HHT) is an autosomal dominant condition that
causes epistaxis, characteristic telangiectasia on
the lips, fingertips and tongue and visceral

arterio-venous malformations (AVMs), typically
affecting the lung, brain and liver. HHT affects
males and females equally and will often be seen
in multiple generations of the same family.
Correctly diagnosing HHT is important, as
patients are at increased risk of stroke, cerebral
abscess and maternal death in pregnancy if they
have undiagnosed and untreated pulmonary
AVMs. There are at least three genes (ACVRLI,
ENG and SMAD4) that are associated with HHT.

The Curacao criteria in Table 7.4 can be used
to assess the likelihood of a clinical diagnosis of
HHT. A comprehensive set of consensus guide-
lines for the management of patients with HHT
has been published [2].

Bleeding disorders, such as haemophilia, von
Willebrand disease and other coagulation factor
deficiencies, should also be considered in patients
with severe epistaxis. These patients may report
spontaneous bleeding from the gums or excessive
bleeding after minor injuries and will not have
the characteristic telangiectasia seen in
HHT. Haemophilia A and B are both X-linked
recessive disorders; therefore, males are more
likely to be severely affected than females.
Patients with a suspected bleeding or clotting dis-
order should be referred to a haematologist for
further assessment.

Anosmia

The genetic basis of anosmia is poorly under-
stood. There are some known syndromic associa-
tions, including Kallmann syndrome and

Table 7.4 Diagnostic Curagao criteria for HHT (adapted
from Shovlin et al. [3]). A score of 3 or more confers a
definite clinical diagnosis of HHT, a score of 2 indicates a
possible diagnosis of HHT and a score of less than 2
means that the diagnosis of HHT is unlikely

One point is awarded for each criterion, with a
maximum score of 4

Severe, recurrent epistaxis
Characteristic mucocutaneous telangiectasia
Visceral arterio-venous malformations (AVMs)

Family history in a first-degree relative (parent,
sibling or child)
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congenital insensitivity to pain, as described
below. However, there have been very few break-
throughs in understanding the genetic basis of
isolated anosmia, in the absence of a syndromic
diagnosis.

Kallmann syndrome is characterised by the
presence of hypogonadotropic hypogonadism
and anosmia, associated with aplasia (or hypo-
plasia) of the olfactory bulbs and tracts. It is far
more common in males than females, and most
patients present sporadically, without a known
family history. There are different inheritance
patterns linked to Kallmann syndrome, and it can
follow autosomal dominant, autosomal recessive
or X-linked inheritance.

Congenital insensitivity to pain is a rare phe-
notype where the molecular basis is not fully
understood. However, this condition can be seen
in conjunction with anosmia, and variants in the
SCN9A gene have been implicated in some of
these cases [4].

Nasal Polyps and Tumours

In adults, the cause of nasal polyps is not always
well-understood. Often, patients may report a
family history of nasal polyps, but the exact
genetic and environmental factors that influence
their development are not clear. Very rarely, nasal
polyps may be linked to an underlying polyposis
disorder such as Peutz—Jeghers syndrome, a
dominant disorder which is usually associated
with hamartomatous polyposis in the GI tract.

In children, nasal polyps are far less common,
and their presence should raise suspicions of an
underlying genetic diagnosis such as cystic
fibrosis.

Inverted papilloma is an uncommon, benign
tumour that has a propensity for malignant trans-
formation in some patients. It is more common in
men, especially around the fifth decade. Inverted
papilloma is not known to be associated with a
specific underlying genetic disorder. Whilst envi-
ronmental factors such as exposure to human
papillomavirus have been implicated, the aetiol-
ogy and any genetic predisposition remain poorly
understood.

Malignancies of the sino-nasal tract can vary
according to their site, stage and histology. A can-
cer predisposition syndrome should be considered
in patients who have a rare tumour type, such as a
neuroendocrine tumour or soft tissue sarcoma. It
is important to ask about other cancers, both in the
patient and within the family. Features suggestive
of an underlying cancer predisposition syndrome
are summarised in Table 7.5.

If an inherited cancer predisposition syndrome
is suspected, referral to a Clinical Geneticist for
further assessment is warranted.

Recurrent Infections

There are many different causes for recur-
rent sino-nasal and sino-pulmonary infections.
From a genetic perspective, it is important to
elicit whether there are features of a syndromic
disorder or any evidence of an underlying
immunodeficiency.

Cystic Fibrosis

Cystic fibrosis (CF) is one of the most common
genetic disorders among Northern European pop-
ulations. It is an autosomal recessive condition
with an estimated carrier frequency of approxi-
mately 1 in 25. CF can sometimes be detected
antenatally due to the presence of bright, echo-
genic bowel, or it may be diagnosed in the new-
born period with meconium ileus. However, some
children with CF present later with failure to
thrive, recurrent sinusitis, nasal polyps, diabetes
and gastrointestinal symptoms. CF is an important
differential to consider in a child with nasal polyps
and sinusitis, and if the diagnosis is confirmed,
genetic counselling should be offered to the family
regarding options for future pregnancies.

Table 7.5 Features suggestive of an underlying inherited
cancer predisposition syndrome

Multiple primary cancers in one individual

Cancers diagnosed at a younger age than expected

A family where multiple individuals have been
diagnosed with the same (or related) cancers

A family where the same (or related) cancers affect
more than one generation
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Primary Ciliary Dyskinesia

Another genetic disorder that can result in recur-
rent sino-nasal infections is primary ciliary dys-
kinesia (PCD). PCD is a ciliopathy, resulting
from dysfunction of motile cilia. Clinical features
suggestive of PCD include situs inversus, respira-
tory distress, recurrent infections, hearing loss
and infertility. The understanding of the genetic
basis of PCD is rapidly advancing, and more than
40 genes have been described to date.

Immunodeficiency

Individuals with an underlying primary immuno-
deficiency are more likely to develop recurrent,
severe and atypical infections. Many of the pri-
mary immunodeficiency disorders have a genetic
basis, and genetic testing is available for many of
these conditions. Primary immunodeficiency
should be considered in patients who present with
a history of more generalised recurrent infections,
particularly in the context of a child who has feed-
ing difficulties and/or failure to thrive.

Structural Anomalies of the Nose

There are many different structural anomalies
that can affect the nose, including bifid nasal tip,
flat nasal bridge, bulbous or beaked nose or hypo-
plastic alae nasi. An excellent summary is avail-
able in the Oxford Desk Reference for Clinical
Genetics and Genomics [5].

Whilst some of these may be non-specific
and not of clinical significance, there may be
times where the nasal structure can indicate an
underlying syndromic diagnosis. The major-
ity of individuals with a syndromic diagnosis
will exhibit other clinical features, for example,
facial dysmorphism, intellectual disability, other
congenital anomalies, cleft lip and/or palate or
Craniosynostosis.

Choanal atresia can also be associated with a
range of underlying syndromic diagnoses. One of
the more common syndromic causes of choanal
atresia is CHARGE syndrome, which encompasses
coloboma, heart defects, atresia choanae, retarda-
tion of growth and/or development, genital anoma-
lies and ear anomalies or deafness. CHARGE

syndrome is an autosomal dominant disorder asso-
ciated with variants in the CHD7 gene.

Any patient in whom there is a high clinical
suspicion of an underlying syndromic diagnosis
should be referred to a Clinical Geneticist for fur-
ther evaluation.

Genetics of Common Diseases

Common diseases, such as asthma, diabetes or
hypertension, are generally not caused by a single
change in a specific gene. Instead, these diseases
tend to be multifactorial, with some environmen-
tal influences and some genetic contribution.

There are many single-nucleotide polymor-
phisms (variations in the genetic code that are not
directly disease-causing) that contribute a small
genetic susceptibility to particular common dis-
eases. Having certain polymorphisms, or combi-
nations of polymorphisms, will increase the
patient’s susceptibility to developing a disease,
but on their own, they are not sufficient to cause
disease. Large-scale studies, known as genome-
wide association studies (GWAS), can identify
polymorphisms to help further our understanding
of the genetic influences on a given condition.

Genetic polymorphisms have been studied in
the context of disorders affecting the nose and
sinus, particularly in chronic rhinosinusitis (CRS)
with or without nasal polyposis [6]. Genetic vari-
ation has been detected in a number of different
genes in patients with CRS, including the CFTR
gene (more commonly associated with autosomal
recessive cystic fibrosis).

Whilst the study of genetic susceptibility can
be helpful in a research setting to investigate the
underlying genetic contribution to common dis-
eases, the clinical utility of looking for these
polymorphisms is currently very limited. The
presence or absence of polymorphisms is not
routinely used to aid diagnosis or change clinical
management. In most healthcare settings, testing
for polymorphisms would only be considered
within a research study, and not on a clinical
basis. Furthermore, the analysis of common
polymorphisms currently falls outside the remit
of most Clinical Genetics services.
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Key Learning Points

Systemic genetic disorders may present with
pathology of the nose or sinus. Remember to
enquire about other relevant systemic features,
and family history, if there is a suspicion of an
underlying genetic diagnosis.

Genetic testing is evolving. Be aware of local
policy regarding which genetic tests you can
request and how and when to refer to local
Clinical Genetics services.

Genetic changes are referred to as variants,
and not every variant is causative of disease.
The results from genetic testing can be com-
plex or uncertain—ask for help from the
reporting laboratory or your local Clinical
Genetics service if needed.
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The Current Concepts of Biofilms
and Superantigens

Sarah Vreugde and Peter-John Wormald

Bacterial Biofilms: Definition

A bacterial biofilm is defined as a community of
bacterial cells encompassed by a self-produced
matrix consisting of Extracellular Polymeric
Substances (EPS). A fully developed biofilm
has a three-dimensional (3D) structure, con-
taining both live and dead bacterial cells, an
EPS matrix, and interstitial water channels or
pores that can facilitate the exchange of solutes
from the surrounding environment [1]. The EPS
matrix contains viscoelastic biopolymers, mainly
polysaccharides, proteins, glycoproteins, and
extracellular DNA and, depending on the micro-
environment, can contain host-derived inflam-
matory proteins. The biopolymers and bacterial
molecules facilitate strong irreversible attach-
ment of biofilms to inert or mucosal surfaces [2].

Biofilms: The Preferred Microbial
Lifestyle

Biofilms are the preferred mode of growth and
are regarded as a survival strategy for virtually all
microorganisms, including various bacterial and
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fungal human pathogens [3]. Microorganisms
within biofilms benefit from a number of advan-
tages over their planktonic counterparts. The EPS
matrix provides for a nutritionally rich ecological
niche as it can capture and concentrate environ-
mental nutrients such as carbon, nitrogen, and
phosphate [4]. At the same time, the EPS matrix
provides for a robust shelter that allows the bacte-
rial cells to evade multiple clearance mechanisms
produced by the host and synthetic sources.
These include, for example, antimicrobial and
anti-fouling agents, shear stress, and host phago-
cytic elimination. The EPS matrix furthermore
facilitates communication between cells by quo-
rum sensing signalling, a cell density-dependent
communication system that regulates cooperative
behaviours. Biofilms also support processes of
adaptation to the environment and are considered
hot spots for Horizontal Gene Transfer (HGT)
[5]. Both HGT and quorum sensing signalling are
important in the bacterial adaptation and thus
defence of the bacteria to the presence of antibi-
otics and enhance the spread of resistance to
antibiotics.
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Bacterial Species Involved
in Biofilms

Staphylococcus aureus is one of the bacterial
species most frequently associated with biofilm
mediated infections. S. aureus biofilms can occur
on various host tissues such as heart valves
(endocarditis), bone tissue (osteomyelitis),
mucosal tissue (chronic rhinosinusitis), and open
wounds (diabetic ulcers) and they are frequently
related to medical devices (catheters, prosthe-
ses). However, other species are notorious for
causing difficult to treat biofilm infections.
These include, for example, Staphylococcus epi-
dermidis (orthopaedic implants), Pseudomonas
aeruginosa (cystic fibrosis lung infections), and
enterococci (orthopaedic implants) [3].

The Establishment, Life Cycle,
and Structure of Biofilms

Biofilm formation is a multistep process involv-
ing a plethora of bacterial molecules. A critical
initial step during successful colonization is the
attachment of the planktonic bacterial cells to
the mucosal or implant surface. This initial step
can be further divided into two distinct phases:
primary, reversible adhesion (abiotic surfaces)
and secondary, irreversible adhesion (abiotic
and living tissue). The primary adhesion is
mediated by nonspecific interactions, whereas
secondary irreversible adhesion is accom-
plished through specific molecular docking
mechanisms [6].

This irreversible adhesion critically depends
on stable pathogen binding to host-derived extra-
cellular matrix (ECM) components such as
collagen, fibronectin (Fn), fibrinogen, vitronec-
tin, and thrombospondin. Some of these ECM
components cover inserted devices in vast
amounts almost immediately after being intro-
duced into the human body [7]. Bacterial cell sur-
face proteins specifically binding serum and
ECM components are called Microbial Surface

Components Recognizing Adhesive Matrix
Molecules [MSCRAMM] [8] and are of critical
importance for the initiation of surface coloniza-
tion. Well over 100 bacterial MSCRAMM with
Fn-binding activity have been identified so far
[9], indicative of the importance of adherence
activity for establishing and maintaining the bac-
terial biofilm lifestyle. Adhesins are multifunc-
tional proteins however and do not just mediate
adhesion to ECM proteins: some MSCRAMMs
can modulate the host immune response or can
mediate bacterial internalization into host cells
[10].

During this early stage of adhesion, plank-
tonic microorganisms can also stick to each
other or to different species of surface-bound
organisms, forming aggregates on the substra-
tum. A microcolony is then formed and the bac-
terial cells start to produce Extracellular
Polymeric Substances (EPS) that will eventu-
ally form the EPS matrix. Many of these sub-
stances have adhesive properties and foster
intercellular adhesion and cell aggregation.
These include, for example, Polysaccharide
Intercellular Adhesin [PIA], Accumulation-
associated protein ,JAap] and extracellular
DNA [eDNA] [11].

The process of biofilm maturation then begins.
The bacteria replicate further producing extracel-
lular substances which can interact with organic
and inorganic molecules in the immediate envi-
ronment to create the EPS matrix. The growth
potential of the biofilm is grossly dependent on
the availability of nutrients in the immediate
environment and the efficiency of perfusion of
those nutrients to the bacterial cells within the
biofilm, and the removal of waste products. Other
factors that control biofilm maturation include
the pH, oxygen perfusion, and osmolarity [6].
Once a dynamic equilibrium is reached, cells
within the biofilm core become dormant or die
due to a lack of nutrients, oxygen, decreased pH,
and/or an accumulation of toxic metabolic by-
products [12, 13]. Once fully matured, biofilms
are highly hydrated complex structures with
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intricate channel networks flowing through these
complex structures providing essential nutrients
even in the deepest regions of those biofilms.
Their structural and functional communal coordi-
nation and properties of coordinated bacterial
growth, physiological cooperation, and meta-
bolic efficiency have been proposed to mimic a
primitive eukaryotic organ [2]. When the envi-
ronment ceases to support the bacterial load, this
equilibrium is shifted at which planktonic organ-
isms escape the biofilm and colonize other sur-
faces recommencing the cycle.

The EPS Matrix: Not Just Slime

The EPS matrix (also termed glycocalyx or
“slime”) accounts for a variable amount (usu-
ally between 50 and 90%) of the total organic
matter in the biofilm and mediates numerous
virulence traits including host colonization,
immune evasion, and tolerance to antibiotics
[14]. Exoproteome analyses of the S. aureus
EPS matrix revealed the presence of many pro-
teins involved in pathogenesis, such as tox-
ins (leukocidin, EsaA, and beta-hemolysin)
and immunomodulatory proteins (lipoprotein,
immunodominant antigen B, immunodominant
antigen A, protein A, IgG-binding protein, secre-
tory antigen precursor SsaA, and SceD), enzymes
involved in cell wall peptidoglycan synthesis
(autolysin and N-acetylmuramoyl-l-alanine ami-
dase) and DNA metabolism and stress proteins
(foldase protein, DNA binding protein II, nucle-
ase, and superoxide dismutase) [15]. The biofilm
matrix also contains a large number of proteins/
enzymes involved in carbohydrate metabolism
and synthesis, and bacterial exopolysaccharides
are the main component of the biofilm glyco-
calyx [15]. The EPS matrix composition is fur-
thermore influenced by the microenvironment
creating a scavenging system for trapping and
concentrating molecules including essential min-
erals and nutrients from the surrounding environ-
ment. In the case of infection, this also includes

host-derived inflammatory response proteins or
matrix proteins such as complement, fibrinogen,
fibronectin, and glycosaminoglycans.

Spatial Patterns of Protein and DNA
Synthesis in Biofilms

The spatial patterns of protein and DNA synthesis
are highly stratified in biofilms. The EPS matrix
sustains gradients in oxygen and nutrients creat-
ing differential environmental conditions through-
out the biofilm potentiating heterogeneous gene
expression and the development of distinct bacte-
rial subpopulations [16]. It has been shown that in
in vitro colony biofilms, oxygen penetrated only
approximately 50 pm into 48 hr. biofilms formed
by either S. epidermidis or S. aureus leaving the
lower two-thirds of these biofilms anoxic [12].
This is similar for various bacteria including P,
aeruginosa strains [13]. Most of the bacteria in
those anoxic regions (around 70%) were meta-
bolically inactive (“dormant”) but still viable as
only 10% of the cells within the biofilm were
dead. Staphylococci located deep within the bio-
film at the membrane interface from where nutri-
ents originated showed evidence of fermentative
growth. In contrast, the zone and dimension of
protein synthesis in P. aeruginosa biofilms were
located exclusively at the biofilm-oxygen source
interface corresponding to the dimension of the
oxic zone [12, 13]. Regions of anabolic activity
(protein and DNA synthesis) are therefore only
localized at the interface between the biofilm and
oxygen and/or nutrient source leaving the inner
part of the biofilm metabolically inactive but via-
ble. These regions of anabolic activity are a few
tens of micrometres in dimension but can expand
upon addition of glucose or pure oxygen to the
biofilm expanding the metabolically active zone
into regions that were previously inactive.

Microbial biofilms therefore contain cells in at
least four distinct growth states: growing aerobi-
cally, growing fermentatively, dead, and dormant
(persisters) [17] (Fig. 8.1).
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Fig. 8.1 Illustration of a polymicrobial biofilm attached
to nose and sinus epithelium. The various species within a
polymicrobial biofilm form clusters of bacterial cells.
Their metabolic activity depends on their position within
the biofilm and their oxygen requirements. Oxygen pene-
trates only approximately 50 pm [12]. Aerobic bacteria

Biofilms Show Chemical
and Physiological Heterogeneity

It has been shown that bacterial cells within bio-
films are not distributed uniformly but rather that
they grow in clusters (Fig. 8.1). Active metabo-
lism of the cells within those clusters results in
the accumulation of acidic metabolites or waste
products creating a localized acidic microenvi-
ronment, which is unaffected by the external pH
[16]. This results in discrete pockets of low pH in
both the axial and lateral direction within the bio-
film corresponding to sites of active metabolism
ongoing in bacterial cell clusters. These acidic
by-products may become trapped within the con-

Nasal airway

Aerobic growth

Dormant cells

Fermentative growth

Epithelial &
Goblet cells

Immune cells

show active metabolism in the superficial biofilm layers
whilst anaerobic bacteria or facultatively anaerobic bacte-
ria are able to grow in the absence of molecular oxygen by
fermentation and are thought to be preferentially located
deep within the biofilm. Bacteria located in the biofilm
centre are metabolically inactive (dormant) or dead

fines of the EPS matrix and are thought to be
transferred through the matrix accumulating and
presumably excreted via the pores existing in
mature biofilms [16]. It has been shown that
multi-species biofilms comprising bacteria with
different metabolisms (e.g. aerobic, fermentative,
and anaerobic) will produce more acidic by-
products under oxygen-limiting conditions found
in the deepest regions of the biofilm than single-
species biofilms consisting of obligate aerobic
bacteria [18]. It is also known that for some spe-
cies (e.g. Pseudomonas), the bacterial cells are
preferentially located deep within those biofilms
whilst others are located more towards the bio-
film surface [19].
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Role of Bacterial Biofilms
in the Pathophysiology of Chronic
Rhinosinusitis

The presence of mucosal biofilms in the context
of chronic rhinosinusitis was first reported in
2005 [20]. Biofilms, particularly those compris-
ing the pathogens S. aureus and P. aeruginosa,
have since been associated with unfavourable
prognosis and disease recalcitrance in CRS [21-
25]. Paradoxically, S. aureus biofilms are also
found in healthy sinuses, so the exact role of bio-
films and in particular S. aureus biofilms in the
pathophysiology of CRS is not clear and highly
debated [26-28]. Similarly, in the gut, studies
have shown evidence of mucosal biofilms
attached to the intestinal mucosa or growing in
the mucus layer in both healthy and diseased
individuals [29]. Because they are located in
close proximity to host cells, mucosal bacteria
are thought to play a particularly important role
in mucosal health, promoting balanced immune
responses. In the context of chronic colonic
mucosal inflammation (e.g. Inflammatory Bowel
Disease-IBD), it has been shown that a dysbiosis
exists in the microbial community structure, and
that there is a reduction in putatively protective
mucosal organisms such as bifidobacteria [30].
Similarly, in a recent multicentre study investi-
gating the sinonasal microbiome in health and
disease, using 16S rRNA gene sequencing of 410
individuals, dysbiosis with a significant depletion
of Corynebacterium (40.29% vs 50.43%;
p=0.02), and overrepresentation of Streptococcus
(7.21% vs 2.73%; p = 0.032) was identified in
CRSwNP patients [31]. Whilst the composition
of the sinus bacterial microbiota is directly
related with host immune response features, the
inflammatory phenotypes or endotypes and
microbiome or microbial biofilm compositions
vary considerably across individuals with CRS
[32]. Therefore, the exact role of biofilms and
dysbiosis in eliciting or maintaining persistent
mucosal inflammation in the context of CRS is
not known. Given the prominent role of biofilms
in eliciting and maintaining chronic infections in

various niches, further research into the role of
biofilms and dysbiosis into CRS disease recalci-
trance is urgently needed.

Differences Between Planktonic
Cells and Biofilms

Bacteria living in a biofilm exhibit an altered phe-
notype with regard to growth and express a dif-
ferent set of genes than their planktonic
counterparts. This results in an enrichment in
biofilms of many proteins involved in the inflam-
matory process including immunomodulatory
proteins and a large number of proteins involved
in cell envelope synthesis and function and car-
bohydrate metabolism [15, 33]. In addition, vari-
ous metabolic processes such as those involved in
pyruvate fermentation, urease activity, and
response to oxidative stress are upregulated in a
biofilm relative to planktonic cells [34, 35].
Interestingly, differences in gene expression by
biofilms and corresponding planktonic cells are
reflected in differences in immune activation
with S. aureus biofilms inducing a distinct inflam-
matory response compared to their planktonic
counterparts [36]. Biofilm secreted proteins (and
not planktonic secreted proteins) have also been
reported to induce apoptosis of epithelial cells
[36, 37]. Recent research has shown differences
between planktonic and biofilm secreted proteins
in their effect on mucosal barrier structure and
function. Using air-liquid interface cultures of
primary human nasal epithelial cells, it was
shown that biofilm exoproteins from 39 S. aureus
clinical isolates induced a significant dose- and
time-dependent reduction of transepithelial elec-
trical resistance, increased cell toxicity, and
increased permeability compared with equal con-
centrations of exoproteins from corresponding
planktonic cultures [38]. Previous research has
also demonstrated an association between muco-
sal biofilms and ciliary denudation and epithelial
damage in the context of CRS [39]. Together,
these studies support the notion that S. aureus
biofilms produce factors that might induce higher
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levels of toxicity compared to planktonic cells.
This may differentially activate immune
responses potentially contributing to their sur-
vival, persistence, and growth and reflect their
capacity to adapt to their environment and estab-
lish a chronic infection.

Bacterial Biofilms as Immune
Evasion Strategy

In addition to the EPS matrix forming an effec-
tive diffusion barrier protecting the encapsulated
bacteria against immune defence molecules, bac-
terial cells growing in biofilms are known to pro-
duce various immunomodulatory proteins and
polysaccharides to resist attack by the innate
immune system. These molecules include, e.g.
the biofilm exopolysaccharide Polysaccharide
Intercellular Adhesion (PIA), as well as the
Accumulation-associated protein (Aap), the
Extracellular matrix binding protein (Embp), and
the Phenol-Soluble Modulins (PSMs) that have
been shown to modulate immune effector cell-
mediated killing of S. epidermidis [40]. The
enrichment of specific antigenic proteins within
the biofilm matrix can also protect the bacterial
cells within the biofilm from antibody-mediated
phagocytic killing. Namely, whereas the biofilm
EPS matrix of S. epidermidis biofilms did not
pose an overall diffusion barrier to antibodies, it
could protect bacteria from antibody-mediated
phagocytosis in the presence of an antibody
opsonically active against planktonic cells. It is
thought that this is due to the large amount of
antigen present within the matrix, preventing a
close approximation of antibody and bacterial
cells, thereby limiting opsonophagocytosis [41].

Bacterial Biofilms Show Reduced
Susceptibility to Antibiotics

Bacterial biofilms have mastered coordinated
defence mechanisms that render them over 1000-
fold more tolerant to antimicrobial therapy than
their planktonic forms [42]. Whilst the EPS
matrix can reduce antibiotic penetration, low

metabolic activity of the bacterial cells in relation
to low oxygen pressure and/or limited access to
nutrients in the interior of the biofilm is one of the
leading hypotheses to explain the reduced sus-
ceptibility of biofilms to antibiotics and other
antimicrobial challenges [43, 44]. These slow-
growing, “dormant” bacterial cells, present
within the core of bacterial biofilms are also
named persisters and show downregulated bio-
synthetic pathways and overexpression of Toxin/
Antitoxin (TA) modules that inhibit essential
functions such as translation [17]. The ability of a
biofilm to limit the access of the immune system
molecules and cells coupled with the ability of
persisters to resist an antibiotic attack is thought
to account for the recalcitrance of biofilm medi-
ated infections in vivo [17]. Indeed, once antibi-
otic regimens are halted and growth conditions
improve, these persister cells are able to sponta-
neously shift out of their dormant state and pro-
duce a relapsing course of disease [17, 45].

Superantigens

Superantigens are a family of nonglycosylated
low-molecular weight exoproteins secreted by all
human pathogenic S. aureus and group A strepto-
cocci. The S. aureus superantigens include Toxic
Shock Syndrome Toxin 1 (TSST-1), the
Staphylococcal Enterotoxins (SEs), and the
SE-like  superantigens (or  SSLs) [46].
Superantigens target the adaptive immune system
whilst the related superantigen-like proteins
(SSLs) target the innate immune system.
Superantigens are a class of antigens that bind
directly to both MHC-II and TCR molecules acti-
vating as much as 20% of the T cell population.
This is in contrast to “normal” antigens that are
taken up and processed by MHC-II antigen-
presenting cells; antigen-carrying MHC-II com-
plex is then recognized by receptors on circulating
T cells resulting in activation of only about
0.001-0.01% of all T cells [47]. By directly and
non-specifically linking the TCR and MHC-II,
superantigens put these complexes in close con-
tact with each other for much longer than normal,
resulting in excessive polyclonal activation of the
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immune system. Superantigen induced T cell
activation results in the release of a variety of
pro-inflammatory cytokines including interleu-
kin (IL)-1, IL-2, IL-6, tumour necrosis factor
(TNF)-a, interferon (IFN)-y, and chemokines
C-C motif chemokine ligand (CCL)2 and CCL3
from a combination of T cells, Antigen-Presenting
Cells (APCs), and cells that are subsequently
stimulated such as epithelial cells [48]. Despite
this apparent non-targeted massive immune acti-
vation, S. aureus superantigen driven inflamma-
tion can subvert both activation and recruitment
of important effector cells such as phagocytes
promoting S. aureus survival and can drive a sup-
pressor or regulatory phenotype in both human
CD4* and CD8* T cells. It is thought that staphy-
lococcal superantigen activity may be more ‘tar-
geted’, and that by driving specific T cell
activation pathways, these toxins can skew adap-
tive immune responses of the host away from a
protective response against S. aureus to the ben-
efit of its own survival [48].

In contrast to superantigens, SSLs do not bind
MHC-II or TCR but target molecules of the
innate immune system and limit the access of
antibodies to their target or reduce adherence and
function of neutrophils [47]. Superantigens and
SSLs are mainly located on mobile genetic ele-
ments and there is strain dependent variation in
the number of superantigens carried by those
pathogens.

The Role of Superantigens
in the Etiopathogenesis of CRS

A role for superantigens in the etiopathogenesis
of CRS has first been proposed by Schubert in
2001 [49] and by Bachert et al in 2002 [50]. This
hypothesis was then supported by evidence indi-
cating a systemic IgE response to S. aureus supe-
rantigens in CRS patients [51, 52]. Superantigens
were subsequently also identified within CRS
patient tissue, mainly in CRSwNP patients [53].
CRSwNP patients demonstrating IgE to superan-
tigens had significantly higher concentrations of
IgG and IgE and also showed a significantly
higher fraction of IgG4 (P = 0.003) than those

without specific IgE production [54]. From those
and other studies, the net effect of superantigens
in CRSwNPs appears to be the Th2 skewing of
immune responses with regulatory T cell reduc-
tion, and an influx of eosinophils often in associ-
ation with asthma [55-57]. A recent study
furthermore extends the potential role of S.
aureus superantigen-dependent T cell expansion
and Th2 polarization to non-asthmatic CRS
patients, in association with the Lund-Mackay
Computed Tomography score, indicating a rela-
tion to disease extent [58]. A microbial genome-
wide association study (mGWAS) of 58 S. aureus
clinical isolates from CRS patients identified 14
of the known superantigen genes across all iso-
lates and only three superantigen genes were
identified in >50% of the isolates (SEG, SEM,
SEO). Assessment of the pan-genome content for
correlation with disease presentation showed no
relation with any of the superantigens. Only two
SSL genes, superantigen-like protein 5 (higher
prevalence in the CRSsNP cohort) and
superantigen-like protein 14 (more prevalent in
CRSwNP) were significantly associated with
CRS disease phenotype [59]. Therefore, whilst
research findings support a role for superantigens
in driving or maintaining eosinophilic inflamma-
tion in CRS patients, their exact role and the role
of SSL genes and gene products in CRS patho-
physiology remain to be investigated.

Key Learning Points

e Biofilms are the preferred mode of growth for
virtually all microorganisms, including vari-
ous bacterial and fungal human pathogens.

¢ Biofilms show high levels of structural organi-
zation and support functional coordination
between the various strains and species pres-
ent within those biofilms.

e The biofilm matrix limits the penetration of
oxygen and nutrients resulting in a stratifica-
tion of bacterial cells according to their oxy-
gen and nutrient requirements with active
metabolism occurring only in the external lay-
ers of the biofilm.

e The biofilm core contains slow-growing “dor-
mant” bacterial cells, that are thought to sig-
nificantly contribute to the recalcitrant nature
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of biofilm mediated infections and their
relapsing course of infectious exacerbations.
Biofilms, particularly those comprising the
pathogens S. aureus and P. aeruginosa, have
been associated with disease recalcitrance in
CRS. Paradoxically, S. aureus biofilms are
also found in healthy sinuses, so the exact role
of biofilms and in particular S. aureus biofilms
in the pathophysiology of CRS is not clear.
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Bacteria, Viruses and Fungi
in Healthy and Diseased Paranasal

Sinuses

Tary Yin and Raymond Kim

Introduction

Technological advancements in the field of micro-
biology have led to significant progress in our
understanding of the role of bacteria, viruses and
fungi in healthy and diseased paranasal sinuses. It
is now known that the sinonasal tract is not sterile
and that the microbes colonising the mucosa are
not necessarily pathological. The sinonasal micro-
biota, which consists of the entire collection of
microbes, including bacteria, viruses, fungi and
archaea, existing within the sinuses has multiple
functions, including maintaining mucosal health
and effective local immune responses.

This chapter will cover: (1) the role of
microbes in health and various sinonasal condi-
tions and the relationship between the microbiota
and antimicrobial treatments; (2) the various lab-
oratory techniques utilised to investigate
microbes (including culture, fluorescence in situ
hybridisation and sequencing approaches); (3)
current limitations and areas of controversy in the
literature, particularly with regard to culture and
sequencing studies of the sinonasal microbiota.
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Bacteria, Viruses and Fungi
in Healthy Paranasal Sinuses

Microbes begin to colonise the sinonasal mucosa
from birth. The diversity of the bacterial commu-
nity increases during the first 3 years of life and
in adulthood becomes individualised and rela-
tively stable over time [1]. Culture techniques
have most frequently detected members from the
genus Staphylococcus, Corynebacterium species
and Propionibacterium acnes [2-4]. Sequencing
approaches have similarly seen a high prevalence
of Staphylococcus sp., Corynebacterium sp. and
Propionibacterium sp. [5, 6]. These findings are
summarised in Table 9.1.

The nasal metagenome (the collective genomic
representation of the many organisms existing in
a community) suggests that there is a set of core
functional genes present in all individuals that
code metabolic processes, transport systems and
biosynthesis [6]. The stability of the bacterial
community is achieved by key central bacteria,
such as Propionibacterium sp., that connect
many parts of this network [7]. Both culture and
sequencing methods report low abundances of
members from the genera (Fusobacteria,
Bacteroidetes), potential pathogens
(Streptococcus pneumoniae, Neisseria meningiti-
dis, Haemophilus influenzae, Moraxella catarrh-
alis) and anaerobes [6-8].
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Fungi are ubiquitous in our environment and
fungal communities have also been detected in
healthy sinonasal samples, dominated by the
genus Malassezia, suggesting that they have a
commensal role in the sinus microbiome [9, 10].
Furthermore, a variety of viruses and archaea
(prokaryote organisms that are obligate anaer-
obes) have been found in healthy sinonasal sam-
ples without causing disease. The roles of these
less-common microbes in the healthy microbi-
ome are yet to be determined [11, 12].

Staphylococcus aureus, a bacteria that can
cause a wide variety of illnesses, is persistently
carried by 20% of the population and transiently
carried by 60% [13]. While persistent S. aureus
carriage in the anterior nares is a risk factor
for infection, the mechanism of the transition
from a commensal to a pathogenic bacteria is
unknown. One hypothesis suggests that when
the mucosal barrier is breached by a pathogen, a
self-limited host immune response is generated.
The mucosa interacts with the host immune sys-
tem to act as a barrier against pathogens. Type 1
immune responses target viruses, type 2 immune
responses target parasites and type 3 immune
responses target extracellular bacteria and fungi.

These responses result in the elimination of the
pathogen and encourage restoration of the muco-
sal barrier.

Bacteria, Viruses and Fungi
in Diseased Paranasal Sinuses

Culture and sequencing studies investigating the
various phenotypes of sinusitis have shown that
there are several potential pathogenic mecha-
nisms that can be implicated in each of these
groups. The most prevalent microbes detected
from these studies are summarised in Table 9.1.
The role of these microbes and the relationship
between sinusitis and antimicrobial treatments
will be discussed in this section.

Acute Rhinosinusitis

Acute rhinosinusitis (ARS) is a condition charac-
terised by the sudden onset of sinonasal symp-
toms for less than 12 weeks. It can be subclassed
into viral ARS, bacterial ARS and recurrent acute
rhinosinusitis (RARS).

Table 9.1 The most prevalent bacteria, viruses and fungi detected using culture and sequencing approaches

Culture Sequencing

Health Genus: Staphylococcus, Corynebacterium Genus: Staphylococcus, Corynebacterium,
Species: P. acnes, Staph. aureus [2—4] Propionibacterium, Malassezia [5, 6]

Acute Genus: Pneumococcus Species: Rhinovirus

rhinosinusitis Species: S. pneumoniae, H. influenza, M.
catarrhalis [14, 15]

Chronic Genus: Corynebacterium, Streptococcus, Genus: Staphylococcus, Streptococcus,

rhinosinusitis Prevotella, Porphyromonas, Corynebacterium, Pseudomonas,
Peptostreptococcus, Fusobacterium, Candida, Haemophilus, Achromobacter, Candida,
Aspergillus, Penicillium, Cladosporium Aspergillus, Penicillium, Malassezia
Species: Staph. aureus, Staph. epidermidis, Subfamily: Orthocoronavirinae (Coronavirus)
Propionibacterium acnes, Pseudomonas Species: Pseudomonas aeruginosa, Haem.
aeruginosa, S. pneumoniae, Haemophilus influenzae, Staph. aureus, Corynebacterium
influenza [16] neoformans, Rhinovirus [7, 17-19]

Odontogenic Genus: Streptococcus, Staphylococcus,

sinusitis Prevotella
Species: H. influenzae [20]

Fungal Genus: Aspergillus, Mucor, Rhizomucor [21]

rhinosinusitis

Cystic fibrosis Genus: Pseudomonas, Burkholderia Genus: Pseudomonas, Staphylococcus,
Species: Pseud. aeruginosa, Staph. aureus [22] | Streptococcus, Burkholderia [22-24]

Primary ciliary | Species: H. influenza, S. pneumoniae, M.

dyskinesia catarrhalis, P. aeruginosa [25]
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Viral ARS: The symptoms of ARS last fewer
than 10 days. Studies have shown that viruses
damage and enter the nasal epithelium, initiating
host inflammatory responses leading to ARS [11].
One hypothesis is that this process may occur by
the degradation of the epithelial barrier by reac-
tive oxygen species stimulated during viral repli-
cation. Rhinoviruses are the predominant virus
implicated in ARS. There is no beneficial evi-
dence for the prescribing of antibiotics in ARS.

Acute Bacterial Rhinosinusitis (ABRS): It is
defined as ARS that does not improve within
10 days of onset or ARS that worsens within
10 days after an initial improvement. Viral upper
respiratory tract infection with subsequent bacte-
rial superinfection has been suggested as a con-
tributing factor in a proportion of these cases.
Viral-induced mucosal injury may lead to trans-
location and overgrowth of pathogenic bacteria
[26]. Commonly cultured pathogens from the
sinuses of patients with bacterial ARS include
Streptococcus pneumoniae, Haemophilus influ-
enzae and Moraxella catarrhalis [14]. Penicillin-
resistant pneumococcus, ampicillin-resistant H.
influenzae and M. catarrhalis occur to a lesser
extent, but are also commonly cultured [15]. In
uncomplicated cases, the benefits of antibiotics
are uncertain and these should only be consid-
ered if symptoms fail to resolve or worsen after a
period of watchful waiting. Antibiotics can cause
significant adverse effects that include gastroin-
testinal complaints, growing bacterial resistance
and anaphylaxis. Accordingly, careful patient
selection is needed.

Recurrent Acute Rhinosinusitis (RARS): This
condition is characterised by four or more epi-
sodes of ARS per year with symptom-free inter-
vals. Pathogens cultured from nasal swabs are
similar to those seen for ABRS (Streptococcus
pneumoniae, Haemophilus influenzae and
Moraxella catarrhalis). However, these bacte-
ria may have a higher degree of antimicrobial
resistance [14, 27]. Patients with immunode-
ficiency have a predisposition to developing
RARS. Given the absence of studies specifically
investigating antibiotic use in RARS, the crite-
ria for antibiotic use in ARS may be adopted for
this diagnosis [28].

Chronic Rhinosinusitis

Chronic rhinosinusitis (CRS) is a complex condi-
tion in which several phenotypes and endotypes
have been described. However, the role of
microbes in most cases of CRS remains unclear.
Defining the role of bacteria, viruses and fungi in
CRS, as well as the implications for appropriate
antimicrobial  treatment, requires careful
consideration.

Bacteria that are frequently cultured from
nasal swabs of patients with CRS include
Staphylococcus aureus, Corynebacterium spe-
cies, Streptococcus species, Staphylococcus epi-
dermidis and Propionibacterium acnes [16]. It
has been found that patients with more severe
CRS disease, based on imaging, are more likely
to culture pathogenic bacteria [29]. Sequencing
studies also suggest that CRS patients have an
altered microbiome with more pathogenic
microbes [12, 19]. In CRS, these dysbiotic micro-
bial communities possibly interact with a com-
promised mucosal barrier and host immune
responses. If the damage to the mucosal barrier
caused by pathogens fails to resolve, this can lead
to chronic inflammation of the mucosa and tissue
remodelling. The following section will discuss
these potential disease mechanisms in more
detail.

Single Pathogen Hypotheses
Specific pathogens, such as Staphylococcus aureus,
Streptococcus pneumoniae and Pseudomonas
aeruginosa, are frequently cultured from the mid-
dle meatus of patients with CRS. These patho-
gens, in particular Staphylococcus aureus and its
superantigens, have been proposed as potential
key aetiologic agents in CRS. Staphylococcal
enterotoxins are superantigens that stimulate a
polyclonal activation of T cells resulting in an
increased cytokine release. These enterotoxins
likely act as a disease modifier by amplifying the
inflammatory response in CRS; their presence
has been associated both with asthma and recal-
citrance after surgery [30, 31].

Studies have demonstrated an increased detec-
tion rate of serum-specific IgE to S. aureus
enterotoxin in CRS with nasal polyps (CRSwWNP),
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but there are limited data to support the role of
superantigens in CRS without nasal polyps
(CRSsNP). In CRSwNP, specific IgE to S. aureus
has been associated with eosinophilic and type 2
inflammation [31, 32].

Staphylococcus aureus has also been detected
within the epithelium and the interstitium in sinus
mucosa, and these intraepithelial and interstitial
bacteria may possibly act as a reservoir of patho-
genic microbes in CRS [33, 34].

More recently, instead of a single pathogen
dominating all CRS microbial communities,
CRS patients have been found to cluster into
sub-groups, with each sub-group dominated by
either  Staphylococcaceae,  Streptococcaceae,
Pseudomonadaceae, or Corynebacteriaceae. This
variation of microbial community composition
may contribute to CRS disease heterogeneity [17].

Biofilms

A biofilm is a community of bacteria or fungi
surrounded by an extracellular matrix that pro-
vides increased protection to the resident
microbes in several ways. They are formed by
planktonic bacteria that communicate their den-
sity status to other bacteria via quorum sensing
molecules. Once the microbes are present in an
appropriate concentration, these molecules
encourage them to begin forming a biofilm [35].
There is a high prevalence of Staphylococcus
aureus and Pseudomonas aeruginosa biofilms in
CRS, and it has been hypothesised that these con-
tribute to CRS pathogenesis [36]. However, bio-
films can also be found in control patients without
CRS, although usually in much less dense forma-
tions [37, 38].

Biofilms may cause recurrent infections by
the release of pathogenic microbes that stimulate
a host immune response and also by the release
of superantigens by Staphylococcus aureus bio-
films [39]. The biofilm provides its residents with
effective protection against host immune
responses by phagocytosis and complement
binding. Microbes within biofilms also undergo
phenotypic changes to require less oxygen and
nutrients. This slows down cell growth, which
contributes to the likelihood of antibiotic resis-

tance because almost all antimicrobials are more
effective at killing rapidly dividing cells [40].
Sinonasal biofilms have been associated with
recalcitrant CRS, an increased need for surgical
intervention and worse outcomes after functional
endoscopic sinus surgery (FESS) [41, 42]. As
conventional culture techniques enrich the
fastest-growing microorganisms, accurate identi-
fication of biofilm-forming pathogens requires
sensitive histopathological methods such as fluo-
rescent in situ hybridisation. Biofilms are typi-
cally resistant to standard antibiotics but potential
biofilm-specific systemic and topical therapies
are under investigation.

Microbial Dysbiosis
Studies utilising sophisticated gene-targeted and
meta-omic sequencing approaches have sug-
gested that CRS is caused by disturbances in the
overall bacterial community composition and
function rather than by a consistent single caus-
ative pathogen. These dysbiotic imbalanced
microbial communities, otherwise known as
microbial dysbiosis, interfere with the colonisa-
tion of healthy microbes and contribute to provok-
ing host immune responses [7, 17, 24] (Fig. 9.1).

The CRS microbiome is both less diverse and
stable than that seen in healthy controls, and it
also has a higher total bacterial load [43-45].
CRS patients tend to have an increased relative
abundance of opportunistic pathogens (such as
members from the genera Corynebacterium,
Streptococcus and Staphylococcus) and anaer-
obes [7, 18], which may contribute to recalcitrant
CRS. Specific pathogens involved in dysbiosis
may include P. aeruginosa, H. influenzae and S.
aureus [18, 19]. Furthermore, the CRS micro-
biome tends to have fewer commensal bacteria,
such as Actinobacteria sp., Propionibacteria
sp., Corynebacterium sp. and Acinetobacter
Jjohnsonii. Key commensal bacteria may have a
role in suppressing pathogenic species and there-
fore the loss of these communities could poten-
tially result in pathogen outgrowth [46].

CRS patients with asthma are more likely to
exhibit dysbiosis. Smoking, purulent secretions
and aspirin sensitivity have also been associated
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a

Fig. 9.1 The microbial dysbiosis theory in chronic
rhinosinusitis. (a) Healthy mucosa with an intact
mucosal barrier. The microbiota is diverse with
a network of key commensal  microbes.

with shifts in the sinonasal microbiome [24, 47].
Antibiotics may disrupt the commensal microbi-
ome by decreasing bacterial diversity and increas-
ing the relative abundance of antibiotic-resistant
microbes, leading to ongoing disease [24, 48].
Furthermore, FESS has been shown to result in
changes to the bacterial community composition
in the sinuses, with an increased relative abun-
dance of Staphylococcal species [49, 50].

Overall, the evidence is varied, and investiga-
tions into the causal relationships between micro-
bial dysbiosis and host immunity in CRS patients
are ongoing. Novel research topics in this area
include:

e the identification of CRS subtypes based on
their bacterial community composition profiles,

e co-culture studies that show how microbial
community composition can influence the co-
occurrence of certain bacteria through niche-
specific competition, and

e the role of the interactions between microbe
co-occurrence patterns and an altered immune
response in CRS [17, 47].

(b) Diseased mucosa with epithelial damage and increased
mucus. The microbiota is less diverse, with an increased
proportion of pathogenic microbes and loss of commensal
microbes

Fungi

Fungal spores are ubiquitous in our environment
and can be detected in both CRS and healthy
sinuses. One recent study has demonstrated fungi
in the maxillary sinus of over 80% of CRSwNP
patients, compared with only 20% of controls
[51]. Therefore, some researchers have suggested
that fungi have a possible role in CRS [51-53].
Fungi have been reported to stimulate a type 2
immune response, although studies demonstrat-
ing a direct link between fungi and CRS are lack-
ing [51-53].

The most frequently identified fungi from the
sinuses of CRS and control subjects using
polymerase chain reaction (PCR) and culture
include members from the genera Aspergillus,
Cladosporium and Candida [54, 55]. Only a
handful of studies have performed amplicon
sequencing to investigate the community compo-
sition of fungi in the sinuses. The most prevalent
fungi identified include Cryptococcus neofor-
mans, Aspergillus species and Malassezia spe-
cies; however, results are inconsistent between
studies [56, 57].
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Viruses

The pathogenic role of viruses in CRS is
unknown. Studies suggest higher rates of viruses
in the sinuses of CRS patients compared with
controls and peak viral isolation occurs in winter
and spring [11, 58, 59]. Rhinovirus and corona-
virus species are the most frequently isolated in
CRS, although respiratory syncytial viruses,
bocavirus, adenoviruses, human metapneumovi-
rus and influenza viruses have also been detected
in sinusitis [58, 59]. In vitro studies investigating
CRS-derived nasal epithelial cells suggest that
rhinoviruses decrease host immune responses
[60, 61]. However, whether viral infections play
an aetiological role in CRS or only lead to acute
exacerbations of CRS (AECRS) is yet to be
established. The literature has so far been incon-
sistent, which may be explained by seasonal
fluctuations of respiratory viruses and differ-
ences in study sample collection and laboratory
measures.

Acute Exacerbation of Chronic
Rhinosinusitis (AECRS)

Bacterial infections probably contribute to
AECRS, although there is little good evidence to
support this. It has been hypothesised that
impaired mucociliary clearance, evident in a sub-
group of patients with chronic inflammatory
mucosal changes, leads to prolonged contact with
microbes [62]. Cultured organisms in AECRS
included Prevotella sp., Porphyromonas sp.,
Peptostreptococcus  sp., Fusobacterium  sp.,
S. pneumoniae and H. influenzae [63]. Microbial
dysbiosis may also elicit a host inflammatory
response, and there is evidence that rhinovirus
infections can drive eosinophilic inflammation.
Short courses of antibiotics are often prescribed
for AECRS. However, the evidence supporting
the efficacy of these courses is not strong.

Odontogenic Sinusitis

Odontogenic sinusitis has been associated with the
overgrowth of oral microbes into the sinuses, which
tend to be more anaerobic than typical sinonasal
pathogens. Common bacteria include H. influ-

enzae and members of the genera Streptococcus,
Staphylococcus and Prevotella [20].

Fungal Rhinosinusitis

Fungal spores are ubiquitous and are being inhaled
into the nasal cavity continuously. While the spe-
cies vary according to the locality, most fungal
sinusitis cases are caused by dematiaceous fungi or
Aspergillus spp. Manifestations of fungal sinusitis
include fungal ball, invasive fungal rhinosinusitis
and allergic fungal rhinosinusitis. Aspergillus and
Zygomycetes (Mucor, Rhizomucor) are the genera
of fungi most commonly associated with tissue
invasion in invasive fungal rhinosinusitis [21].
First-line antifungal treatments for acute invasive
fungal rhinosinusitis include systemic azoles (vori-
conazole and isavuconazole) for Aspergillus and
amphotericin for Zygomycetes [64].

Cystic Fibrosis

Cystic fibrosis leads to highly viscous secretions
and impaired mucociliary clearance, resulting in
both sinus and lung infections. Bacteria cultured
from these sites (such as genera Pseudomonas
and Burkholderia) have a high degree of concor-
dance, suggesting that the sinuses may act as a
reservoir for bacterial transmission to the lower
respiratory tract. CRS patients with cystic fibro-
sis have a higher bacterial load and are almost
completely dominated by one bacterial species
[23, 24]. This may well reflect the high number of
powerful, broad-spectrum antibiotics adminis-
tered to these patients.

Primary Ciliary Dyskinesia

Patients with primary cilia dyskinesia have a pre-
disposition to bacterial infections, including
H. influenza, S. pneumoniae, M. catarrhalis and
P. aeruginosa. Influenza, pneumococcal and
RSV vaccines, as well as standard vaccinations
and prompt antibiotic therapy for respiratory
tract infections, have been recommended [25].
Antibiotic therapy, sinus rinses and surgery may
decrease pathogenic sinus bacteria, improve
symptoms, reduce lung infections and improve
quality of life [25, 65].
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Technology
Culture

Culture methods have been used for more than a
century to detect pathogenic and commensal
microbes. This technique requires specific growth
media and conditions depending on the microbe
targeted [2] (Fig. 9.2). It remains the most com-
mon method for detecting specific pathogens, for
example, P. aeruginosa in cystic fibrosis [66].
However, only a limited variety of microbes will
grow on a specific culture medium. Therefore,
culture methods tend to underestimate the diver-
sity of the sinonasal microbial community.
Culture studies in both healthy controls and
patients with CRS detect approximately 3-9
microbes per subject [2]. One significant advan-
tage of culture techniques is that they enable fast
and accurate in vitro determination of antibiotic
sensitivity of the isolated pathogen. Furthermore,
culture remains the primary method for detecting
pathogenic bacteria in clinical settings and much
of our understanding of the microbiology of CRS
is based on these techniques.

The following sections will discuss modern
culture-independent, or molecular, approaches.
These methods do not require the in vitro growth of
microbes but rather detect the genes of the microbes
present. These techniques have revealed the com-
plexity of the sinonasal microbial community.

Immunohistochemistry

Immunohistochemistry can be used to localise
species-specific  microbial molecules  with
labelled antibodies on tissue sections, which can
then be visualised using microscopy. Multiple
antigen—antibody labels can be used in a sample
giving spatial and structural information. For
example, bacteria can be seen on the surface of
the epithelium (planktonic), within the epithe-
lium (intraepithelial) or deep to the epithelium
(intramucosal) (Figs. 9.3 and 9.4).

e
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agar plate

individual colonies plated
on separate agar plate

mass spectrometry

- () - (&

Fig. 9.2 Culture. Collected samples are placed onto agar
plates, which are then incubated to promote microbial
growth. Individual colonies that are morphologically or
phenotypically different are plated again on separate agar
plates. These microbes are then identified through
MALDI-TOF (matrix-assisted laser desorption/ionisation-
time of flight) mass spectrometry. Sanger sequencing can
also be used to identify these individual colonies
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Fig. 9.3 Immunohistochemistry. Tissue sections on a simultaneous labelling of microbes (short arrow), immune
slide are labelled with antibodies attached to a colour or  cells (arrowhead) and anatomical features such as cilia
fluorescent label. These are then visualised using micros-  (long arrow)

copy. Multiple structures can be targeted, allowing the

Fig. 9.4 Mouse sinus
mucosa fluorescence
immunohistochemistry
demonstrating S. aureus
antibody (arrows) and
DAPI (4,6-diamidino-2-
phenylindole) nucleic
acid stain.
Magnification: x100.
Unpublished image

|

epithelium
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Fluorescence In Situ Hybridisation ecules to identify individual microbial cells

(Fig. 9.5). Classically, FISH utilised ribosomal

Fluorescence in situ hybridisation (FISH) utilises RNA probes but modern techniques have tar-
targeted probes attached to fluorescent dye mol-  geted messenger RNA, plasmids and single-copy
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Fig. 9.5 Fluorescence in situ hybridisation. DNA within
cells on the slide are denatured. Labelled probe (circles)
hybridises to targeted DNA/RNA regions on the sample.

genes. FISH probes can target all species (e.g.
eubacterial, eufungal) or specific species. FISH
allows the localisation and enumeration of these
targets via either fluorescence microscopy or
flow cytometry.

Amplicon Sequencing

Sequencing approaches amplify genes from the
extracted genomic DNA of samples (swabs, tis-
sue, mucus) using PCR. The amplified products
are purified and then sequenced. The raw
sequence reads are matched against known

fluorescent probes
target DNA/RNA

fluorescence microscopy

These fluorescent probes are then visualised using fluores-
cence microscopy

sequences in databases to provide a microbial
profile for the sample (Fig. 9.6). This method
allows the identification of potentially all of the
microbes present within a sample. Gene-targeted
sequencing looks at specific microbial gene
sequences. The bacterial 16S rRNA gene, which
is present in all bacteria, is the most common tar-
get used in sinonasal studies and can detect an
average of 30 bacterial taxa (a taxonomic group
of any rank, such as species, genus or phylum)
per subject [7]. Fungi have also been investigated
using a number of genes targets (18S rRNA and
internal transcribed spacer regions), which simi-
larly can encompass all fungal species. Unlike
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Sequencing
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4—IXD‘/

PCR

sequencing
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Fig. 9.6 Gene-targeted sequencing. Collected samples
undergo PCR amplification. Amplicon sequencing deter-
mines the order of nucleotides in DNA. These sequences
are then matched to a database to identify the microbes.
Data analysis can include taxa plots, which allow com-
parisons of the microbiota between samples (each column
represents a sample and each colour represents a micro-
bial species)

bacteria and fungi, viruses do not have a univer-
sal gene target and so different targets are required
to detect specific viruses. Consequently, novel

viruses or viruses not included in a designed
panel of targets cannot be detected. The presence
of viruses in the sinonasal tract is therefore likely
to be underreported. A weakness of the bacterial
16S rRNA gene-targeted approach is a limited
resolution (the ability to resolve strains within a
species), although this will improve with techno-
logical advances in this field [67].

In contrast to gene-targeted approaches for
species identification, meta-omics can detect the
total genetic composition or function from the
organisms within a sample (whole genome
sequencing). It can focus on DNA (metagenom-
ics), RNA (metatranscriptomics) and proteins
involved in cellular functions (metaproteomics).
These techniques are able to simultaneously pro-
vide information on microbial community com-
position and function. Metagenomic approaches
also allow the simultaneous detection of a wide
variety of viruses.

Longitudinal gene-targeted and meta-omic
studies that collect samples over multiple time
points have enabled investigation into how the
sinonasal microbiome changes over time. These
studies have shown that the microbiota is reason-
ably stable over time in healthy controls and that
this stability is achieved by certain commensal
bacteria [7]. Contrastingly, in microbial dysbio-
sis, there is temporal volatility in microbial com-
position. This instability is also significantly
affected by variables such as asthma, smoking,
antibiotics and surgery [24, 49, 50]. However,
these methods are resource-intensive, expensive
and not easily standardised across studies. For
these reasons, their clinical applications are lim-
ited. Nevertheless, as this technology improves, it
will enable the sinonasal metagenome to be
investigated with increasing accuracy and
efficiency.

Summary of Areas of Controversy
or Uncertainty

Bacteria, viruses and fungi colonise the sinonasal
mucosa and have various roles and functions in
healthy and disease states. With the development of
sequencing technologies for investigating the
microbiota, we now understand that culture tech-
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niques vastly underestimate the diversity of these
complex microbial communities. However,
sequencing methods also have their limitations.
Current evidence in the literature can often be
inconsistent due to non-standardised methods and
small sample sizes, reflecting the resource-intensive
nature of these modern laboratory approaches.

It has been suggested that a core part of the
healthy sinonasal microbiome codes metabolic
processes, transport systems and biosynthesis.
Furthermore, the stability of these communities
is thought to be achieved by key central bacteria
that connect many parts of the network [6].
Studies utilising sequencing approaches have
also hypothesised that CRS is caused by micro-
bial dysbiosis rather than a consistent single
causative pathogen. These theories are not nec-
essarily mutually exclusive. Instead, microbial
dysbiosis arguably better reflects the evidence
that disruption and instability of the microbiota
as a whole occur in CRS. Even when single
pathogens or biofilms are implicated in a
patient’s disease pathogenesis, these likely
reflect microbial community composition shifts,
with a decrease in key healthy microbes. Novel
research in this field has focused on identifying
CRS subtypes based on their microbiota, co-cul-
ture studies that demonstrate niche-specific
competition between certain bacteria and the
interactions between microbes and immune dys-
function in CRS [17, 47, 68, 69]. However, fur-
ther longitudinal studies that assess the long-term
stability of the microbiota rather than a single
time point are required.

Key Learning Points

e The healthy sinonasal mucosa is colonised by
bacteria, viruses and fungi from birth.

* The sinonasal microbiota has been investi-
gated using traditional culture and modern
sequencing approaches.

e Sequencing approaches have led to novel
hypotheses on the role of the microbiota in
health and various diseases.

e The current understanding of the role of
pathogenic microbes in CRS is incomplete
and limited by the resource-intensive nature of
these methods and data from cross-sectional
studies.
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Sleep Disorders and the Nose:
What Is the Evidence Base?

10

Thomas Verse and Stefan Muller

Summary

This chapter considers the evidence base between
the nasal airway and sleep. This important rela-
tionship will be considered for both obstructive
sleep apnoea and simple snoring.

The pathophysiology is explained and will
cover the various theories of airway dynamics
and airway collapse during sleep. This includes a
short resumé of nitric oxide and its physiological
effects.

The evidence base for effects of medication
and alar splints is presented. The effect of nasal
surgery on obstructive sleep apnoea in the appli-
cation of positive airway pressure and simple
snoring is then considered.

Introduction

Neither airway obstruction nor the generation of
snoring sounds occur in the nose. Nevertheless,
the topic ‘Nose’ always features prominently on
the agenda of conferences about sleep medicine.
Even the often-cited Hippocrates (460-370 BC)
described a causal connection between nasal pol-
yps and non-restorative sleep. As early as 1581,
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Levinus Lemnious first mentioned non-restorative
sleep caused by oral breathing in supine position
[1]. The first modern scientific reports date back to
the end of the nineteenth century. In 1898, Wells
[2] reported an improvement of vigilance in eight
out of ten patients following nasal septoplasty.

Both, during the awake state and during sleep,
nasal breathing is the natural physiological route
for breathing [3, 4]. Under normal circumstances,
less than 10% of humans breathe through their
mouth. The nose is our major portal for inspired
air, and nasal pathology is responsible for caus-
ing significant disturbance of inspirational air
flow [5, 6]. With this in mind, many people and
physicians likewise assume that nasal pathology
also plays a significant role in the pathophysiol-
ogy of sleep-related breathing disorders (SDB).

In addition, many patients suffering from
acute or chronic impairment of nasal breathing
report a subjective deterioration of their individ-
ual sleep quality with consecutive daytime symp-
toms such as fatigue, sleepiness and lack of
concentration. This in turn leads to many rhinolo-
gists having to face expectations from their
patients that improvement of nasal obstruction
not only solves their daytime nasal symptoms but
also reduces the severity of SDB and the effects
on their daily routines.

This chapter focusses on the relationship
between nasal obstruction and sleep quality, as
well as on the relationship between nasal obstruc-
tion and severity of SDB.
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Pathophysiology

Nasal Breathing During the Awake
State

In the awake state, about 50-60% of the resis-
tance of the complete upper airway is allotted to
the nose [7]. This means the largest component of
the entire upper airway resistance is located in
the nose. As stated above, the nose can be
regarded as the physiological breathing path. In
healthy, awake and upright sitting subjects, as
much as 92% of the entire airway resistance was
found in the nose and only 8% in the oral section
of the upper airway [8].

The body position has a considerable influ-
ence on nasal resistance. Nasal resistance (Rn)
increases if the body position changes from sit-
ting to supine. A shift as little as 10° leads to a
significant alteration of Rn. These changes were
even more clearly seen in patients with allergic or
acute rhinitis as compared to a control group [9].

Nasal Breathing During Sleep

In comparison to being awake, nasal resistance
(Rn) does not change if the subject falls asleep
[10], but the entire upper airway resistance
increases distinctively. This implies an increased
airway resistance within the pharyngeal sections
of the upper airway. In fact, during sleep, the
largest contributor to total upper airway resis-
tance is located in the pharynx. In other words,
the most significant change of the entire upper
airway resistance, whilst falling asleep, occurs in
the pharynx and not the nose.

How Can Nasal Obstruction Promote
Upper Airway Collapse?

This important question has several hypotheses
and is still open to debate. Currently, there are
four possible theories.

Starling Resistor
An increase in nasal resistance (Rn) increases the
total resistance of the upper airway (Rya).

However, during sleep, Rn only represents a
small component of Ry, This infers that changes
in Rn result in relatively slight changes in Rya,

In contrast to the nose, the pharynx lacks bony
or cartilaginous structures to resist the negative
pressure of inspiration. Hence, we can assume
that the pharynx reacts like a Starling resistor. A
higher preload, in terms of an increased Rn,
should create a greater negative pressure that
induces collapse during inspiration, causing
obstruction in the weakest segment of the chain,
namely the pharynx.

Investigations with unilateral nasal dressings
were able to provoke some obstructive apnoeas in
non-OSA patients, but the effects were not
enough to induce clinically significant obstruc-
tive sleep apnoea [11-13].

The effects of temporary nasal obstruction
were investigated in subjects with seasonal aller-
gic rhinitis as a more natural, physiological
model. Polysomnographic data showed signifi-
cantly more obstructive breathing events during
the allergic season as compared to the period out-
side of the allergic season [14]. However, whilst
the effect was statistically significant, the change
in absolute values was not strong enough to
induce clinically significant OSA (apnoea index:
0.7/h versus 1.7/h).

In conclusion, if we consider the background
of reported published data, we can assume that
partial nasal obstruction may worsen pre-existing
OSA or annoying snoring. However, based on
current evidence, partial nasal obstruction is most
unlikely to represent a major factor in the patho-
genesis of OSA.

Increase in Oral Breathing
When the nose is completely blocked there is an
automatic switch to oral breathing. It has been
demonstrated that, in healthy subjects, the critical
collapse pressure (Pcrit) during sleep is signifi-
cantly reduced by blocking both nares with a
dressing [15]. A decreased Pcrit in turn increases
the likeliness of airway obstruction. In other
words, increased oral breathing destabilizes the
upper airway.

A similar study showed the upper airway
resistance to increase significantly for oral com-
pared with nasal breathing [16]. Two out of ten
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healthy subjects developed clinically significant
OSA whilst their noses were completely
occluded, but the other eight subjects showed
little or no change in their polysomnographic
data [17]. The evidence suggests that the change
from nasal to oral breathing results in clinically
notable consequences a subgroup of patients
(20% in the before mentioned study), whilst the
majority of patients do not show any significant
clinical effects. It may be surmised that this par-
ticular subgroup already had pre-existing sub-
clinical SDB, even with an open nasal airway.

Loss of Nasal Reflexes
Trigeminally mediated nasal reflexes are crucial
to maintaining nasal patency. Several studies
show that the application of local anaesthesia to
the nasal mucosa induces a combination of cen-
tral and obstructive apnoeas [18, 19]. White et al.
described transient, severe OSA after local anaes-
thesia in the nose in three out of ten healthy sub-
jects, whilst seven patients did not show any
change in their sleep parameters. When the local
anaesthetic was replaced by a placebo, none of
the subjects developed transient OSA.

In addition to this, there seems to be a sub-
group of patients in whom nasal reflexes play an
important role in maintaining airway patency.

Nitric Oxide (Nitrogen Monoxide: NO)

Nitric oxide (NO) is produced in a significant
quantity within the nose and the paranasal
sinuses. Nitric oxide reaches the lower parts of
the airway with the nasal inspirational airflow
[20]. NO is a bronchial dilator, thereby increas-
ing oxygen saturation of arterial blood [21].

In addition to enhancing oxygenation, NO has
several other significant effects that include
maintaining muscle tone, the neuromuscular con-
trol of the pharynx, the respiratory drive and the
regulation of sleep.

To our knowledge, a thorough, comprehensive
analysis of the role of NO in the pathogenesis of
sleep-disordered breathing does not exist.

In summary: Nasal obstruction seems to be
associated with snoring and apnoeas. However, a
direct correlation between nasal obstruction and
the severity of SDB has not been demonstrated
[22]. Currently, this implies that the nose adds

very little to the severity of obstructive sleep
apnoea (OSA).

Clinical Results

The following data is based on two meta-analyses
(published in German and English), which form
the basis of the German S2E guideline ‘ENT-
specific therapy of obstructive sleep apnea in
adults’ [23] and the German S3 Guideline ‘The
diagnosis and treatment of snoring in adults’
[24]. These guidelines only include studies inves-
tigating nasal interventional treatments, and
excludes interventions that do not include the
nose. Whilst the chapter does not include all of
the references within the guidelines, the list
includes more recent, additional references.

Effects of Conservative Treatment

Medication

In a recent meta-analysis, that included 58 RCTs,
medication had no significant effect on the sever-
ity of OSA in adults [25]. Altogether, a respect-
able 44 drugs and drug-combinations were
investigated. The medications could be classified
into seven pathomechanism groups, but none of
these focused on nasal obstruction.

The above-mentioned German guidelines
include two case—control series with only 22
patients. These two series focused on the effect of
nasal decongestion (with xylometazoline) on
sleep in patients with OSA. Neither study show
any effect on the severity of sleep apnoea, but one
report described a subjective improvement in
sleep quality.

Anti-allergic Treatments

Topical nasal corticosteroids improve both sub-
jective and objective quality of sleep in adults
with allergic rhinitis. The degree of improvement
significantly correlates with the width of the
nasal airway. Two randomized controlled trials
(RCTs) demonstrated a statistically significant
reduction of the apnoea—hypopnea index (AHI)
after treatment topical steroids for several weeks
but use of a placebo showed no effect. However,
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the effect was limited to a decrease of 10-20% of
the pre-treatment baseline AHI.

In a recent Cochrane review of children with
OSA [26], five RCTs were identified (three using
topical steroids and two based on Montelukast).
All studies could show the superiority of verum
versus placebo with regard to objective polysom-
nographic parameters including AHI, oxygen
desaturation index (ODI), respiratory arousal
index and nadir oxygen saturation. Again, whilst
these effects are highly significant, in most cases
they are not sufficient to achieve cure of the
underlying OSA. Another meta-analysis [27],
including five RCTs (Montelukast with or with-
out additional topical steroids), describes the
same effects in a total of 166 children.

It is therefore clear from the present data that
anti-allergic treatments can decrease the severity
of OSA. However, one question that is left unan-
swered in our knowledge is the duration of these
effects once the anti-allergic treatment is stopped.

Nasal Dilators

These can be divided into external (plasters) and
internal nasal dilators (Fig. 10.1). The question as
to whether nasal dilators affect the severity of
OSA has been considered by probing two meta-
analyses. The German guideline [23] included
data of 194 patients (11 studies) under this cate-
gory. The more recent meta- analysis [28]
included 147 patients (9 studies). Both meta-
analyses were unable to demonstrate any signifi-
cant effects of nasal dilators on OSA severity.

Fig. 10.1 Internal nasal dilator

Howeyver, two individual studies within the con-
sidered papers provided additional information
on subjective outcome: both studies demon-
strated significant benefit from the nasal dilation
in reducing daytime sleepiness, although the
objective AHI remained unchanged.

The effect of nasal dilators on simple snoring
has also been considered. Several clinical trials
reported nasal dilators having a positive effect on
simple snoring [24]. The German guideline rec-
ommend a trial with a nasal dilator for the treat-
ment of simple snoring. Trial data has shown that
a positive effect from using nasal dilators during
sleep can predict the likely effect from nasal sur-
gery. In our unit, we use nasal dilators in this
manner in our daily practice, with relatively good
results.

Results of Surgical Intervention

Nasal Surgery for OSA

The meta-analysis conducted for the German
guideline identified 28 studies, including 717
patients, having isolated nasal surgery for the
treatment of OSA. All studies provided pre- and
post-operative polysomnographic data. A further
four articles on this topic have since been identi-
fied [29-32]. With the exception of five studies,
27 papers were case series with a low grade of
evidence (Table 10.1 summarizes the data). On
collating the data, the average AHI was reduced
from 30.5 to 27.9 breathing events per hour of
sleep. Only 7 out of 32 studies described a statis-
tically significant decrease of the AHI. These
findings are consistent with data that shows that
additional nasal surgery does not improve the
success rates of multi-level surgery concepts for
treating OSA [33]. It is therefore clearly apparent
that it is not possible to successfully treat OSA in
the vast majority of patients by only performing
nasal surgery. Further reviews come to the same
conclusion [6, 34, 35].

In contrast, focusing on subjective outcome
parameters for nasal surgery, it has a huge impact
on the patient’s well-being. Altogether, data from
16 studies (446 patients) concerning daytime
sleepiness, as assessed by the Epworth Sleepiness
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Scale (ESS; Table 10.1), shows that the mean
ESS values decreased from 11.0 to 7.0. Similar
results are shown by a meta-analysis from Li and
colleagues [34].

Several other studies demonstrate significant
improvements to other parameters and dimen-
sions of quality of life. The Patient Related
Outcome Measure (PROMS) tools used include
the ‘Snore Outcome Survey’ [36], the ‘SF-36
[37], the NOSE-questionnaire [38], the Pittsburgh
Sleep Quality Index [32] amongst various other
outcome measure tools.

In summary, isolated nasal surgery rarely com-
pletely eliminates OSA, but more recent studies
show at least a limited effect on OSA severity.
However, nasal surgery has various positive
effects on the sleep quality. As patients with OSA
often suffer from non-restorative sleep, many
patients will benefit from nasal surgery. Our per-
sonal belief is that this fact is too often neglected.

Nasal Surgery and PAP

Nasal surgery has been shown to improve or even
enable necessary PAP-treatment in patients with
various nasal pathologies [39, 40]. Current data
shows that the effective level of positive airway
pressure can be successfully reduced by about
2 cm H,O following nasal surgery (Table 10.2).
However, the data sets are from non-controlled
case series and should therefore be regarded as

preliminary. Future scientific results may well
change this assessment.

Nasal Surgery and Simple Snoring
The work on the German guideline on snoring in
adults [24] identified a number of case—control
series, whereby the follow-up period was gener-
ally 6 months. A retrospective study compared
septoplasty and turbinoplasty with other surgical
procedures for simple snoring, and found the for-
mer to be effective in significantly improving
subjective snoring intensity. Prospective case—
control series have also demonstrated the positive
effect of septoplasty as the only procedure on
subjective, but not objective, snoring intensity.
The results of the above-mentioned studies
suggest that a surgical improvement in nasal air-
flow leads to a subjective reduction in snoring.
Not surprisingly, possible side effects and compli-
cations of the procedure do not differ from nasal
surgery for a primary rhinological indication.
Against the background of data, the German
guideline suggests that nasal surgery should be
offered to patients with objective nasal pathology
combined with a subjective nasal breathing
impairment. Due to a lack of evidence, a state-
ment cannot be made on the effectiveness of nasal
surgery in snorers with no subjective nasal breath-
ing impairment but objective nasal pathologies.
Maybe nasal surgery can help in these cases, too?

Table 10.2 Effect of isolated nasal surgery on effective PAP (positive airway pressure)

CPAP pre CPAP post

Autor N (cm H,0) (cm H,0) p-Wert EBM
Mayer-Brix J et al. 3 9.7 6 No data 4
(1989)

Friedman M et al. 6 9.3 6.7 <0.05 4
(2000)

Dorn M et al. (2001) |5 11.8 8.6 <0.05 4
Masdon JL et al. 35 9.7 8.9 n.s. 4
(2004)

Nakata S et al. 5 16.8 12 <0.05 4
(2005)

Zonato Al et al. 17 124 10.2 <0.001 4
(2006)

Sofioglu M et al. 28 11.2 10.4 n.s. 4
(2012)

Poirier J et al. (2014) |18 11.9 9.2 n.s. 4
Total 117 11.2 9.4 C
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Conclusion

In the healthy awake subject, the nose contributes
up to 60% of the normal airflow and plays a sig-
nificant role in the total resistance of the upper
airway. However, during sleep, the pharyngeal
sections of the upper airway become the predom-
inant factor. This is why the nose does not signifi-
cantly change its resistance during transition
from awake to sleep, whilst the resistance of the
pharynx considerably increases, thus increasing
the overall total airway resistance.

From the evidence base, it is not surprising
that the relief of nasal obstruction hardly affects
the severity of OSA. Simple snoring, however,
does improve to some extent. Patients suffering
from allergic or acute rhinitis should benefit from
anti-allergic treatment.

In contrast to the relatively discrete objective
changes in respiratory parameters, the benefit of
nasal surgery regarding the quality of sleep and
daytime symptoms, and hence quality of life, is
impressive. These subjective improvements
apply to patients with sleep disordered breathing
disorders as well for sleep-healthy subjects.

In this respect, we should consider including
sleep disorders caused by impaired nasal breath-
ing into the international classification of sleep
disorders. At present, this clinical scenario is not
included nor mentioned.

In conclusion, treatment of nasal obstruction
should be considered for patients suffering from
subjectively impaired nasal breathing or those
with significant daytime fatigue that cannot be
successfully treated otherwise.

Working Examples of Clinical Scenarios

Case 1: Presentation and Management

A 54-year-old man with: BMI 32.5 kg m~2; ESS
12; PSQI 6; AHI 28.9; supine: AHI 38.0; non-
supine: AHI 20.5.

Significant nasal obstruction due to septal devia-
tion and enlarged conchae.

Tonsillar hypertrophy (Brodsky Grade 3), long
uvula, webbing 8 mm (Fig. 10.2).

Small lingual tonsils (Friedman 1). Regular epi-
glottis (Fig. 10.3).

Non-compliant to PAP treatment.

Fig. 10.2 Case 1. Enlarged uvula and tonsillar hypertro-
phy (Brodsky Grade 3)

Fig. 10.3 Case 1. Small lingual tonsils (Friedman 1).
Regular epiglottis

Factors to consider:
The options

e The nasal obstruction can be resolved by nasal
septoplasty and reduction of inferior turbinates.

e The pharyngeal obstruction can be resolved
by uvulopalatopharyngoplasty in combination
with tonsillectomy. We usually perform radio-
frequency treatment of the base of tongue in
addition, as this combination does not increase
post-operative morbidity and is likely to have
an additional positive effect on the clinical
outcome of OSA.

The management plans

e We usually avoid performing nasal and pha-
ryngeal surgery at the same time. Combining
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both operations would incur much greater
post-operative risk and morbidity.

* We would recommend performing the nasal
surgery first.

e Following nasal surgery, we offer a new trial
with PAP. Effective and successful nasal sur-
gery is likely to improve both the effectiveness
and tolerance of PAP.

e Should PAP still be problematic for the patient
or something that they would prefer not to use,
we would then recommend pharyngeal sur-
gery as described above.

* Nasal surgery can substantially improve sleep
quality and daytime symptoms. This may lead
to difficulty in convincing some patients that
they still have sleep apnoea that requires inter-
ventional treatment. We therefore recommend
further sleep studies in such patients.

Case 2: Presentation and Management

A 48-year-old woman: BMI 35.5 kg m~2; ESS 7;
PSQI 4.

She had severe septal deviation and chronic rhi-
nosinusitis with large nasal polyps.

She was successfully treated with PAP.
Sinonasal ~ surgery  was  therefore
recommended.

Factors to consider:

not

e The combination of OSA, general anaesthesia
and nasal surgery is associated with increased
perioperative risk and is only recommended
when necessary.

e Sinonasal surgery in patients with moderate to
severe OSA is always preformed as an
inpatient.

e The anaesthesiologist should be experienced
and informed about the presence of OSA prior
to surgery.

*  We try to manage these patients without nasal
dressings wherever possible.

Post-operative care

e Postoperatively, patients with moderate to
severe OSA (AHI >20) are monitored for 4 h
in the recovery room. Complications will typi-
cally occur within the very first few hours fol-
lowing extubation.

e Patients with complications are monitored
overnight in an intermediate care unit.

» Patients are otherwise managed overnight on a
regular ward.

Key Learning Points

* Nasal obstruction seems to be associated with
snoring and apnoeas.

e Evidence suggests that the nose adds very lit-
tle to the severity of obstructive sleep apnoea
(OSA).

e Medication has no identifiable effect on the
severity of sleep apnoea, but subjective
improvement in sleep quality may occur.

* Anti-allergic treatments can decrease the
severity of OSA.

e Meta-analyses are unable to demonstrate any
significant effect from nasal dilators on OSA
severity.

e Nasal dilators have a positive effect on simple
snoring.

e OSA cannot be successfully treated in the vast
majority of patients by only performing nasal
surgery.

* Nasal surgery has various positive effects on
the sleep quality.

e Nasal surgery has been shown to improve or
even enable necessary PAP treatment in
patients with various nasal pathologies.

e Septoplasty as the only procedure is effective on
subjective, but not objective, snoring intensity.
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The Nose and the Effects
of SARS-CoV-2 Pandemic

Carl Philpott

Introduction

The severe acute respiratory syndrome coronavi-
rus 2 or SARS-CoV-2 (CoV-2) is the coronavirus
strain that surfaced in China at the end of 2019,
hence the name COVID-19 (Coronavirus Disease
2019). However, it was in 2020 that COVID-19
became a global pandemic and although this was
declared by the World Health Organization
(WHO) on 12 March 2020, it was not until 1
month later on 17 April that the WHO declared
recent loss of smell and/or taste as an official
symptom of the infection in addition to the two
previously recognised symptoms of cough and
fever. In the United States, the Centre for Disease
Control and Prevention had already taken this
step, yet in the United Kingdom, Public Health
England waited until 19 May to make the same
declaration.

Why did this declaration matter? Aside from
the obvious opportunity to appropriately isolate
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those infected with COVID-19, it is also raised
an awareness that in some cases, loss of smell
was in fact the only symptom of the infection and
furthermore in some people, virus was being
shed from the nose in otherwise asymptomatic
individuals.

Olfactory dysfunction has long been recognised
as a sequela of viral upper respiratory tract infec-
tions including those caused by members of the
coronavirus family, but the pattern of rhinological
symptoms that include olfactory dysfunction have
been observed to differ in COVID-19 compared to
previous respiratory virus manifestations.

This chapter will explore the current evidence
behind the purported pathophysiological mecha-
nisms that have seen two-thirds of COVID-19
infections involve olfactory dysfunction and left
an estimated 8.2 million people globally with
persistent olfactory dysfunction (as of 12 April
2021) (Fig. 11.1).
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Fig. 11.1 Physical and genome structure of SARS-CoV-2. (a) Diagram of the SARS-CoV-2 virion. (b) Genome organ-

isation and proteins with known or unknown functions [1]

Evidence from Coronavirus
and SARS-CoV-1 (Before
the Pandemic)

SARS-CoV-2 is a member of the Coronaviridae
family of enveloped, single-stranded, positive-
sense RNA viruses and sits within the
Betacoronavirus genus along with the original
SARS and Middle Eastern Respiratory Syndrome
Coronavirus (MERS-CoV) [2]. Typically, these
viruses produce upper respiratory tract symptoms
much as any other common cold virus would. It
is the Spike protein (S glycoprotein) that is pres-
ent on the viral surface that facilitates entry into
respiratory tract cells. The virus infects these
cells by changes to its shape configuration as it
interacts with the ACE2 protein on the target cell
surface; cleavage of the S-protein by the protease
TMPRSS2 and possibly other proteases will
enable this event to occur. The target cells are
principally the goblet and ciliated cells of the
nasal cavities and type II pneumocytes in the
lower airways.

It was in 2002 that the coronavirus last caused
an epidemic when SARS-CoV emerged in south-
ern China. The result was that over 8000 people

in 26 countries became infected with an esti-
mated 800 deaths. On this occasion the virus was
believed to have originated in bats and transferred
to humans via mammals of the Paguma family
known as palm civets. The result in humans was
a viral pneumonia leading to respiratory distress,
but on this occasion, as was the case with the
MERS epidemic, olfactory dysfunction was
rarely reported, suggesting that both viruses did
not elicit the same affinity for the nose as has
been seen with SARS-CoV-2 [3].

However, the lack of olfactory dysfunction in
SARS-CoV-1 and MERS is not the whole story,
as evidence had also emerged of the coronavirus’
ability to be neuroinvasive [4], thus suggesting
the potential for it to wreak its havoc in a differ-
ent manner than just local inflammation in the
nose.

The Emergence of SARS-CoV-2

As the world watched on, China suffered an out-
break of SARS-CoV-2 as it emerged from the
Wuhan province in December of 2019. By March
2020, it had engulfed the globe and had resulted
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in a declaration of a pandemic by the World
Health Organization. Whilst the early reports of
symptoms within the Chinese outbreak showed
that smell and taste loss were only present in
about 5% of the population, data emerging from
Italy and Iran was clearly showing a different pic-
ture in the European populations. It was the
United States through the Centre for Disease
Control (CDC) that first declared anosmia as a
diagnostic symptom of the virus, with WHO
soon following suit, but in the United Kingdom,
it was not until May 2020 that the government
formally recognised it. By then many ENT spe-
cialists had seen the clear emergence of olfactory
dysfunction, namely in the form of sudden onset
anosmia. Data quickly accumulated in many
countries and in European populations, a preva-
lence of approximately 60% was emerging [5]
and with the formation of the Global Consortium
for Chemosensory Research, international data
demonstrated that smell loss was occurring early
in the pandemic without significant correlation to
other rhinological symptoms [6]. In some cases,
it became apparent that anosmia was in fact the
only symptom in otherwise asymptomatic indi-
viduals [7]. Although some reports of localised
olfactory cleft oedema emerged, questions were
raised as to what the exact mechanism of effect of
SARS-CoV-2 was in the nose, especially with the
observation that 85-90% of those affected by the
sudden onset of anosmia were regaining their
sense of smell with 3—4 weeks of onset.

Pathophysiology in SARS-CoV-2

As mentioned above, it is the interaction between
the spike (S) protein of SARS-CoV-2 and the
angiotensin-converting enzyme 2 (ACE2) protein
on target respiratory cells that allow the virus to
invade the cell through cleavage of the S protein.
The ACE2 protein is commonly expressed in the
respiratory tract and predisposes the cells to viral
invasion [8]. However, within the olfactory epi-
thelium, it is the sustentacular cells that appear to
be most expressive of this protein. So, what does
this mean for the mechanism of inflammation?
(Fig. 11.2).

Viral Affinity for the Nose

In common with many respiratory virus, SARS-
CoV-2 has an affinity for the nose. Studies that
have analysed viral load in those with COVID-19
infection have shown evidence of the highest rate
of viral replication and shedding occurring in the
nasal cavity with a much earlier peak of detect-
able virus (at 4-10 days after infection) as com-
pared to a peak at 15 days after infection in the
lower respiratory tract [10]. This research by Lim
et al. also using viral RNA measurements,
showed that the time taken for the virus to clear
the nose was significantly longer (median
18 days) in symptomatic patients compared to a
median of 13 days in asymptomatic patients. This
was further enhanced by the number of symp-
toms—the more symptoms they had the longer
the time it took to clear the virus. In sputum sam-
ples, viral levels appear to rapidly decrease after
the initial peak and Wang et al. showed a signifi-
cantly higher detection rate of SARS-CoV-2
nuclei acid in nasal swabs compared to oropha-
ryngeal swabs [11], with a longer median dura-
tion of detectable viral nucleic acid from nasal
swabs (25 versus 20 days).

Within the nasal cavity, the gatekeeper to
SARS-CoV-2 entry, the ACE2 receptors are
expressed across the mucosa [12] but not uni-
formly so, with higher expression in the dorsal
region and lower in the ventral region as demon-
strated by Brann et al. [8]. With over 90% of viral
transmission for COVID-19 being due to inhala-
tion of aerosol-generated particles being trans-
mitted via the nasal mucosa (including via the
nasolacrimal apparatus), the nose heralds a potent
site for viral entry through the ACE2 receptors
[13]. So, the nose acts as a potent receptacle and
viral generator before it spreads to the lower
respiratory tract, and it is therefore not surprising
that the olfactory system is highly prone to
becoming embroiled in the infective process.

Neuroinvasion

A German post-mortem study has shown some
key findings [14]; most subjects were found to
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Fig. 11.2 Pathological mechanisms of SARS-CoV-2 in
the pulmonary alveolus. (a) Mode of transmission and
main structural proteins of SARS-CoV-2. (b) Mechanisms
of SARS-CoV-2 infection and pulmonary inflammatory
immune response. ACE2 Angiotensin-converting enzyme
2, Ang Angiotensin, ARDS Acute respiratory distress syn-
drome, ATIR Angiotensin II type I receptor, CASPI
Caspase 1, E protein Envelope small membrane protein,
HE Hemagglutinin esterase, /LI Interleukin 1 beta,

have widespread astrogliosis in all assessed
regions, with an inflammatory response charac-
terised by cytotoxic T lymphocytes being most
pronounced in the brainstem, cerebellum and
meninges. Most notably, SARS-CoV-2 was
detected in half of the brains of the subjects
examined including the cranial nerves and brain-
stem. Furthermore, the presence of SARS-CoV-2
did not correlate with the severity of neuropatho-
logical changes. The limitation of this study was
the small sample of 43 subjects and the limited
clinical data for correlation. Nonetheless, we can
see evidence that SARS-CoV-2 has made it into
the central nervous system, setting up one theory
for a mechanism of action in COVID-19-related
olfactory  (and  gustatory)  dysfunction.
Furthermore, the virus may possibly potentiate
the underlying pathophysiology contributing to
neurogenerative diseases as suggested in another
post-mortem study [15].
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IRAKs Interleukin-1 receptor-associated kinases, M pro-
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Neutrophils, NF-kB Nuclear factor Kappa B, NK Natural
killer cells, NLRP3 Nucleotide-binding domain-, leucine-
rich repeat-containing receptor, pyrin domain-containing
3, RNA Ribonucleic acid, S protein Spike protein,
TMPRSS2 Transmembrane serine protease 2, TRAF6
Tumour necrosis factor receptor-associated factor 6 [9]

However, in a detailed review of mechanisms
of anosmia during COVID-19 by Butowt and
Bartheld [16], four key mechanisms for entry of
SARS-CoV-2 into the central nervous system
were proposed (Fig. 11.3):

1. through the olfactory neurons.

2. through the nervus terminalis (cranial nerve
0): Support for the nervus terminalis route is
embedded in the theory that CN O connects to
the hypothalamus and that there was evidence
of SARS-CoV-1 accumulation in the hypo-
thalamus. Of course, this is somewhat contro-
versial given the CN 0 is considered a vestigial
pathway in post-foetal life. In lower mammals,
CN 0 is considered to be part of the vomerona-
sal organ, connected to accessory olfactory
bulbs and involved in pheromone signalling.

3. through the CSF: CSF drainage through lym-
phatics in the cribriform plate give some cre-
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Fig. 11.3 Four potential routes of SARS-CoV-2 virus
from the nose to the brain through the cribriform plate: (a)
olfactory circuits, (b) nervus terminalis, (¢) cerebrospinal

dence to this theory but with the direction of
CSF flow, this seems less likely.

4. through a vascular route: The vascular route is
supported by evidence of extracellular bulk
flow within cerebral vessel perivascular spaces
potentially aided viral transportation [17].
Another group have additionally suggested
that as vascular pericytes in the olfactory path-
ways express ACE2, they provide a further
pathway for neuroinvasion of SARS-CoV-2.

Olfactory Epithelium

The above mechanisms suggest a sobering poten-
tial for SARS-CoV-2 to access all areas in the
central nervous system, but perhaps for many, the
problem is confined to the olfactory epithelium?
A leading theory on the key mechanism of
action has been that the sustentacular cells, hori-
zontal basal cells, and Bowman’s gland cells in
the olfactory epithelium express genes that code
for both the TMPRSS2 protease and the ACE2
receptor, based on evidence produced by several
research groups as summarised by Butowt and
Bartheld [16]. This access portal for the virus into
these cells may lead to a disruption of the turn-

CVOs
OB

fluid, (d) vasculature. BS  Brainstem,
Circumventricular organs, HY Hypothalamus,
Olfactory bulb, OF Olfactory epithelium [16]

over of olfactory receptor neurons (ORNs) as
well as their functionality and thus result in the
symptom of anosmia.

This viral-induced inflammatory event in the
epithelial layer will create an architectural distur-
bance and may explain why there have been
some case reports of imaging showing localised
olfactory cleft oedema; it is perhaps the rapidity
of the infection at this site that may result in the
sudden onset of the anosmia perceived by those
affected and also account for why 85-90% expe-
rience spontaneous resolution (Fig. 11.4).

Recent cellular research by Brann et al. has
analysed data from human and mouse samples to
examine the evidence for SARS-CoV-2 in the
olfactory epithelial layer and olfactory bulbs [8].
Their work demonstrated that genetic expression
of ACE2 and TMPRSS?2 in human sustentacular
cells was comparable to expression in the lower
respiratory tract. In addition, the ORNs and
olfactory bulbs (OBs) failed to demonstrate any
expression of ACE2, thus lending weight to the
theory that it is the non-sensory cells that are
becoming infected.

The authors also broke this down into four
mechanisms by which the SARS-CoV-2 infec-
tion results in olfactory dysfunction:
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Fig. 11.4 Relevant cell layers in the olfactory neuroepithelium and adjacent respiratory mucosa

(a) Cytokine release in these supporting cells
may lead to a conductive block through
inflammation or may even change the func-
tion of the OBs and ORNs;

(b) given the nutrient function of the supporting
cells, there may be an impact on action
potential generation in the ORNS;

(c) the mouse model supports the potential for
death of the ORNs secondary to the damaged
supporting cells;

(d) OB function may be affected by perfusion
and inflammatory disruption caused by vas-
cular damage.

Cytokine storms were highlighted as a key
systemic response to coronavirus infection with
the ‘inflammatory soup’ considered to include
IL-2,1L-7,IL-10, TNF-a, MCP1, G-CSF, MIP1a,
CXCL10, CRP, D-dimers and ferritin [9].

The sustentacular cell damage theory for tran-
sient anosmia has been given support in an ani-

mal model where infection of hamster olfactory
epithelium with SARS-CoV-2 led to massive
infiltration of immune cells. This immune cell
infiltration may have contributed to the desqua-
mation of the epithelial layer; partial restoration
of the latter cell layer was found within 14 days
of infection [18]. The other consideration is that
due to the role of sustentacular cells in the clear-
ance of odour binding proteins, their lack of
function will lead to threshold impairment until
they are regenerated (Fig. 11.5).

Previous research suggests some local varia-
tion in ORN classes, which can affect odour
hedonics, thus what may be affected by this pat-
tern of sustentacular cell disruption is a degree
of odour processing and perception with evi-
dence to support infected individuals finding
certain odours less unpleasant even when appar-
ently asymptomatic [19] (N.B.: Odour hedonics
is distinct from parosmia, which is discussed
below).
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Fig. 11.5 Time course of cellular events that may cause loss of smell and its recovery in COVID-19 patients. Day
0 = day of infection. SuC Sustentacular cell, ORN Olfactory receptor neuron, SC Stem cell [16]

Parosmia

Beyond the initial problem of anosmia, there is
then the clinical spectre of parosmia, which often
appears a few months later. Parosmia is a common
feature of post-infectious olfactory dysfunction,
but do we need to question the mechanism of
action further in COVID-19? A recent review by
Lee et al. proposed that viruses implicated in
olfactory dysfunction may target synaptic plastic-
ity and thus affect interneuronal communications
[20]. They went on further to propose a “Two-Hit
Hypothesis™ that in order for persistent olfactory
dysfunction to occur, the initial viral insult must
indeed be accompanied by this loss of ‘synaptic
plasticity’, citing examples from models in influ-
enza A and respiratory syncytial virus infections
and their impact in the central nervous system.

Previous models of parosmia have considered
peripheral and central theories. The peripheral
theories are favoured by many, as resulting from
knockout of individual ORN function and thus dis-
rupting pattern recognition at the level of the
OB. This may be further exacerbated or perhaps
alternatively explained by incorrect rewiring
between the olfactory epithelium and the OB [21].

The insult on synaptic plasticity has fitted pre-
viously with the observation that those affected
by post-viral olfactory dysfunction are typically
over the age of 40 years. What has been very
notable in COVID-19 is that the mean age of
those affected has been significantly younger
[22], and in fact parosmia is now being experi-
enced by teenagers.

SARS-CoV-2 and Taste

Whilst gustation (taste) is not a nasal function, it
has a common association with smell and needs
discussion here. One of the biggest problems
when discussing the issue of “taste” is the general
understanding of what true taste really means and
how it is used culturally in the English language.
Taste buds in glossal and non-glossal locations
detect the distinct modalities of salt, sweet, sour,
bitter and umami, with some support for the
notion that receptors may exist for ‘metallic’,
‘fat” and ‘water’. In contrast, retronasal olfaction
allows us to detect the odour of food when inside
the mouth. Due to the simultaneous nature of
these experiences, people find it difficult to sepa-
rate gustatory sensations from olfactory ones,
which is not helped by the colloquial suggestion
that we taste food—the French word of degusta-
tion is perhaps a little more distinct; other cul-
tures have many more words to apply.

It has long been witnessed by ENT specialists
that patients will complain of smell and taste dis-
turbances together; however, specialist smell and
taste clinic data show that true gustatory dysfunc-
tion typically only accounts for 1% of all presen-
tations. Furthermore, the correlation between
subjective assessment of the chemical senses and
psychophysical testing is poor.

Set against this, it became evident that com-
plaints of taste loss and disturbance were a fea-
ture of COVID-19. The work of the Global
Consortium  for Chemosensory  Research
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Nerve fibers

Fig. 11.6 Hypothetical SARS-CoV-2 cell entry mecha-
nism in the taste bud and salivary gland. Taste bud (left).
(A) Microvilli of taste sensory cells allow SARS-CoV-2
entry into the cells. (B) Non-ACE2-expressing gustatory
cells are infected through ACE2-positive neighbouring
cells. (C) SARS-CoV-2 directly invades taste receptor
cells via cell surface ACE2 and TMPRSS2 expression.
(D) SARS-CoV-2 neuroinvasion can occur at the neural—

collected subjective responses from over 4000
international respondents and showed evidence
of an overall reduced ability to taste to a magni-
tude of 69 points (scale of 0-100) with distur-
bances in salt, sweet and bitter sensations the
most frequently reported [6]. But has this been a
truly gustatory phenomenon or simply an objec-
tive perception?

In a small study published by Huart et al. [23],
a comparison was made between olfactory and
gustatory function in COVID-19 patients, those
with non-COVID viral chemosensory distur-
bances (post-viral group (PVG)) and healthy
controls. The study showed that gustatory func-
tions, most notably for sweet and bitter tastes,
were significantly worse in COVID-19 patients
compared to PVG cases and controls, suggesting
more than just a retronasal olfactory dysfunction.
How might the pathophysiology of this phenom-
enon work in COVID-19? Taste impairment may
occur at a peripheral level through alteration of
normal taste transduction and cell turnover in
taste buds; at least this has been seen in a mouse
model [24]. The aforementioned cytokine storm
may also lead to induction of damage by pro-
inflammatory cytokines resulting in altered trans-
duction. As the receptors for bitter and sweet are
G-protein coupled receptors (GPCRs) and are
known to play an important role in innate immu-

Excretory
duct

Striated
duct

Intercalated

duct Acinus

mucosal interface by transmucosal entry via regional ner-
vous structures. (a) Type I cell, (b) Type II cell, (c) Type
III cell, (d) basal cell. Salivary gland (right). SARS-CoV-2
initially enters epithelial cells close to the salivary duct
orifice and/or lining salivary gland ducts through ACE2
binding. TMPRSS2 and Furin are also expressed in sali-
vary gland ducts. Secretary cells in acinus are eventually
infected with the virus [25]

nity, it may be possible that they either modify
the expression of function of these receptors or
predispose to COVID-19 infection, with GPCRs
as the common portal for both olfactory and gus-
tatory dysfunction. ACE2 is also expressed in the
taste buds and oral mucosa and much like the sus-
tentacular cell theory for olfaction, it has been
suggested that ACE2-expressing squamous epi-
thelium on the tongue may enable viral access,
which then migrates to the taste buds as the next
step of invasion [25]. As for olfaction, the poten-
tial for CNS invasion may also lead to viral injury
to the nucleus solitarius and thus affecting taste
centrally [26] (Fig. 11.6).

Clinical Applications

As SARS-CoV-2 is a new virus to contend with,
most of the existing evidence for treatment is
based on the wider knowledge base for post-
infectious olfactory dysfunction. At the opening
of 2021, the Clinical Olfactory Working Group
published a review of the literature on treatment
options and their collective consensus on which
treatments they utilise in practice [27]. The review
identified 40 relevant citations including 11 ran-
domised controlled trials. Overall, the consensus
view was an overwhelming recommendation for
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olfactory training with some group members
being in favour of vitamin A drops; the British
Rhinological Society also supported the view that
olfactory training is the key recommendation at
this stage [28]; a trial on Vitamin A drops has
recently commenced (https://rhinology-group.
uea.ac.uk/apollo-trial). A further article by the
group ruled against using systemic corticosteroids
[29]. The Cochrane ENT group are currently
monitoring the emerging evidence through a liv-
ing review, but substantial evidence is yet to
emerge [30]. With parosmia being an increasingly
common phenomenon in COVID-19-related
PIOD (post-infection olfactory dysfunction),
there is certainly a need to see more clinical trials
being undertaken; for now treatments for paros-
mia specifically will be limited to therapeutic
agents such as gabapentin [31], albeit that evi-
dence for PIOD-related parosmia is that it will
improve with olfactory training and is likely to be
self-limiting [32, 33]. So far, it appears that about
10% of those who suffer chemosensory distur-
bances at the acute stage of infection have persis-
tent symptoms beyond 4 weeks, but we do not yet
know the long-term chances of spontaneous
recovery; only that prior knowledge of post-
infectious olfactory dysfunction suggests that one
in three will improve over 3 years [34]. As new
variants emerge, this picture may change and we
have already seen that the Delta variant causes
less olfactory disturbances.

The clinical approach to these patients should
explore the timing of onset including proximity
to any relevant COVID testing and consider spe-
cific questions about the exact nature of what
stimuli are missing. Many patients with COVID-
19-related chemosensory loss describe a rapid
onset. They may then describe a period of appar-
ent recovery before they start to experience par-
osmia. Careful questioning is needed to ascertain
the details of any distortions present and the rela-
tionship of those to the presence or absence of
any odour stimulus, thus discerning parosmia
from phantosmia—start with open questions and
then move to closed questions for clarity. On
occasion, some patients may describe the paros-
mia as a heightened sensitivity to an odour
source because of the revulsion it induces; this is

clarified by the undertaking of psychophysical
testing to determine their overall olfactory
performance.

In general, patients find it difficult to separate
retronasal olfaction that contributes hugely to fla-
vour perception, from true gustatory function
such as the detection of the salt, sweet, sour, bit-
ter and umami components of food and careful
direct questions are needed to elicit this and to be
certain which component is being considered.
Ultimately, clinical assessment after the acute
phase of infection is needed using standardised
psychophysical tests such as the Sniffin’ Sticks
or UPSIT for olfaction and taste strips for gusta-
tion, as the correlation between subjective assess-
ment and pseudo-objective assessment with such
tests is generally poor [35].

Conclusion

This chapter has outlined various potential mech-
anisms for chemosensory dysfunction in COVID-
19-affected individuals. It is clearly an evolving
area, where new information on the epidemiol-
ogy and pathophysiology of SARS-CoV-2 is con-
tinually forthcoming. It is likely that our outlook
on this virus and how to manage its chemosen-
sory consequences will change over time but may
hopefully provide an impetus to develop new
treatments for post-infectious olfactory dysfunc-
tion going forwards.

Key Learning Points

e Although more is to be understood about the
pathophysiology of chemosensory dysfunc-
tion following COVID-19 infection, it is likely
that the process does not involve direct inva-
sion of olfactory sensory neurones.

e It is possible that COVID-19 has a direct
impact on true gustatory function but the evi-
dence is uncertain.

e Parosmia is a key symptom experienced by
half of those with persistence of olfactory dys-
function at 6 months.

e Smell training is the key therapeutic strategy
until further trials are conducted for
treatments.
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Clinical History
Presenting Complaint

There are five predominant rhinological-
presenting complaints that are often associated
but can, on occasion, appear in isolation: nasal
obstruction or congestion, epistaxis, rhinorrhoea,
facial pain and olfactory dysfunction.

Nasal Obstruction

Nasal obstruction may be described in a variety
of ways by the patient. They may complain of
stuffiness, congestion, partial blockage or com-
plete obstruction and these symptoms may be
permanent, fluctuating or progressive.

In patients presenting with nasal obstruction, it
is pertinent to determine laterality, timing and
associated precipitating features. Whilst unilateral
and bilateral nasal obstruction suggest an anatomi-
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cal or pathological obstruction to airflow, alternat-
ing obstruction often indicates inflammation of the
sinonasal mucosa however understanding of the
normal nasal cycle needs to be appreciated in such
patients. Seasonal changes and precipitating fac-
tors such as exposure to smoke or pets suggest an
association with environmental allergens.

Epistaxis

Epistaxis predominantly presents in the acute or
semi-urgent setting. The location of bleeding
right/left and anterior/posterior is key in the sub-
sequent management of the condition. Potential
precipitants such as digital trauma, recent rhini-
tis, anticoagulant prescriptions and/or intranasal
drug use should be explored.

Rhinorrhoea

Rhinorrhoea or postnasal drip is predominantly
made up of water with a small amount of mucin.
Symptoms from nasal discharge occur when mucus
is produced in excessive amounts or the quality
changes to become too viscous or glue-like. It is
helpful to ascertain both the consistency and colour
of mucus discharge: green-yellow mucus occurs
with mucus stasis or infection. Mucus stasis leads
to crusts within the nasal cavity.

Discharge may be unilateral or bilateral
according to the underlying cause. Acute unilat-
eral discharge in children is commonly a feature
of a nasal foreign body.
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Facial Pain

Facial pain possesses numerous aetiologies that
are not sinogenic in origin. As such it is important
to adopt a holistic approach to patients primarily
presenting with this symptom. In acute rhinosi-
nusitis the associated pain, if it is present, is often
unilateral, severe and associated with a fever,
whereas chronic rhinosinusitis is not frequently
associated with facial pain.

Olfactory Dysfunction

Olfactory dysfunction is a broad term that includes
anosmia (complete loss of smell), hyposmia
(reduced olfactory function), parosmia (qualitative
dysfunction in the interpretation of an odour) and
phantosmia (sensation of smell without stimuli).

This symptom is often categorised as either
conductive (blockage or obstruction of odorant
transmission to olfactory epithelium), sensori-
neural (damage or loss of olfactory neuro-
epithelium) or central (loss of the central
olfactory-processing pathways).

Change in sense of smell is often associated
with an alteration in flavour perception. When
food enters the oral cavity, the odours are sensed
via retronasal olfaction in the nose, which pro-
vides depth to its flavour. If there is a defect in the
pathway preventing the odours from reaching the
olfactory-processing centres, then patients will
often complain in changes in flavour. Strictly
speaking, change in flavour perception, through
retronasal olfaction, is a separate entity to change
in taste (ageusia), which is governed by the tongue
(sweet, sour, bitter, salty, umami) via the facial
and glossopharyngeal nerves.

Triggering Factors

It is important to cover alleviating and precipitating
factors when discussing rhinological complaints.
The nose and paranasal sinuses are exposed to envi-
ronmental and occupational irritants, which can
trigger or worsen rhinitis or nasal inflammation.
Associated allergic symptoms, such as sneezing,
epiphora and a seasonal variation may point towards
an allergic aetiology. Relationships with weather
changes, viral infections, food and drink (especially

hot or spicy foods and alcohol), hormonal changes
(during menstruation or pregnancy) or gastro-
oesophageal reflux disease can also point towards
triggers for a non-allergic rhinitis.

Past Medical History

There are numerous associated medical conditions
that can exhibit rhinological sequelae and as such it
is important to explore these conditions when
assessing patients in clinic. Table 12.1 sets out
some of the most common systemic medical condi-
tions with their associated rhinological complaints
and the pathophysiological pathways behind them.

It is clear from the table that patients often
present with a constellation of symptoms which
highlights the importance of understanding of
other aspects of the disease assessment including
timing, associated symptoms and the subsequent
examination and investigations [1].

Social History

Due to the inhalational nature of both legal and
illegal social drug, it is important to tactfully
approach these areas with patients as it often may
be the precipitant or significant contributor to
their presentation.

Smoking

Significant negative associations have been demon-
strated between smoking (pack years) and olfactory
function when adjusted for the patients age. There
have also been links demonstrated in older age
groups (>40 years old), with smoking and CRS.
Pathological changes on histology have been
demonstrated on biopsies of the nasal mucosa
including loss of cilia, columnar cells, mucosal
oedema, reduced goblet cells, hyperplasia of
seromucous acini and vascular congestion.
However, stopping smoking has been proven to
reverse these changes and as such appropriate
advice regarding cessation services, including
counselling and pharmacological products.
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Table 12.1 Presenting features and pathophysiology of associated medical conditions

Condition ‘ Presenting features ‘ Pathophysiology

Respiratory

Asthma Nasal polyps: part of Samter’s triad — Associated with dysregulation of type 2
or Aspirin Exacerbated Respiratory inflammation (usually functions to
Disease (aspirin hypersensitivity, defend the body against helminths)
nasal polyposis and asthma)

Cystic fibrosis Nasal obstruction (80%) — Mutations of the cystic fibrosis

Rhinorrhoea (>50%)
Olfactory dysfunction (25%)
Nasal polyps (7-48%)
Protrusion of lateral nasal wall

transmembrane conductance regulator
(CFTR), which leads to viscous
secretions of the upper and lower
airways

Primary ciliary

Nasal obstruction (50%) often seen

— Several largely autosomal recessive

dyskinesia in post-natal period conditions with more than 20 genes
Polypoidal disease (up to 100%) described
Mucopurulent rhinorrhoea — Abnormality of beating respiratory cilia
leading to impaired mucociliary
clearance
Mucosal
Hereditary Up to 98% of patients will — Autosomal dominant condition with
haemorrhagic experience epistaxis variable penetrance
telangiectasia (HHT) Causes mucocutaneous —  Most common defect in ENG and
telangiectasia ACVRL 1 genes
Rheumatological
Eosinophilic Often nonspecific; epistaxis, — Pathophysiology of allergic angiitis and
granulomatous obstruction, crusting, olfactory granulomatosis unknown, has allergic,

polyangiitis (eGPA)

impairment, rhinorrhoea
Associated asthma

eosinophilic and vasculitic phases
— Fluctuating (C-) ANCA with
predominant (PR)-3 specificity

Granulomatosis with
polyangiitis (GPA)

Nasal mucosa involved in early
stage of disease

Nasal obstruction (42%)
Rhinorrhoea (37%)

Olfactory dysfunction (13%)

— Multisystem disease with unknown
pathophysiology

Relapsing External deformities, i.e. — Autoimmune disease with infiltrating
polychondritis saddle-nose T-cells and antigen—antibody complexes
Nasal obstruction within affected cartilage
Crusting — Associated cartilage involvement in
larynx (respiratory tract chondritis) and
ears (auricular chondritis) caused by
antibodies to type 2 collagen
Sarcoidosis 1-4% of patients develop sinonasal — Exogenous trigger in genetically
problems susceptible patients of unknown
Chronic and persistent course aetiology
Crusting (up to 90%) — Lungs and lymph nodes commonly
Nasal obstruction (80% of patients) involved
Anosmia (70%)
Epistaxis (20%)
Trauma
Nasal/head injury Nasal obstruction due to internal or — Bony and cartilaginous defects due to

external deformity
Clear rhinorrhoea—CSF leak

trauma

(continued)
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Table 12.1 (continued)

Condition

‘ Presenting features

Pathophysiology

Previous surgery

Septal surgery

Crusting -
Whistling noise on nasal breathing
related to iatrogenic perforations
Ongoing obstruction

Previous septal surgery can result in
external aesthetic changes, saddle-
deformity and septal perforations

Sinus Surgery

Recurrence of sinonasal disease
Iatrogenic injuries

Recurrence of pre-operative -
symptoms -
Clear rhinorrhoea—CSF leak

Dental Surgery

Unilateral nasal symptoms — Dental disease closely related to

unilateral maxillary sinus disease
(impacted roots in upper arches,
oroantral fistula)

Head and neck malignancy

Radiotherapy to head — Nasal obstruction — Damage to mucociliary function due to

and neck — Thick mucopurulent rhinorrhoea cellular damage with associated mucosal
inflammatory reaction

Alcohol oxymetazoline and phenylephrine, are available

Hyper-responsiveness to alcoholic drinks has
been demonstrated in patients with CRS, particu-
larly in those with polyps, with as little as one
unit of ingestion when compared to healthy con-
trols. It is therefore useful to ask patients if their
symptoms are associated with alcohol use [2].

Medication

Several medications have been linked with pre-
cipitating nasal obstruction. Nasal congestion
may be induced by sedatives, anti-depressants,
beta-blockers, anti-hypertensives, oral contracep-
tives and drugs used to treat erectile dysfunction.

Non-steroidal ~ anti-inflammatory ~ drugs
(NSAIDs) such as aspirin and ibuprofen may
cause acute onset severe nasal obstruction, an
acute asthmatic attack, urticaria and gastrointes-
tinal symptoms. The effect is due to a specific
immunological reaction and is now referred to as
Aspirin-Exacerbated ~ Respiratory Disease
(AERD) or NSAID-Exacerbated Respiratory
Disease (N-ERD).

Intranasal Drugs

Nasal decongestant overuse can precipitate rhini-
tis medicamentosa (RM). Medications, such as

over the counter and patients often gain initial
symptomatic relief. Prolonged use, outside of
that recommended by the manufacturer, can pre-
cipitate RM, which is associated with mucosal
hyper-reactivity, associated nasal obstruction and
discomfort [3].

Use of illicit intranasal drug, most commonly
cocaine, can precipitate destructive pathology
such as septal perforations and intranasal mucosal
appearances that mimic vasculitis. This is partly
due to the cutting agents used, such as levamisole
that can trigger an acute vasculitis-like reaction in
some patients. Other drugs, such as heroin, oxy-
codone, hydrocodone and acetaminophen, can
cause similar features when used intranasally [4].

Clinical Examination
External Nasal Examination

Examination of the external nose and the rela-
tionship to facial structures can provide informa-
tion relating to skin integrity, asymmetry and
potential contributors to nasal obstruction.
External examination is perhaps most important
when assessing the aesthetic appearance of the
nose when pursuing both functional and aesthetic
septorhinoplasty.

Inspection of the nose during the consultation
may demonstrate changes with inspiration and
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expiration such as alar collapse. A widened dor-
sum can indicate nasal polyposis and a horizontal
nasal crease suggests allergic rhinitis.

Aesthetics of the Nose and Face
Anthropometrically, the face is divided in to five
horizonal and three vertical portions, with the
nose occupying the central component in each
plane. The nose itself can be divided into vertical
thirds; upper (nasal bones), middle (upper lateral
cartilages, dorsal septum) and lower (nasal tip,
lower lateral cartilages) and each can be assessed
for asymmetry, colour, integrity and deformity.

After assessing the nose from anteriorly a lat-
eral view of the patient’s nose can provide infor-
mation relating to tip rotation and nasal
projection. The majority of studies related to
nasal aesthetic norms are based on Caucasians,
but newer studies are investigating a broader
multi-racial picture. The nasofrontal and nasola-
bial angles are largest in Caucasians followed by
Asian then African populations in both men and
women [5].

Abnormalities of the skin such as prominent
blood vessels, superficial lesions, depressions
should be appropriately assessed and documented.

Palpation of the Nose

Assess the bony and cartilaginous parts of the
nose for integrity through systematic palpation of
each area with the fingertips. Particular attention
should be attributed to the bony—cartilaginous
junction and the integrity of support between
these units of the nose. Note the mobility of the
nasal skin, which is usually thin and freely mobile
over the nasal bones and upper lateral cartilages
but is thick and adherent over the alar cartilages.

Nasal Airflow
Nasal airflow can be assessed by performing the
cold spatula test in both adults and children. A
cold metal spatula is placed horizontally below
the nostril during normal respiration. The con-
densation from moist exhaled air is compared
between right and left airways.

Airflow obstruction at the level of the nasal
valve may be reassessed after distracting the soft

tissues of the alar region laterally to see if this
improves the airway (Cottle’s test).

Internal Examination

Anterior Rhinoscopy

The anterior nasal airway can be seen well with a
head light and nasal speculum to open the nasal
entrance and displace nasal vibrissae. Before
inserting a speculum, the nasal tip should be ele-
vated with a thumb or finger to open the nasal
vestibule. The view is enhanced by gently insert-
ing a Thudichum speculum to spread the skin and
external valve to reveal the internal nasal valve.
The anterior nasal septum, floor of the nose, infe-
rior turbinate can usually be visualised and
assessed for irregularities including mucosal
changes, deviations and exophytic components.

Intranasal Endoscopy

Endoscopy of the nasal cavity can be performed
with both rigid and flexible endoscopes. A 4 mm
diameter 30° or 0° rigid endoscope is recom-
mended but, for diagnostic outpatient assess-
ment, a shorter 3mm diameter rigid endoscopy is
an excellent alternative.

Endoscopy is often well tolerated without top-
ical anaesthetic spray but the spray is reassuring
to some patients and should be considered before
the procedure. Similarly, decongestion is not nec-
essary in all cases but can be a useful adjunct in
congested noses or narrow nasal cavities.

All areas of the nasal cavity should be
assessed. This can often be done by adjusting the
angle of view in the nasal cavity. However, the
three-pass technique is frequently quoted
(Table 12.2). Its main value is to encourage all
areas of the nasal cavity to be examined with the
endoscope. Diagnostic endoscopy should be per-
formed according to access and individual nasal
anatomy, avoiding unnecessary pain or discom-
fort. The authors therefore recommend a more
pragmatic approach to endoscopic examination
where all accessible areas of the nasal cavity are
examined whilst ensuring patient comfort and
avoiding mucosal trauma.
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Table 12.2 Guide to three-pass technique in nasal endoscopy
Procedure | Site View Comments
1st pass Along floor of nose | Inferior turbinate, inferior meatus, Best performed after good
Eustachian tube, nasopharynx decongestion of inferior turbinates
2nd pass | Space between Lateral nasal wall, fontanelles, middle Access may be limited by a narrow
middle and inferior | meatus, anterior ethmoid (uncinate, nose, septal deviation, large concha
turbinates ethmoid bulla), sphenoethmoidal recess, | bullosa, medial displacement of
sphenoid ostia maxillary sinus medial wall
3rd pass | Medial to middle Olfactory cleft Access limited, difficult procedure in
turbinate clinic setting, best performed with a
30° 2.7 mm endoscope
Investigations Serological Tests

Targeted Assessments [1]

Allergy Testing and Endotyping

Assessment of allergens is an important feature in
patients presenting with symptoms of chronic rhi-
nosinusitis (CRS). Identifying seasonal variations
or triggers of symptoms, within a patient’s history,
can point towards an allergic aetiology. Allergy tests
assess a variety of common allergens in an attempt
to identify causative factors but are not exhaustive.

Skin Prick Testing

Skin prick testing is a common and inexpensive
test to identify atopy to aeroallergens. Patients
should have stopped antihistamine medications
at least 72 h prior to the test.

It is performed after the inner forearm is pre-
pared with soap and water or alcohol. A marker
pen is used to separate where allergens will be
applied, in a line along the forearm, at least 2 cm
apart. A drop of each allergen is placed at each of
these marks and a small lancet is placed through
this drop and into the skin. A new lancet is
required for each allergen to prevent cross-
contamination and the excess solution is
removed. The patient is monitored for 20 min,
and the surrounding skin reaction is assessed as
follows.

Weal size (mm) Interpretation

<5 Negative

5-10 Mildly Sensitive

10 Moderately Sensitive
>15 Very Sensitive

There are now a wide range of antigens with spe-
cific IgE tests that can be performed through
venous blood tests. They are particularly useful
in small children, or where skin conditions pre-
clude skin prick testing. Food allergen testing is
particularly useful as skin prick testing may
induce anaphylaxis. Skin prick testing correlates
well with Radioallergosorbent testing (RAST),
provides an immediate result and is less
expensive.

Nasal Allergen Challenges [6]

Challenging the nasal mucosa directly with spe-
cific allergens is only performed by specialist
allergy units. Indications include patients with
persistent allergic rhinitis, intermittent allergic
rhinitis, local allergic rhinitis and occupational
rhinitis. Contraindications include previous ana-
phylaxis, severe cardiopulmonary comorbidi-
ties, pregnancy, systemic immunotherapy,
children under 5 years of age, recent surgery of
the nose or sinuses (in the preceding 8 weeks)
and recent alcohol or tobacco use (within 48 h
of test).

Technique: 0.1 mL of spray is administered
per nostril. Nasal obstruction is assessed by a
combination of a subjective score on a Likert
scale or Total Nasal Symptom Score (TNSS) and
an objective assessment by peak nasal inspiratory
flow (PNIF) or acoustic rhinometry (AcRh).

Markers of Type 2 Endotype
IgE and eosinophils are the current biomarkers
widely used to identify evidence of type 2 disease
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in CRS. These investigations should be considered
in patients presenting with symptoms of CRS to
differentiate between type 2 and non-type 2 dis-
ease. Blood eosinophil levels have been shown to
positively correlate with endoscopic scoring in
patients with nasal polyps, and a serum IgE above
96 kU/L is a poor prognostic indicator in this
patient group.

Vasculitic Screen

A combination of blood tests is recommended to
identify or exclude vasculitic disorders. These
should include a full blood count, renal function,
ESR, CRP, ACE, ANCA screen and myeloper-
oxidase (MPO)/proteinase 3 (PR3) antibodies.

Granulomatosis with polyangiitis (GPA) is
linked and positively correlated  with
c-antineutrophil cytoplasmic antibodies
(c-ANCA). However, cANCA may be negative
during the early phase of GPA and become posi-
tive with disease progression.

Serum angiotensin-converting enzyme (ACE)
is the most widely used laboratory test for sar-
coidosis but an elevated ACE result is non-
specific and should be interpreted with caution.
High ACE levels occur with ACE inhibitor medi-
cations and in a range of disorders, such as dia-
betes mellitus, hepatitis, Hodgkin’s disease,
asthma and COPD, Addison’s disease and hyper-
thyroidism. IL-2R and lysozyme serum tests are
associated with a more aggressive phenotype of
sarcoid.

The diagnosis of both GPA and sarcoidosis is
confirmed by a combination of clinical features,
radiological findings and histology from biopsy
of affected areas.

Olfaction

Olfaction disorders can be assessed by olfac-
tory psychophysical tests such as the Zurich
Smell Diskettes screening test or the more
detailed University of Pennsylvania Smell
Identification Test (UPSIT) or Sniffin” Sticks.
The UPSIT is a validated supra-threshold smell
test that produces a score from a maximum of
40 and is able to discriminate patients with true
anosmia from malingerers. Sniffin” Sticks can
offer a more detailed analysis of smell that

includes smell threshold and discrimination.
Threshold tests require the patient to detect
minimum concentrations of a tested odorant
with increasing concentrations of the smell pre-
sented during the test. The olfactory discrimi-
nation test provides three odours where two are
the same and the patient is asked to identify the
third individual smell.

Intracranial causes of smell disturbance or
anosmia are rare but should always be consid-
ered, and if in doubt, a CT brain or MRI should
be considered.

Microbiology

Endonasal swabs are the most widely used adjunct
when there is evidence of an infective cause on
history or on endonasal assessment. Targeted
swabs of mucopus from the middle meatus have
shown high concordance with specimens taken
from the maxillary sinus, but contamination of the
nasal flora may compound the results.

Nasal Patency

Peak nasal inspiratory flowmetry (PNIF), active
anterior thinometry (AAR) and acoustic thinometry
(AR) are all objective measurements of nasal
patency. PNIF is the most widely used measure that
can be applied to one or both nostrils. It has been
demonstrated to show good correlation with quality
of life after sinus surgery and subjective nasal
patency. It is only able to identify the narrowest part
of the nasal airway but not where this obstruction is.

Biopsy

Biopsies of the nose can be performed under
local or general anaesthesia. This choice should
be based on the location of the area to be sam-
pled, the bulk of tissue required for analysis, risk
of general anaesthesia and patient choice. Biopsy
is required if there is suspicion of malignancy but
can also play a role in diagnosing seronegative
vasculitis conditions. Research is ongoing regard-
ing the role that intranasal biopsy holds in identi-
fying endotypes in CRS.

Urinalysis
Cocaine metabolites can be identified in urine.
Results may be positive for up to 2 weeks post
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drug use and may be useful to confirm that a
patient has stopped cocaine prior to undergoing
surgery.

Areas of Controversy or Uncertainty

The emergence of SARS-CoV-2 (COVID-19)
pandemic has influenced our examination of the
nose and sinuses. The most important means of
viral spread is by aerosols. If the patient coughs or
sneezes, during flexible or rigid nasendoscopy, an
aerosol may be generated. The risk of an aerosol-
carrying virus particles is determined by the num-
ber of covid cases within the community at the
time. Wearing adequate PPE is recommended as a
precaution but will vary according to the perceived
local risk. This is a dynamic situation but it has
focused thinking on the safety of clinical examina-
tion rooms and the importance of ventilation.

Endotyping is an emerging area and further
evidence is required to understand the use of
eosinophilia, IgE and mucosal biopsy in this area.
Endotyping is likely to provide an avenue for tar-
geted CRS treatment and as such these areas of
serological and histological assessment should be
considered.

Key Learning Points

e The assessment of the nose and olfaction
requires a rounded knowledge of the varied
pathology of rhinological disease.

e Targeted history and examination based on the
patients presenting complaint will allow a

tailored consultation and to formulate an
appropriate differential diagnosis.

* Endoscopic examination of the nose is crucial
in the diagnosis of disease.

* A wide range of further tests are available to
assess nasal function and should be employed
when there is diagnostic uncertainty or to
demonstrate  objective results following
treatment.
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Introduction

History and examination are the first step in the
management of all rhinological conditions. Some
conditions are diagnosed and treated on clinical
assessment alone, but it is becoming ever more
important to confirm a diagnosis, formally assess
outcomes and provide evidence of treatment effi-
cacy. Standard treatments for even ‘simple’ con-
ditions, such as septoplasty for a deviated septum,
may fail to improve the patient’s symptoms. It is
therefore vital that we have measurement tools
available with which to obtain both subjective
and objective measures of symptom severity, for
diagnosis and to monitor response to treatments,
both medical and surgical [1].

Some of these tools are widely available,
while others require more specialist equipment
and expertise and are found only in tertiary cen-
tres. Some techniques are still primarily research
tools, but they are important for evaluating out-
comes in clinical trials, and their use may become
more widespread with time.
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Subjective Outcome Measures

Patient Reported Outcome Measures
(PROM:s)

Sinonasal disease has been shown to have a sig-
nificant impact on quality of life (QOL) as well
as general health. Quality of life instruments are
therefore used routinely to assess both the impact
that a condition has upon a patient’s life as well
as the benefit gained by treating it. Such tools can
assess the impact of different treatments and
treatment modalities, which helps patients make
decisions about their own management and as
such are important for patient-centred care.
Quality of life is also a standard outcome mea-
sure in many clinical trials.

There are numerous validated QOL instru-
ments. Questionnaires tend to include different
domains in which patients are asked to rate the
severity of certain symptoms. Some are disease-
specific, others measure more generic health-
related QOL.

Disease-Specific PROMs

Disease-specific PROMs are subjective by their
very nature, but most have been objectively vali-
dated and as such can provide clinically useful
information regarding symptom severity and
control. They are used both clinically and to eval-

149

A. C. Swift et al. (eds.), Contemporary Rhinology: Science and Practice,

https://doi.org/10.1007/978-3-031-28690-2_13


http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-031-28690-2_13&domain=pdf
mailto:joanne.rimmer@monashhealth.org
https://doi.org/10.1007/978-3-031-28690-2_13

150

J. Rimmer

uate outcomes in research. A recent systematic
review identified 15 validated PROMs for chronic
rhinosinusitis (CRS) alone, and more are con-
stantly being designed and tested. Some are vali-
dated specifically for use in children, such as the
Sinus and Nasal Quality of Life Survey (SN-5)

22-Item Sinonasal Outcome Test
(SNOT-22)

The SNOT-22 (Fig. 13.1) has been reported to be
the most reliable of the tools available to measure
outcomes in CRS, as well as being easy to use,
responsive and valid [2]. It is certainly one of the
most widely used, both in clinical practice and tri-
als. Patients rank the severity of 22 symptoms
across five domains using a six-point Likert scale;
the total score ranges from 0 to 110. Three of the
domains are disease-specific, covering rhinologic,
extra-rhinologic and ear/facial symptoms. The
other two domains (psychological and sleep dis-
turbance) assess general health-related quality of
life. The SNOT-22 can be used to assess the
response to medical and surgical treatments. When
the total SNOT-22 score is used, the minimum
clinically important difference (MCID) in CRS is
8.9. The different domains can also be looked at
separately to see which symptoms are more or less
improved by a treatment. Psychometric validation
has shown the SNOT-22 to be reliable and repro-
ducible with excellent discriminant ability.

Nasal Obstruction Symptom Evaluation
(NOSE) Scale

The Nasal Obstruction Symptom Evaluation
(NOSE) scale (Fig. 13.2) is a validated, reliable
and responsive five-item instrument for subjec-
tive evaluation of nasal obstruction [3]. It is quick
and easy to complete. It has been used to measure
improvements in QOL after septoplasty, func-
tional septorhinoplasty and nasal valve surgery.

Skull Base Surgery
The Anterior Skull Base Questionnaire (ASBQ)
was designed and validated for the assessment of

QOL in patients undergoing resection of anterior
skull base tumours. It evaluates 35 items includ-
ing disease-specific issues such as alterations in
smell and taste, epiphora, visual disturbance and
appearance.

The Skull Base Inventory (SBI) is an 11
domain, 41-item questionnaire designed to assess
disease-specific QOL in patients undergoing
endoscopic and open approaches to anterior and
central skull base neoplasms. It was shown to be
reliable and valid on psychometric testing.

Other Disease-Specific PROMs

The mini-Rhinoconjunctivitis Quality of Life
Questionnaire (mini-RQLQ) was adapted from
the 28-item RQLQ and is validated for use in
allergic rhinitis. It includes 14 questions in five
subdomains: activity limitations, practical prob-
lems, nose symptoms, eye symptoms and other
symptoms.

The Rhinoplasty Outcomes Evaluation (ROE)
is a six-item validated questionnaire designed to
assess the physical, mental, emotional and social
domains of rhinoplasty. It is the only QOL instru-
ment designed specifically for rhinoplasty.

Generic Health-Related PROMs

Generic health-related QOL instruments assess
overall physical and mental well-being as well as
functional status and how affected patients are by
a disease. They can be used to compare health
status across different disease states as well as
how that changes with treatment. They can also
be used to evaluate the cost-effectiveness of treat-
ments. However, such instruments are less dis-
criminatory in mild disease and are less sensitive
to changes after some sinonasal procedures such
as septoplasty.

Short Form-36 (SF-36)
The SF-36 measures health status across eight
domains: vitality, physical functioning, bodily
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Sino-Nasal Outcome Test-22 Questionnaire

Below you will find a list of symptoms and social/emotional consequences of your nasal disorder. We would like to
know more about these problems and would appreciate you answering the following question to the best of your
ability. There are no right or wrong answers, and only you can provide us with this information. Please rate your
problems, as they have been over the past two weeks. Thank you for your participation.

A: Considering how severe the No Very mild | Mild or Moderate | Severe Problem
problem is when you experience it | problem | problem | slight problem | problem | as bad as
and how frequently it happens, problem it can be
please rate each item below on
how ‘bad’ it is by circling the
number that corresponds with how
you feel using this scale 2
1. Need to blow nose 0 1 2 3 4 5
2. Sneezing 0 1 2 3 4 5
3. Runny nose 0 1 2 3 4 5
4. Cough 0 1 2 3 4 5
5. Post nasal discharge (dripping 0 1 2 3 4 5
at the back of your nose)
6. Thick nasal discharge 0 1 2 3 4 5
7. Ear fullness 0 1 2 3 4 5
8. Dizziness 0 1 2 3 4 5
9. Ear pain 0 1 2 3 4 5
10. Facial pain/pressure 0 1 2 3 4 5
11. Difficulty falling asleep 0 1 2 3 4 5
12. Waking up at night 0 1 2 3 4 5
13. Lack of a good night's sleep 0 1 2 3 4 5
14. Waking up tired 0 1 2 3 4 5
15. Fatigue 0 1 2 3 4 5
16. Reduced productivity 0 1 2 3 4 5
17. Reduced concentration 0 1 2 3 4 5
18. Frustrated/restless/ 0 1 2 3 4 5
irritable
19. Sad 0 1 2 3 4 5
20. Embarrassed 0 1 2 3 4 5
21. Sense of taste/smell 0 1 2 3 4 5
22. Blockage/congestion of nose 0 1 2 3 4 5
TOTAL:
GRAND TOTAL:

Fig. 13.1 The 22-item Sinonasal Outcome Test (SNOT-22). Reproduced with permission from Washington University
in St. Louis, Missouri



152

J. Rimmer

Nasal Obstruction Symptom Evaluation Scale

Please help us to better understand the impact of nasal obstruction on your quality of life by completing the

following survey. Thank you.

Over the past ONE month how much of a problem were the following conditions for you?

Not a Very Mild | Moderate | Fairly Bad | Severe
Problem Problem problem Problem Problem
1. Nasal congestion or stuffiness 0 1 2 3 4
2. Nasal blockage or obstruction 0 1 2 3 4
3. Trouble breathing through 0 1 2 3 4
nose
4. Trouble sleeping 0 1 2 3 4
5. Unable to get enough air
through nose during exertion 0 1 2 8 4
TOTAL
TOTAL SCORE /100

1. Have the patient complete the questionnaire as indicated by circling the response closest to

describing their current symptoms

2. Sum the answers the patient circles and multiply by 5 to base the scale out of a possible score of

100 for analysis

Fig. 13.2 The Nasal Obstruction Symptom Evaluation (NOSE) scale. Reproduced from Otolaryngology Head & Neck

Surgery with permission [3]

pain, general health perceptions, physical role
functioning, emotional role functioning, social
role functioning and mental health. When the
SF-36 was used to compare CRS to chronic back
pain, chronic heart failure and ischaemic heart dis-
ease, those with CRS scored significantly worse
for both bodily pain and social functioning.

EQ-5D

The Euroqol EQ-5D (www.euroquol.org) is a mea-
sure of health-related QOL across five domains:
mobility, usual activities, self-care, pain and dis-
comfort, and anxiety and depression. It has been
shown to be sensitive to symptom changes in CRS.

Objective Outcome Measures
Olfactory Testing

It is interesting that the subjective evaluation of
olfactory function does not correlate well with
objective measurements, except in complete
anosmia [4]. Formal olfactory testing can there-
fore be very useful. It is commonly performed by
psychophysical methods that are quick and easy.
Completely objective measurement of olfactory
function, using event related potentials, is more
time-consuming and expensive, and is primarily
a research tool.
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Olfactory Identification

In the most commonly performed test of olfac-
tory function, subjects must identify the supra-
threshold concentration odours presented to
them. This is a forced choice test, i.e. subjects
must choose one of four possible options. This
format is used because unprompted odour recog-
nition is difficult. It also detects malingerers, as
the likelihood of choosing the correct odour by
chance is 25%. There is the potential for cultural
bias with any odour identification test, so differ-
ent versions have been validated for various parts
of the world.

Common commercial testing kits include
more than 12 odours, as it becomes easier to dif-
ferentiate between normal smell, hyposmia and
anosmia with this number. Such kits include
Sniffin’ Sticks™ (Burghardt, Wedel, Germany)
and the University of Pennsylvania Smell
Identification Test (UPSIT™, Sensonics, Haddon
Heights, NJ, USA).

Olfactory Threshold Testing

In this test, subjects do not have to identify
what the odour is. One odour is presented in
gradually increasing concentrations until the
subject can detect it. The concentration is then
slowly decreased again to confirm the thresh-
old of detection—recorded as the concentra-
tion at which 50% of the stimuli are detected
and 50% are not. Common commercial kits
include Sniffin’ Sticks™ and the Connecticut
Chemosensory Clinical Research Center Test
(CCCRCT).

Olfactory Discrimination

Three suprathreshold odours are presented: two
are the same and the subject has to identify which
one is different. Accuracy improves as the num-
ber of odour triplets increases. Sniffin’ Sticks™
is the main commercially available test.

Tests of identification and discrimination
assess the more central, cognitive aspects of
olfactory function. As such, they are more depen-
dent on memory and executive function than
threshold testing, which evaluates the more
peripheral changes seen in CRS, where patients
often have normal identification but increased
thresholds indicating subtle olfactory loss.

Measurement of Nasal Airflow

Nasal obstruction or blockage is perhaps the most
common rhinological symptom. Objectively
quantifying the degree of obstruction, and the
effect of a particular treatment on that obstruc-
tion, is often difficult. In many cases these mea-
surement tools remain in the realm of research
rather than everyday clinical practice, yet increas-
ingly surgeons are being asked to provide evi-
dence that a specific treatment is effective.

In addition, some patients complain of nasal
obstruction in the absence of an obvious cause.
An objective measurement of airflow may be use-
ful in such cases, although there is conflicting
evidence regarding the correlation between
objective measurements and the subjective per-
ception of nasal obstruction [1].

Nasal airflow and volume can be objectively
assessed using peak nasal inspiratory flow
(PNIF), rhinomanometry, acoustic rhinometry
(AR) and rhinospirometry. The latter methods are
less commonly used in routine clinical practice,
but newer rhinomanometers are becoming avail-
able which are easier to use. Such objective mea-
surements can be a useful adjunct to compare
with the subjective symptom of obstruction.

Peak Nasal Inspiratory Flow (PNIF)

This quick, simple and inexpensive test of inspi-
ratory nasal airflow is easy to perform. It is highly
reproducible, with a correlation coefficient of up
to 92%, and gives a direct objective measurement
of nasal obstruction [5]. It is correlated with peak
expiratory flow, so low values may reflect poor
lung function in certain patients.

A standard peak flow meter (Fig. 13.3) is
attached to a face mask held over the nose and
mouth, with the subject standing upright. Keeping
the mouth completely closed, the subject inhales
as hard and fast as possible starting from the end of
a maximal expiration. The test is repeated three
times and the highest result is recorded; PNIF has
been shown to improve with practice, especially
after the first attempt. PNIF is higher in males than
females, increases with height and tends to reduce
with age. Normal values have been established in
adults and children (Table 13.1). Normal values
have also been reported for unilateral PNIF.
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Fig. 13.3 Nasal Inspiratory Flow meter (PNIF)

Table 13.1 Normal values for peak nasal inspiratory
flow (PNIF) [6]. Reproduced with permission from
Rhinology

Mean PNIF = SD (L/min)
Adult males 143 +48.6
Adult females 121.9 £ 36
Children (over 8 years) 80 +£25
Rhinomanometry

Rhinomanometry provides an objective measure of
nasal airway resistance (NAR) by measuring nasal
airflow and the pressure gradient required to main-
tain that airflow (Fig. 13.4). Rhinomanometry can
be anterior or posterior, active or passive; the most
commonly used method is active anterior rhino-
manometry (AAR). The subject sits upright with a
face mask covering the mouth and nose and a pres-
sure sensor in one nostril. Occlusive tape creates a
complete seal of that nostril. The rhinomanometer
measures transnasal pressure and flow and NAR is
calculated from the pressure-flow curve. Greater
pressure is required to generate the same flow rate
in the face of increased airway obstruction.

Previous guidelines from the International
Committee on Rhinomanometric Standards
described using a fixed pressure gradient of
150 Pa to calculate NAR. However, more recent
consensus guidelines, established by the
International Standardization Committee on the
Objective Assessment of the Nasal Airway, rec-
ommend the use of four-phase rhinomanometry
(4PR) in which NAR is calculated using many
hundreds of resistances recorded continuously
over several breathing cycles [7]. The four phases
of the breathing cycle referred to are the acceler-
ating inspiratory phase, the decelerating inspira-
tory phase, the accelerating expiratory phase and
the decelerating expiratory phase (Fig. 13.5).

Fig. 13.4 Combination of 3 electronic instruments for
assessing nasal obstruction. Rhinospirometer (fop),
Rhinomanometer (middle), and Acoustic rhinometer with
sonic tube (bottom)

Inspiration

Airflow (cm®/sec)

Pressure change (Pa)

150 Pa

1
Sl

Fig. 13.5 Example of four-phase rhinomanometry
(4PR). Adapted from European Archives of
Otorhinolaryngology with permission

The basic parameters measured are:

1. the effective resistance of the entire breath
(Reff);

2. the effective resistance during inspiration
(Reffin);

3. the effective resistance during expiration
(Reffex); and

4. the vertex resistance (VR), i.e. the resistance
at the highest point of the flow curve during
quiet breathing, which can be measured dur-
ing both inspiration (VRin) and expiration
(VRex) [8].
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Table 13.2 Normal values for active anterior rhino-
manometry (AAR) [1]. (NAR Nasal airway resistance).
Reproduced with permission from Rhinology

NAR at 150 Pa (Pa/cm?/s)
0.24

0.26

0.24 (after decongestion)

Adult males
Adult females
Children (over 8 years)

Table 13.3 Classification of logarithmic effective resis-
tance [8]. Reproduced with permission from European
Archives of Otorhinolaryngology under the terms of the
Creative Commons Attribution 4.0 International License
(http://creativecommons.org/licenses/by/4.0/)

Class Unilateral resistance | Total resistance
1: 0-19% <0.71 <0.42
2:20-39% 0.71-0.89 0.42-0.57

3: 40-59% 0.89-1.08 0.57-0.70

4: 60-79% 1.09-1.35 0.70-0.90
5:80-100% |>1.35 >0.90

For clinical purposes and to achieve a normal
distribution, the logarithmic values of these
parameters are reported (LReff, LReffin, LReffex
and LVR). The results of AAR and 4PR testing
have been shown to correlate well with each other.
Of the different parameters assessed, VR seems to
correlate best with subjective nasal obstruction.

Rhinomanometry can be performed in chil-
dren as well as adults, with normal values avail-
able for both AAR (Table 13.2) and 4PR
(Table 13.3).

Based on 36,500 4PR measurements, a clini-
cal classification for nasal obstruction is avail-
able for Caucasian noses (Table 13.3) [8]. Class
1 represents noses without any obstruction,
while class 5 corresponds to total functional
blockage.

Acoustic Rhinometry

Acoustic rhinometry (AR) uses the acoustic
reflection of a sound wave travelling through the
nasal cavity to measure cross-sectional area and
volume at different points in the nose. The shape
and size of the reflected sound waves is used to
calculate the dimensions of the nasal cavity. The
time delay reflects the distance travelled by the
sound wave from the nostril. These measure-
ments are converted into nasal volume and area.

The subject sits upright and the nosepiece of
the sonic tube (Fig. 13.4) is inserted into one nos-
tril where a complete seal is obtained.
Measurements are performed during a breath
hold, and silence is essential. It is simple to per-
form, reproducible and can be used in children.
Various factors can affect the results and repro-
ducibility of AR, including lack of a complete
seal, the angulation of the sonic tube and the
presence of a septal perforation. Measurements
in the posterior part of the nose may be affected
by sinus surgery due to the cavities created.

AR was standardized in 2005 by the
Standardization =~ Committee on  Objective
Assessment of the Nasal Airway. The important
parameters are the minimal cross-sectional area
(MCA) at different ‘notches’, representing spe-
cific areas in the nose, and the nasal cavity vol-
ume (NCV) [7]. Two notches can be seen on the
AR graph, the first being the I-notch (Isthmus
nasi) at the nasal valve and the second the C-notch
(Concha) at the head of the inferior turbinate
(Fig. 13.6). In healthy Caucasians, the absolute
MCA usually corresponds to the C-notch. Normal
values for MCA in adults are between 1.32 and
1.51 cm?, and an MCA of less than 0.4 cm? has
been shown to correlate with subjective nasal
obstruction. The C-notch and therefore the MCA
will usually change after topical decongestion.

The NCV is defined as the space between the
opening plane of the device and a parallel plane
at a defined distance from the opening plane. This
can be either a fixed distance or the distance to
the MCA, and therefore varies between studies.
The NCV between 2 and 5 cm is the most sensi-
tive when assessing changes in airflow after nasal
mucosal decongestion [1].

Rhinospirometry

Rhinospirometry measures the differences in air-
flow between the right and left nasal passages,
expressed as the nasal partitioning ratio (NPR)
(Fig. 13.4). This ranges from —1 (left nasal cavity
obstruction) to +1 (right nasal cavity obstruction),
with 0 indicating symmetrical airflow. The normal
range has been defined as —0.34 to +0.34. When
the NPR was measured in 31 patients before and
after septoplasty, those with an NPR outside the
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Fig. 13.6 Example of 12
acoustic rhinometry,
where I = I-notch and 11
C = C-notch
10
9
8 T4 n

Distance [cm]
(o)}

Rhinometrics

6 -5 -4 -3

Right

normal range preoperatively had a greater subjec-
tive improvement in nasal obstruction postopera-
tively [9].

Although the correlation between subjective
nasal obstruction and its objective measurement
is controversial, these methods can be used to
assess the response to medical treatments in
chronic sinusitis, nasal polyps and allergic rhini-
tis. For example, PNIF has been used to monitor
the response to intranasal steroid treatment for
nasal polyps, when a reduction in nasal polyp
score was associated with a significant increase
in PNIF as well as a subjective improvement in
nasal obstruction [5]. These measurement tools
can be employed in aspirin challenge and nasal
provocation testing to assess airflow changes
related to nasal mucosal congestion. They can
also be utilized to evaluate the potential response
to treatment. When nasal airway measurements
are performed before and after topical deconges-
tion, the change in resistance is presumed to be

)
(J

Left

-2 -1 0 1 2 3 4 ) 6
Cross-sectional area [cm?2] Left

due to a reduction in mucosal congestion. This
provides information on more fixed anatomical
factors contributing to nasal obstruction such as
septal deviation or nasal valve narrowing. This
can help in the selection of appropriate candi-
dates for procedures such as septoplasty or nasal
valve surgery. Patients with objective evidence of
nasal obstruction prior to surgery have been
shown to have significantly better outcomes than
those without [1].

Computational Fluid Dynamics

Computational fluid dynamics (CFD) uses
numerical methods to simulate fluid flow, and
nasal airflow can therefore be simulated using
three-dimensional computed tomography (CT)
scan modelling. There has been increasing inter-
est in CFD in rhinology in recent years although
it currently remains a research tool.
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Studies have shown that CFD simulations of
nasal airflow correlate moderately well with
subjective evaluations [10]. One of the assump-
tions made in CFD is that the lateral nasal walls
are rigid, which means that CFD underestimates
nasal resistance compared to in vivo measure-
ments. Correlation between CFD and rhino-
manometry is variably reported. Recent
evidence shows moderate correlation, more so
with unilateral than bilateral measurements.
Similar to other objective methods of assessing
nasal airflow, correlation was also higher when
an intervention such as decongestion or surgery
was investigated.

Nasal Nitric Oxide

Nitric oxide (NO) is a colourless reactive gas pro-
duced in the sinonasal mucosa from oxygen and
L-arginine by nitric oxide synthase (NOS). NOS
exists in at least three isoforms in various tissues
and is both constitutively expressed and induc-
ible. In the upper airway, high levels of nitric
oxide are constitutively produced in the paranasal
sinuses rather than the nose itself; in inflamma-
tory conditions including allergic rhinitis, sinus-
itis and polyposis, additional NO is formed via
inducible NOS [11].

The role of NO in the upper airway is complex
and incompletely understood. It acts as a vasodi-
lator and has pro-inflammatory effects, but also
seems to have anti-infective properties, contribut-
ing to non-specific host defences against bacteria,
viruses and fungi. It can also increase ciliary beat
frequency.

Exhaled NO (eNO) is used in the diagnosis
and management of asthma, and the levels of NO
produced in the nose and sinuses can also be mea-
sured as exhaled nasal NO (nNO). There are stan-
dardized procedures to measure eNO, but various
methods exist for measuring nNO with no current
consensus [11]. Sampling techniques include
breath holding and humming. All are easy to per-
form, can be done in children as well as adults and
provide immediate reproducible results.

Healthy control subjects have nNO levels
greater than 300 ppb. Nasal NO levels are elevated
in allergic rhinitis but not in non-allergic rhinitis,

as NO increases in response to eosinophilic
inflammation in the airways. Patients with chronic
sinusitis generally have lower nNO levels, thought
to be due to obstructed sinus ostia preventing the
NO produced by the sinus mucosa from passing
into the nose; it is therefore not measured. These
low levels often improve in response to treatment;
the improvement seen after sinus surgery is usu-
ally greater than that seen with medical treatment,
perhaps due to the widening of sinus ostia and/or
creation of sinus neocavities.

Nasal NO is an excellent screening test for pri-
mary ciliary dyskinesia. A diagnosis of this con-
genital disorder of ciliary ultrastructure and/or
function is highly likely if nNO levels are below
77 ppb although the diagnosis can still be made if
levels are higher. Low nNO levels (70-300 ppb)
are also often seen in cystic fibrosis, and tend to
be significantly lower if polyps are present. While
nNO cannot be easily used to monitor the
response to treatment in these congenital disor-
ders, it is sometimes used for that purpose in
allergic rhinitis and sinusitis.

Summary of Areas of Controversy
and Uncertainty

Subjective outcome measures require patients to
complete questionnaires, which requires compli-
ance as well as a minimal degree of literacy.
These potential problems can be overcome with
patient support and education, and many of the
PROMs described above have been validated for
different countries and languages.

Some objective measurements require
expensive equipment and take time to perform.
A more recent problem for those performing
objective measurements of nasal physiology
was the COVID-19 pandemic, which prevented
such testing from being carried out due to the
potential risk of aerosolization and droplet
transfer. This situation seems to be resolving
with time.

There is still conflicting evidence regarding
the correlation between objective measurements
and the subjective perception of nasal obstruc-
tion. Whilst some are still more commonly used
in research than everyday clinical practice, it



158

J. Rimmer

is important to understand the available mea-
surement tools and to incorporate them into
the routine care of rhinology patients where
appropriate.

Key Learning Points

Subjective and objective outcome measures
are available for rhinological treatment modal-
ities and should be used where appropriate;
they are also increasingly requested by com-
missioners of healthcare in many countries.
Patient-reported outcome measures assess
health-related and disease-specific quality of
life and are able to assess the impact of differ-
ent treatments and treatment modalities.
Psychophysical olfactory testing is simple and
reliable.

Objective measurements of nasal airflow can
be helpful in evaluating the response to medi-
cal and surgical treatments.
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Introduction

The evolution of radiology in the last few decades
has revolutionised assessment of the nose and
sinuses. The emergence of widely available, high
resolution, three-dimensional imaging has estab-
lished a key role for imaging in the diagnosis and
management of sinonasal pathology. In addition
to pre-operative planning, modern imaging can
be rapidly acquired and is regularly fused with
intra-operative endoscopy by navigation soft-
ware, enabling increasingly accurate image-
guided surgery (IGS) to reduce operative time
and complications.

This chapter provides a concise overview of
nose and paranasal sinus imaging: a foundation
to help the reader appreciate the role of radiology
within each clinical rhinology chapter.
Radiological anatomy is highlighted, with refer-
ence to clinically relevant anatomic variants,
imaging pitfalls and the communication of find-
ings to enable accurate diagnosis and appropriate
management (the radiology report). Sinonasal
imaging techniques are described with the
strengths and limitations of each different modal-
ity discussed in the context of common clinical
scenarios. Finally, in an area of constant change
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and development, future trends in clinical imag-
ing will be considered.

Clinically Applied Imaging Anatomy

Key Anatomic Findings and Normal
Variants

The following section aims to highlight some of
the key, surgically relevant anatomical structures
of the sinonasal cavity and their common variants,
which when present may impair sinus drainage or
increase the risk of complication associated with
functional endoscopic sinus surgery (FESS) [1-8].
The terminology used within the body of this sec-
tion is that recommended by the 2014 European
Position Paper on Anatomical Terminology of the
Internal Nose and Paranasal Sinuses [9], with ref-
erence also made to the International Frontal Sinus
Anatomy Classification (IFAC) [10].

Basic Anatomy of the Nasal Cavity

The nasal septum divides the nasal cavity in the
sagittal plane. Varying degrees of septal devia-
tion, septal spurs and adhesions may be present
and posteriorly the septum may be pneumatised
from the sphenoid sinuses (Fig. 14.1). The turbi-
nates (inferior, middle, superior and occasionally
supreme) divide the nasal cavity in the axial
plane into their respective meatus and may be
paradoxical or pneumatised (Fig. 14.2a-g).
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Cartilaginous
Septum

Bony
Septum

Cartilaginous
Septum

Maxillary crest

Severe septal
deviation

Deviation/dislocation at
junction of maxillary crest
and quadrilateral cartilage

Fig. 14.1 The nasal septum. (a, b) Sagittal and axial CT ~ contralateral turbinates and ethmoid bulla. (d) Deviation/
images demonstrating the anatomy of the nasal septum. dislocation at the chondrovomeral junction. (e)
(¢) Coronal CT showing severe septal deviation to the left. ~ Pneumatisation of the posterior septum, which usually
Deviation is often accompanied by enlargement of the occurs from the sphenoid sinuses



14 Radiological Imaging in Rhinology

161

Appreciation of their complex attachments
requires image review in multiple planes
(Fig. 14.3). The basal lamella of the middle turbi-
nate is an important surgical and radiological
landmark as it forms the boundary between ante-
rior and posterior ethmoid cells and therefore
separates the anterior from posterior sinus drain-
age pathways (Fig. 14.4). These pathways will be
considered separately below.

The Anterior Paranasal Sinus Drainage
Pathway: Maxillary Sinus

and Osteomeatal Complex

The maxillary, frontal and anterior ethmoid sinus
cells all drain via the osteomeatal complex into
the nasopharynx (Fig. 14.5a). The osteomeatal

superior
turbinate

h"

S
<4+— Middle
A turbinate

Inferior
turbinate

Fig. 14.2 Anatomical variations of the nasal turbinates.
(a) Paradoxical superior turbinates, (b) pneumatised supe-
rior turbinates, (c) bilateral paradoxical middle turbinates.
Pneumatisation of the middle turbinate may involve the

complex is a functional unit comprising bony
structures (uncinate process, middle turbinate
and ethmoid bulla) and the anatomical spaces
that lie between them (maxillary ostium, ethmoid
infundibulum, semilunar hiatus and middle
meatus). Variations in any of these components
may lead to impaired sinus drainage (Fig. 14.5b).

The anterior attachment of the uncinate pro-
cess is variable, attaching either to the lamina
papyracea, anterior skull base or middle turbinate
and is of particular interest, as its position alters
the drainage pathway of the frontal sinus
(Fig. 14.6a—c). It has a free posterior border,
which parallels the anterior margin of the eth-
moid bulla, usually the largest anterior ethmoid
cell. The crescent-shaped opening between the

Pneumatised si
turbinatg

turbinate itself (concha bullosa), the lamella only (d), or
may extend to involve both (e). Note that in this final case
the pneumatised cell extends to the ethmoid roof
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Fig. 14.3 Attachments of the middle turbinate are most
easily appreciated in the imaging plane perpendicular to
their long axis. Due to the complex configuration and
attachments of the middle turbinate, image review in all
three planes is required. (a—d) Anterior coronal, axial,
sagittal and posterior coronal images demonstrating the

two structures is the semilunar hiatus, which
forms the superior entrance to the ethmoidal
infundibulum. The uncinate process may be
pneumatised, everted, paradoxical or lateralised
and variations may lead to narrowing of the adja-
cent ethmoid infundibulum, the space formed
between the uncinate process medially and lam-
ina papyracea laterally (Fig. 14.6d—f).

anterior attachment that lies in the sagittal plan (green),
the middle attachment (basal lamella) that lies in the coro-
nal plane (yellow), and the posterior attachment that lies
in the axial plane (red). In this example, due to the undu-
lating nature of the basal lamella, it is represented several
times on this single axial image

The degree of pneumatisation of the maxillary
sinus is variable (Fig. 14.7a). The sinus ostium
opens on the medial wall between the attachment
of the uncinate process and lamina papyracea and
drains into the ethmoid infundibulum. The posi-
tion of the maxillary ostium is usually aligned
with the lamina papyracea on coronal images but
can be variable depending on the extent of sinus
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Fig. 14.4 Anterior and posterior paranasal sinus drainage
pathways. (a) Parasagittal image showing the basal
lamella of the middle turbinate separating anterior and
posterior ethmoid cells and forming the boundary between
anterior and posterior drainage pathways. The anterior

B

\, o f

Middle turbinate

Ethmeid Bulla

Uncinate process

» L 1

e I
Fig. 14.5 The osteomeatal complex (a) is a functional
unit that comprises the uncinate process (UP), semilunar
hiatus (yellow dotted line), maxillary ostium (white dot),

middle meatus (red dotted line), ethmoidal infundibulum
(blue dotted line) and ethmoid bulla. (b) Pneumatisation

Posterior drainage pathway

Superigr "

meatus

drainage pathway is labelled. (b) Image from the same
patient showing the sphenoid sinus ostium opening into
the sphenoethmoidal recess, and posterior ethmoid cells
opening into the superior meatus, forming the posterior
drainage pathway

Infra-orbital
(Haller) cell

of the middle turbinate and a large infraorbital (Haller)
cell causes distortion of the left osteomeatal complex,
although ethmoidal infundibulum remains patent. Note in
this example the maxillary ostium is more medially
located than usual in relation to the lamina papyracea
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Uncinate process
attachment to the
lamina papyracea |

Uncinate process

middle turbinate

Uncinate process|

Sarck !
% pneumatisation
‘5
!

Fig. 14.6 Variations of the uncinate process. The anterior
attachment of the uncinate process (yellow line) deter-
mines the route of frontal sinus drainage (red dotted line):
(a) attachment to the lamina papyracea, with frontal sinus
drainage directly to the middle meatus, (b and ¢) attach-
ment to the middle turbinate and anterior skull base with
frontal sinus drainage to the ethmoid infundibulum. The

pneumatisation (Fig. 14.5b). Haller (infraorbital)
cells are anterior ethmoid cells that extend infe-
rior to the orbit, which may contribute to narrow-
ing of the ethmoid infundibulum (Fig. 14.5b).
Accessory ostia are often present along the
medial wall of the sinus, posterior to the true
ostium (Fig. 14.7b). The position of the infraor-
bital nerve canal may vary from its usual location
at the roof of the maxillary sinus, passing through
the sinus on a bony mesentery (Fig. 14.7c—d).

attachment tothe |

Uncinate process
attachment to the
anterior skull base

Lateralised/atelectatic
uncinate process  »
'

Everted uncinate
process

uncinate processes may be pneumatised (d), everted (e),
or laterally displaced (f). The lateral displacement results
in narrowing or occlusion of the ethmoid infundibulum.
Pressure changes within the obstructed maxillary sinus
may ultimately result in reduction in volume of the sinus
and depression of the orbital floor, known as Silent Sinus
Syndrome

The Anterior Paranasal Sinus Drainage
Pathway: Frontal Sinus, Frontal Sinus
Drainage Pathway (FSDP) and Anterior
Ethmoid Cells

The degree of frontal sinus pneumatisation is
variable and may directly involve the crista galli.
Diploic veins may traverse the sinus and—as
they are valveless—can provide a direct route for
spread of infection to the cavernous sinuses
(Fig. 14.8a—d).
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Fig. 14.7 Variations of the maxillary sinus. (a)
Pneumatisation of the maxillary sinuses is variable, in this
case there is pneumatisation medially between the nasal
cavity floor and hard palate (red arrows). (b) In the same
patient, bilateral accessory ostia are noted posterior to the

The frontal beak indicates the level of the
frontal sinus ostium, which separates the sinus
above from the FSDP below (Fig. 14.9a). The
anatomy of the FSDP is complex as it depends on
both the anterior attachment of the uncinate pro-
cess (as discussed above) and the configuration
of the adjacent anterior ethmoid cells, which
form its walls. The anterior wall of the FSDP is
formed by the agger nasi cell, the most anterior
ethmoid cell and first to be encountered on coro-

Infraorbital
nerve'canal

|/ \
TS

-

true ostia (green arrows). (¢, d) The infraorbital nerve is
suspended within the maxillary sinus on a bony mesentery
putting it at risk of iatrogenic injury (yellow arrows). (e)
Infraorbital (Haller) cells (blue arrows) in this case are
seen extending up to the infraorbital nerve canal

nal imaging. The ethmoid bulla, usually the larg-
est anterior ethmoid cell, forms the posterior wall
(along with suprabullar cells when present). The
medial wall is dependent on the uncinate attach-
ment and may comprise the middle turbinate or
uncinate itself, whilst the lateral wall is formed
by the lamina papyracea or agger nasi cell
(Fig. 14.6a—c). Enlargement of any of these cells
may lead to displacement and narrowing of the
FSDP. To appreciate the complex anatomy in this
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Fig. 14.8 The frontal sinus. (a, b) The degree of frontal
sinus pneumatisation is variable and may involve the
crista galli (asterisk). (¢, d) Diploic veins, which can
sometimes be seen to traverse the sinus, provide a direct

Fig. 14.9 The frontal sinus drainage pathway (FSDP).
(a) The frontal beak marks the level of the frontal sinus
ostium, inferior to which the frontal sinus drainage path-
way is formed. (b) When enlarged, the agger nasi cell
(AN) and ethmoid bulla (EB) can narrow the frontal sinus

area, images must be reviewed in all planes
(Fig. 14.9b—).

Frontoethmoid cells are a subset of anterior
ethmoid cells that extend superiorly beyond the
frontal beak into the frontal sinus, for which
classification systems have been described [11].
Inconsistent use of terminology within the lit-
erature makes communication of imaging find-
ings relating to the anterior ethmoid -cells
particularly challenging. In response to this, the

route for the spread of infection to the dural venous
sinuses, which puts the patient at risk of cavernous sinus
thrombosis (arrows)

drainage pathway. Care must be taken to review imaging
in all planes, as the FSDP may appear narrowed in one
plane, but be displaced and widely patent when reviewed
in other planes (c)

2014 European Position Paper [9] advocates
anatomical description of the frontoethmoid
cell location relative to the FSDP (anterior, pos-
terior, medial or lateral), rather than the use of
other classification systems. Whilst this gives a
general idea of the related anatomy, more detail
may be preferable in order to accurately define
surgical procedures, educate trainees and report
outcomes. With this in mind, the International
Frontal Sinus Anatomy Classification (IFAC)
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k)

Fig. 14.10 Examples from the International Frontal
Sinus Anatomy Classification (IFAC) [10]. This classifi-
cation system separates the anterior ethmoid cells that sur-
round the FSDP into an anterior group (which push the
FSDP medially, posteriorly or posteromedially—high-
lighted in red), a posterior group (which push the FSDP
anteriorly—highlighted in green) and a medial group
(which push the FSDP laterally—highlighted in yellow).
The anterior group include the agger nasi cell (ANC),
supra agger cell (SAC) and the supra agger frontal cell

was published [10]. Some examples are
included below (Fig. 14.10a—f), the reader is
directed to the original paper for additional
detail.

The anterior ethmoidal artery, a branch of the
ophthalmic artery, is located by the presence of a
small notch at the superomedial orbital wall on
coronal imaging. It may travel along the ethmoid

Anterior
ethmoidal artery

(SAFC). The posterior group includes the suprabullar cell
(SBC), suprabullar frontal cell (SBFC) and supraorbital
ethmoid cell (SOEC). The medial group comprises frontal
septal cells (FSC). Images a—c¢ show the relationship of
these cells to the FSDP. Images d—f are from the same
patient, showing the anatomical relationships of a large
supraorbital ethmoid cell, note should be made of the rela-
tively exposed position of the anterior ethmoidal artery as
it traverses the cell

roof or, when there is a pneumatised cell extend-
ing above it, be suspended within the sinuses on
a bony or fibrous mesentery exposing it to injury
during endoscopic surgery (Fig. 14.11a—c).
Defects in the lamina papyracea, either traumatic
or developmental, are important to recognise as
orbital contents may prolapse into the ethmoid
sinuses (Fig. 14.11d).
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Anterior
ethmoidal artery

Left anterior ethmoidal artery
exposed due to frontal sinus
pneumatisation above the
artery

Fig. 14.11 (a) The anterior ethmoidal artery is located by
the presence of a small notch at the superior aspect of the
lamina papyracea (asterisk), which is best appreciated on
coronal imaging. Where there is pneumatised sinus extend-
ing above the artery it becomes exposed, putting it at
increased risk of iatrogenic injury. Pneumatisation is com-

The Anterior Skull Base

The height of the anterior skull base relative to
the orbits is variable and a standardised method
for measurement has been described [12]. The
widely used Keros classification describes the

Right anterior ethmoidal
artery exposed within
anterior ethmoidal cell

Medial displacement of
the lamina papyracea
with prolapse of orbital
fat into the ethmoid
cells

monly from a supraorbital ethmoid cell (SOEC) (b) but can
also be due to posterior pneumatisation of the frontal sinus
(c). As seen in this case, the two cell types cannot be differ-
entiated on a single coronal image. (d) Medial displacement
or dehiscence of the lamina papyracea, either congenital or
relating to previous injury should be recognised

depth of the olfactory fossa (Fig. 14.12a—d), with
a deeper fossa leaving the thin lateral lamella
exposed to injury. Anterior skull base asymmetry
or areas of bone dehiscence at the ethmoid roof
are important to communicate.



14 Radiological Imaging in Rhinology

169

" Keros type 1 (1-3mm)
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Fig. 14.12 Anterior skull base. Variations in the depth of
the olfactory fossa can be described using the Keros clas-
sification system (a—d). The type 3 configuration puts the

The Posterior Sinus Drainage Pathway:
Sphenoid Sinus and Posterior Ethmoid
Cells

The posterior ethmoid cells drain via the supe-
rior meatus and sphenoid sinus drains via the
sphenoethmoidal recess into the nasopharynx
(Fig. 14.13a), forming the posterior drainage
pathway (Fig. 14.4). Sphenoid sinus pneumati-
sation is variable and described as conchal (min-
imal or no pneumatisation), presellar (confined
to the anterior sphenoid body with no extension
posterior to the anterior wall of the pituitary
fossa) or sellar (the commonest type where sphe-
noid pneumatisation extends below the sphenoid
sinus) (Fig. 14.13b—d). Lateral pneumatisation
may extend to the pterygoid process, clinoid pro-

Keros type 2 (4—7mm)

)

P

fI .::t Iﬂ-n’

-

I‘l-. L *
LY

Asymmetric anterior skull base

Keros

Keros type 3

type 1

thin lateral lamella at increased risk of injury during endo-
scopic surgery

cesses and greater sphenoid wing (Fig. 14.13e—f).
Vital neurovascular structures are closely related
to the walls of the sphenoid sinus, including the
optic nerve (ON), internal carotid artery (ICA),
maxillary division of the trigeminal nerve within
foramen rotundum (V2) and Vidian nerve. These
structures can protrude into the sinus and their
bony canal may be dehiscent (Fig. 14.13g).
There is often asymmetry in the size of the sphe-
noid sinuses and attachment of a laterally devi-
ated intersinus septum to one of these bony
canals puts the structure at additional risk during
surgical manipulation. Sphenoethmoidal (Onodi)
cells are posterior ethmoid cells, which extend
superior or lateral to the sphenoid sinuses
(Fig. 14.13h,i).
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a

Fig. 14.13 Sphenoid sinus drainage is via the sphenoid
ostium, into the sphenoethmoidal recess (a). Sphenoid
pneumatisation is described as conchal, presellar or sellar
(b—d). (e, f) Lateral pneumatisation of the sphenoid may
involve the pterygoid process (asterisk), and anterior or
posterior clinoid processes (blue arrows)

Critical neurovascular structures may protrude into the
sinus and their bony canal may be dehiscent. Such struc-

\ “Présellar'subenaid sinus

."

Dehiscent optic nerve passing
through a sphencethmoidal
(Onodi) cell

tures include the optic nerve (ON), internal carotid artery
(ICA), maxillary division of the trigeminal nerve (V2) and
the Vidian nerve (g). Intersinus septa may attach to these
bony canals, putting them at additional risk during sur-
gery. Onodi (sphenoethmoidal) cells are posterior eth-
moid cells that extend superior or lateral to the sphenoid
sinuses (asterisk) and may be unilateral or bilateral (h, i)
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Structures Outside the Sinonasal

Cavity

Evaluation of structures outside the sinonasal
cavity such as the orbits, infratemporal fossa and
intracranial contents is of particular importance
for the reporting radiologist as surgical col-
leagues may be less familiar in review of these
areas. Soft tissue CT reconstructions and MRI
are of particular value in this regard.

Pre-operative CT Report

The purpose of the radiology report is timely
communication of accurate and clinically rele-
vant information to the referring clinician, such
that it adds value to patient care. Sinus CT
reports are generated by radiologists with vary-
ing levels of experience, the anatomy is rela-
tively complex and important anatomical
variations occur with high frequency. It is there-
fore unsurprising that authors have found incon-
sistencies in reporting of both critical and
non-critical findings [13].

There is growing support globally for the
use of standardised radiology reporting, where
the radiologist populates predefined fields
within a reporting template, rather than tradi-
tional narrative reporting [14]. Recently, ‘con-
textual reporting’ has also been proposed,
which specifically tailors the structured report
to the disease process or examination in ques-
tion [15]. There has been much discussion in
the literature about the potential benefits and
risks associated with the implementation of
standardised reporting [16-20] and these are
summarised in Table 14.1.

Whilst referrer satisfaction with standardised
reporting has been shown to be generally higher
than that of their radiology colleagues [21], there
is now recognition from international radiologi-
cal societies that the move to standardised reports
should be seen as a positive one [14]. The
Radiological Society of North America (RSNA)
commenced work on a template report library in
2008 (radreport.org), which is now a common
initiative between the European Society of
Radiology (ESR) and RSNA. This has a dedi-

Table 14.1 Perceived benefits and risks associated with
standardised radiology reporting

Benefits Risks

e Improved consistency |

e Increased clarity

* Reduced grammatical |
and voice recognition
errors

e Improved educational
benefit for trainees by
providing a systematic |
approach to reporting

* Reduces ‘satisfaction | ¢
of search’ errors—this
is a common source of | ¢
error in diagnostic
radiology, in which
the radiologist fails to
pick up additional
findings after finding
an initial abnormality

* Increased accessibility
to data for research, o
quality improvement
and machine learning/
radiomics

e May limit second

Less flexible/restricts
autonomy

Less personalisation—
it is difficult to
produce standard
report templates that
satisty all radiologists
Less familiar for
radiologists

May not be tailored to
the clinical scenario
Too generic/
simplistic—for
example, it may be
difficult to choose
which template to use
if there is more than
one pathological
process

May be more
time-consuming—
initially this is likely,
although over time it
may increase

opinion requests or efficiency

reduce the need for * May be too

further discussion restrictive—there

with the reporting should always be

radiologist scope to add free text
* Financial benefits in comments

some areas e Concern that the

radiologist will spend
more time looking at
the template and less
at the imaging,
increasing error rates
* Technical barriers
with current reporting
products not having a
level of usability to
encourage use.

cated Template Library Advisory Panel (TLAP),
which reviews and edits templates proposed by
their members. Successful template design is a
balance between comprehensive recording of all
findings and a concise, clinically relevant,
accessible report. There remains no consensus
opinion as to what constitutes the optimal CT
sinus report, but an example template is included
for reference (Table 14.2). It is likely standardised
reports will need to be adapted to suit local prac-
tice and level of expertise.
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Table 14.2 Example of standardised template for radiol-
ogy report of CT sinuses

e Technique
e Comparison with
* Findings
— Paranasal sinuses and their drainage pathways (to
include degree of pneumatisation, patterns of
inflammatory sinus disease and anatomical
variants, where present)
Anterior sinus drainage pathway
Frontal sinus and FSDP
Maxillary sinus and ethmoid infundibulum
Anterior ethmoid cells
Posterior sinus drainage pathway
Sphenoid sinus and sphenoethmoidal recess
Posterior ethmoid cells
— Nasal cavity (to include a description of the
distribution of polyps/inflammatory mucosal
thickening, where present)
Septal deviation/spurs/perforation
— Surgically relevant anatomical variants
Anterior skull base asymmetry/dehiscence/Keros
classification
Anterior ethmoidal artery canal position
Lamina papyracea
Infraorbital (Haller) cell
Turbinate pneumatisation (concha bullosa)
ICA/ON/V2/Vidian canal position/dehiscence
Sphenoid septa insertion to neurovascular canal
Sphenoethmoidal (Onodi) cell
e Other (extra-sinonasal findings)
* Impression

Despite the evidence and growing support
from radiological societies, there is still variable
uptake across the globe and within different radi-
ology subspecialties. Resolution of complex
issues regarding implementation will require
ongoing collaboration between the international
radiological societies, improved technology
solutions and strong leadership to ensure engage-
ment at the local level [22-24].

Radiological Imaging Techniques
in the Nose and Sinuses

Forty years ago, radiological imaging of the nose
and sinuses consisted primarily of plain
radiographs, providing basic anatomic informa-
tion and minimal diagnostic value to the ENT
surgeon. The sequential emergence of computed
tomography (CT) and magnetic resonance imag-

ing (MRI) heralded the advent of 3D imaging;
vastly increasing the ability to diagnose sinonasal
pathology and assist treatment planning. Modern
CT (both conventional and cone beam) and MRI
are now widely used in the nose and sinuses and
are augmented by functional and vascular imag-
ing in specific scenarios (Table 14.3). The rapid
growth of multidetector CT (MDCT) has facili-
tated patient access to imaging within most
healthcare systems around the world and MDCT
is the most widely performed imaging investiga-
tion in the nose and sinuses [25]. The more recent
development of cone beam CT (CBCT) offers
similar imaging information but with specific dif-
ferences—CBCT will therefore be considered
separately.

Multidetector CT (MDCT)

As demonstrated in the section on imaging anat-
omy, the nose and sinuses are ideal for MDCT:
the high attenuation bony walls and very low
density air-filled spaces produce natural contrast
between adjacent structures, displayed with very
high spatial resolution. Mucosal thickening,
secretions and neoplasms have similar, interme-
diate density due to the relatively poor soft tissue
contrast of MDCT and are therefore interpreted
in the context of clinical history and endoscopic
findings. Modern MDCT is fast, using multiple
rows of detectors and image reconstruction
algorithms to image the nose and paranasal
sinuses in seconds [26]. The images are acquired
with the patient supine (older CT required prone
oblique patient position for coronal images) and
are reconstructed in orthogonal planes to enable
3D visualisation of sinonasal anatomy. The dose
of ionising radiation that the patient is exposed to
has significantly reduced with improvements in
MDCT technique and image reconstruction [25,
27]. Dose estimates vary between vendors and
institutions; as an example of UK practice, low-
dose MDCT in the authors’ institution uses a 64
slice scanner, low tube current (40 mAs), 0.6 mm
slice collimation and an effective dose of 0.2 mSv
to the patient. This equates to approximately 1
month of background radiation (compared with a
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Table 14.3 TImaging options for the nose and sinuses

Imaging
modality Advantages Disadvantages
MDCT Widely available Poor soft tissue characterisation
Quick to perform
Low radiation dose
Very good bony detail
CBCT Very low radiation dose Very poor soft tissue characterisation
Superb bony detail Patient motion can affect images
Compact size (‘office based’)
MRI Superb soft tissue characterisation Poor bone detail
No radiation dose Slow to perform, degraded by patient
movement
Patient contraindications (devices, implants)
PET-CT Metabolic characterisation of sinonasal Very high radiation dose
malignancy Slow to perform
Identify distant metastases Poor sinonasal anatomic detail
Plain Widely available Very poor sensitivity and specificity
radiographs Very low radiation dose No 3D information/navigation

dose range of 2-4 years for body CT) and
extremely low patient risk. Other centres report
even lower dose techniques [28—30], with recog-
nition of the balance required in reducing radia-
tion dose whilst preserving image quality. From
the acquired volume of CT data, image recon-
structions are rapidly created and transferred to
the Picture Archive and Communication System
(PACS). Axial, sagittal and coronal thin slice
image reconstructions use windowing and sharp-
ness to emphasise bony detail, whilst many insti-
tutions will include at least one set of images
created for soft tissue assessment. These high-
resolution images can also be exported as Digital
Imaging and Communications in Medicine
(DICOM) format to surgical navigation applica-
tions for intra-operative guidance [31]. For these
reasons, MDCT is the first-line imaging investi-
gation for chronic rhinosinusitis (CRS), sinona-
sal polyps and neoplasms.

The clinical strengths of paranasal sinus
MDCT include the elegant demonstration of the
varied patterns of sinus obstruction, pre-operative
identification of important anatomical variants
(described above) and the ability to rapidly rec-
ognise complications of CRS (Fig. 14.14). The
speed of image acquisition means that children
and patients with cognitive impairment (demen-
tia, learning disability) can usually undergo
MDCT with adequate image quality (Fig. 14.15).

The principal weakness is the limited soft tissue
characterisation of MDCT (even with addition of
intravascular iodinated contrast); therefore,
sinonasal tumour delineation and extrasinal
assessment often requires the use of an alterna-
tive modality—typically MRI (Fig. 14.16).
Streak artefact from dental implants and amal-
gam historically degraded MDCT quality but are
largely avoided now with supine acquisition and
enhanced image reconstruction.

Cone Beam CT (CBCT)

CBCT emerged from dental radiography as a
technique for obtaining three-dimensional (3D)
oral and maxillofacial radiographic assessment.
CBCT uses a ‘cone’ of radiation from an X-ray
tube that is moved in an arc around the patient’s
head, with two-dimensional detectors used to
reconstruct 3D images of the imaged volume [32]
(Fig. 14.17). The patient remains stationery,
hence there is no spiral of the X-ray beam to
image large areas (as in MDCT); the field of view
is therefore small and CBCT use is limited to
specific anatomic subsites (e.g. knee, ankle,
petrous temporal bone). The majority of CBCT
systems are upright, compact units that use very
low radiation doses, enabling point-of-care
‘office-based” CBCT to be performed in a man-
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Fig. 14.14 A 52-year-old female with granulomatous
polyangiitis (GPA). Coronal MDCT (left) demonstrates
dehiscence of the right lamina papyracea (arrow), septal
destruction and florid hyperostosis. Six months later, the
patient developed right proptosis and orbital pain. Coronal

Fig. 14.15 A 15-year-old female with learning disability
(limiting clinical examination) and unilateral nasal
obstruction. Coronal and sagittal MDCT shows left antral
opacification with a solitary poly (asterisk) extending
from the antrum to the left posterior choana (dotted

ner not feasible with MDCT and MRI—poten-
tially directly accessible to the clinician
(Fig. 14.18). CBCT strengths include very low
radiation dose, extremely high spatial resolution
(detailed bone and dental assessment that is supe-
rior to MDCT) and the ability to be exported for

fat-suppressed T2 MRI (right) shows fluid expansion of
the right ethmoid sinus with herniation through the lamina
papyracea, indicating mucocoele formation. Note the
intact orbital periosteum, seen as a low signal margin (dot-
ted arrow)

arrow). There is no bone erosion and the margins are well
defined. The patient proceeded to functional endoscopic
sinus surgery (FESS) with resection of a benign antrocho-
anal polyp

intra-operative navigation [33-35]. The increas-
ing use of CBCT in dental imaging has led to its
application in the adjacent anatomy of the para-
nasal sinuses and petrous temporal bones, offer-
ing a substitute to MDCT at lower radiation dose
(Fig. 14.19). The main limitation of paranasal
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Fig. 14.16 A 44-year-old male with unilateral nasal
obstruction, a fleshy polyp on examination and complete
opacification of the anterior osteomeatal unit (OMU) on
coronal MDCT (left). Fat-suppressed T2 coronal MRI
reveals a mass centred on the middle meatus (asterisk)
with ‘cerebriform’ signal intensity and contour, whilst the

Fig. 14.17 Depiction of CT acquisition
geometries. (a) Cone beam geometry in a compact
office-based system designed for the patient to sit
upright. (b) Conventional fan-beam geometry as it
is used in MDCT scanners with the patient supine.
Reproduced with permission of the American
Society of Neuroradiology

lesion enhances on the post-contrast T1 coronal MRI
(right). Note that non-enhancing secretions in the antrum
contain protein-rich material (yellow arrow), indicating
mucinous  content  from  chronic  obstruction.
Diagnosis = inverted papilloma
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16 cm x 17 cm

Fig. 14.18 An example of a compact, upright cone beam
CT (CBCT) scan system (left). Four different field of view
scan ranges are feasible with this system, including full

Fig. 14.19 A 42-year-old male with right facial pain and
offensive, unilateral nasal discharge. Panoramic recon-
struction CBCT demonstrates an opacified right antrum
with periapical inflammatory lucency at the restored

sinus CBCT is poor soft tissue assessment—this
is improving with the use of higher energy X-ray
beams but remains inferior to MDCT and is prob-
lematic in patients with sinonasal neoplasia or
complications of CRS. Technical factors can also
compromise sinonasal CBCT image quality (e.g.
patient movement, field of view). Within the last
few years, CBCT’s excellent bone detail and ease
of access have seen this modality emerge as an
increasingly attractive and valid alternative to
MDCT, particularly for low-complexity sinona-
sal imaging.

16cm x 12cm 16 cm x 6 cm 6.cm x 6 cm

coverage of the paranasal sinuses. Images courtesy of
Hulbert Dental ICT, Worcester, UK

upper right 6 breaching the antral floor (arrow). The axial
images demonstrate localised buccal cortex resorption
(dotted arrow). Diagnosis = odontogenic sinusitis

Magnetic Resonance Imaging (MRI)

MRI provides an ideal imaging complement to
MDCT/CBCT in the setting of sinonasal disease.
The modality offers excellent soft tissue resolu-
tion and does not involve ionising radiation, thus
addressing two main limitations of CT. Paranasal
sinus MRI involves the patient lying supine within
the bore of the MRI scanner and using a dedicated
head/neck coil (a helmet-like device). The mag-
netic strength of MR systems varies, but the
majority of sinus MRI in the United Kingdom is
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performed on 1.5 or 3 Tesla machines using a 60
(standard) or 70 cm (large) bore width. ‘Open’
MR systems provide more space around the
patient but at a significant cost in magnet strength
and image quality; therefore, their use in rhinol-
ogy is uncommon. Contraindications to MRI are
well documented (ferromagnetic implants, metal
foreign bodies) but a growing number of implanted
devices (especially cardiac) are now MRI safe or
‘conditional’, i.e. the patient can undergo MRI but
only under clearly defined conditions. Compared
to CT, MRI provides less bone detail and is slower
to obtain: a complete paranasal sinus study
requires intravenous contrast (gadolinium) and
can last 30-45 min, depending on local practice.
Each MR sequence lasts several minutes at a time
and patient movement during image acquisition
can significantly degrade image quality; MR may
not be feasible without sedation or general anaes-
thesia in specific patient groups (e.g. young chil-
dren, dementia). The benefits of MRI are the
superb soft tissue characterisation, which enables
complications of CRS to be identified (Fig. 14.20)
and sinonasal neoplasms to be characterised and
staged, including the delineation of perineural
disease spread. Detailed extrasinal assessment of
the anterior cranial fossa, orbits and face
(Fig. 14.21) are additional MRI benefits, unparal-
leled by other modalities [36].

In the authors’ institution, paranasal sinus MR
typically occurs alongside MDCT in patients
who require soft tissue characterisation with
imaging—particularly  sinonasal  neoplasia.
Standard technique involves multiplanar T1 and
T2 weighted sequences with the option of fat
suppression to help tumour delineation and
diffusion weighted imaging (DWI) to assist
detection of malignancy or abscess (Fig. 14.22).
The addition of intravenous contrast (gadolin-
ium) enables neoplastic enhancement to be dif-
ferentiated from secretions and normal mucosa,
allowing accurate pre-operative tumour delinea-
tion (Fig. 14.16). Tumour relationship to perios-
teum, dura, orbital contents and skull base are
critical in planning safe surgical resection and
also facilitate accurate radiotherapy planning in
patients where non-surgical treatment is appro-
priate. In our institution, fat-suppressed post-
contrast T1 weighted images are obtained in the
coronal plane (2.5 mm thick slices) and as a high-
resolution 3D volume (0.8 mm slice thickness),
which can be viewed in any plane with isotropic
resolution (Fig. 14.23). Additional MRI tech-
niques such as Dynamic Contrast Enhancement
and Time Resolved Angiography can provide
non-invasive assessment of lesion perfusion and
vascularity in specific scenarios, such as juvenile
nasopharyngeal angiofibroma.

Fig.14.20 A 47-year-old male with CRS, developed uni-
lateral nasal blockage and bloody discharge. Coronal
MDCT shows anterior OMU obstruction with expanded
maxillary ostium and calcific foci (dotted arrows) raising
suspicion of neoplasia. Coronal fat-suppressed T2 demon-
strates absent signal within a mass at the ostium (asterisk).

Post-contrast coronal fat-suppressed T1 (right) shows
lesion non-enhancement, although the antral walls dem-

onstrate inflammatory thickening and enhancement
(arrows). During functional endoscopic sinus surgery
(FESS), an obstructing fungal mycetoma was removed
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Fig. 14.21 Coronal T2 weighted MRI in a patient with
normal olfactory function (left), showing symmetrical
olfactory bulbs (arrows), gyrus recti (asterisks) and olfac-
tory sulci (dotted arrows). On the right, a 61-year-old
male with anosmia following head injury. MRI shows

Fig. 14.22 A 27-year-old female, bilateral grade four
nasal polyps and facial pain. Axial MDCT (left) shows
polyps within the nasal vestibule bilaterally, pansinus
obstruction and a bone defect in the lateral wall of the left
maxillary antrum (arrow). Axial post-contrast T1 MRI

Other Imaging Modalities

Positron emission tomography CT (PET-CT)
using '8F-FDG has a supporting role in the setting
of sinonasal malignancy, particularly where addi-
tional metabolic information is required regard-

gliosis of the gyrus recti and widened olfactory sulci—a
chronic sequalae of bifrontal contusions. Within the olfac-
tory grooves, the olfactory bulbs are not identified (dotted
arrows)

(middle) shows thick rim enhancement in the left antrum
(dotted arrow) with low signal (asterisk) on the Apparent
Diffusion Coefficient map (right), indicating restricted
diffusion. Diagnosis = infected maxillary mucocoele

ing the presence of nodal or distant metastases at
staging or to assess primary tumour viability fol-
lowing treatment [37]. Squamous cell carcinoma
demonstrates moderate—high metabolic activity
on PET-CT, but less common sinonasal malig-
nancies exhibit a range of FDG uptake from low
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Fig. 14.23 A 56-year-old female with unilateral nasal
obstruction and past history of inverted papilloma resec-
tion. Thin slice, 3D volume acquisition of post-contrast
T1 weighted, fat-suppressed MRI (left) reveals a mass fill-
ing the sphenoid sinuses and posterior left nasal cavity
(asterisk). The anteroposterior extent of the mass (dotted

Fig. 14.24 A O9-year-old girl with unilateral nasal
obstruction and facial pain. Contrast-enhanced MRI (left)
demonstrates an extensive enhancing mass centred on the
right masticator space and maxilla (asterisk). *F-FDG
PET/CT (right) shows avid uptake within the mass—note

grade (adenoid cystic carcinoma) to intense
(sinonasal undifferentiated carcinoma, lym-
phoma). In addition, benign conditions such as
inverted papilloma can demonstrate moderate
FDG uptake; therefore, the specificity of PET-CT
to identify malignancy is limited. In the authors’

arrow) and infiltration through the planum sphenoidale to
abut the dura (arrows) are delineated using isotropic
(equal resolution) sagittal and coronal reconstructions
from a single MRI sequence. Diagnosis = squamous cell
carcinoma

.~
B

CAlangogeite

the physiological, lower uptake in the adjacent, benign
adenoid lymphoid tissue despite similar MRI enhance-
ment (dotted arrow). PET/CT also revealed multifocal
skeletal lesions (red arrows). Diagnosis = metastatic
rhabdomyosarcoma

institution, PET-CT is reserved for specific neo-
plastic scenarios and interpreted in the context of
high-quality anatomic imaging, endoscopic and
biopsy findings (Fig. 14.24).

Catheter angiography plays an important role
in the scenario of a vascular tumour or malforma-
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Fig. 14.25 A 14-year-old male, unilateral nasal obstruc-
tion and epistaxis. MRI shows an avidly enhancing mass
at the right posterior choana with involvement of the pter-
ygoid plates (yellow arrow). Digital subtraction angiogra-
phy of the right internal maxillary artery shows immediate

tion in the nose and sinuses. Angiography of the
internal and external carotid arteries is the gold
standard for determining feeding vessel origin
and vascular outflow and can be combined with
pre-operative arterial embolisation to reduce
perioperative bleeding (Fig. 14.25).

Plain radiographs for sinonasal disease are
now largely obsolete and their use is not recom-
mended [38, 39]. The sensitivity and specificity
are poor whilst the evolution of MDCT and
CBCT has largely obviated the benefit of plain
radiography as easy-access, low-dose imaging.

arteriole filling within the lesion (dotted arrow) and
tumour blush (red arrow). Coil embolisation (dotted black
arrow) via micro-catheter was performed with subsequent
uneventful endoscopic resection. Diagnosis = juvenile
nasopharyngeal angiofibroma

Future Developments in Rhinology
Imaging

Evolution of Image-Guided Surgery
(IGS) and Intra-operative Imaging

Image-guided surgery (IGS) for the sinuses and
skull base emerged in the late 1980s and is uti-
lised in an expanding range of primary and revi-
sion surgical settings [31]. Advances in radiologic
imaging have facilitated increasingly accurate
and innovative IGS: in particular, high spatial



14 Radiological Imaging in Rhinology

181

o
<
=
z
<
19
@

t

Fig. 14.26 Image-guided FESS using MDCT for real-
time navigation. Note the colour-coded display of sinus
and bony anatomy, providing virtual reality (VR) feed-

resolution CT (both MDCT and CBCT) and MRI
data creates detailed 3D volumes that can be reg-
istered with 2D endoscopic imaging with high
accuracy (Fig 14.26). As IGS use continues to
grow, progressively more personalised pre-
operative planning is feasible, desirable to the
surgeon and can be utilised in novel ways.
Displaying 3D imaging anatomy alongside real-
time, operative appearances presents the surgeon
with a virtual reality (VR) of detailed diagnostic
information regarding key anatomic features and
patterns of obstruction to improve surgical effi-
ciency and reduce the risk of complication in
endoscopic sinus surgery (ESS) [40]. Recent
developments in VR include the fusion of MRI
and CT to combine soft tissue and bony detail to
assist tumour delineation and surgical decision-
making in sinonasal tumour resection; multimo-
dality IGS better harnesses the value of diagnostic
imaging in this setting. The more recent innova-
tion of augmented reality (AR) involves the direct
overlay of pre-operative imaging volumes onto
endoscopic data to fundamentally alter the visual
display and integrated surgical experience. The
benefits and potential drawbacks of AR ESS are
beyond the scope of this chapter, but there is evi-

back to the operating surgeon. Images courtesy of
Brainlab AG, Olof-Palme-Strafie 9, 81829 Munich,
Germany

dence of a positive effect on clinical outcomes,
training experience and surgical opinions [41,
42]. The evolution of IGS will continue to build
on the strengths of modern radiology with
increasingly novel methods of presenting
personalised imaging information, to the benefit
of both the surgeon and the patient.

A discrete application of IGS is the acquisi-
tion of real-time radiology during sinonasal pro-
cedures—intra-operative imaging (lol). The key
benefit of Iol is to present imaging anatomy
obtained during the surgical procedure rather
than from a pre-operative time point, demonstrat-
ing temporal and operative changes to the sur-
geon in real time. Iol use in selected sinonasal
procedures is endorsed [43], but practical issues
with imaging hardware—particularly time con-
straints and safety (e.g. MRI)—have limited
large-scale use. More recently, technical develop-
ment of smaller imaging systems with faster
acquisition times makes wider Iol use increas-
ingly feasible. As an example, the practical ease
of cone beam imaging (either with a CBCT scan-
ner or C arm fluoroscopy) within the operating
room environment has been shown to be feasible
for complex or revision ESS and skull base sur-
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gery [44, 45]. Outside of sinonasal surgery, the
safe and effective use of intra-procedural cone
beam anatomic imaging in maxillofacial [46] and
spinal surgery [47] is further evidence to support
the wider use of sinonasal Iol in the future.

Emerging Applications of Artificial
Intelligence (Al)

Of all the technical developments in modern
imaging considered in this chapter, the integra-
tion of artificial intelligence (AI) into sinonasal
radiology may lead to the greatest changes in
clinical practice. The potential for Al to support
human image analysis and decision-making
within otorhinolaryngology is the subject of
extensive research with new applications and
clinical tools emerging at a rapid pace [48].
Radiology Al is multifaceted and fast moving;
however, automated detection and interpretation
of imaging findings are of particular relevance to
rhinology. Machine Learning (ML) and Deep
Learning (DL) via convolutional neural networks
(CNN) are the principal techniques being studied
and require large volumes of defined data to train
and validate accuracy. The anatomy of the nose
and sinuses and the modalities used in rhinology
imaging provide an attractive Al environment:
detailed, standardised imaging that can be
labelled, segmented and categorised to provide
the necessary substrate for ML and DL
applications.

Several authors have recently described a role
for Al in the automated detection of important
anatomic  findings on paranasal  sinus
MDCT. Using 675 coronal MDCT images, a
CNN (Google Inception-V3) was trained to rec-
ognise the position of the anterior ethmoid artery.
This DL technique then correctly identified the
artery with 82.7% accuracy on a set of validation
cases [49]. The presence of middle turbinate
pneumatisation was studied with the same CNN
and demonstrated 81% accuracy for correct iden-
tification of concha bullosa on MDCT [50]. In
addition to anatomic variant detection, accurate
identification of disease patterns with Al is
increasingly reported—in one study, osteomeatal

complex occlusion on MDCT was accurately
identified using a CNN and subtype of DL called
Transfer Learning [51]. The area under the curve
of 0.87 demonstrated good to excellent classifica-
tion of this single finding; however, the authors
rightly noted the limitations of Al in this setting;
in particular, the results were based on single 2D
image interpretation rather than 3D volume (due
to current limits of CNN application) and there-
fore do not directly compare to human analysis in
clinical radiology practice. What these early
studies do indicate is the strong potential for Al
to provide an automated support tool for the
reporting radiologist, especially within the tem-
plate/checklist framework of sinonasal MDCT
and CBCT reporting.

The use of Al to characterise pathological
imaging findings, assist management planning
and even detect prognostic features is referred to
as Radiomics. Sinonasal neoplasms present a set
of clinical challenges (benign vs malignant, opti-
mal management, surgical vs non-surgical ther-
apy) where radiomics might add significant
clinical value and this area has been the subject of
several recent studies. An example is the detec-
tion of squamous cell carcinoma development in
patients with inverted papilloma, where analysis
of anatomic imaging is challenging. In this set-
ting, radiomic MR image interpretation (texture
analysis) produced a similar level of performance
to an experienced head-and-neck radiologist in a
study of 46 patients [52]. The imaging informa-
tion used by the ML algorithm in this study goes
beyond the human eye, comparing multiple
intrinsic quantitative features and identifying pat-
terns to characterise malignant risk. Using imag-
ing from patients with squamous cell carcinoma,
characterisation of radiomic MRI features has
recently been studied to identify predictors of
treatment success and failure [53]. Using multi-
parametric MR image interrogation (which
included diffusion and perfusion parameters,
lesion morphology and intratumour image analy-
sis), the ML-based prediction of local control and
recurrence was highly accurate, albeit in a small
patient group. The potential for radiomics to
improve clinical outcomes in patients with sino-
nasal disease is increasingly apparent and the



14 Radiological Imaging in Rhinology

183

future utility of Al to assist—and potentially
replace—human roles is both exciting and
controversial.

Key Learning Points

CT (multidetector and cone beam) and MRI
are widely used in the nose and sinuses and
provide superb detail of bone and soft tissue
anatomy, respectively.

To fully appreciate the complex 3D anatomy
of the nose and sinuses, images should rou-
tinely be reviewed in all three planes (axial,
coronal and sagittal).

Standardised radiology reporting has perceived
benefits and risks but will become more widely
used in the future, with the aim of increasing
clarity of reporting and reducing error.
High-resolution imaging enables increasingly
accurate image-guided surgery (IGS) to
reduce operative time and complications, with
wider use of intra-operative imaging (Iol)
anticipated.

There is an emerging role for artificial intelli-
gence (Al) in sinonasal radiology to support
human image analysis and assist patient
management.
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Introduction

Babies are obligate nasal breathers and any
obstruction to nasal airflow at birth will cause
severe hypoxaemia, only relieved when the baby
breathes through the mouth. Nasal obstruction in
the newborn is an emergency requiring urgent
referral and treatment [1].

Embryology of the Nose
and Midface

The skeletal structures of the midface develop by
fusion of the frontonasal prominence, the maxil-
lary prominences and the mandibular promi-
nences. Aberrant fusion of these processes can
give rise to orofacial clefting, of which the com-
monest varieties are cleft lip (CL) and cleft palate
(CP), often with some nasal involvement.

The nasal cavities and the paranasal sinuses
develop from the primitive foregut. Two epithe-
lial elevations (nasal placodes) appear at about
the fourth intra-uterine week. They fuse to form
the lateral nasal walls, and the midline septum
extends dorsally to separate the nose into the two
nasal cavities, each closed behind by the ‘bucco-
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nasal membrane’. A persistent bucco-nasal mem-
brane presents as choanal atresia.

Partial or complete agenesis of the nose
(arhinia) is a rare neonatal emergency requiring
immediate airway support (a Guedel airway, fol-
lowed in many cases by a tracheostomy) before
definitive repair is undertaken.

The developing nose is closely related to the
primitive forebrain, from which it becomes sepa-
rated by the bony structures of the anterior skull
base, including the cribriform plate. The develop-
ing brain may herniate into the nasal cavity, giv-
ing rise to a meningocele or an encephalocele,
which can then present as a nasal mass.

Choanal Atresia

Choanal atresia (CA) is a developmental struc-
tural anomaly caused by failure of canalization of
the posterior nasal apertures (choanae). The inci-
dence is 1 in 5000 to 1 in 8000 live births [2]. The
atretic plate may be bony (29%), membranous or
mixed (71%) and unilateral or bilateral (ratio
2:1), with the latter presenting as an airway emer-
gency at birth [3, 4].

Clinical Presentation

Unilateral CA is usually an isolated occurrence
and can present in older children. In contrast,
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bilateral CA presents in neonates and may be
associated with a series of linked congenital
defects, referred to as the CHARGE association.
Some or all of the following—Coloboma, Heart
anomalies, Atresia of the choanae, Renal anoma-
lies, Genital hypoplasia, Ear anomalies—may
accompany choanal atresia, and babies should
always be examined and screened by a paediatri-
cian. Some children with CHARGE features are
now known to have a specific genetic cause
(CHARGE syndrome).

As neonates are obligate nasal breathers, a
baby affected by bilateral CA will classically
have ‘cyclical cyanosis’ due to hypoxaemia
except during mouth breathing, as occurs when
the baby cries. Hence, it becomes almost impos-
sible to feed the child. If the diagnosis is sus-
pected, the midwife or neonatologist will try to
gently pass a small suction catheter from the
anterior nares into the nasopharynx. If it fails to
pass bilaterally, a diagnosis of choanal atresia is
suspected, and a good confirmatory test is to
place a cold stainless steel spatula or mirror just
under the baby’s anterior nares during a breath
cycle to test for misting and condensation (mirror
test) (Fig. 15.1). It is important to note that neo-
natal rhinitis (see below) and obstruction of the
nose due to secretions is commoner than choanal
atresia, and in many suspected cases, no true atre-
sia is found.

Fig. 15.1 Nasal misting

Immediate Management

The first step in management is to secure a safe
airway. A Guedel tube in the oral cavity may suf-
fice to enable safe transfer to a paediatric centre,
but endotracheal intubation may be required,
especially as many of these children have associ-
ated medical conditions.

Definitive treatment is surgical and should be
undertaken as quickly as the baby is stable to
facilitate feeding. Delay may compromise breast
feeding, and if immediate treatment is not possi-
ble, an oro-gastric feeding tube will be needed.

Investigations

Imaging (CT scanning) helps to confirm the diag-
nosis and plan definitive treatment. A little nasal
suction and a few drops of a decongestant such as
0.5% ephedrine help to clear the nares and make
for a more helpful image. Classical features of
choanal atresia on CT scan in addition to bony
and/or membranous obstruction are an air-fluid
level in one or both nasal cavities on axial scans,
thickening of the vomer and medialization of the
pterygoid plates (Fig. 15.2).

As mentioned earlier, a multidisciplinary
approach with paediatricians, cardiologists and
ophthalmologists is needed to check for any of
the features of a possible CHARGE association.
Further investigations such as ECHO and ultra-
sound of the renal tract are undertaken, as dic-
tated by the findings.

Surgical Management

There are now a variety of surgical reconstructive
techniques available. Older techniques relied on
an open trans-palatal approach but improved
modern endoscopes—especially the 120° endo-
scope that permits a highly detailed view of the
posterior nares on a monitor to facilitate trans-
nasal surgery under direct vision—have made
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Fig. 15.2 Axial CT scan of bilateral choanal atresia
(Courtesy of S De)

this route of access
(Fig. 15.3).

The baby is placed in Rose’s position (exten-
sion at atlanto-occipital and cervical joints) and
a cleft repair mouth gag (Fig. 15.4) is placed
with a suspension suture over the base of the
uvula to give better visualization with the 120°
telescope. Good-sized posterior nasal apertures
are usually established with careful serial dilata-
tion using bougies or urethral dilators, keeping
the distal ends of the dilators in view at all times
and ensuring the direction is inferomedial to
avoid the skull base. Bone and soft tissue
included in the region of the thickened vomer
may be removed with a forward-biting bone for-
ceps or a microdrill. A microdebrider can be
used to enlarge the orifices and fashion symmet-
rical choanae. The baby can soon feed but will
need careful follow-up as recurrent stenosis is
not uncommon.

much more popular
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Fig. 15.3 Examination of posterior nares using 120°
telescope (Courtesy of S De)

Fig. 15.4 Cleft palate repair mouth gag used in choanal
atresia repair

Some surgeons use post-operative stents, but
many prefer not to. A recent meta-analysis has
shown that stenting does not improve the success
rate (around 60% with or without stents) and can
cause injury to the ala, columella and nasal vesti-
bule [5]. Nasal flaps have been suggested to
reduce scarring and are becoming increasingly
popular [6]. In the authors’ practice, this is usually
reserved for older children with unilateral CA.

Neonatal Rhinitis
Neonatal rhinitis (NR) is a common differential

diagnosis and is defined as inflammation of nasal
mucosa in an afebrile neonate with mucoid dis-
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charge [7]. Clinical presentation is similar to other
causes of congenital nasal obstruction, i.e. breath-
ing difficulties particularly when feeding, nasal
discharge, stertor, and so on. NR can be confirmed
by improvement of nasal airways on gentle suc-
tioning and nasal drops (saline or ephedrine).

Initial management is conservative with saline
nasal drops and suctioning using a nasal bulb. If
there is no improvement, short-term corticosteroid
nasal drops can be given with close monitoring. It is
important to keep in mind the possibility of mater-
nal infections, such as chlamydia and syphilis, and
if identified they can be treated accordingly.

Pyriform Aperture Stenosis
Clinical Presentation

The bony orifices in the midfacial skeleton on
either side of the nasal septum that mark the ante-
rior nares make up the ‘pyriform aperture’. It
contributes to the internal nasal valve (formed by
the anterior end of inferior turbinate, caudal bor-
der of upper lateral cartilage and corresponding
nasal septum), the narrowest part of the nasal air-
way that is responsible for the largest component
of nasal resistance in the healthy nose. Stenosis
of the pyriform aperture is rare and usually
caused by excessive prominence of the nasal pro-
cesses of the maxilla.

There is an association with very significant
rare intracranial anomalies, such as holoprosen-
cephaly (a defect in the development of the mid-
line intracranial structures), and a single central
incisor tooth. This is also known as the Solitary
Median Maxillary Central Incisor (SMMCI) syn-
drome [8]. Liaison with a paediatrician for screen-
ing is essential if this is suspected, as there may be
associated cardiac and urogenital anomalies.

Pyriform aperture stenosis mimics choanal atre-
sia and is characterized by inability to pass a
2.2 mm flexible nasendoscope. A CT scan showing
a pyriform aperture width of <11 mm on axial
views is diagnostic [9] (Fig. 15.5). The CT scan
may also reveal a median central incisor, a
triangular-shaped palate and a median palatal ridge.

Fig. 15.5 Axial CT scan of pyriform aperture stenosis
(Courtesy of S De)

Management

The early management of pyriform aperture ste-
nosis is the same as for choanal atresia, and the
prime objective is to establish a safe airway.
Decongestant drops and saline irrigation may
tide things over and avoid the need for immediate
surgery.

Nasal dilatation using urethral or cervical
dilators can avoid the more destructive drilling
from surgery and its effectiveness is attributed to
out-fracture or lateralization of the inferior
turbinates.

More recent techniques include balloon dila-
tation of the stenosis.

Surgical management includes serial dilata-
tion and/or a sub-labial approach followed by
drilling of the nasal process to enlarge the
apertures. In the sub-labial approach, an inci-
sion is made along the gingivobuccal sulcus,
the muco-periosteum is elevated and the nasal
process is carefully reduced using a drill.
Meticulous care is taken to avoid traumatizing
the nasolacrimal duct and the dental roots of
the central incisors.
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Congenital Nasal Masses

Intracranial Masses in the Nasal
Cavities

A portion of the developing brain may herniate
through the bony skull base and become ‘trapped’
below the cribriform plate within the nasal cavity
to form an encephalocele. The mass contains
both meninges and neurological tissue in direct
continuity with the intracranial structures. An
encephalocele will present as a persistent nasal
mass, typically accompanied by nasal obstruc-
tion in the newborn.

A meningocele is similar but contains no neu-
rological tissue and consists simply of meninges
that contain cerebrospinal fluid.

A glioma is a neural tumour that contains
nerve tissue (glial cells, usually with fibrous and
vascular tissue), which is discrete from the intra-
cranial contents, i.e. it has become ‘pinched off’.
Glial heterotopia refers to the presence of a mass
of neural tissue in an aberrant site, such as the
nasal cavity or the nasopharynx, where neural
cells may have migrated some distance from the
intracranial origin.

Detailed and skilled imaging is essential in
the management of these lesions. Their possible
connection to intracranial structures leaves the
child at risk of catastrophic intracranial infec-
tion, especially following injudicious surgery or
biopsy. MRI will confirm the presence of an
intracranial connection and is the modality of
choice if available. Treatment is surgical for all
of these lesions, either by endonasal surgery,
craniotomy or a combination of the two.
Gliomas are typically removed trans-nasally,
but a large encephalocele or meningocele will
often need an open combined ENT and neuro-
surgical approach.

Nasal Cysts
A variety of cysts derived from embryonic tissue

can present in and around the nasal structures in
children.

Dermoid cysts: The commonest cystic lesion
is the dermoid cyst, thought to arise from inclu-
sion of epithelial cells along lines of fusion,
hence the tendency for it to occur in the
midline.

It typically presents with parents being con-
cerned regarding aesthetic issues, but it may also
become infected. Examination typically shows a
smooth midline swelling on the dorsum of the
nose beneath the skin. There may be an external
‘punctum’. The cyst contains thick often viscous
fluid, with ectodermal and mesodermal compo-
nents, sometimes including skin appendages and
hair follicles.

Careful evaluation including detailed imaging
is essential, not least to exclude an intracranial
connection as these lesions can invaginate deeply
into the midline nasal cartilages and beyond,
making excision very challenging.

The treatment is surgical. Very small discrete
lesions can be removed with a single incision on
the nasal dorsum, or endoscopically using a small
incision remote from the site of the lesion, but an
open external rhinoplasty approach can make for
a more satisfactory aesthetic result. Larger and
more extensive lesions will require liaison with
neurosurgical colleagues and may need a fronto-
nasal approach via a forehead incision.

Nasolacrimal duct cysts: These may present
either to ENT with nasal obstruction or to the
ophthalmologist with epiphora. A trans-nasal
endoscopic approach is usually possible if they
require surgery.

Nasoalveolar and nasolabial cysts: These
cysts arise in the floor of the nose or along the
nasolabial crease along the lateral nasal wall.
They are usually removed by enucleation, taking
care not to leave any epithelial remnants behind.

Odontogenic or dentigerous cysts: These
occur in association with the development and
eruption of the teeth. They may encroach into the
maxillary antrum and the floor of the nose.
Treatment is in collaboration with maxillofacial
surgeons.

Thornwaldt’s cyst: This is a midline nasopha-
ryngeal cyst that is often asymptomatic, but
increasingly found as an incidental finding dur-
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ing endoscopic examination of the nasopharynx
whilst performing endoscopic adenoidectomy.

Teratoma: This is a neoplastic cystic lesion
that contains all three germinal cell layers, and
typically presents as a firm, obstructing nasal
mass. Very large teratomas may be diagnosed ‘in
utero’ and may be associated with maternal poly-
hydramnios. CT and MRI scanning should be
performed.

The treatment is surgical. Regular follow-up is
recommended and may be assisted by serial
alpha-fetoprotein (AFP) measurements.

Haemangiomas and Vascular
Malformations

Classification

The International Society for the Study of
Vascular Anomalies (ISSVA) classifies vascular
anomalies as vascular tumours that include hae-
mangiomas and vascular malformations (VM).
Two-thirds of cutaneous haemangiomas involve
the head and neck area. It is important to remem-
ber that up to 10% of cutaneous haemangiomas,
especially of ‘beard’ distribution, have a subglot-
tic component that can lead to airway compro-
mise. Highly aggressive cutaneous haemangiomas
can encroach on the orbit and cause visual
disturbances.

Clinical Presentation

Congenital haemangiomas present at birth as a
macular patch and classically have a proliferative
stage followed by an involution phase at around
5-7 years old. Large proliferating haemangiomas
in and around the nose may cause severe airway
compromise as well as the aesthetic effects
(Fig. 15.6). The differential diagnosis includes
vascular lesions such as capillary and venous
malformations, which can be differentiated by
ultrasonography or CT/MRI scans.

Treatment

The natural history of haemangiomas is that they
almost invariably resolve completely and may
need no intervention, other than serial observation.
If very extensive they may encroach on important

Fig. 15.6 Nasal cutaneous haemangioma (Reproduced
with permission from CRC Press)

structures, such as the orbit, the nasal airway or
subglottis. This may cause major functional or
aesthetic problems and warrant more active inter-
vention. Resolution of haemangiomas may be
accelerated by medical treatment with propranolol
[10] under the supervision of an experienced team.
A typical protocol is to start with 1 mg/kg body
weight per day and then to increase to an optimal
2 mg/kg/day in divided doses. Monitoring of blood
pressure, heart rate and blood glucose levels is
important, especially in the first 24 h. Children
who are commenced on this treatment will need to
be admitted for observation and monitoring.
Baseline ECG and/or ECHO-cardiography is usu-
ally done before starting on medications.

Surgical excision of haemangiomas is rarely
needed, but large haemangiomas can be reduced
in size by serial LASER therapy. Rare, but highly
aggressive, histological variants may warrant
brief treatment with anti-mitotic agents under the
supervision of a paediatric oncologist during
periods of rapid proliferation.
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Vascular Malformations (VMs)

VM of the head and neck may be slow-flow
(venous, capillary and lymphatic malforma-
tions) or fast-flow (arterial). CT or MRI scans
or Doppler are useful for differentiation and to
know the extent of the lesion. Nasal VMs are very
rare but cause significant disfigurement. They
typically grow with the child and do not involute.
Investigations should include cardiac assessment
for high output failure, especially with a fast-
flow malformation. Management depends on
symptoms and the type of VM. Slow-flow VMs
can be managed with LASER and sclerotherapy.
Fast-flow VMs are challenging due to their high
vascularity. Therapeutic options include emboli-
zation and surgical excision.

The Nasal Septum

Some degree of deviation of the nasal septum is
so common as to be normal. Deviation can occur
due to compression of the facial skeleton at birth,
particularly following a difficult instrumental
delivery. Usually no intervention is needed, but a
grossly deviated septum can be repositioned in
the midline using Ashe’s forceps. Unless there is
a very troublesome aesthetic deformity or severe
airway obstruction, nasal septal surgery is usu-
ally discouraged before the mid to late teens due
to the risk of a poor long-term result following
growth of the midface to adulthood. Interference
with nasal growth may result in lack of nasal pro-
jection and a saddle nose deformity.

Nasal Problems in Craniofacial
Deformities

Congenital structural deformities of the cranio-
facial skeleton may occur as part of a recog-
nized syndrome (syndromic craniofacial
disorders) or as an isolated event (non-syn-
dromic craniofacial conditions). Both functional
and aesthetic nasal problems may be prominent
in these disorders. Features of some of the com-
moner syndromic craniofacial anomalies are
shown in Table 15.1.

Table 15.1 Common craniofacial syndromes

Common
syndromes Salient ENT features
Treacher Collins Downward-slanting palpebral
syndrome fissures
Maxillary and mandibular
hypoplasia
Retrognathia

Microtia with abnormal middle
ear structures

Conductive hearing loss
Choanal atresia

Cleft palate
Craniosynostosis—
brachycephaly

Syndactyly

Maxillary hypoplasia
Proptosis and hypertelorism

Apert syndrome

Pfeiffer syndrome | Similar to Apert syndrome

Broad thumbs and first toe

Children with these conditions require com-
plex multi-disciplinary care by a dedicated team
that includes an otolaryngologist with a specialist
interest and expertise in these conditions.
Newborn babies with craniofacial anomalies may
require immediate airway support due to the
architecture of the midface, and narrowing of the
nasal passages compounded by a crowded naso-
pharynx and oropharynx, prolapse of the tongue
base, micrognathia and, in some cases, laryngo-
tracheal stenosis.

A Guedel airway may tide things over until
more definitive arrangements can be made, but
some children will need the support of a judi-
ciously place nasopharyngeal airway (NPA)
(Fig. 15.7). In extreme cases, a tracheostomy will
be required. The child may be tracheostomy-
dependent for some time and, in rare cases,
indefinitely.

Children with craniofacial disorders need
careful surveillance and follow-up to screen for
obstructive sleep apnoea (OSA). They may need
early intervention to manage this disorder, such
as adenotonsillectomy or continuous positive air-
way pressure (CPAP).

Airway obstruction, associated with these
conditions, is due to the skeletal structure of the
midface and may require staged orthognathic sur-
gery (midface advancement by osteotomies with
bone grafting and fixation). Such surgery may
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Fig.15.7 Child with NPA in situ

ensure a safe airway and, in some cases, permit
tracheal decannulation.

In recent years, distraction osteogenesis with
implantation of external or internal devices, or
‘frames’ that can facilitate serial elongation of
the facial bones over a prolonged period has been
greatly refined, and may facilitate not only greatly
improved aesthetic results but tracheal decannu-
lation in some previously recalcitrant cases as
well.

Trisomy 21 (Down syndrome): This is a chro-
mosomal abnormality associated with several
nasal manifestations. Absence or severe hypopla-
sia of the nasal bones, demonstrated by ultra-
sound scanning in the second trimester, is an
important prenatal marker for Down syndrome
[11]. Narrow nasal apertures, with flattening of
the nasal profile, and hypoplasia of the maxilla
all contribute to the very high prevalence of OSA
in this group of children.

Cleft Lip and Palate

Clefts of the lip and palate, alone or in combina-
tion, make up the commonest congenital facial
anomaly, with an incidence of about 1 in 700 live
births. Maternal factors such as anti-convulsant
medication (phenytoin, phenobarbital), systemic
steroids, alcohol, tobacco, smoking and perhaps
folic acid deficiency may be implicated.

Some cases are associated with chromosomal
abnormalities, and some cases with specific syn-
dromes and sequences such as Treacher Collins
syndrome, Apert syndrome and Pierre Robin
sequence. Airway obstruction may be severe in
Pierre Robin sequence but can usually be man-
aged with careful placement of a nasopharyngeal
airway (NPA) (Fig. 15.7).

Clefting of the lip and/or palate may be unilat-
eral or bilateral (Figs. 15.8 and 15.9). Rhinological
involvement is variable. Even mild cases of cleft
lip will be associated with abnormal insertion of
the orbicularis oris muscle with splaying of the
lower lateral nasal cartilage. Anomalies include
shortening of the columella, distortion of the sep-
tum, functional nasal obstruction and aesthetic
issues that need to be addressed as part of the
overall management strategy for these children.

Some surgeons undertake some form of pri-
mary nose repair at the time of lip repair, but

Fig. 15.8 Unilateral cleft lip and palate (Reproduced
with permission from Springer)
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Fig. 15.9 Bilateral cleft lip and palate (Reproduced with
permission from Springer)

definitive

septorhinoplasty surgery is best

deferred until facial growth is complete.

Key Learning Points

Neonates are obligate nasal breathers and
nasal obstruction in a newborn can present as
an airway emergency.

Careful head to toe examination is important
to look for other clinical features keeping in
mind possible syndromic presentations.

Nasal obstruction can lead to significant prob-
lems with feeding that may require urgent
management.

The diagnosis of bony deformities, such as
choanal atresia and pyriform aperture steno-
sis, can be confirmed by flexible nasendos-
copy and CT scans.

MRI scan is needed for all nasal masses to
look for intracranial extension.

The management of nasal obstruction in
patients with craniofacial syndromes is com-

plex and will need a multidisciplinary
approach, including and not limited to input
from maxillofacial, plastic and neurosurgical
teams.
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Table 16.1 Key features to aid clinical differentiation

BaCkg round between allergic rhinitis, non-allergic rhinitis and chronic
rhinosinusitis in children [5]
Rhinosinusitis is an inflammatory condition of Allergic/non- Chronic
the nose and paranasal sinuses and is a common allergic rhinitis rhinosinusitis
condition across most of the world. Signs and Itchy eyes, mouth, | Nasal obstruction
Acute rhinosinusitis (ARS) is reported to have ~ SY™Poms P alate and nose
.. Sneezing bouts Cough
a l-year prevalence of 6-15% and although it is . P
L. . . Nasal obstruction | Facial pain/
generally a self-limiting condition, it has the pressure
potential for life-threatening complications. In Watery Rhinorrhoea—may
children and young adults, the diagnosis and rhinorrhoea be purulent
treatment are challenging because of the symp- Seasonal or
. : specific triggers
tom overlap with adenoidal hypertrophy and Climical Ocd i b ] i
S t ,
allergic rhinitis (AR) (Table 16.1) [1-4]. miea cdema ot the us, polyps and
. ] ) o . findings nasal mucosa mucosal oedema in
Chronic rhinosinusitis (CRS) is less com- Mucosal the middle meatus
mon than ARS in children. It is, however, a sig- hypersensitivity
nificant health problem; the true prevalence of — on ff“.d"scopy : :
this in the UK paediatric population is unclear ~ Skin prick | Positive (allergic) | Negative
. . test/specific | or negative
from the literature, but US stuslms SI.Jgge'st tl.lat IgE test (non-allergic)
it affects 2-4% of the population with signifi-  [maging None required Sinus opacification
cant impact on daily activities, education and may be seen if
quality of life. imaging has been
requested
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Development of the Paranasal

Sinuses

Knowledge of the development of the paranasal
sinuses at various stages of childhood is crucial for
diagnosis and management of inflammatory sinus
disorders. (Please refer to Chap. 1 for embryol-
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Fig. 16.1 (a) Axial CT scan of a newborn demonstrating
the small maxillary sinuses (large white arrow) and their
relationship with the orbital floor, ethmoidal bulla and

ogy.) The majority of paranasal sinuses will reach
full adult size by the age of 15 years, but there is
much variation in sinus anatomy during their
developmental years that must be appreciated.

The ethmoidal bulla is present at birth,
together with one to two other small ethmoidal
air cells. Ethmoidal growth is relatively slow dur-
ing the early years, but the sinus complex reaches
adult size somewhere between 7 and 10 years of
age.

The maxillary sinus gradually enlarges and the
floor descends, becoming level with the nasal cavity
floor, also at the age of 7-10 years (Fig. 16.1a, b).

The sphenoid sinus generally becomes visible
on imaging after the age of 6 months. The air cells
remain relatively small until the age of 4-5 years,
when pneumatisation and growth occur, which
continues until the teenage years [1].

The frontal sinuses are absent at birth. Anterior
ethmoidal cells extend superiorly to form the
frontal recess and frontal sinuses. The cells
extend into the anterior cranium, and once the
superior edge of the air cell reaches the level of
the orbital roof, they are considered as frontal
sinuses. The frontal sinus development typically
occurs from the age of 5 years onwards [2].

tooth germs. (b) Coronal CT images of a neonate demon-
strating rudimentary sphenoid sinuses

Acute Rhinosinusitis (ARS)
in Children

Definition

The clinical definition of acute rhinosinusitis in
children has recently been clarified within the
European Position Paper on Rhinosinusitis and
Nasal Polyps in 2020 [5].

Acute inflammation of the nose and paranasal
sinuses characterised by two or more symptoms
as seen in Table 16.2. Symptoms persist for a
period of less than 12 weeks.

Table 16.2 Definition of paediatric acute rhinosinusitis
as defined in the European Position Paper on Rhinosinusitis
and Nasal Polyps 2020 [5]

Two or more symptoms, one of which should be from
the following:

¢ Nasal blockage

e Nasal obstruction

¢ Nasal congestion

¢ Nasal discharge (anterior/posterior)
Additional symptoms:

+/— Facial pain

+/— Cough (day or night) [specific to paediatric

symptoms]
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Aetiology

Viruses, and particularly the ‘common cold’
viruses, are accepted as the most frequent caus-
ative organisms in ARS.

It is estimated that children attending school,
nursery and other childcare establishments suffer
between 7 and 10 episodes of ARS per year [6, 7].
Once symptoms persist beyond 5-10 days, the
child is considered to have acute post-viral rhino-
sinusitis and that can last up to 12 weeks [1].

Whilst acute viral rhinosinusitis predominates
in children, it may be followed by acute bacterial
sinusitis. The incidence of bacterial infection is
higher in children compared to adults and is
reported to complicate 5—-10% of paediatric viral
ARS [2, 5, 8-10].

However, this may be underestimated due to
the non-specific clinical features and underdevel-
oped sinuses during early childhood [2—4]. Whilst
most children will recover, occasionally infection
escalates to present as a serious complication.

Microbiology of ARS

The major pathogens in uncomplicated bacterial
ARS in otherwise healthy children are Haemophilus
influenzae (non-typeable), Streptococcus pneu-
moniae and Moraxella catarrhalis.

Diagnosis of ARS in Children

The diagnosis of ARS in children can be chal-
lenging. Symptoms are non-specific and may
include irritability, halitosis, poor appetite and
hyponasal speech.

The diagnosis is reliant on the history and
examination may be limited. Endoscopy is not
always possible, but children have round nostrils
that facilitate a reasonable view within the nasal
cavity by an otoscope, thus displaying details of
the nasal mucosa, inferior turbinates and any
nasal discharge (Table 16.2).

The tonsils, adenoids and cervical lymph
nodes should be examined, and large adenoids,
polyps, masses and nasal foreign bodies excluded.

Table 16.3 Symptoms of acute bacterial rhinosinusitis
as defined in the European Position Paper on Rhinosinusitis
and Nasal Polyps 2020 [5]

Defined by three or more of the following symptoms:
¢ Discoloured mucus
¢ Localised pain (often unilateral)
e Fever >38 °C
¢ Raised CRP/ESR
¢ ‘Double’ sickening

Occasionally, children may require general
anaesthesia to assess the nose to aid in diagnosis
and rule out differential diagnoses.

Management of ARS in Children

In the majority of episodes of viral ARS, the ill-
ness is short-lived and self-limiting, typically
being less than 10 days. Treatment is mostly con-
servative and managed by over-the-counter medi-
cations and/or primary care practitioner support.

There is no evidence to support antibiotics in
the management of ARS unless a secondary bac-
terial ARS is present, but this distinction is
always not easy to make (Table 16.3).

The role of topical nasal corticosteroids has
been shown to reduce the severity of ARS symp-
toms, but compliance in young children is poor,
and licensing rules will make some medications
prohibitive on the grounds of age.

Recurrent Acute Rhinosinusitis
(RARS) in Children

Recurrent acute rhinosinusitis is defined as >4 epi-
sodes per year with symptom-free intervals [5].
Predisposing factors in children include active
and passive smoking and anatomical anomalies.
The prevalence of ARS among children exposed
to passive smoking was reported as 68% com-
pared to 1.2% who were not exposed [11].
Allergic rhinitis and gastro-oesophageal reflux
disease (GORD) have been considered but there
is little evidence to support them as true risk fac-
tors [5, 12, 13]. Several studies have demon-
strated a variety of humoral immune deficiencies
in children with RARS as well as CRS. Children



202

P. G. Deutsch and A.-L. McDermott

Table 16.4 Definition of

chronic rhinosinusitis in At least one from:

children as defined in the » Nasal blockage
European Position Paper o Nasal obstruction
on Rhinosinusitis and « Nasal congestion
Nasal Polyps 2020 [5] .

Additional symptoms:

Defined by two or more symptoms:

Nasal discharge (Anterior/Posterior)

¢ Facial pain or pressure
¢ Cough (day or night) [specific to paediatric symptoms]

And at least one from:

* Endoscopic signs of CRS:
— Nasal polyps and/or
— Mucopurulent discharge primarily from middle meatus and/or
— Oedema/mucosal obstruction primarily in middle meatus
¢ CT changes—mucosal changes within the sinus or osteomeatal complex

with RARS have a higher incidence of low IgA
and IgG levels as well as a reduced response to
pneumococcal titres [14].

Chronic Rhinosinusitis in Children

Definition of Chronic Rhinosinusitis
in Children

The current definition of CRS is described in the
European Position Paper on Rhinosinusitis and
Nasal Polyps from 2020 [5].

Inflammation of the nose and paranasal
sinuses characterised by two or more of the symp-
toms as seen in Table 16.4 along with either
radiological or endoscopic findings [S]. Symptoms
persist for a period of greater than 12 weeks.

CRS is typically a sinus inflammation with
low-grade symptoms that persist for longer than
3 months despite the use of standard medical
treatment. Viral infections, allergies and ana-
tomic differences in children can lead to chronic
obstruction of the sinus drainage pathways, most
commonly the osteomeatal complex.

Prevalence of CRS

The prevalence of CRS in children has been esti-
mated to be 2-4% and data from the United
States reports CRS in 63.9 of children and young
adults below 18 years of age per 1000 population
[6]. The true prevalence of CRS is unknown
because of the diagnostic difficulties in children,
such as possible allergic rhinitis and adenoidal

hypertrophy. Nasal endoscopy may be of limited
value and imaging may be avoided because of
concerns regarding radiation dose. There is also a
misconception that young children do not suffer
from ‘sinus disease’.

Predisposing Factors Associated
with CRS in Children

In adults with CRS, 25% have concomitant
asthma, and other predisposing factors include
smoking, gastroesophageal reflux and hypogam-
maglobulinaemia [15-17].

There is no evidence of these environmental and
host factors playing a role in children with CRS [5].
However, evidence for potential risk factors for
CRS specific to children have been considered.

Significant Effect

Adenoid Biofilms and Bacterial Reservoir

The adenoids are very important in the patho-
physiology of paediatric CRS, and contribute in
two ways:

Anatomical obstruction of the posterior nose/
postnasal space
Acting as a bacterial reservoir [18-20]

A biofilm covering the adenoidal surface has
been demonstrated in nearly 95% of children
with CRS compared to 1.9% in non-CRS chil-
dren [16].
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The mostisolated bacteria include Haemophilus
influenzae,  Streptococcus  pneumoniae  and
Streptococcus pyogenes, and the bacterial isola-
tion correlates with the severity of CRS.

There is strong evidence showing the benefit
of adenoidectomy in children with CRS
[21-23].

Immune Deficiency
It is important to consider immune deficiency in
any child who is not responding to appropriate
medical management. A variety of humoral
immune system deficiencies have been reported
in at least 1 in 10 children with CRS [5].
Specific immune function investigations
are best discussed with an immunologist but
may include IgG subclasses, immunoglobulin
levels and functional antibodies to pneumococ-
cus serotypes, Haemophilus influenzae and
tetanus.

Inflammatory Mechanisms

in Paediatric CRS

Traditionally, it has been accepted that eosino-
phils and CD4-positive lymphocytes play a sig-
nificant role in tissue inflammation in older
children with CRS.

However, this is currently an area of great
interest and recent knowledge has now shown
that children display more neutrophils and lym-
phocytes than adults, higher numbers of CDS§-
positive cells but fewer eosinophils [24].

The nasal lavage of children with CRS shows
higher levels of pro-inflammatory factors, espe-
cially cytokines (TNF-a), human p-defensin 2
and neutrophil-released calprotectin [37]. These
inflammatory factors are even higher if the child
has concomitant asthma.

The characteristic phenotype in paediatric
CRS is submucosal glandular hyperplasia and
the predominant glandular mucin is MUC5B
[5, 37].

Moderate Effect
Age

The prevalence of CRS in children is lower than
in adults but the impact on daily activity, educa-

tion, concentration, sleep and quality of life is
equally important.

It has been reported that in UK secondary
school children, 31.5% had symptoms of rhinitis,
and 15% of these reported symptoms of sinusitis
[25]. CRS causes a significant effect on the
schooling and quality of life in the paediatric
population [26].

Atopy-Allergic Rhinitis—Asthma

The prevalence of allergic rhinitis (AR) in chil-
dren has been reported to be as high as 40% [27].
The incidence of AR and atopy in children with
CRS is higher than in the general population [27,
28]. Children older than 6 years with CRS have
the highest rate of positive atopy results (elevated
serum IgE/positive skin prick test), whereas
younger children (<3-year olds) have the lowest
risk. Quality-of-life outcomes in children are
worst in those with atopy and CRS.

Concomitant asthma has been reported in
18% of children with CRS [29]. The concept of
the unified airway is important in the manage-
ment of CRS and it is important to address both
the nose and the chest.

The nature of the relationship between paedi-
atric CRS, allergic rhinitis and asthma remains
unclear, but allergy testing should be considered
in all older children with CRS.

Low Effect

Ethnic and Socioeconomic Factors

An ethnic and socioeconomic study in children
showed the highest rate of a primary diagnosis of
CRS to be in Caucasian children with private
medical insurance [8]. The findings were most
likely due to better access to tertiary care and
heightened parental perceptions of their child’s
disease severity rather than a true difference
between different groups.

Passive/Active Smoking

There is no evidence to show a causal effect
between tobacco exposure (passive and active)
and paediatric CRS. However, tobacco smoke
exposure worsens disease scores, and revision
surgery rates are higher [5].
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Genetics
Children with CRS are more likely to have par-
ents with CRS. A similar risk has been identified
in first cousins and to a lesser extent in second
cousins.

CRS and nasal polyps in monozygotic twins
may differ, confirming that environmental factors
are also involved [30].

No Proven Effect

Nose and Paranasal Sinus Anatomy

Whilst anatomical sinus variations are more
commonly seen in older children, no causal
effect has been demonstrated in the development
of CRS [31].

Viral Infection in Children

There is little evidence to show that viral infec-
tions contribute to the development of paediatric
CRS [32].

Gastroesophageal Reflux Disease

Whilst it has been suggested that gastric acid
reflux into the pharynx and nasopharynx induces
mucosal inflammation of the sinus ostia, impaired
mucociliary clearance and rhinosinusitis, the evi-
dence remains unclear and medication for GORD
is not routinely recommended in the absence of
reflux symptoms [5, 33].

Rare Genetic Disease in Children
Cystic Fibrosis (CF)

This is an autosomal recessive disease caused by
mutations in the CFTR gene. Characteristics
include thick viscous secretions that predispose
to chronic infections in the upper respiratory
tract. Newborn screening has reduced the age of
diagnosis. The diagnosis of CF is confirmed by
the classical method of a sweat test demonstrat-
ing elevated sweat chloride levels, or genetic test-
ing that is becoming more widely available and
superseding the sweat test.

All children with CF have been shown to have
CRS, but some will be more affected than others

and some will develop obstructing and some-
times recurrent nasal polyps [15] (Fig. 16.2a).
However, the evidence shows that CRS in chil-
dren with CF appears to have a low impact on
their quality of life [5, 34].

Typically, children with CF develop chronic
colonisation of the chest and paranasal sinuses,
most commonly with Pseudomonas aeruginosa
and Staphylococcus aureus, and require long-
term antibiotic management to maintain good
health. These patients are also prone to fungal
sinus colonisation and chronic fungal sinusitis
(Fig. 16.2b).

The presence of nasal polyps, mucoceles,
hypoplasia of the frontal and sphenoid sinuses
and the absence of any bony erosion in the pae-
diatric population are highly suspicious of CF
and should prompt further investigation
(Fig. 16.2¢c).

Primary Ciliary Dyskinesia (PCD)/
Ciliopathy

This is a rare autosomal recessive disorder due to
genetic mutations that affect the structure and
function of cilia. The true incidence is unknown,
but it is estimated to affect 1:15,000-20,000 live
births affecting boys and girls equally.

Cilia may be immotile, dyskinetic or aplastic,
leading to abnormal mucociliary clearance from
the lungs, paranasal sinuses and middle ears.

Children typically develop frequent upper and
lower airway infections, but the presentation is
very heterogenous.

The clinical features of PCD include partial or
complete situs inversus, situs ambiguous and
infertility. Symptoms of CRS and recurrent
cough are common problems that can be debili-
tating and compromise lung function. Nasal pol-
yposis is reported in 18-30% of children with
PCD [5, 35].

PCD should be suspected in children with
refractory CRS and pulmonary disease, espe-
cially in those with uncommon microorganisms
such as Gram-negative bacteria, concomitant
bronchiectasis, situs inversus or spermatozoid
abnormalities.
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Fig. 16.2 (a) Extensive (recurrent) nasal polyps and
osteitis in a patient with known CF. (b) Coronal CT imag-
ing demonstrating chronic sphenoid sinusitis with evi-

The diagnosis of PCD is difficult. Nasal nitric
oxide levels are low; mucociliary transit time is
prolonged (saccharin test) but not standardised;
genetic testing is not always available and is
expensive; ciliary brushing and evaluation by
transmission electron microscopy (TEM) and
high-speed photography is highly specialised and
may not be accessible.

dence of a fungal ball in a patient known to have CF. (c)
Coronal CT imaging demonstrating a left-sided fronto-
orbital mucocele in a patient later diagnosed with CF

The triad of CRS, chronic bronchiectasis
and situs inversus (Kartagener’s syndrome) is
commonly found in PCD patients [5]
(Fig. 16.3).

The treatment of PCD is similar to CF. Sinus
surgery should include all affected sinuses and
may induce long-term improvement in lung cul-
tures. A working team relationship is needed
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Fig. 16.3 Chest radiograph demonstrating situs inversus
and bronchiectasis in a patient with CRS and PCD
(Kartagener’s syndrome)

when treating children with chronic chest pathol-
ogy such as PCD and CF.

Diagnosis of CRS in Children

History
The diagnostic criteria are shown in Table 16.4.

Important supporting information includes
details of environmental factors such as parental
smoking, household pets, swimming and family
history of atopy. A history of symptoms of GORD
should be sought as this is an important differen-
tial to CRS in paediatric patients presenting with
a chronic cough. Details of previous treatments
should be sought.

In contrast to adults, chronic cough is a really
important question in the assessment of paediat-
ric CRS.

Complaints of olfactory dysfunction are
unusual in children, and they do not seem to be
aware of such symptoms until well into their
teenage years [36]. Acquired olfactory dysfunc-
tion in children is predominantly due to CRS
[38]. Congenital anosmia, as seen in Kallmann
syndrome, is rare. Healthy newborns, babies and

toddlers have an extremely sensitive olfactory
function, but they lack the ability to interpret this
and articulate a dysfunction in the olfactory sys-
tem [39].

Early reports of COVID-19 suggest that olfac-
tory dysfunction in children is more prominent
than previously believed, but this needs to be
appreciated in the current situation.

Examination

Examination should include assessment of the ears
for middle ear effusions, the oropharynx for tonsil-
lar hypertrophy and the neck for cervical lymph-
adenopathy. Ideally, the nose should be examined
with a narrow endoscope, looking specifically for
polyps, inflammatory mucosa or discharge. The
procedure should be performed after topical anaes-
thesia, with carer support, utilising a narrow rigid
or flexible nasendoscope, which may afford a bet-
ter view of the adenoids. Nasal endoscopy may not
always be possible, and consideration should be
given to examination under general anaesthesia.

Patient (Carer) Reported Outcome
Measures (PROMs)

Patient reported outcomes measures are impor-
tant for evaluating CRS and the effects of inter-
ventions. Whilst the SNOT-22 questionnaire is
well-established, the Sinus and Nasal Quality of
Life Survey (SN-5) is more suitable for younger
children (aged 2—12 years) [40].

Allergy Testing

Whilst skin prick testing can be performed at any
age, the serum radioallergosorbent test (RAST)
may be more suited for younger children or those
with significant eczema. A raised IgE alone is
unhelpful: it can be a normal finding in young
children, may not be clinically relevant and often
returns to normal during the child’s development.

Smell Assessment
Smell tests are not usually performed in children
whilst assessing their sinuses for CRS.

If a smell test is thought to be appropriate,
Sniffin” Sticks offer a very acceptable, effective
means of assessment in paediatric practice [38].
Children must be able to recognise the correct
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odour from a list of descriptors, have familiarity
with the odour, have associative and verbal capac-
ities and have sufficient concentration to be able
to perform this test. Interpretation can be chal-
lenging in children younger than 5 years of age.

Upper Airways Physiological Tests
Physiological respiratory investigations are not
routinely performed but may be helpful in chil-
dren with associated respiratory symptoms. They
are, however, difficult to perform accurately with
children due to compliance.

e Peak nasal inspiratory flow (PNIF): This is a
relatively quick, inexpensive, assessment of
nasal obstruction, suitable for use in children
over 5 years old. However, PNIF correlates
poorly with symptoms of obstruction.

* Acoustic rhinometry: This test evaluates nasal
obstruction by analysing nasal cross-sectional
area from reflections of a sound pulse
introduced via the nostrils. It can be used in
young children (3-year olds).

* Rhinomanometry. Anterior rhinomanometry
objectively assesses respiratory function of
the nose by measuring pressure and flow dur-
ing nasal inspiration and expiration.

Acoustic rthinometry and rhinomanometry
were both used more in rhinological research
than routine clinical practice, but since
COVID-19, the tests have been difficult to re-
introduce into clinical practice.

Miscellaneous Specialist Diagnostic
Testing

The following investigations should be consid-
ered in patients where an underlying predispos-
ing diagnosis is suspected. These tests are
specifically relevant to the paediatric population.

Assessments of Ciliary Function

Saccharin mucociliary transit time—This test
involved placing a saccharin source in the anterior
nasal cavity and measuring the time to perception
of a sweet taste. This is however not frequently
used in the paediatric population due to compli-
ance, tolerance and understanding. The senior

author uses a tiny spot of Bonney’s blue dye (a
mix of green and crystal violet dissolved in etha-
nol) placed on the head of the inferior turbinate
with a Jobson Horne probe. The dye is typically
seen in the oropharynx in less than 20 min. This is
easier to perform in clinic where both the child
and parents can identify the blue dye in the mouth.

Ciliary nasal brushings—collection of nasal
cilia for microscopic examination. This can form
part of the diagnostic work up for primary ciliary
dyskinesia.

Immunological Tests
Humoral immune response (IgG subclasses) as
well as functional antibodies.

Tests for cystic fibrosis (sweat test or genetic
testing)—Must be performed in any child with
nasal polyposis.

Miscellaneous

Exhaled nasal nitric oxide levels (age 5 onwards):
Often only available in highly specialised units
but has been suggested as a screening tool for
PCD and cystic fibrosis, which are associated
with lower nasal nitric oxide levels.

Imaging

Imaging is always controversial in children
because of the radiation dose. It is however man-
datory when contemplating endoscopic sinus sur-
gery (ESS) or managing suspected or untoward
complications.

Computerised tomography (CT) of the sinuses
is the scan of choice prior to ESS, where sinus anat-
omy and sinus disease need accurate delineation.

Magnetic resonance imaging (MRI) with con-
trast offers superior and supplementary informa-
tion in evaluating complications of sinusitis such
as intracranial infection or cavernous sinus
pathology. MRI has also been suggested as the
modality of choice in diagnostic surveillance of
sinusitis in young children with CRS [5].

Isolation sinus opacification in children should
be interpreted with caution since sinus opacities
in this age group are relatively common inciden-
tal findings and in one report, only one in five
children without rhinological symptoms had a
normal scan.
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Management of Paediatric CRS

The therapeutic goals of the treatment of paediat-
ric CRS are symptom relief, improving quality of
life, preventing both negative effects on educa-
tion complications of infection.

Nasal Saline Rinses

Evidence shows that saline nasal rinses, used as
an adjunct or as a single modality, are beneficial
in the treatment of paediatric CRS.

Significant improvement in CRS symptoms
occurs with hypertonic and isotonic saline, but
hypertonic saline significantly reduces cough and
superior overall symptom relief. There is no addi-
tional benefit from the addition of antibiotics to
this saline regime [5].

Medical Therapy

Antibiotics

There is no strong evidence for the use of antibi-
otics in the management of paediatric
CRS. However, it is still a common practice to
use antibiotics in children with very symptomatic
CRS.

In very symptomatic children and those with
reduced immunity, such as Down syndrome, low-
dose macrolides can be beneficial during the
worst periods of the year. Such antibiotic regimes
probably work by preventing acute exacerbation
rather than treating CRS. Also, low-dose macro-
lides are thought to have anti-inflammatory
immunomodulatory effects. Some studies of low-
dose clarithromycin over 8—15 weeks report two-
thirds of children being disease-free at the end of
treatment.

Intranasal Steroids

There is little evidence to support the use of
intranasal steroids in children with CRS, but
they are recommended as first-line therapy in
children with CRS, especially where there is
coexisting allergic rhinitis [5]. The majority of
intranasal corticosteroids only have doses rec-

ommended for children over the age of 4 years.
A low systemic absorption steroid should be
used to minimise any potential systemic effects
(i.e. fluticasone or mometasone which have
minimal systemic absorption). Mode of applica-
tion is also an important consideration in paedi-
atrics and delivery, with a fine mist spray is
preferable and better accepted than traditional
‘pump’ sprays.

Systemic Steroids

Systemic steroids are associated with significant
improvement in cough, nasal obstruction and
postnasal discharge in children with CRS, and
CT scan scores also improve.

However, their use is limited because of con-
cerns about side effects, especially the impact on
long bone growth. Special situations where their
use may be justified include times of important
school examinations or when CRS significantly
interferes with quality of life.

Adjunctive Therapies
for Paediatric CRS

There is no evidence to support the use of
antihistamines, leukotrienes modifiers, decon-
gestants or mucolytics in paediatric CRS,
unless there are concomitant symptoms of sig-
nificant AR.

Routine anti-reflux treatment is not warranted
unless there are symptoms of GORD or diagnos-
tic uncertainty [5].

Biologics in Paediatric CRS

Whilst medical therapies for CRS may be effec-
tive, long-term compliance can pose a significant
challenge, and biologics may offer a targeted
effective alternative.

Biologics are currently only available for chil-
dren who have failed all appropriate medical and
surgical treatments. Omalizumab is the only such
medication licensed for children under the age of
12 years, but anaphylaxis is a potential risk, and
the cost is considerable [41].
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Instructions: Please help us understand the impact of sinus and/or nasal problems on your child’s quality
of life by checking one box [x] for each question below. Thank you.

Sinus INFECTION: Nasal discharge, bad breath, daytime cough, post-nasal drip, headache, facial pain or
head banging. How often a problem for your during the past 4 weeks?

[ 1 None of the time

[ ] Hardly any time at all
[ 1 A small part of the time
[ ] Some of the time

[ 1 A good part of the time
[ ] Most of the time
[ ] All of the time

NAsAL OBsTRUCTION: Stuffy or blocked nose, nasal congestion, reduced sense of smell,trouble breathing
with mouth closed. How often a problem for you child during the past 4 weeks?

[ 1 None of the time

[ ] Hardly any time at all
[ 1 A small part of the time
[ ] Some of the time

[ 1 A good part of the time
[ 1 Most of the time
[ 1 All of the time

ALLERGY SYMPTOMS: Sneezing, itchy nose/eyes, need to rub nose/eyes, or watery eyes. How often a

problem for your child during the past 4 weeks?

[ 1 None of the time

[ ] Hardly any time at all
[ 1 A small part of the time
[ ] Some of the time

[ 1 A good part of the time
[ ] Most of the time
[ ] All of the time

EmoTionAL DisTRESS: Irritable, frustrated, sad, restless, or trouble sleeping. How often a problem for your
child during the past 4 weeks because of nose or sinus illness?

[ 1None of the time

[ ] Hardly any time at all
[ 1 A small part of the time
[ ] Some of the time

[ 1 A good part of the time
[ ] Most of the time
[ 1 All of the time

AcTiviTy LimiTation: Missed school/daycare, lost time with, family/friends, unable to do projects, How
often a problem for your child during the past 4 weeks because of sinus illness?

[ 1 None of the time

[ ] Hardly any time at all
[ ] A small part of the time
[ 1 Some of the time

[ 1 A good part of the time
[ ] Most of the time
[ 1 Allof the time

OVERALL, HOW WOULD YOU RATE YOUR CHILD’S QUALITY OF LIFE AS A RESULT OF NOSE OR SINUS PROBLEMS?
(Circle one number)

@ 8 O

O O ©

O 1 2 3 4

Worse Possible
Quality-of-Life

Half-way Between
Worst and Best

6 7 8 9 10

Best Possible
Quality-of-Life

Fig. 16.4 SN-5 questionnaire [40]. As published in Kay DJ et al. in Otolaryngology—Head and Neck Surgery in 2003

Surgery

Surgery is indicated in children with CRS who
have complied and failed to improve on medical
therapy (intranasal corticosteroids/antibiotics).
Adenoidectomy is a first-line surgical option
reported to have success rates of symptom reso-
lution in 69% of children [33]. Alleviation of
mechanical obstruction and removal of the bacte-

rial reservoir are the rationales for surgery.
Children below the age of 7 years and those with
asthma and AR are more likely to require further
revision adenoidectomy or sinus surgery [42].
The quality of life, as assessed by the SN-5 ques-
tionnaire, has been shown to significantly
improve after adenoidectomy (Fig. 16.4) [5].
Balloon sinuplasty is a safe technique in chil-
dren although there is no evidence to show clini-
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cal benefit over adenoidectomy, or to demonstrate
improved efficacy or cost-effectiveness.

Endoscopic sinus surgery (ESS) is recom-
mended in children where the child has failed
appropriate medical treatment and adenoidec-
tomy. However, intervention should be conser-
vative with mucosal preservation. Endoscopic
surgery should address the removal of obvious
obstructive polyps or mucosal lesions, drainage
of the ethmoid bulla, perform limited ethmoid-
ectomy, and limit enlargement of maxillary
ostia.

Previous concerns regarding adverse effects of
ESS on facial growth have been allayed. The long-
term evidence is that ESS has no impact on quali-
tative and quantitative parameters of paediatric
facial growth, as assessed over 10 years [42].

Additional indications for ESS include orbital
and intracranial complications of ARS, children
with CF and obstructing nasal polyposis and
patients with fungal rhinosinusitis.

Complications of Rhinosinusitis
in Children

Complications of bacterial rhinosinusitis in chil-
dren are uncommon but can cause significant mor-
bidity and possibly death. Fortunately, treatment
with high-dose effective antibiotics and surgery
where indicated is normally successful, but bacte-
rial resistance to antibiotics is now a serious issue.
The main complications of paediatric rhinosi-
nusitis are either intracranial or extracranial.

Intracranial

Meningitis
Meningitis is one of the more likely intracranial
complications of sinusitis. Direct spread of infec-
tion from the ethmoid air cells, sphenoid or fron-
tal sinuses is relatively easier than in adults, due
to the arachnoid membrane being more perme-
able in children.

Investigation includes a CT scan or MRI of
the head, followed by a lumbar puncture. It is

sometimes difficult to exclude an intracranial
collection.

The clinical management should include a
paediatrician, and appropriate intravenous antibi-
otics should be commenced as soon as possible.
Prompt drainage of the infected sinus should be
considered at presentation in the presence of
intracranial complications.

Intracranial Abscesses

Intracranial abscesses may be subdural, intracere-
bral and epidural, all of which are serious, and
prompt recognition and management is crucial for
recovery. It is important to appreciate that a CT
scan of the head may not show evidence of an
early abscess, and a combination of CT and MRI
is ideally required for diagnosis and surgical plan-
ning. Intracranial abscesses are an uncommon
complication of paediatric rhinosinusitis and
should be managed jointly with paediatricians
and neurosurgeons. Prompt drainage of pus from
the infected paranasal sinus is required either via
an external or endoscopic approach. Frequently, a
combination of approaches may be required.
These procedures are usually undertaken at the
same time as any neurosurgical intervention.

Extracranial

Periorbital Infections

Periorbital infection is the most common infec-
tive complication of acute rhinosinusitis in chil-
dren. Infection is more likely to spread from the
ethmoid sinuses and occasionally from the fron-
tal sinus.

There are several different presentations, and
some are now rarely seen. The historical classifi-
cation by Chandler separates the different presen-
tations in a clinically useful manner, but the
stages do not necessarily reflect the severity or
the progression of the infection (Table 16.5).

The principles of management are to include
the expertise of colleagues in paediatrics, oph-
thalmology and neurosurgery when appropriate,
treat quickly and maintain close observation on
vision and disease progression. Appropriate
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Table 16.5 Chandler’s stages of orbital infection

Diagnosis Clinical details

Stage 1 Preseptal cellulitis Inflammation of eyelid, anterior to tarsal | Oral antibiotics
place or IV if response is minimal

Stage 2 Postseptal or orbital | Inflammation of orbital tissues IV antibiotics

cellulitis

(without abscess)
Stage 3 Subperiosteal Abscess/pus in subperiosteal plane IV antibiotics

abscess adjacent to lamina papyracea or + surgical drainage

+ orbital cellulitis +/— frontal sinus floor External or endoscopic approach
Stage 4 Orbital abscess Abscess/pus within orbital tissues IV antibiotics

+ orbital cellulitis + surgical drainage
Stage 5 Cavernous sinus Extension of infection to cavernous sinus | Prolonged IV antibiotics

thrombosis Surgical drainage of sinus pus or

+ orbital cellulitis abscess

No consensus on anticoagulation

scans of the head, orbit and sinuses should be
considered at an early stage.

Early recognition of a periorbital abscess is
important, and drainage of pus considered. There
is some evidence to suggest small medial
abscesses (<1 cm) can be managed initially con-
servatively. However, many surgeons will still
opt for prompt surgical management due to the
challenges in regular assessment of the child’s
vision [43].

Frontal Bone Osteomyelitis

Frontal sinusitis can progress to cause osteomy-
elitis and destruction of the frontal bone,
progressing to either an intracranial or extracra-
nially abscess (Pott’s puffy tumour).

Treatment necessitates initial intravenous
antibiotics, continued as a long-term course, typi-
cally for 6-8 weeks, with local microbiology
guidance. Pus within the frontal sinus and any
associated abscess may require surgical drainage,
but some do respond to antibiotic treatment.

Mucoceles
Mucoceles are epithelial-lined mucus-filled cysts
that develop over many years following inflam-
mation and obstruction of a sinus ostia. They are
uncommon in children, especially if young, but
should raise suspicion of a possible diagnosis of
cystic fibrosis.

Mucoceles typically induce bony remodelling
and bone erosion that can lead to complications

such as visual disturbances, nasal obstruction or
facial swelling.

Conclusions

There is still much to be investigated in patho-
genesis and management of paediatric rhinosi-
nusitis. Current best clinical practice involves a
thorough history and examination and an
awareness of the difficulties this poses in
children.

Appropriate investigations and maximal med-
ical management remain the first-line treatment.
It is clear that initial adenoidectomy with/without
sinus irrigation provides excellent symptom
relief and is very effective.

Biologics are an exciting treatment modality
that may have a future role in the management of
paediatric CRS.

Controversies

e Currently, there is no justification for GORD
treatment in children with CRS.

* The addition of antibiotics to saline irrigations
is not recommended.

e There is now evidence that ESS does not have
long-term effects on facial growth.

e Balloon sinuplasty has no proven role in the
management of CRS.
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Key Learning Points

Acute viral rhinosinusitis is more common in
children and has a higher incidence of second-
ary bacterial rhinosinusitis than adults.

CRS does exist in children but is less common
than ARS and does not frequently require
endoscopic sinus surgery.

CRS has a negative impact on quality of life
similar to adults.

Allergy testing should be considered in older
children with CRS.

Any child not responding to appropriate medi-
cal management should have their humoral
immunity evaluated.

The presence of nasal polyps, mucoceles,
hypoplasia of the frontal and sphenoid sinuses
on CT imaging in the absence of any bony
erosion are highly suspicious of CF.

PCD should be suspected in children with
refractory CRS and pulmonary diseases,
especially in those with concomitant bronchi-
ectasis, situs inversus or spermatozoid
abnormalities.

Saline nasal irrigation is recommended for the
treatment of CRS in children.

Intranasal steroids are recommended for use
in children with CRS.

Adenoids are very important in the pathophys-
iology of paediatric CRS, so adenoidectomy
with/without antral irrigation is a simple and
safe first procedure to consider in younger
children with symptoms of CRS.

Endoscopic sinus surgery (ESS) is a safe and
effective surgical modality for children with
CRS following failure of adenoidectomy or
those refractory to medical therapy.
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Paediatric Nasal Masses

Michelle Wyatt and Claire Frauenfelder

Introduction

Masses in the nose, nasal cavity, nasopharynx or
sinus of a child represent a very broad spectrum
of pathology (Table 17.1) and most commonly
present with nasal obstruction.
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Table 17.1 Differential diagnosis of paediatric nasal masses

Pathology

Chapter

Congenital

Nasal dermoid

Nasal Masses
Congenital Sinonasal Disorders

Nasolacrimal duct mucocele

Congenital Sinonasal Disorders

Nasolabial cyst

Congenital Sinonasal Disorders

Glioma Congenital Sinonasal Disorders
Meningoencephalocele Congenital Sinonasal Disorders
Hairy polyp

Non-neoplastic

Pyogenic granuloma

Haemangiomas

Tornwaldt cyst

Dentigerous cyst

Nasal polyposis

Paediatric Rhinosinusitis

Benign neoplastic

Juvenile angiofibroma

Juvenile angiofibroma

Teratoma

Fibrous dysplasia

Juvenile ossifying fibroma

Malignant neoplastic

Rhabdomyosarcoma

Olfactory neuroblastoma

Nasopharyngeal carcinoma

Lymphoma

Imaging in Paediatric Nasal Masses

Thorough physical examination of the nasal cav-
ity and postnasal space can be challenging in
small children, so imaging plays an important
role in diagnosis and treatment planning as many
pathologies  have  characteristic ~ features
(Table 17.2). Congenital abnormalities (see
Chap. 15), juvenile angiofibroma (previously

known as juvenile nasopharyngeal angiofibroma)
(see Chap. 33), paediatric rhinosinusitis includ-
ing polyposis (see Chap. 16) and sinonasal malig-
nancies (see Chap. 31) have all been expertly
discussed elsewhere in this text; however, their
imaging characteristics are included here for a
complete reference guide to paediatric nasal
masses.
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necrosis

than infantile haemangioma
variants

17 Paediatric Nasal Masses 217
Table 17.2 Characteristic imaging findings for paediatric nasal masses [1-5]
Imaging modality
Pathology CT MRI Other
Nasal dermoid Bone detail can indicate Well-circumscribes lesion, bright -
intracranial extension: widened | on T2, variable intensity T1, high
foramen caecum (>3 mm), bifid | intensity on DWI
crista galli
Nasolacrimal duct Low-attenuating, well- T1 hypointensity of lesion. T2 -
mucocele circumscribed cyst hyperintensity of fluid-filled
structure from medial canthus to
inferior meatus
Nasolabial cyst Well-circumscribed cystic T1 hypointense cystic lesion. T2 -
lesion with mild rim hyperintense with minimal rim
enhancement with some enhancement
attenuation of serous or mucoid
cyst contents. Occasional local
bone erosion
Glioma ‘Well-defined, non-enhancing T2 non-enhancing mass iso- or -
soft tissue lesion hyperintense to brain with a
diffusion restriction
Meningoencephalocele Extension of intracranial soft Soft tissue connection from mass MR or CT
tissue. Bony defect in anterior to cranial cavity. T1 isointense to angiography useful
skull base may include patent intracranial grey matter. T2 iso- or | for preoperative
foramen caecum, bifid crista hyperintense to grey matter planning
galli or local fontal bone deficit
Nasal polyposis Soft tissue opacity in the nasal T1 hypointense tissue. T2 -
cavity and affected sinuses hyperintensity with thin peripheral
contrast rim enhancement
Hairy polyp Well-circumscribed, fat-filled Both T1 and T2 hyperintense -
mass with stalk lesion with hypointense core
Tornwaldt cyst Well-defined, cystic lesion T1 hypointense, T2 hyperintense -
Haemangioma: Well-circumscribed, lobulated T1 isointense to muscle, T2 US Doppler:
Infantile hypervascular mass. hyperintense. Intralesional High vessel density
Intralesional flow-voids with flow-voids with contrast, decreases | during proliferation
contrast, decreases during during involution without evidence of
involution arteriovenous shunt.
Involution shows
decreasing vessel
density and
increased resistive
index
Haemangioma: Heterogenous, lobulated T1 isointense to muscle, T2 -
Congenital vascular mass with foci of hyperintense. More heterogenous

Pyogenic granuloma

Well-circumscribed,
homogenous mass without
calcification and diffuse
contrast-enhancement

T1 isointense to grey matter,
marked enhancement with contrast
(with no rim). T2 heterogeneously
hyperintense

Dentigerous cyst

Unilocular well-defined
pericoronal lucency around
unerupted tooth, thin sclerotic
margin. No cortical breach

T1 hypointense lesion. T1 with
contrast—no solid component, no
enhancement. T2 hyperintense
lesion

OPG:

Unilocular
radiolucent cystic
lesion with sclerotic
boarder associated
with crown of
unerupted tooth

(continued)



218

M. Wyatt and C. Frauenfelder

Table 17.2 (continued)

Imaging modality

Pathology CT MRI Other
Juvenile angiofibroma Well-defined soft tissue mass T1 hypo- or isointense to Digital subtraction
with characteristic lobulation at | surrounding muscle. T2 irregular angiography:

sphenopalatine foramen and
other key anatomical sites.
Intense contrast enhancement.
Bowing and erosion of adjacent
bone

hyperintensity with isointense
areas due to fibrous foci within
lesion. Diffuse contrast intensity
with flow voids. Mucinous
secretions trapped around lesion
appear homogenous and
hyperintense

Indicative of
vascular recruitment
by tumour and
highlights
preoperative
embolization targets

Teratoma Well-defined margin around T1 mixed signal with -
heterogenous and variable hyperintensity of fat and
lesions due to mixture of tissues | proteinaceous fluids, hypointensity
in each lesion. Mixed solid and | of calcium and blood product,
cystic components. Multiple contrast enhancement of solid soft
calcified intralesional foci tissues. T2 mixed signal

Fibrous dysplasia Characteristic ill-defined, Aggressive appearance on MR, -

ground-glass intramedullary
bony lesion(s). Expansile and
thinned overlying bony cortex.
Erosion rare

mimicking malignancy. T1 low
intensity, T2 variable, internal
heterogenicity with contrast

Juvenile ossifying fibroma

Sharply defined, unifocal lesion
with sclerotic rim and internal
lucency

T1 low-intermediate intensity. T2
variable, heterogenous intensity,
often with hypointense cystic areas

Rhabdomyosarcoma

Invasive soft tissue mass with
surrounding bony erosion and
variable contrast enhancement

Facilitates assessment of
meningeal involvement and
intracranial extension. T1

FDG-PET scan:
Primary RMS and
metastatic disease

due to focal intratumoral isointense lesion. T2 variable give bright signal
necrosis lesion iso- and hypointensity with | with increased FDG
irregular contrast enhancement avidity
Olfactory neuroblastoma Dumbbell of soft tissue arising | T1 low to intermediate intensity. -
high in nasal cavity, extending T2 intermediate to high intensity.
through cribriform plate. Intralesional variability due to
Macrocalcifications and focal necrosis and cystic areas
intralesional necrosis. Local
bone destruction and
remodelling at skull base
Nasopharyngeal Aggressive, asymmetrical mass | T1 isointense lesion. T2 isointense | FDG-PET scan:
carcinoma of lateral nasopharynx/fossa of | lesion. Contrast enhancement Metastatic disease
Rosenmuller. Associated bone variable, usually heterogenous. detection and
erosion, intracranial invasion. Diffusion-weighted images post-treatment
Cervical lymphadenopathy demonstrate decreased diffusivity surveillance
common. Heterogenous
contrast enhancement
Lymphoma Soft tissue mass with mild to T1 lesion isointense to muscle, T2 | —

moderate contrast enhancement.
Local bone destruction and
remodelling is common

mild hyperintensity. Mild to
moderate contrast enhancement.
Key for assessment for dural
involvement when cribriform plate
erosion present

DWI Diffusion-weighted imaging
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Congenital Lesions
Dermoids

Nasal dermoids affect 1:20,000 live births and
are the most common midline congenital lesion.
They can present as a cyst, sinus tract or fistula.

Dermoid lesions form after failed neuroecto-
dermal involution in the prenasal space between
the developing nasal bones and septum. A rem-
nant tract of both mesoderm and ectoderm is
characteristically lined with stratified squamous
epithelium and follows the path of the dural
diverticulum through the foramen caecum.

Clinically, a midline mass or punctum is seen
between the nasal tip and the glabella, most com-
monly at the rhinion. The typical appendages of
skin are embedded within the lesion and hair, or a
sebaceous discharge may extrude from a sinus or
be contained within a cyst. Persistent attachment
to the intracranial dura along this tract is common
and is associated with the risk of serious compli-
cations: the intracranial component increases the
risk of meningitis, cavernous sinus thrombosis
and intracranial abscess. The depth of extension
has been classified and is key for preoperative
planning (Fig. 17.1, [6]): superficial (most com-
mon), intraosseous, intracranial extradural and
intracranial intradural.

Both MRI and CT of the skull base give comple-
mentary information regarding soft tissue and intra-
cranial extension, and bony anatomy, respectively
(Fig. 17.2).

Management is surgical excision via an exter-
nal rhinoplasty approach for superficial lesions

with or without burring the nasal bones to prevent
recurrence if the lesion is adherent to periosteum.
Larger lesions with intracranial extension require
collaboration with neurosurgical colleagues and
either endoscopic-assisted or open excision (via
coronal flap elevation) and may require local
reconstruction of a dura defect where the tract
extends intracranially. Failure to address the
entire lesion results in high post-operative
recurrence.

Intracranial intradural

Intracranial extradural

Intra-osseous

Superficial

Fig. 17.1 Nasal dermoid classification is based on extent
of intracranial extension and is important for pre-opera-
tive evaluation of the patient [6]
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Fig. 17.2 MRI axial and sagittal—Nasal dermoid with superficial and intra-osseus components

Hairy Polyp

Hairy polyp, or naso-oropharyngeal choristoma,
are a form of congenital cyst found in the upper
airway of neonates, and contain matured ecto-
derm and mesoderm. They are found in approxi-
mately 1/4000 live births and are more common
in females. They are pedunculated ectopic foci of
tissue originating from the first or second bran-
chial arches (please refer to Chap. 1) and present
with a clinical picture dependent on size, location
and mobility of the lesion in the upper airway.
Whilst the diagnosis is often clinical, they have a
classical appearance on MRI with a hyperintense
ring of fatty tissue surrounding a hypointense
core, and an associated fatty stalk sometimes hard
to distinguish from surrounding tissues. These
lesions are surgically excised using either cold
steel or coblation and have low recurrence rates.

Non-neoplastic Lesions
Pyogenic Granuloma
Nasal pyogenic granuloma arises from mucosa

or skin of the nose and oral cavity and was pre-
viously referred to as lobular capillary haeman-

gioma. It is a friable red or purple polypoid
mass and characteristically presents with recur-
rent epistaxis, nasal obstruction, nasal discharge
and pain. It is slightly more common in male
children, differing from adults where women
are more frequently affected, particularly if
using hormonal contraception, and especially
during pregnancy, typically involuting after
birth. It is most commonly found on the anterior
septum, turbinates or nasal cavity roof and the
appearance on imaging is of a localised but vas-
cular lesion. These lesions are treated surgically
via excision by a range of methods including
cold steel, electrocautery, laser and electroco-
agulation. Rarely are the lesions vascular
enough to warrant preoperative embolization.
Reports of recurrence vary but repeated surgery
is uncommon.

Haemangioma

Haemangioma in childhood involves several
separate entities as classified by the
International Society for Study of Vascular
Anomalies [7]. The two most common and that
affect the airway are infantile haemangioma
and congenital haemangioma.
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Infantile haemangioma is the most common
tumour of childhood, affecting up to 10% of
children, and mostly females. Characteristically,
it appears during the first weeks of life and pro-
liferates for months, before spontaneously
involuting. More than 30% of lesions affect the
head and neck, and large lesions may be associ-
ated with PHACES syndrome (Posterior fossa
anomalies, Hemangioma, Arterial lesions,
Cardiac abnormalities and/or aortic Coarctation,
Eye abnormalities, Sternal cleft or agenesis).
The haemangiomas may be multifocal and be
superficial or deep with variable external
appearance. They are formed by proliferation
of endothelial cells and pericytes with specific
immunohistochemical (IHC) markers including
glucose-transporter-1.

Congenital haemangiomas are present at birth
and involute to varying degrees, with three sub-
types: rapidly involuting (within 1 year), non-
involuting and partially involuting (Fig. 17.3).
They are less common than infantile haemangi-
oma and histologically are formed by capillary
lobules, with or without association to larger
lymph vessels, veins and arteries. In contrast to
infantile haemangioma, the congenital forms do
not express the glucose-transporter-1 IHC marker.

Their radiological appearance is lobulated,
often with foci of calcification, haemorrhage and
necrosis. However, radiological images of con-
genital haemangiomas are characteristically less
demarcated and more heterogenous than infantile
lesions.

Usually, patients are advised to wait for invo-
lution of the haemangioma and no treatment is
required; however, if the lesion is in the airway,
large or ulcerating, or affecting important local
structures (e.g. orbits, cranial nerves), treatment
with beta-blockade (usually oral propranolol) is
commenced.

Surgical excision is used only where there is
no response to treatment in these critical
situations.

Fig. 17.3 Extensive congenital nasal haemangioma
resulting in airway obstruction (tracheostomy tube in situ)

Tornwaldt Cysts

Tornwaldt cysts are found in the midline posterior
nasopharyngeal wall at the site of the pharyngeal
bursa (embryological pathway from anterior noto-
chord to embryological pharyngeal roof). They
develop following infection or trauma, usually in
older children (or adults). They are lined with
respiratory epithelium and are surrounded by adja-
cent adenoid tissue. Clinical presentation is of
nasal obstruction, postnasal discharge, halitosis, or
in large lesions, with eustachian tube obstruction
and middle ear effusion.
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On imaging, they are well-defined cystic
lesions without local bone destruction and hyper-
intensity on MRI T2 weighted images.

If asymptomatic, no treatment is required;
however, endoscopic or transoral marsupialisa-
tion is indicated for large, obstructive lesions.

Dentigerous Cysts

Dentigerous cysts arising around unerupted or
impacted anterior secondary maxillary teeth may
present as a painless mass in the floor of the ante-
rior nose. More typically, the cysts are identified on
orthopantomography (OPG) imaging performed
for other dental reasons. They may be associated
with mucopolysaccharidoses or basal cell nevus
syndrome (Gorlin syndrome). A non-keratinising
squamous epithelial-lined cyst arises at the cemen-
toenamel junction of a permanent tooth and is seen
as a well-defined cystic pericoronal radiolucency.
Treatment requires marsupialisation of the cyst in
an attempt to preserve the permanent dentition;
however, if tooth development has been severely
disrupted, enucleation and primary closure confers
less chance of recurrence.

Benign Neoplastic Lesions

Juvenile Angiofibroma (Link
to Juvenile Angiofibroma Chap. 33)

Juvenile angioma is a vascular tumour that arises
in the nasopharynx around the sphenopalatine
foreman in adolescent boys. It is covered in depth
elsewhere in this text (refer to Chap. 33).

Teratoma

Teratomas are an embryological germ cell
tumour, arising from the pluripotent cells of all
three germ cell layers and characterised as tissue
foreign to the site of origin (Fig. 17.4). They are
unpredictable and may present with dramatic
enlargement clinically over a short period of
time. There is a strong association with concur-

Fig. 17.4 Coronal MRI—Extensive left-sided teratoma
with cranial extension through skull base, caudal exten-
sion into neck and parapharyngeal space, encroaching
into postnasal space and pharynx

rent congenital abnormalities. Histological fea-
tures vary significantly, incorporating a wide
range of tissue types that may be mature or
immature. Malignant transformation is rare but
may be either carcinomatous or sarcomatous.
Whilst most are benign, they are locally aggres-
sive. Complete surgical excision is required for
both benign and malignant teratomas, with good
associated prognosis.

Fibrous Dysplasia

Fibrous dysplasia is a slow-growing fibro-osseous
condition found throughout the skull base and is
diagnosed in children in the first and second decade
of life prior to puberty on the basis of classical
radiological appearance (Fig. 17.5). It is a benign,
idiopathic process that replaces normal medullary
bone with structurally weaker fibro-osseous tissue
and is associated with mutation of the GNASI
gene.
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Fig. 17.5 Coronal CT—Ethmoidal focus of fibrous dys-
plasia with lateral displacement of the orbit and obstruc-
tion of the left osteomeatal unit

Well-circumscribed, intramedullary lesions
expand and distort the bone. It is most commonly
monostotic (>70% of cases); however, may pres-
ent involving more than one bone in McCune-
Albright syndrome associated with skin
hyperpigmentation and endocrine abnormalities.
Bony swelling lesions are typically painless as
growth is slow, and discomfort may arise when
there is a rapid growth spurt, mimicking osteo-
myelitis clinically and radiographically. Other
symptoms, such as nasal obstruction or cranial
neuropathies, arise when the lesion expands and
narrows the nasal cavity or the proximity of skull
base foramina. Malignant transformation to
osteosarcoma is rare (<0.5%); however, it
increases in McCune-Albright syndrome (4%).

In general, no treatment is required; however,
the decision to proceed with decompression or
curettage is based on location of the lesion and
progression of symptoms.

Juvenile Ossifying Fibroma

Juvenile ossifying fibroma is a rare lesion, typi-
cally affecting children from 5 to 10 years of
age and is more aggressive than when present-
ing in adulthood, and also more likely to recur.
The lesions are expansile and, in contrast to
fibrous dysplasia, well-demarcated. They are
slow-growing, most frequently arise in the man-
dible, but affect the maxilla and ethmoid sinuses
in approximately 20% of cases. The fibromas

arise from the periodontal ligament and are
composed of fibrocellular tissue mixed with
variable osseous component and psammoma-
toid bodies.

Complete surgical resection is required (endo-
scopic where possible) and carries an excellent
prognosis. There is no reported malignant trans-
formation, and while recurrent tumours can be
aggressive, recurrence is rare.

Malignant Neoplastic Lesions

Although covered elsewhere in this text (refer to
Chap. 31), malignant lesions of the nose, naso-
pharynx and sinuses are important differential
diagnoses not to miss in a child presenting with a
nasal mass.

Rhabdomyosarcoma

As the most common paediatric solid tumour
malignancy, 40% of all rhabdomyosarcomas
(RMS) affect the head and neck. Nasopharyngeal
RMS frequently presents late with advanced dis-
ease, and up to 25% of patients have metastatic
disease at diagnosis. Paediatric RMS is associ-
ated with two subtypes: embryonal with an inter-
mediate prognosis and alveolar with a poor
prognosis (particularly when associated with the
aggressive PAX3-FOXO1 fusion gene variant).

Staging and treatment is determined by
tumour extent; para-meningeal involvement
denotes advanced disease. Surgery is usually lim-
ited to biopsy for tissue diagnosis and may
include debulking overall tumour volume; how-
ever, treatment centres on chemotherapy with
adjunct radiotherapy, and increasingly proton
beam radiation.

Olfactory Neuroblastoma

Olfactory neuroblastoma, or esthesioneuroblas-
toma, is a rare malignant tumour arising from
neuroectoderm in the olfactory epithelium, high
in the nasal vault. It presents with epistaxis and
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nasal obstruction in a bimodal distribution:
teenagers and patients in the sixth decade of
life. Surgical resection and adjunct radiotherapy
are the mainstays of treatment; however, induc-
tion chemotherapy plays an important role for
younger patients prior to surgery. Prognosis is
reasonable with a reported 5-year survival rate
of 75%.

Nasopharyngeal Carcinoma

Nasopharyngeal carcinoma (NPC) in children is
rare, usually affecting teenagers, and is associated
with Epstein-Barr virus infection and exposure to
nitrosamines. NPC classification by the World
Health Organization involves three sub-types of
squamous cell carcinoma: keratinising, non-kera-
tinising differentiated and non-keratinising undif-
ferentiated. Undifferentiated is the most common
variant in children and is associated with a slightly
better prognosis. Presentation may be prompted
by nasal obstruction, otitis media with effusion,
cranial neuropathies or fever of unknown origin.
Cervical metastasis is also a common presentation
for NPC. Primary disease is usually advanced, and
distant metastases are frequently found at
diagnosis.

The overall combined 5-year survival rate
remains around 50%. Neoadjuvant chemotherapy
improves response to radiotherapy and can assist
treatment of metastatic disease. Surgical resec-
tion is reserved for salvage and is rarely
performed.

Lymphoma

Paediatric extra-nodal lymphoma of the head
and neck is very rare. Natural killer cell or T-cell
lymphomas are most common, are related to
immunosuppression or exposure to carcinogens
(including Epstein-Barr virus) and are aggres-
sive with a poor prognosis. A range of presenta-
tions are seen and correlate to the lymphoma’s
histological variant. More indolent disease pres-

ents with onset of nasal obstruction and sleep-
disordered breathing, while aggressive forms
with bleeding, ulcerated lesions or pain. The
surgeon’s role in lymphoma is typically limited
to detection and biopsy of the lesion, with
chemoradiotherapy as the mainstay of
treatment.

Key Learning Points

e Nasal dermoid—imaging with MRI to stage
and assess for intracranial extension key dur-
ing preoperative planning.

* Haemangioma—distinct histological entities
classified by International Society for Study
of Vascular Anomalies affect infants:

— ‘Infantile’ haemangiomas appear after birth,
express glucose-transporter-1 and may be
associated with PHACES syndrome.

— ‘Congenital’ haemangiomas are present at
birth, do not express GLUT-1 and a classi-
fied based on involution pattern.

e Fibrous dysplasia—benign monostotic condi-
tion in >70% cases. Rare multifocal disease
associated with McCune Albright syndrome.

e Juvenile ossifying fibroma—more aggressive
in childhood than the adult form and complete
surgical excision is required.

e Malignant neoplasms in children are rare but
must be included in the differential diagnosis
of any nasal mass and require multidisci-
plinary team input for management.
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Claire Marie McLarnon

Introduction

In this chapter we will explore nasal development
and congenital and acquired deformities includ-
ing the impact of nasal trauma which in children
can lead to significant long-term deformities.
Surgical interventions and risks of surgery,
including a discussion on the timing of septorhi-
noplasty surgery in children, will be discussed.

Nasal Embryology

The primitive mouth or stomodeum (stomato-
deum) appears around the 4th week in the devel-
oping embryo. Around this time the first pair of
pharyngeal arches surround the stomodeum, and
five mesenchymal prominences appear. These are
the paired maxillary and mandibular promi-
nences and a single central frontonasal promi-
nence. The nasal placodes develop from the
surface ectoderm on the lateral sides of the fron-
tonasal prominence. During the 5th week, each
nasal placode then invaginates as the olfactory pit
and tissue either side of the pit forms the medial
and lateral nasal prominences or fold. The medial
nasal folds become the septum, philtrum, medial
crus of the lower lateral cartilage, columella and
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premaxilla of the nose, whereas the lateral pro-
cesses form the sides of the nose. The apex and
dorsum of the nose come from the frontonasal
process (Fig. 18.1).

A nasobuccal membrane separates the oral
cavity inferiorly from the nasal cavity superiorly.
As the olfactory pits deepen, the choanae are
formed. By 10 weeks there is differentiation into
muscle, cartilage and bony structures. Any dis-
ruption to these phases in development can lead
to various nasofacial anomalies that include cho-
anal atresia, medial or lateral nasal clefts, nasal
aplasia and polyrrhinia.

Nasal Development Through
Childhood

Just as the rest of the human skeleton develops
through childhood, the nose continues to form
with leaps in growth correlating with generalised
skeletal growth spurts, especially during puberty.
The nasal septum is central to nasal growth and
any surgical approach must be respectful to not
disrupt the septal growth centre. Children who
have had injuries to their noses in early childhood
where there has been disruption to the growth
centre of the nasal septum can be at significant
risk of later developing nasal deformities [1].
These include septal and dorsal deviations, a
small for age nose, altered/arrested midfacial
development and supratip collapse.
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Fig. 18.1 Schematic demonstrating embryological development of the nose

Development of the Nasal Septum

In the adult, the nasal septum is composed of
three parts: (1) the cartilaginous septum, (2) the
perpendicular plate and (3) the vomer. The bony
perpendicular plate develops via endochondral
ossification of the cartilaginous septum during
childhood. Ossification occurs in a cephalic to
caudal direction from the skull base and reaches
the vomer by puberty. The vomer is formed by
intramembranous ossification and ossifies from
the 12th week of foetal life. The vomer has two
lamellae that form the V-shape in which the pos-
terior septum resides. The perpendicular plate
and vomer fuse around the ages 68 years. In the
neonate, nearly all of the nasal septum is carti-
laginous and extends from the columella anteri-
orly to the sphenoid posteriorly. A thin bony

lamella between the basal rim of the cartilaginous
septum and palate in the neonate becomes the
vomer. A study, looking at septal growth, con-
cluded that the growth rate of the nasal septum is
highest in the newborn up until 2 years when it
slows down continuously but does continue even
after puberty (5). The cartilaginous part of the
nasal septum increases rapidly in sagittal dimen-
sions during the first year of life. After the age of
2 years, the growth of the septum is due to expan-
sion of the perpendicular plate, i.e. the bony parts
of the septum. The cartilaginous septum has a
central role in driving the growth of the nasal
pyramid, nasal cavity and midface. The caudal
part of the septal cartilage influences outgrowth
of the midface. The anterior part determines
prominence and length of the nasal pyramid.
Surgery or trauma involving the nasal septum in
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children and adolescents therefore can interfere
with different processes (growth, remodelling
and ossification) depending on the site and tim-
ing of the injury.

Development of the Nasal Dorsum

In the neonate, the nasal bones have a fibrous
connection with the frontal and maxillary bones
and are supported by the upper lateral cartilages
(ULCs) beneath them. At the caudal margin of
the nasal bones, the periosteum is firmly con-
nected with perichondrium of the underlying
cartilage. The nasal bones ossify inwards from
the nasal process of the lateral maxillary bones
eventually fusing in the midline in adult life.
Unlike the adult nose, the ULCs extend under the
full length of the nasal bones to merge with the
cartilaginous anlage of the anterior skull base,
which later becomes the ossified cribriform plate.
[15]. There are only limited reports on the rate of
anterior regression; however, the ULCs can still
be found to maintain their skull base connections
up until at least age 4 years. The upper lateral car-
tilages and the nasal septum together constitute
the ‘T’-shaped septodorsal cartilage. As the
ULCs gradually regress under the nasal bones
caudally, all that is left is a small overlap with the
ULCs sitting under the nasal bones—the so-
called bony cap.

Development of the Nasal Tip

The nasal tip is formed by the two lower lateral
cartilages (LLCs), each having three compo-
nents, namely the medial, intermediate and lat-
eral crus, and the caudal septum. The medial
nasal process as described above in the develop-
ment of the septum also gives rise to the medial
crus of the lower lateral alar (LLC) cartilage.
The lateral nasal process develops into the
external wall of the nose including the alae, and
lateral crus of the lower lateral cartilage. The
nasal tip is thought of a tripod structure with the

three ‘legs’ consisting of the paired medial crura
and the other two ‘legs’ being each of the lateral
crura of the LLCs. The soft tissues including
skin, particularly in a younger child’s nose, are
thicker and more elastic compared to older
adults; therefore, identifying abnormalities of
the underlying alar cartilages is more difficult in
children.

Nasal Growth Phase

Nasal growth rate continues post-partum at a
high rate for the first few months after birth. It
then slows down until puberty when another
growth spurt occurs. Nasal growth rates tend to
be in proportion to growth velocity of the skele-
ton. Growth spurts in girls continues to
16-17 years of age compared to boys’ growth
spurt that continues up to 16-18 years of age.
However, when exactly the nose stops growing is
debatable in the published literature [2, 3]. Some
report that the nose stops growing around age 12,
while other researchers report an older age,
around 16 or 17, or even early adulthood. Gender
and ethnicity may explain some of these differ-
ences. However, another important consideration
is the different growth rates in the soft tissues
versus the skeletal growth. An interesting study,
looking at cephalometric radiographs, reported
that anteroposterior growth and subsequent
increased anterior projection of the nose contin-
ued in both males and females after skeletal
growth had subsided [4]. They showed that over-
all growth of the nose was similar in both boys
and girls between the ages of 7 and 12 years.
However, after 12 years in females, a large pro-
portion of their soft tissue development had also
occurred, whilst in males they saw continued soft
tissue growth until age 17 years. Once adulthood
is reached, the nose stops growing, although
many perceive that the nose continues to grow
through adult life. Apparent lengthening occurs
due to age-related changes of the key compo-
nents of the nose: thinning of and loss of elastic-
ity of the nasal skin, drooping of the nasal tip;
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Table 18.1 Congenital nasal deformity classification, as
described by Losee et al. [5]

Type 1 | Hypoplasia/atrophy of skin, subcutaneous
tissue, cartilage, muscle and/or bone

Type 2 | Hyperplasia and duplications, ranging from
part duplications to complete multiples

Type 3 | Tessier craniofacial clefts classification is
applied

Type 4 | Congenital neoplasms (benign and
malignant) and vascular anomalies

weakening and excessive softening of the nasal
cartilage; separation and laxity of the intra-carti-
lage attachments.

Congenital Nasal Anomalies

Losee et al. in 2004 developed a scheme, follow-
ing the study of a series of 261 patients over a
22-year period [5]. The following four types of
congenital nasal anomalies were described in
Table 18.1.

Type | Anomalies: Hypoplasia
and Atrophy

Type I anomalies are the most common, account-
ing for over 60%. Failure or underdevelopment
of all or some of the tissue components, such as
skin, subcutaneous tissue, muscle, cartilage and
bone, leads to range of issues from hypoplasia,
partial absence and complete arhinia. Sub-
categories include the following:

Hemi-nose

Unilateral nostril agenesis is rare and usually
found in combination with other anomalies
affecting the ipsilateral face. The aetiology is
unknown although thought to be due failure of
nasal placode development.

Arhinia

Arhinia is exceedingly rare, with only a small
handful of cases reported. Absence of the nose
alone defines arhinia. Total arhinia is absence
of the nose and olfactory system. Both are usu-
ally associated with major brain anomalies due
to their shared embryological origins and
unfortunately many infants do not survive long
after birth. However, despite central nervous
system anomalies, the potential for normal
intelligence, well-developed speech and surgi-
cal rehabilitation have been reported in surviv-
ing infants.

Hypoplasia or Absence of Parts

Case reports describing hypoplasia or agenesis of
portions of the nose are rare. Such cases have
included absence of the columella only, isolated
nasal bone agenesis, hypoplasia or aplastic nasal
bones, resulting in a narrowed vault and cartilagi-
nous hump.

Craniofacial Syndromes

Nasal hypoplasia is seen with many craniofacial
syndromes, for example:

e Apert syndrome often presents with bilateral
narrowing of the bony nasal cavity with cho-
anal stenosis or atresia.

e Fraser syndrome is a rare autosomal recessive
disorder, presenting with nasal anomalies
such as a broad nose with midline groove and
a depressed nasal bridge, hypoplastic nares
with colobomas, choanal stenosis and a beak-
like appearance.

* Binder syndrome, or naso-maxillary hypopla-
sia, is characterised by midface retrusion,
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hypoplasia of the anterior nasal spine, a short
columella and an obtuse nasofrontal angle.

* Craniofacial macrosomia and Goldenhar syn-
drome can both affect the nose with varying
degrees of hypoplasia.

Nasal Cavity Atresia

Newborns are obligate nasal breathers, so any
cause of nasal obstruction can present with sig-
nificant airway obstruction leading to apnoea,
cyanosis, failure to thrive and sometimes death.

* Choanal atresia is the commonest cause lead-
ing to posterior nasal cavity obstruction and
can range from total bilateral bony choanal
atresia to unilateral choanal stenosis. About
half of the patients with choanal atresia have
bilateral choanal atresia. In the general popu-
lation, the incidence of choanal atresia is
approximately 1 in 5000-7000 live births. It is
thought to result from persistence of the buc-
conasal membrane and/or an insufficient
deepening of the nasal pits [6]. Others believe
it occurs from an alteration of mesenchymal
migration; a view supported by the association
with other common anomalies including brain
anomalies in up to 25% of patients [7].
Choanal atresia may form part of a wider
CHARGE diagnosis and a little more than
50% of children with CHARGE have some
form of choanal atresia.

e Pyriform aperture stenosis and mid-nasal ste-
nosis are more rare anomalies. Pyriform aper-
ture stenosis is believed to be due to overgrowth
of the maxillary nasal process and hypoplasia
of the anterior hard palate and inferior pyri-
form aperture. Congenital pyriform aperture
stenosis is associated with other anomalies,
including a single central incisor and pituitary
insufficiency, and may be a microform of
holoprosencephaly.

The majority of outlet obstructions are believed
to be both bony and membranous, consisting of a
shortened and narrowed nasal cavity, lateral bony
thickening, and obstruction by a thickened and
deviated vomer. Diagnosis of these anomalies is
made by the inability to pass a #6 to 8 French
plastic catheter through the nares into the phar-
ynx. A non-contrast high-resolution CT scan, and
especially axial images, is now the single radio-
graphic study of choice for confirmation of the
diagnosis. Depending on the degree of nasal
obstruction management, options include nasal
decongestants, feeding supplementation, surgical
widening of the stenosis +/— nasal stenting.

Case Presentation 1

A male infant referred by local paediatrician, age
3 months old, with upper airway obstruction and
feeding difficulties. A 2.8 mm paediatric nasal
endoscope could not be passed through either
nostril at the level of the pyriform aperture. A CT
scan confirmed congenital nasal pyriform aper-
ture stenosis (Fig. 18.2). Surgical correction was
performed via a sub-labial approach until a size

reduced nasal

Fig. 18.2 Axial CT demonstrating
aperture
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Pre-op endoscopic view:
Right Left

Post-surgery endoscopic view. Note widened nasal cavity:
Right Left

Key: S= septum. IT = Inferior turbinate

Fig. 18.3 Pre- and post-operative intra-nasal view in a case of pyriform aperture stenosis. Key: S Septum, /T Inferior
turbinate

of 3.5 mm endotracheal tube could be passed into  and after surgical widening is shown in Fig. 18.3.
each nasal airway. The appearance of the nasal Post-operative stents were secured and removed
airway at the level of the pyriform aperture before 1 month post-operatively.
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Type 2 Anomalies: Hyperplasia
and Duplications

Type 2 anomalies include excess tissue, ranging
from part duplications to complete multiples and
represent only 1% of patients with all nasal
anomalies in Losee’s study group [5]. Sub-
classifications include the following:

1. Duplication of parts. For example, a double
columella and bifid caudal septum, resulting
in two separate columella. Nostril duplication
has been reported more frequently with the
supernumerary nostril opening more often
into a common cavity shared with the normal
nostril. Polyrrhinia is true nasal duplication
where two distinct noses are present, each
having two nostrils and nasal cavities. It is
postulated that two pairs of nasal placodes
gave rise to four nasal pits and resulting in
four nasal sacs undergoing usual development.
Midline craniofacial clefts may result in
anomalies presenting as apparent nasal
duplications or a ‘bifid nose’. Each nostril
may be associated with its own blind ending
cavity. Supernumerary nostrils have been
associated with choanal atresia and pyriform
aperture abnormalities. It is thought that a
double nasal placode or accessory olfactory
pit results in a supernumerary nostril.

2. Proboscis lateralis is a rare nasal anomaly,
with a reported incidence of 1 in 100,000. It is
most often described as a rectangular, tubular,
fleshy appendage that is 1-3 cm long and
1 cm wide and connected to the inner canthus
by a broad sessile attachment, although other
positions and attachment points have been
described. The orifice can drain secretions
and experience coordinated flaring; however,
the proximal canal is blind and so does not
communicate with the nasal cavity. Boo-Chai
sub-divided proboscis into four types: I, with
a normal nose (the least common type); II,
with ipsilateral nasal anomalies; III, with ipsi-
lateral nose, eye and adnexal anomalies (the
most common type); and IV, type III com-
bined with cleft lip and palate. Many theories
of its aetiology have been postulated includ-

ing anomalies of the lateral nasal process,
amniotic banding, healed encephaloceles,
germinal anomalies, malformations or over-
growth of the lacrimal system and craniofa-
cial clefting.

Congenital abnormalities are rare and require
specialist knowledge in reconstruction tech-
niques and surgery in children. Therefore, man-
agement of these types of nasal deformity should
be referred to specialist centres with multidisci-
plinary experience that may include otorhinolar-
yngologist, plastic surgery, neurosurgery,
ophthalmic and maxillofacial surgery. Discussion
on Type 3 and 4 anomalies is out of the scope of
this chapter and can be found in Losee’s original
article [5].

Assessment of Nasal Deformity

In the adult nose there are well-described angles
and ratios when comparing male and female
noses and the changes that occur with aging. The
conception of what defines a beautiful nose and
face is also broadly published with descriptions
on facial proportions (mostly in Caucasian faces)
based on facial width and height in one-third and
one-fifth. However, in children the facial skeleton
is proportionally very different to the adult.
Children are born with a very large head com-
pared to face size and small noses, which gradu-
ally over time develops into the adult proportions
after the growth spurts. Therefore, assessment of
nasal deformity relies more on comparison of the
changes in shape pre-injury, which can be sought
from photographs and descriptions from the child
and caregivers and an experienced clinical assess-
ment. Taking note of older siblings and parental
nasal shape and size can also be helpful in deter-
mining if a deformity may just be a family trait
rather than an acquired change. In planning a
Rhinoplasty procedure, preoperative photogra-
phy should be undertaken and recorded in the
patient’s clinical record. Photographs should fol-
low standard pre-Rhinoplasty imaging protocols.

Functional assessments should be undertaken
because restrictions in nasal airway caused by
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septal deformities are a more accepted reason for
considering surgical correction in childhood
compared to cosmetic considerations. These
should include:

e Symmetry of the nostrils and midline position
of the columella and anterior septum.

e Shape and alignment of the nasal tip and dor-
sum—>palpation is important to assess for tip
and dorsal support.

e Consideration of the relation of the nose to the
maxilla and overall facial symmetry.

e Check/look for alar collapse on inspiration—
weak external nasal valve (very rare in chil-
dren due to strong soft tissues)

» Septal deviations

e Inferior turbinate size and appearance

e Checking of nasopharynx for any persisting
adenoidal hypertrophy

e Assessment for any other intra-nasal polyps/
masses

According to the author’s opinion, children
aged 7 years old (and sometimes younger) will,
in general, accept nasoendoscopy with pre-
procedure topical anaesthesia spray and an hon-
est and reassuring explanation of the process.

Rhinometry to assess nasal airway compe-
tency could be considered but clinically has little
to add to the clinical assessment. Similarly, radio-
logical investigation is rarely indicated unless to
assess a more complex congenital deformity or
complex nasofacial injury.

Nasal Trauma in Children

Trauma to the nose is common in children, and in
many cases if the child is otherwise well, it is part
and parcel of the minor knocks and bumps chil-
dren incur in daily life; for example, trips and
falls when running around, falling off bicycles
and scooters, playing around with siblings, etc.
As such, only a minority of cases will lead to the
child being brought to the Emergency Department
for review. Therefore, it is easy to understand
why many injuries of the nasal skeleton are not
diagnosed or treated at the time. However, aes-

thetic and/or functional problems do manifest
later, resulting to the child being referred to a
specialist, often several years after the injury. The
decision whether a surgical intervention is indi-
cated, at what age and which surgical technique
will then require careful consideration. In many
cases a ‘wait and see’ policy might be preferable
and surgery even postponed until after the ado-
lescent growth spurt. As many surgeons do opt to
wait, there is still a paucity of evidence to support
clinical decisions. Many of the experiments fol-
lowing nasal growth after injuries and/or surgical
interventions are in animals (usually rabbit) or
case reports, thus making it difficult to extrapo-
late to current-day decision-making. Sarnat and
his co-workers published many experimental
studies on rabbit midfacial growth patterns not-
ing the impact that resection, particularly of the
anterior septum, had on snout growth [8—10].
The decision-making process when counsel-
ling children and their caregivers can be complex
and should include a discussion on:
1. the end goal—cosmetic vs functional
outcome,
2. avoidance of doing harm by disrupting nor-
mal nasofacial growth,
3. context of child’s current environment—love
of sports, risk of further injury, and
4. psychological aspects—teenagers can be very
concerned with their appearance and issues
with body confidence and peer pressure are
not uncommon.

The age of the ‘selfie’ photograph has led to
many children and adolescents overanalysing
and becoming very concerned about the size,
symmetry and shape of their nose, when in fact
there is often no significant or concerning defor-
mity. During the adolescent growth spurt, the
nose, in keeping with the rest of the body, does
undergo significant physical changes into the
‘adult’ body. It is during this time that the nose
takes on its adult appearance, which may include
inherited and normal ethnic morphology, which
can cause distress and lead to requests for surgery
in some children and/or their caregivers. Purely
cosmetic Rhinoplasty surgery in otherwise
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healthy children is a contentious issue with many
interplaying factors including psychosocial
impact and private cosmetic surgical practice.
Ultimately, as surgeons we have a duty to do no
harm and as such extreme caution should be
given to consideration of such surgery in pre-
adolescent children.

Septoplasty

Many of the injuries more typically incurred by
children usually involve damage to the nasal sep-
tum. Injuries include septal fractures and disloca-
tions. Septal haematomas can also result, posing
the risk of septal perforation and abscess devel-
opment if left untreated. The underlying cartilage
takes its blood supply from the overlying mucop-
erichondrium, so when this is disrupted, such as
in a septal haematoma or abscess, then the under-
lying cartilage may undergo necrosis, leaving a
septal perforation. Septal perforations can have
disastrous effects both functionally and
cosmetically.

Poor outcomes of septum surgery (septo-
plasty) in children were described over 100 years
ago by Hayton using submucous resection [11].
Other similar reports up to the 1940s led to
extreme caution in dealing with nasal anomalies
in young children. During the mid-twentieth cen-
tury, however, a resurgence of surgical approaches
to the septum resumed with some preliminary
successful reports of septoplasty published.
However, the reports varied considerably, and
most were too short a follow up in relation to the
adolescent growth spurt. In the 1970s, Huizing
followed 150 children up after septoplasty and
described for the first time a boy who had surgery
at the age of 4 years and developed characteristic
midfacial disturbances following puberty, more
than 12 years after his surgery [12].

Therefore, in younger pre-pubertal children,
the decision to operate on the nasal septum must
be carefully balanced with the deformities and
functional problems that result in nasal airway
obstruction. A significant traumatic septal devia-
tion and/or dislocation in a young child can go on
to form a complex situation as the child grows,

leaving not just the resultant septal deformity but
also its adverse effects on nasal growth. These
can include asymmetric nasal growth and midfa-
cial stunted growth. Learnings from previous
case series reports and animal studies include the
following:

e Preservation of the septodorsal cartilage in the
growing nose and avoidance of resection
wherever possible is vital.

e Autologous cartilage grafts are best, but these
heal by forming fibrous unions and sometimes
lamellar bone remodelling can occur.

e Proper end-to-end anastomosis of cartilagi-
nous septum/autologous graft is critical to pre-
venting surgery-induced growth anomalies in
the long run.

e Submucosal implants of cartilage including
crushed cartilage do not restore normal septal
growth or midfacial development.

e Nasal septal cartilage scoring is unreliable
(scoring techniques are used to encourage
cartilage to deviate away from scored side)
and can lead to weakening of the cartilage.
Long-term outcomes of this technique are
not known.

Septal Perforation

The most common aetiologies of nasal septal
perforation in children are trauma, nasal cautery
and, more recently, button battery insertion. A
summary of potential causes is given below:

Most likely causes:

e Trauma: direct nasal injury.

* latrogenic: cauterisation for epistaxis, septo-
plasty, nasotracheal intubation.

e Small batteries insertion: button batteries
pose a serious risk as they start to corrode
on contact with the moist epithelium inside
the nose and can lead to alkaline burns with
rapid tissue necrosis. This can progress on
to septal perforation, so any child present-
ing with the possibility of a battery in the
nose should be treated as a medical
emergency.
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Uncommon causes to be considered in the dif-

ferential diagnosis:

* Cocaine use should be considered in adoles-
cents, especially in their late teenage years
(but legally still referred to as children).

e Nasal packing: very unusual now that firm
packing is rarely used in children.

e Chronic use of vasoconstrictor nasal sprays
and, in rare cases, steroid nasal sprays.

e Granulomatous lesions: rare reports can be
found in cases of childhood onset granuloma-
tosis with polyangiitis (previously known as
Wegner’s granulomatosis) [13].

* Neoplastic lesions are quite rare.

Nose picking is common in children and as a
consequence, digital trauma is often cited as
being a common cause of septal perforation, but
in reality, the pathogenesis is unlikely to be as
simple as this. Nose picking is a natural response
to clear irritating crusts. Local mucosal trauma
may well induce chronic perichondritis that even-
tually leads to septal perforation. The simple
explanation of scratching through the sensitive
mucosa and exposed cartilage would be very
painful, induce bleeding and be highly unlikely.
However, there is a rare psychiatric disorder,
called rhinotillexomania, in which the patient
repeatedly picks at the nasal septum, but most
publications are single case reports in adults.

The site of the perforation in children usually
involves the anterior nasal septum. Anterior per-
forations are typically more symptomatic and can
present with nasal crusting, bleeding and nasal
obstruction. Perforations in early childhood have
been reported to adversely affect nasal and mid-
facial growth both in clinical case reports and in
animal studies [14]. Larger perforations can also
lead to supratip depression.

Management options for septal perforations in
children include medical management, septal
button and surgical closure. The choice of treat-
ment is complex and involves consideration of
the symptoms and age of the child in discussion
with the child and his/her caregivers. It is also
important to consider the aetiology of the perfo-
ration, co-morbidities, ability to comply with
post-operative care/restrictions, availability of

adjacent tissue/grafts and potential effects on
nasal growth. Generally, septal perforations that
are asymptomatic and stable in size can be man-
aged expectantly until the child reaches the end
of their pubertal growth spurt and with the child’s
informed consent. Larger, symptomatic perfora-
tions that have failed medical management
(avoidance of picking nose, nasal saline douches
and topical antibiotic cream) may be considered
for surgical correction. There is a paucity of long-
term outcome data to recommend the best modal-
ity in children and adolescents. Endonasal and
open approach techniques have been used in chil-
dren with the use of pedicled flaps and interposi-
tion cartilage to repair the defect.

Nasal Fracture

Assessing the child following nasal trauma can
be difficult due to the small nose and the immedi-
ate resultant soft tissue swelling. However, in any
case of trauma, the child should also be assessed
for a potential head injury, additional facial and
orbital rim fractures and in rare cases consider-
ation of non-accidental injury (NAI). NAI should
be considered where the described cause of injury
does not correspond with the clinical findings,
delayed presentation, other signs of bruising or
neglect and a previous history of NAIL. Any con-
cerns should be referred to the local child protec-
tion officer or paediatrician to further investigate.
The risk of nasal fracture tends to increase with
age and is also more common in boys.

Symptoms and signs of nasal fracture are as
follows:

* Nosebleed

e Swelling

* Bruising around nose and under eye
e Tenderness

* Crepitus on palpation

* Blocked nose

e Nasal deformity

Ideally, the child should be reviewed 5-7 days
following injury to better assess for any persist-
ing deformity. In younger children (pre-puberty),
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nasal bone injuries are less likely than cartilagi-
nous ones but should be assessed for—particu-
larly dehiscence of the nasal bone sutures. Plain
X-rays are not useful in helping evaluate or diag-
nose a nasal bone fracture; however, CT scan
may be considered in cases of more severe injury
where other facial/orbital/head injuries may be
suspected. Closed reduction of the nasal fracture
under general anaesthesia should be offered and,
in general, the same techniques are used to
manipulate/reduce the nasal fracture as in adults.
This involves both elevation of a depressed nasal
dorsum along with external digital compression
of the nasal bones until a satisfactory position is
achieved. Post-operative external nasal splinting
may be considered depending on the stability of
the reduction.

Rhinoplasty

A detailed discussion on Rhinoplasty techniques
is out of the scope of this chapter and is a topic
that is still very much debated when managing
childhood deformities. Severe breathing difficul-
ties due to a deviated septum with significant
external deviation, however, do present a clinical
dilemma. A significant injury left untreated risks
the longer term nasal and midfacial growth prob-
lems already discussed, which needs to be bal-
anced against the risk of operating in a child under
16 years. Less severe deformities and breathing
problems would be better monitored and surgery
postponed (especially where the injuries do not
progress to more severe problems) until the child
has passed their adolescent growth spurt and is
mature enough to better engage in the decision-
making process. After reviewing the available lit-
erature, there are some key factors to consider
when a decision to perform a Rhinoplasty has
been made.

* Avoid resection or incisions of the septal car-
tilage, and most importantly, do not disrupt
the septal bony—cartilaginous junction. This is
often separated in adult Rhinoplasty practice
but could lead to significant growth disruption
in childhood.

* Deviated or dislocated cartilaginous fragments
should be carefully re-aligned end to end.

* Avoid disruption of the anterior nasal spinal—
cartilaginous ligament as it anchors the sep-
tum midline and may cause disruption of
normal forward growth of the maxilla.

e Higher risk of injury to the skull base due to
variable ossification of the septum to skull
base, with risk of CSF leak and olfactory
dysfunction.

e Currently, there is no strong evidence to sup-
port open versus closed septorhinoplasty sur-
gery in children. The least disruption to normal
anatomical support structures, however, would
support a closed approach. However, open
approaches have been used successfully in
even very young children to remove congenital
lesions such as nasal dermoid cysts, although
division of the intra-cartilaginous ligaments is
rarely needed in this situation.

Other factors also important to consider when
exploring the risks and benefits of performing
septorhinoplasty in pre-adolescent children
include the following:

o Aftercare—keeping the splint clean and in place.
Attending post-operative visits is important.

e Social—risk of further injury after surgery.
Particular note should be taken of the child’s
sporting interests and general likelihood of
further accidents.

e Psychological: Body dysmorphic syndrome
and social peer pressures both in person and
via social media are increasing and sadly
occurring in younger children. Input from a
child psychologist prior to surgery may be
valuable when there is significant anxiety
around the external nasal deformity.

o Conflict between the child’s wishes and their
caregivers: In many cases the caregivers may
be pushing for early intervention despite the
child not expressing any significant concerns
and vice versa.

e Experience of the surgeon: Rhinoplasty is
challenging and especially in pre-adolescent
children a referral to an experienced
Rhinoplasty surgeon should be made.
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Lateral view

Anterior view

Fig. 18.4 Preoperative ‘Rhinoplasty’ views

Case Presentation 2

A 15-year-old boy was referred complaining of
worsening nasal obstruction and a bump on the
nasal dorsum following a nasal fracture during a
rugby game 2 years prior. Examination findings
included a prominent nasal dorsum, significant
subluxation of nasal septum into left nasal airway
causing obstruction and reduced nasal tip sup-
port. His preoperative appearance is shown in
Fig. 18.4.

After a detailed discussion of risks and bene-
fits, a closed septorhinoplasty was performed.
Surgical correction included reduction of a max-
illary crest spur, re-alignment of the nasal septum
and reduction of the nasal hump followed by
medial and lateral osteotomies.

Conclusion

Nasal congenital deformities are rare, but an
understanding of how they may present and the
underlying embryology is important, especially
when planning any surgical interventions. Such
cases should be referred to specialists and/or
multidisciplinary teams where available because
of the complexity of these deformities.
Conversely, paediatric nasal trauma is relatively
common although the majority will not present to
medical services at the time of injury. Timing
corrective surgery to both the nasal septum and

Basal view

Oblique view

nasal bones is still an area of controversy in chil-
dren and adolescents, and ideally it is best per-
formed by surgeons with significant expertise in
septorhinoplasty surgery.

Key Learning Points

e Early closed reduction of a traumatic nasal
deformity should be offered.

e Septorhinoplasty surgery in pre-adolescent
children should be very carefully balanced
with the severity of the deformity and func-
tional impact. A high level of surgical exper-
tise and opinion should be sought.

e Congenital nasal deformities, especially when
associated with other craniofacial abnormali-
ties, should be managed by a specialist multi-
disciplinary craniofacial team.

e The risk of future underdevelopment of the
midface and nose following nasal trauma
needs to be carefully weighed against the
same risk that surgical intervention may lead
to.

* To date, the evidence on the impact of both
trauma and surgery to the nose in childhood is
mostly based on animal studies and case/
series reports.

e A holistic approach to the child and his/her
nasal deformity is required in the decision-
making process, including consideration of
the social, psychological and educational
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impact of the deformity and any surgical
intervention.

Non-accidental injury in cases of trauma
should be considered.

A button battery in the nose is a surgical
emergency.
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Wout Backaert and Laura Van Gerven

Introduction

Strictly speaking, rhinitis is defined as inflamma-
tion of the nasal mucosa. In clinical practice, how-
ever, inflammatory parameters are seldomly
assessed. Consequently, the term ‘rhinitis’ is used
for the presence of nasal complaints that have no
anatomical cause. Various rhinitis phenotypes can
be distinguished. Allergic rhinitis (AR) is present
when rhinological symptoms are caused by a type
1 hypersensitivity reaction to one or more air-
borne allergens. The term ‘infectious rhinitis’ is
used in case of presence of microbial or viral
infection, such as seen in the common cold. A
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final group, non-allergic rhinitis (NAR)—previ-
ously known as non-allergic, non-infectious rhini-
tis  (NANIR); non-allergic, non-infectious
perennial rhinitis (NANIPER); or vasomotor rhi-
nitis—is defined when no sensitisation or sign of
nasal infection can be determined.

For all rhinitis phenotypes, clinical presenta-
tion is similar with patients reporting mainly
nasal obstruction, rhinorrhoea/post-nasal drip,
nasal itch or sneezing. By definition, symptoms
should be present for two or more consecutive
days and for more than 1 h on most days. These
symptoms can be acute when lasting less than
12 weeks or persistent when lasting longer. In
addition, sinusitis symptoms like facial pain and
reduced sense of smell may be reported. Making
a correct diagnosis based on the individual
patient’s history alone is not easy. A thorough
clinical investigation with nasal endoscopy and
additional technical investigations such as a skin
prick test may assist in reaching the correct diag-
nosis. NAR remains a diagnosis per exclusionem,
i.e. when symptoms cannot be explained by aller-
gic inflammation, infection or anatomical factors
(Fig. 19.1). Once the diagnosis of NAR has been
made, the patient’s history is the most important
tool for further subcategorisation.

In practice, the clinical diagnosis can be com-
plicated by the presence of two or more pheno-
types. For example, when a patient with hay fever
has symptoms during the pollen season, but also
throughout the year, there is the possibility of
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MUCOSAL PATHOLOGY

Allergic
rhinitis

Non-allergic, non-infectious
rhinitis

N\

STRUCTURAL PATHOLOGY

Turbinate Nasopharynx
Hypertrophy Adenoid hypertrophy

Concha bullosa
middle turbinate

Septum Valve
Deviation Alar collapse
Perforation Internal valve problem

/

NASAL SYMPTOM SEVERITY

Fig. 19.1 Both mucosal and structural factors contribute
to nasal symptom severity. © 2017 EAACI and John
Wiley and Sons A/S. Adapted with permission from
Hellings PW, Klimek L, Cingi C, Agache I, Akdis C,

concomitant AR and NAR. This phenotype is
referred to as ‘mixed rhinitis’. Lastly, overlap is
possible between mucosal and structural pathol-
ogy, both contributing to the patients’ symptoms
(Fig. 19.1).

Assessment

Patients with NAR often have nasal symptoms
with neither clinical signs of infection such as
purulent secretions, nor signs of allergic inflam-
mation such as allergen-specific IgE in serum or
a positive skin prick test. NAR is a heterogeneous
group of inflammatory phenotypes, covering all
non-allergic, non-infectious rhinitis phenotypes
(Fig. 19.2). In NAR, one can distinguish various
subgroups  including  occupational/irritant-
induced rhinitis, drug-induced rhinitis, hormonal
rhinitis, rhinitis of the elderly/senile rhinitis, gus-
tatory rhinitis, smoking rhinitis and—by exclu-
sion—idiopathic rhinitis. Since there is no clear
consensus on the diagnostic criteria, epidemio-
logical data is scarce. However, it is estimated
that more than 200 million people worldwide suf-
fer from NAR [1].

Bachert C, et al. Non-allergic rhinitis: Position paper of
the European Academy of Allergy and Clinical
Immunology. Allergy. 2017;72(11):1657-65

Patient History

In cases of NAR, symptoms are usually bilateral
and similar to other rhinitis phenotypes. The sub-
categorisation of NAR is mainly based on the
patient history because of current limitations in
diagnostic testing. In reality, there is often over-
lap between physiological and pathophysiologi-
cal processes. In other words, multiple NAR
subtypes can be present at the same time.

In cases of occupational or irritant-induced
rhinitis, symptoms are triggered by specific irri-
tants or molecules present in the workplace. In
order to make a diagnosis, a thorough occupa-
tional patient’s history is mandatory. What is the
patient’s job title? Where does the patient work?
What is the patient’s specific role in the work-
place? Do co-workers experience nasal symp-
toms as well? Are the nasal symptoms linked to
recent changes in work processes or materials?
Does the patient work in an environment or with
products that are known to frequently lead to
occupational rhinitis such as laboratory animals,
cleaning agents, chemicals, dyes, pharmaceutical
products, etc.? It is often easier to ask the patient
what he/she is actually doing in the workplace
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Persistent rhinitis

(symptoms > 12 weeks

@ %‘/

Infectious rhinitis Allergic rhinitis

Fig. 19.2 Approach to the persistent rhinitis patient.
Non-allergic, non-infectious rhinitis is diagnosed after
exclusion of infectious and allergic rhinitis by absence of
purulent secretions on nasal endoscopy and a negative
skin prick test/specific IgE in the serum. Patient history
remains the most important tool for further categorisation

rather than asking what he/she is exposed to. For
example, a patient will know he/she is working
with paint products but could be unaware that the
paint contains isocyanates, which are potent low
molecular weight sensitisers. At onset of the dis-
ease, there is a clear relationship with exposure,
i.e. patients may have nasal symptoms during
work but less or none during weekends or holi-
days. However, this relationship can diminish
with time and symptoms may persist outside the
work environment. A diary where nasal symp-
toms can be scored on a daily basis over a longer
period of time covering both working days and
holidays can be a useful tool. If available, a peak
nasal inspiratory flow (PNIF) device can be used
at home and work to easily and objectively moni-
tor nasal patency. Since occupational rhinitis
often precedes occupational asthma, one should
also address lower airway symptoms such as dys-
pnoea, wheezing and cough during history
taking.

B &@
F o

of -

in subgroups. © 2017 EAACI and John Wiley and Sons
A/S. Adapted with permission from Hellings PW, Klimek
L, Cingi C, Agache I, Akdis C, Bachert C, et al. Non-
allergic rhinitis: Position paper of the European Academy
of Allergy and Clinical Immunology. Allergy.
2017;72(11):1657-65

Industrialisation has led to a substantial
increase in the amount of air pollutants in the
environment. Many of these pollutants have det-
rimental effects on respiratory health and can
lead to chronic rhinitis. Indeed, pollutants pro-
mote the formation of reactive oxygen species,
leading to oxidative damage. In patients with
chronic rhinosinusitis undergoing functional
endoscopic sinus surgery, it has been shown that
exposure to environmental low molecular weight
agents correlates with the need for revision sur-
gery [2]. Additionally, diesel exhaust particles
can aggravate asthma and anthropogenic
nanoparticles can enhance allergic inflammation.
Indeed, pollutant-exposure increases allergen-
specific IgE levels, severity of asthma and airway
hyper-responsiveness. Therefore, one should
address questions on pollutant-exposure during
history taking. Where does the patient live: in a
rural, urban or industrial environment? Did the
nasal complaints start after a domestic reloca-
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tion? Are nasal complaints better during holidays
to more rural areas?

Similarly, patients with rhinitis who are
exposed to cigarette smoke have a higher chance
of developing asthma. Smoking itself can induce
a type 2-like inflammation with increased eosino-
phils and interleukin-4, leading to smoking rhini-
tis, with the classical symptoms of nasal
obstruction and rhinorrhoea.

Drug-induced rhinitis encompasses two dif-
ferent groups of patients who experience nasal
symptoms that can be associated with the use of
certain medications.

The best known is the so-called rhinitis medi-
camentosa, where there is an overuse of topical
nasal decongestants. They are typically used in
the relief of nasal congestion due to allergic rhi-
nitis, acute or chronic rhinosinusitis or upper
respiratory tract infection. However, after a pro-
longed use of >7-10 days, a rebound effect
occurs, characterised by rebound congestion and
tachyphylaxis. Consequently, increasingly higher
doses are needed to reach the same clinical effect.
Patients typically complain of recurrent nasal
obstruction, without rhinorrhoea.

Other drugs, such as antihypertensives or psy-
chotropic agents, can induce nasal symptoms as
‘side effects’. Therefore, it is important to review
a patient’s medication list carefully and to verify
a possible correlation between symptom onset
and the start of new medication or the temporal
relationship between taking the drug and symp-
tom onset (Table 19.1).

The group of hormonal rhinitis consists of vari-
ous subtypes. In gestational rhinitis, patients com-
plain of nasal obstruction in the third trimester of
pregnancy. Complaints typically resolve spontane-
ously within weeks after delivery. Hormonal rhini-
tis can also be present in non-pregnant women,
where the severity varies with the menstrual cycle.
Lastly, hormonal rhinitis is also linked to some
endocrine disorders, such as hypothyroidism or
acromegaly, although the literature remains scarce.

Rhinitis of the elderly, or senile rhinitis, typi-
cally manifests in the seventh decade or later and
is characterised by profound watery rhinorrhoea.
This problem is probably underreported in litera-
ture since older adults are often excluded from

Table 19.1 Overview of systemic drug categories often
leading to nasal symptoms

Angiotensin-converting
enzyme inhibitors

Phosphodiesterase-5
inhibitors

Captopril Sildenafil
Lisinopril Tadalafil
Perindopril Vardenafil
Enalapril
Ramipril Psychotropic drugs
Chlorpromazine
Antihypertensive drugs Thioridazine

a-Methyl dopa

Amitriptyline

Guanethidine Alprazolam
Reserpine
Immunosuppressants

a-Adrenoreceptor Cyclosporin
antagonists

Prazosin Mycophenolic acid

Tamsulosin

Terazosin Hormonal

Oral contraceptives

p-Adrenoreceptor Antithyroid medication

antagonists

Carvedilol Human growth
hormone supplement

Propranolol Bromocriptine
Sotalol
Timolol Cocaine
Atenolol
Metoprolol

epidemiological studies. However, it has been
described that the prevalence of self-reported rhi-
nitis remains similar through the course of life,
but allergic sensitisation decreases with age.
Hence, NAR is more frequent in older patients
compared to AR. Rhinitis of the elderly should be
distinguished from physiological changes when
growing older, such as anatomical (loss of tip sup-
port, weakening of cartilaginous structures, etc.)
or mucosal changes (reduced blood mucosal
blood flow, impairing the humidifying properties
of the nasal mucosa).

In gustatory rhinitis, symptoms are present
during mealtimes, especially when eating hot or
spicy foods. Within minutes after ingestion,
watery rhinorrhoea occurs, without other nasal
symptoms including nasal obstruction.

Lastly, nasal hyper-reactivity is defined as the
aggravation of nasal symptoms caused by expo-
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sure to environmental stimuli that would produce
little or no effect in healthy subjects, such as tem-
perature or humidity changes, air conditioning,
strong odours or cigarette smoke. It is a hallmark
feature of idiopathic rhinitis but is probably also
present in other inflammatory disorders of the
upper airways. Once nasal endoscopy and skin
prick testing are negative and patient history does
not give any clue to one of the mentioned NAR
subtypes, the diagnosis of idiopathic rhinitis can
be made.

Clinical Examination

There are no specific clinical signs upon anterior
rhinoscopy or nasal endoscopy specific to a diag-
nosis of NAR. In parallel with other inflamma-
tory disorders, nasal congestion and serous
secretions may be present. One particular feature
of mainly rhinitis medicamentosa is hypertrophy
of the inferior turbinates. However, as in other
rhinitis phenotypes, thorough clinical examina-
tion remains mandatory to exclude other factors
contributing to nasal symptoms such as anatomi-
cal abnormalities (e.g. septal deviation, septal
perforation, alar collapse), inflammatory changes
(e.g. purulent secretions indicating infectious rhi-
nitis, nasal polyps or chronic sinus disease) or
neoplastic processes.

Special Investigations

In parallel with the clinical assessment, there are
few additional specific diagnostic investigations
in patients with NAR. Since NAR is diagnosed
by exclusion of other possible causes of rhinitis
symptoms, allergen skin prick test should be neg-
ative or allergen-specific IgE absent in the serum,
and computed tomography of the maxillofacial
region—if performed—should show no opacifi-
cation of the paranasal sinuses.

Subjective nasal obstruction can be objectified
using nasal patency tests, such as anterior/poste-
rior rhinomanometry, acoustic rhinometry or
measurement of the PNIF. However, this has lim-
ited added value since a decreased nasal patency

can be present in all phenotypes of upper airway
inflammation.

Some rhinitis phenotypes can be diagnosed
with nasal provocation tests. Specific molecules
or solutions are administered directly endona-
sally to mimic a relevant exposure. For example,
a nasal allergen provocation test (NAPT) can aid
in diagnosing local allergic rhinitis (or occupa-
tional rhinitis). In local allergic rhinitis (entopy),
there is allergic inflammation and presence of
allergen-specific IgE in the nasal mucosa, but not
in the peripheral blood and skin prick tests remain
negative. Hence, nasal symptoms are triggered
by administration of allergens directly to the
nasal mucosa. Allergens can be administered via
nasal sprays or by placement of paper disks
impregnated with allergens on the anterior end of
the inferior turbinate. With the use of a nasal
spray or a micropipette, allergens can be applied
in increasing concentrations to determine the
threshold for evoking nasal symptoms. Generally,
the starting concentration is a 1:1000 dilution of
the concentration used in skin prick tests. In
poly-sensitised patients, a NAPT can be useful to
determine the most important allergen before
starting allergen immunotherapy. The same prin-
ciple can be applied for diagnosing occupational
or irritant-induced rhinitis where small doses of
suspected triggers are administered endonasally.

Several provocation tests have been developed
to diagnose patients with NAR. A cold, dry air
provocation test has a high sensitivity and speci-
ficity in diagnosing nasal hyper-reactivity, a com-
mon feature in idiopathic rhinitis patients.
Patients are exposed to air of <—10 °C and a rela-
tive humidity of <10% for 15 min, delivered via a
common anaesthesia mask at a flow of 25 L/min.
Before and after the provocation, PNIF is mea-
sured (the median of three measurements varying
less than 10% is taken as final value). A reduction
of 20% or more is taken as a threshold for diag-
nosis [3]. Historically, other provocation tests
using chemical compounds have been used, such
as mannitol, capsaicin, metacholine and hista-
mine. They were not implemented in daily prac-
tice because of several limitations such as lower
sensitivity/specificity, less patient/investigator-
friendly, etc.
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Pathophysiology

Due to the lack of diagnostic criteria, the group of
NAR consists of several poorly characterised
subgroups, impeding pathophysiological studies.
Physiologically, afferent nerve activation results
in signal transduction to the central nervous
system. Consequently, a sympathetic or parasym-
pathetic response is triggered. The former is
characterised by norepinephrine and neuropep-
tide Y as main neurotransmitters, and induces

Fig. 19.3 Presumed
pathophysiological
mechanisms in
non-allergic rhinitis.
Pathology can be
situated on the afferent
nerves, where an
increased nociceptive
sensitivity to irritants,
herbs or environmental
triggers induces release
of neuropeptides,
leading to vasodilation
and increased mucus
secretion. On the other
hand, neurogenic
imbalance with a
relative overweight of a
parasympathetic efferent
response can lead to
similar end-organ
effects. NPY:
neuropeptide Y, ACh:
acetylcholine, NE:
norepinephrine, VIP:
vasoactive intestinal
peptide
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and increased mucous secretion. This pathway
from afferent nerves to the central nervous sys-
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pathway of neuronal signalling. In general, the
pathophysiology of NAR is suspected to be
caused by dysregulation of the neurogenic path-
way and can originate from either afferent or
efferent neuronal abnormalities (Fig. 19.3).
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Occupational/lrritant/Smoking-
Induced Rhinitis

In occupational rhinitis, (sino)nasal symptoms
are evoked in response to airborne agents present
in the professional environment. Both high
molecular weight (e.g. mites, flour, dander from
lab animals) and low molecular weight agents
(e.g. isocyanates, anhydrides, reactive dyes) can
induce allergic inflammation. The latter can act
as a hapten for immunologic interactions. Also,
inhaled irritants can directly damage the nasal
epithelium, which subsequently releases pro-
inflammatory cytokines. However, symptoms are
often induced by environmental irritants via a
non-immunological way but rather by direct irri-
tation. It is most likely that irritants interact with
nociceptors such as transient receptor potential
(TRP) channels present on trigeminal afferent
nerves. Upon activation, afferent nerves release
neuropeptides leading to vasodilation and
increased mucous production via an antidromic
pathway, hence mediating nasal symptoms. This
hypersensitive state can be the result of a single
event with a high level of exposure, such as a spill
of chemical products or of periodic exposure to
moderate levels of irritants. Symptoms are depen-
dent on the exposure and can be perennially or
seasonally present when work varies through the
course of the year. As a diagnostic tool, daily
PNIF measurements can be used to seek a tempo-
ral pattern related to working periods and holi-
days/weekends. Additionally, a provocation test
to mimic the workplace environment can be per-
formed. Lastly, in patients suffering from smoke-
induced rhinitis, a type 2-like inflammation with
increased eosinophils and increased interleukin-
4 in the nasal mucosa is seen.

Drug-Induced Rhinitis

Drug-induced rhinitis can be divided into two
pathophysiological groups.

The most common form, rhinitis medicamen-
tosa, develops in case of prolonged use or over-
use of topical vasoconstrictive agents. The
vascular network of the nasal mucosa consists of

both resistance vessels (arterioles), which con-
tain op-adrenoreceptors, and capacitance vessels
of the venous plexus, containing both o;- and o,-
adrenoreceptors. Topical decongestants typically
contain o;-adrenergic P-phenylethylamine deri-
vates, such as ephedrine or phenylephrine, or -
adrenergic imidazoline derivates, such as
naphazoline, oxymetazoline or xylometazoline.
Long-term use of these vasoconstrictors can lead
to tachyphylaxis due to downregulation of
a-receptors with rebound congestion as result.
Chronic hypoxia of the nasal mucosa leads to his-
tologic changes and mucosal hypertrophy.

Systemically administered drugs can also
influence the nasal function as side effect. One
should be aware of antihypertensive drugs
(angiotensin-converting  enzyme inhibitors,
B-blockers), drugs used in treatment of prostate
hypertrophy (a-antagonists), oestrogens or psy-
chotropic agents (Table 19.1).

Hormonal Rhinitis

Nasal symptoms can have an endocrine cause, for
example when they develop near the end of preg-
nancy or varying with the menstrual cycle with
most complaints around the time of ovulation.
Symptoms usually disappear after normalisation
of oestrogen levels. Oestrogens induce nasal
vasodilation, hence leading to nasal obstruction.
In addition, oestrogens enhance eosinophil
migration and, together with progesterone, they
induce eosinophil degranulation. In contrast, tes-
tosterone reduces eosinophil migration and via-
bility. Finally, rhinitis also has been linked with
hypothyroidism and acromegaly. Hypothyroidism
is suspected to induce oedema and decrease
mucociliary transport, though complete under-
standing of the underlying pathophysiology is
lacking.

Rhinitis of the Elderly

Rhinitis of the elderly is so called because it pre-
dominantly affects patients from the age of
65 years. These patients typically complain of
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persistent clear rhinorrhoea as the main symp-
tom. An imbalance of the sympathetic/parasym-
pathetic efferent nervous system, with a loss of
the physiological sympathetic predominance, is
suspected to cause these symptoms. As such,
relative overactivity of the parasympathetic
nervous system activates submucosal glands to
secrete clear mucous.

Furthermore, with increasing age, additional
physiological changes occur in the nose. The
mucosal epithelium becomes drier and there
is a decreased blood flow in the nasal mucosa,
leading to impaired humidification and warming
of inhaled air. Furthermore, mucociliary clear-
ance becomes less efficient and mucous is usu-
ally thicker in older patients, which can lead to
rhinorrhoea, or postnasal drip with subsequent
cough.

Gustatory Rhinitis

Eating certain foods, and particularly ingestion of
hot or spicy foods may lead to nasal obstruction
or watery rhinorrhoea. There is a clear temporal
pattern with mealtime. The pathophysiology
remains incompletely understood, but is proba-
bly linked to neurogenic reflex mechanisms via
oral fibres of the trigeminal nerve or vagal nerve,
inducing activation of the parasympathetic ner-
vous system. This is suspected to be a physiologi-
cal response, although it might be more
pronounced in some patients.

Idiopathic Rhinitis

When a diagnosis of NAR is made as a result of
negative findings on examination and special
investigations and the history does not clearly
point to one of the previously mentioned NAR
subgroups, a diagnosis of idiopathic rhinitis is
made. Here, no apparent cause can be found for
the patient’s nasal symptoms, neither mucosal
nor anatomical related. Despite being a diagnosis
per exclusionem, up to 50% of the NAR patients
fall into this subgroup. Idiopathic rhinitis is sus-
pected to be an afferent nerve disorder. Trigeminal

sensory afferent nerves contain neuropeptides
such as substance P and calcitonin gene-related
peptide, which are released antidromically after
activation of transient receptor potential (TRP)
channels present on the afferent nerves by envi-
ronmental triggers. Indeed, nasal hyper-reactiv-
ity—where patients react to environmental
triggers such as temperature or humidity changes,
or air conditioning—is a key feature in these
patients. In idiopathic rhinitis, the TRP vanilloid
1 (TRPV1)-substance P pathway is upregulated.

Therapeutic Options

Depending on the presumed underlying mecha-
nism, various treatment options are available.
However, due to the heterogeneity of the group of
NAR patients, achieving definitive disease con-
trol can be difficult. In addition, for many sub-
types of NAR, the pathophysiology remains
unclear. Hence, in practice, treatment of a patient
with NAR is rather trial-and-error.

Nasal Douching

Nasal douching is the first treatment option for all
upper airway inflammatory diseases. The princi-
ple is to flush away abundant secretions possibly
containing inflammatory mediators, irritants,
pathogens and allergens. In practice, a volume of
200-300 mL water at 37 °C containing 0.9%
sodium chloride is lavaged through the nose 2-3
times daily.

Avoidance of the Causative Triggers

In such cases of afferent nerve pathology (irritant/
smoke-induced rhinitis, gustatory rhinitis, idio-
pathic rhinitis), the triggers exacerbating nasal
symptoms should be avoided. If avoidance is diffi-
cult, efforts should be made to minimise exposure.
For example, by wearing protective equipment
(mouth mask, goggles) and by reducing the expo-
sure time. In drug-induced rhinitis, drug avoidance
is important. In rhinitis medicamentosa, immedi-
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ately halting short-term intranasal vasoconstric-
tors is mandatory. Supportive therapy with a short
course of oral corticosteroids and nasal douching
can help counter rebound symptoms. Where nasal
symptoms are considered to be a side effect of,
for example, antihypertensive drugs, one should
discuss the possibility of substituting alternative
types of drugs/therapy with the treating general
practitioner or cardiologist.

Corticosteroids

The beneficial effect of locally or systemically
administered corticosteroids in mainly type
2-mediated inflammatory disorders is well
described. In NAR, they are far less effective [4].
Due to limited therapeutic options, however, a
2-month period of intranasal corticosteroids is
often recommended in daily practice.

Ipratropium Bromide

Ipratropium bromide, a short-acting anticholiner-
gic drug, can be used in a nasal spray for rhinitis
of the elderly, where it counteracts the parasym-
pathetic overweight. It restores the neurogenic
balance with a relative predominance of the sym-
pathetic nervous system. As a consequence, there
is less secretion of mucous from goblet cells.
Similarly, application of an ipratropium bromide
nasal spray 5-10 min before food ingestion can
inhibit the typically watery rhinorrhoea present
in gustatory rhinitis.

Antihistamines

Antihistamines blocking the histamine 1 receptor
(Hrh1-receptor) are mainly used in the treatment
of allergic rhinitis. However, there is some evi-
dence that azelastine, an old Hrhl-receptor
blocker, can also block TRPV1, tempering noci-
ceptive function of the sensory nervous system
[5, 6]. Indeed, patients with pronounced nasal
hyper-reactivity may benefit from azelastine
nasal spray thrice daily.

Capsaicin

Capsaicin, the pungent agent of chili peppers, is a
strong and selective TRPV1 agonist. Strong acti-
vation of TRPV1 induces a massive calcium
influx, leading to a toxic intracellular calcium
overload in afferent neurons. This defunction-
alises the afferent nerve endings with a therapeu-
tic effect lasting 6-9 months. Capsaicin therapy
has mostly been studied in idiopathic rhinitis
patients, with a success rate of 70-80%. In prac-
tice, 0.3 mL of a capsaicin nasal spray in a con-
centration of 0.1 mM is applied 5 times at hourly
intervals on a single day [7]. To minimise a burn-
ing discomfort, the first two applications are
administered after topical anaesthesia.

Surgery

When all pharmacological interventions fail to
provide adequate benefit, surgery can be indi-
cated in specific cases.

In cases of turbinate hypertrophy, often caused
by rhinitis medicamentosa, a partial inferior tur-
binectomy can be considered. However, ceasing
the use of nasal decongestive sprays or drops
remains mandatory as symptom recurrence is
otherwise inevitable. Multiple surgical tech-
niques have been described (with scalpel/scis-
sors, electrocautery, radiofrequency ablation,
diode laser, submucosal turbinate reduction).
One should avoid an excessive resection, since
this could induce the Empty Nose Syndrome
where a lack of the cool-sensing TRP melastatin
8 causes a subjective sensation of blocked nose
but in the absence of objective findings.

When persistent rhinorrhoea is the main
complaint, a Vidian neurectomy can improve
symptoms [8]. The aim is to interrupt the para-
sympathetic innervation of serous and seromuci-
nous glands. This leads to a significant reduction
in rhinorrhoea and in some studies a better nasal
patency was reported as well. With the develop-
ment of nasal endoscopes came excellent visu-
alisation of the surgical field, leading to better
surgical outcomes and reducing operative com-
plications such as cranial nerve injury. After
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widening the natural orifice to the sphenoid
sinus, the Vidian canal can be visualised in the
floor of the sphenoid sinus. The canal should be
drilled out and the Vidian nerve together with
the Vidian artery should be cauterised. However,
because the lacrimal gland is additionally inner-
vated by parasympathetic fibres in the Vidian
canal, xerophthalmia is a potential side effect.
This effect has only a mild to moderate impact
on patients’ quality of life and is temporary in
most cases. However, surgical interruption of the
Vidian nerve should only be considered as final
option and the procedure should always be per-
formed unilaterally. If this is tolerated well and
has good effect, the contralateral Vidian nerve
can be interrupted as well.

Areas of Uncertainty

A definitive diagnosis of NAR remains challeng-
ing. Even more, due to the lack of specific diag-
nostic tests, it is not easy to subcategorise a
particular patient with NAR. This also compli-
cates performing studies on specific subgroups.
Consequently, the pathophysiology of most sub-
categories remains only vaguely discovered and
hence, few specific therapies exist. Taking every-
thing into account, the diagnostic approach and
clinical management of patients with NAR is
challenging and often a matter of trial-and-error.

Key Learning Points

e Non-allergic rhinitis is diagnosed in case of
nasal symptoms that have no anatomical cause
and after exclusion of infectious and allergic
rhinitis.

* Non-allergic rhinitis is a heterogeneous group
and further subcategorisation is mainly based
on patient history.

e Pathophysiologically, the various subcatego-
ries can be divided in pathology of the afferent
or efferent nervous system.

e Avoidance of the causative triggers and nasal
douching are the first treatment options. There
is room for ipratropium bromide in case of
profound rhinorrhoea and some evidence sug-

gests therapeutic potential for antihistamines.
In selected cases, intranasal capsaicin therapy
or surgery (turbinectomy, Vidian neurectomy)
can be indicated.
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Pathophysiology

Allergic rhinitis (AR) is manifested in patients
with a genetic propensity to being atopic.
Following primary exposure to a possible aller-
gen, IgE is produced, which then primes the
immune system to trigger an allergic reaction on
subsequent exposure. Along with nasal symp-
toms, patients may also develop eczema, asthma,
allergic conjunctivitis and food allergies. This
IgE-driven response is an abnormal manifesta-
tion of an otherwise useful immune response
aimed at defending the body against infection,
mainly with parasites. The inflammatory reaction
caused is termed a type 1 hypersensitivity reac-
tion in the Gell and Coombs classification.

In the sensitisation phase, an allergen is pro-
cessed by an antigen-presenting cell (APC) and
presented to a Th2 lymphocyte, which becomes

Q. Gardiner (D<)

Department of Otolaryngology, Ninewells Hospital
and Medical School, Dundee, UK

e-mail: quentin.gardiner @nhs.scot

© The Author(s), under exclusive license to Springer Nature Switzerland AG 2023

20

activated. These activated Th2 cells trigger
plasma cells to produce specific IgE antibodies
that bind to a mast cell, therefore sensitising it to
degranulate when the same allergen crosslinks
the bound IgE on subsequent exposure.

This causes the release of histamine, tryptase
and other newly synthesised inflammatory medi-
ators such as leukotrienes and prostaglandins
(Fig. 20.1).

The early phase reaction is mainly driven by
histamine causing nerve irritation (sneezing and
itching), stimulation of submucosal glands and
hyperpermeability of blood vessels (running) and
vasodilatation (block). Other mediators involved
in the late phase reaction cause continued block
and other systemic effects such as wheeze. These
mediators and the clinical effects of nasal block
may have an effect on other organ systems both
directly and indirectly (Fig. 20.2).
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Epidemiology of AR

The prevalence of AR varies widely around the
world [1] (Fig. 20.3).

Rates vary between 2 and 40% of the popula-
tion around the world, with prevalence in Europe
varying between 20 and 40% [2]. The WHO esti-
mates that 500 million people in the world suffer
from AR, making it the third most prevalent
chronic disease in adults and the most prevalent
chronic disease in children.

The prevalence of allergic disease in general
has increased significantly over the last century,
particularly in the industrialised world, but the rea-
sons for this are not entirely clear. The hygiene
hypothesis suggests that reduced exposure to
microbes in early life, and a genetic predisposition
to atopy, has caused the immune system to become
dysregulated with a consequent excess production
of IgE and therefore expression of allergic symp-
toms. Protection against parasitic infection (which

is the underlying reason for mammals to express
IgE) may also be involved. Infestation with worms
has a strong protective effect against developing
allergy, probably by the production of blocking
IgG antibodies and the release of helminth-pro-
duced anti-inflammatory chemicals that block
cytokines such as IL33, which drive the inflamma-
tory process. Worm infestation remains very prev-
alent in developing countries where there is
generally a low burden of allergic disease.
Clearly, sensitisation also depends on expo-
sure to a potential allergen. This varies around
the world with countries near the equator having
less seasonal variation in allergens, and cooler,
damper countries having higher levels of expo-
sure to indoor allergens. The physical size of the
allergen also plays a role, with larger particles
tending to be deposited in the nose and smaller
ones penetrating into the lower respiratory tract.
AR has been subdivided into two main
groups—intermittent AR (IAR) and persistent

Fig.20.3 Map of prevalence of current symptoms of rhi-
noconjunctivitis, 13- to 14-year age group. Symbols indi-
cate prevalence categories of >20% (red stars), >10 to

<20% (yellow diamonds) and <10% (blue squares)
(reproduced with permission from John Wiley and Sons)
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Fig. 20.4 ARIA classification of AR (reproduced with permission from Springer Nature)

AR (PER), and into mild or moderate/severe
(Fig. 20.4) [3]. Approximately 75% of patients
have a PER.

In Europe, the principal allergens causing IAR
are tree pollen in the spring, grass pollen in sum-
mer, and moulds and spores in the autumn. PER
is caused by house dust mite (HDM) allergen and
HDM faeces, cockroach and pet allergens (such
as dog and cat), which are mainly enzymes in the
dried saliva or urine in their fur. People may also
be exposed to a variety of allergens because of
their occupation. Food allergies have also become
more common, but while they may have an effect
on the nose, their principal symptoms will be in
the gastrointestinal system.

AR and Asthma

The term ‘unified allergic airway’ refers to the
underlying similarity of the mucosa of the upper
and lower respiratory tracts and the reactions that
occur when exposed to allergens. In patients with
allergic asthma, 65% will have a symptomatic
AR. In patients with AR, approximately 25% will
have asthma. The inflammatory mediators released
in the nose have systemic as well as local effects.
The effect is also more marked because of
reduced nasal function. Apart from filtering the air
and reducing the quantity of allergen reaching the
lungs, the nose also warms and humidifies the air.
If the nose is blocked and the patient breathes by
mouth, these functions are lost; bronchial hyperre-

activity is increased, leading to an increase in
asthma symptoms. Patients with AR and asthma
have twice the rate of requiring oral corticosteroids
or urgent care for an exacerbation of their symp-
toms than do asthmatic patients without AR [4].

There are also links with the effects of treat-
ment. It seems that adequate treatment of nasal
disease can reduce exacerbations of asthma
requiring oral steroids or hospital admission, and
in some cases of mild AR and asthma that treat-
ment of the nose alone may allow good symptom
control of asthma without inhaled steroids being
required at all.

Clinical Presentation: Symptoms
and Quality of Life

The diagnosis of AR rests on the history, nasal
examination and diagnostic tests, but of these the
history is usually the most useful.

The classic symptoms of AR are of cycling nasal
blockage, clear nasal discharge, itching and sneez-
ing. The vast majority of patients will complain of
two or more of these symptoms. Although smell
may be affected, this is not usually mentioned
unless specifically asked about, and most patients
with AR retain at least some sense of smell.
Secondary symptoms may also be noted such as
itchy eyes, throat and ears and dry mouth and hali-
tosis (due to mouth breathing). Sometimes patients
may have a wheeze (particularly in peak allergen
season) and this should be asked about specifically.
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The nasal block is often variable, cycling from
side to side. A fixed block is more likely to be due
to an anatomical abnormality such as septal devi-
ation or nasal polyps. The discharge is usually
clear and bilateral. Coloured discharge is more
likely with an infective cause. When and where
symptoms appear is crucial to making a diagno-
sis. A patient may know that when they are near a
cat, they become symptomatic, or that they have
problems only in the summer suggesting a grass
pollen allergy. Symptoms all year round with a
blocked nose worse in the morning may suggest
HDM as the underlying cause.

As shown in Fig. 20.4, the Allergic Rhinitis
and its Impact on Asthma (ARIA) classification
groups patients by their symptom duration and
severity. If a patient has one or more of the symp-
toms that affect quality of life (disturbed sleep,
impairment of daily life and so on), then they are
categorised as having moderate to severe disease
and will be treated as such.

A more formal assessment of quality of life can
be made with a variety of tools such as the 36-Item
Short Form Health Survey (SF-36) (36-Item Short
Form Survey Instrument (SF-36) | RAND) or
more specific questionnaires for patients with
nasal disease such as the Rhinoconjunctivitis
Quality of Life Questionnaire (RQLQ) (Qoltech -
Measurement of Health-Related Quality of Life &
Asthma Control) or the 22-item Sinonasal
Outcome Test (SNOT-22) (SNOT22.pdf (canvasc.
ca)). These tests can be useful in clinical practice
to understand the wider problems patients may
have and to document their response to treatment.

Endoscopic nasal examination should also be
undertaken, but is often most useful in excluding
pathologies other than AR. The classic visual
description of AR is of congested inferior turbi-
nates, which have a pink or bluish tinge, and a
clear or slightly sticky mucus. Depending on dis-
ease activity at the time of examination, these
features may or may not be seen and their absence
is not useful in the diagnosis. Endoscopy should
exclude other causes such as nasal polyps,
chronic infective rhinosinusitis or enlarged ade-
noids. Signs of concern such as septal perforation
and bleeding or crusting may suggest a vasculitis,
and a unilateral mass that could be a tumour.

Examination of the mouth and eyes may show
the secondary effects of nasal block (with mouth
breathing or a dry mouth) and a history of asthma
or wheeze should prompt respiratory investiga-
tion as required.

Diagnostic Tests

The diagnosis of AR is made when the symptom
complex fits the diagnosis and is confirmed by
the presence (directly or indirectly) of specific
IgE causing allergy. In practice, most patients in
the community will be treated on the basis of a
classic history and perhaps an anterior nasal
examination without any diagnostic testing.
Patients referred for ENT or allergy advice, how-
ever, may have more severe or difficult to treat
symptoms and for them diagnostic tests may be
useful to allow more specific advice and
treatment.

Skin prick tests (SPTs) are the mainstay of
diagnosis. They are quick to perform and allow a
rapid diagnosis but do need trained staff to per-
form them. It is also possible then to advise the
patient on avoidance measures and to check that
they are using medications correctly. As a rapid
screen the patient should be tested, at a mini-
mum, against the most common allergens of
grass pollen, dog, cat and HDM, as well as other
possible allergens that are suggested by the his-
tory (and a positive and negative prick test). This
will pick up the vast majority of the allergens
commonly found (Note: these may not be appro-
priate as a screen outside Europe). Remember,
the positive SPT must be correlated with the
patient’s symptoms to be useful and if several are
positive it may be that only one or two are clini-
cally relevant.

The other commonly used test is to measure
serum IgE levels. Commonly called a RAST
(radioallergosorbent test), this is now more com-
monly performed as a fluoroenzymatic immuno-
assay (FEIA). Elevated total IgE levels may
indicate an underlying allergic process, but spe-
cific IgE is needed to specify the allergen(s)
involved. It is more expensive than an SPT but
only requires a blood sample to be taken. This


https://www.rand.org/health-care/surveys_tools/mos/36-item-short-form/survey-instrument.html
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test may be useful if there are reasons why an
SPT cannot be performed, such as a lack of
trained staff, skin disease, patient anxiety or
severe allergic reactions in the past.

Other tests that can be performed are usually
not required but include CT scanning of the nose
and paranasal sinuses if there is doubt about the
findings of the nasal examination or other con-
cerns. Nasal airflow can be roughly assessed by
looking at the vapour pattern produced on a cold
metal surface or tested more accurately by rhino-
manometry, rhinospirometry or peak nasal inspi-
ratory flow, and nasal anatomy with acoustic
rhinometry. Nasal provocation tests measure
symptoms following controlled allergen expo-
sure, such as a reduction in nasal airflow and an
increase in sneezing and running. Nasal cytology
may be used to assess inflammatory cells in the
nasal mucus, looking specifically for eosinophils,
which may suggest a non-allergic cause such as
non-allergic rhinitis with eosinophilia syndrome
(NARES). While these tests are all available, their
use is limited in the diagnosis of most patients.

Differential Diagnoses

Having taken a history, performed an examina-
tion and had confirmation of positive tests for
allergy, the diagnosis may be made with some
confidence. Occasionally, however, there may be
some uncertainty and other diagnoses should be
considered and excluded.

Non-allergic rhinitis may have a number of
underlying causes. The commoner forms may be
summarised as:

 Idiopathic rhinitis (vasomotor rhinitis)

* Non-allergic occupational rhinitis

e Hormonal rhinitis

* Drug-induced rhinitis

e Non-allergic rhinitis with eosinophilia syn-
drome (NARES)

e Chemical rhinitis

e Atrophic rhinitis

The history, symptoms and likelihood of
exposure will often point toward a diagnosis but
there is no specific test for non-allergic rhinitis,

except the presence of rhinitis and a negative test
for allergy. Patients should have nasal endoscopy
performed to exclude physical abnormalities,
chronic infection, tumour or nasal polyps as
would happen for AR. Some tests, such as mea-
surement of eosinophils in nasal mucus, may
help but non-allergic rhinitis is often a diagnosis
of exclusion.

Treatment of AR (Including
Immunotherapy)

The sites of action of the various drugs for man-
aging AR are summarised in Fig. 20.5.

The treatment of AR can be divided into a
hierarchy:

* Avoidance (or reduction of exposure)
* Symptomatic treatment
e Modification of the disease process

Avoidance

Avoidance sounds like the ideal method of con-
trolling symptoms but can be difficult to achieve
in practice. If a specific allergen has been deter-
mined, then it may be worth making an attempt to
reduce exposure.

Tree and grass pollen, which is spread by the
wind, is widespread in the appropriate season and
can be difficult to avoid. Remaining indoors, or in
a car with good air filtration, can help but may
not always be possible. Changing clothes on
returning home to reduce pollen exposure (or
other allergens such as horse if the patient is a
rider) can help, as can the use of a saline nasal
spray or rinse to physically remove the allergen.

Pet allergens are persistent and will be wide-
spread within a house. Obviously not having a
pet reduces exposure but washing hands after
contact and keeping dogs and cats out of the bed-
room may be useful.

House dust mites are found in high levels in
pillows and mattresses and an anti-allergen cover
may be purchased to reduce levels. Switching
curtains to blinds and carpets to hard flooring
may also reduce numbers. Unfortunately,
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although levels may be reduced using these meth-
ods, the evidence that they have a significant
clinical effect is weak.

Cockroach and mould levels can be controlled
by appropriate pesticides and attention to damp
within the home.

Symptomatic Treatment

The vast majority of patients with AR will be
treated symptomatically, mostly with a combina-
tion of topical corticosteroids and topical or oral
antihistamines. The ARIA guideline for sug-
gested treatment from 2008 [5] is summarised in
Fig. 20.6, and a possible update using visual
analogue scores (VAS) to assess symptom con-
trol in Fig. 20.7 [6].

Antihistamines

Second-generation, non-sedating oral antihis-
tamines such as cetirizine and loratadine may
be effective in controlling symptoms such as
sneezing and itching. They have a rapid onset of

action and are safe for long-term use. They have
no significant effect on the symptom of block.
More benefit is usually found if they are taken
before symptoms appear (i.e. for hay fever suf-
ferers to start treatment before the appropriate
pollen season begins and the patient becomes
symptomatic).

Topical antihistamines such as azelastine
(often combined in a spray with fluticasone) have
a rapid onset of action and the combined treat-
ment is more effective than a nasal steroid alone.

Azelastine eyedrops may also help with itch-
ing of the eyes.

Leukotriene Receptor Antagonists
(LTRA)
Montelukast is the main LTRA used in AR.

It blocks the effect of some leukotrienes that
are synthesised after mast cell degranulation.
Leukotrienes promote inflammation and increase
vascular permeability contributing to the symp-
toms of blockage and running. Montelukast
seems to have a clinical effect similar to lorata-
dine but is less effective on block than a topical
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steroid. Not all patients get a significant response
to LTRAs, but a trial of treatment can be worth-
while for some.

Sodium Cromoglicate

Mast cell stabilisers such as chromones are now
hardly used in the nose as the have a very limited
clinical effect, but cromoglicate eyedrops may
relieve allergic conjunctivitis.

Intranasal Glucocorticosteroids
Beclometasone, fluticasone, triamcinolone and
mometasone are some of the more commonly
used intranasal corticosteroids.

They are used topically at the lowest neces-
sary dose to limit the side effect profile. They
reduce all the symptoms of AR, including
blockage.

They work by inhibiting inflammatory gene
transcription in the cell nucleus (among other
actions) and therefore take some time to have an
effect.

Patients should be advised that the effect will
not be immediate and that they may have to stay
on treatment for significant lengths of time as the
drugs do not ‘cure’ the allergy but suppress it
during allergen exposure. A side effect of epi-
staxis is usually due to incorrect use of the spray
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and patient education will usually allow resolu-
tion of the problem.

Ipratropium

Topical ipratropium spray, an anticholinergic, can
be added to treatment with a topical steroid if the
patient complains of continuing rhinorrhoea. The
dose can be titrated to the patient’s symptoms.

Monoclonal Antibodies
A variety of humanised monoclonal antibodies
are now becoming available for the treatment of
allergic disease and work in a variety of ways.
Omalizumab binds to circulating IgE, thus
inhibiting it from binding to mast cells. This both
prevents mast cell degranulation and also reduces
cellular expression of IgE binding sites, therefore
giving a longer mode of action. It is generally
only used for patients with severe AR and asthma.
Mepolizumab, reslizumab and benralizumab
block IL5 (or the IL5 receptor), thus preventing
the function of this pro-inflammatory cytokine.
Dupilumab targets the receptor for IL4 and
IL13, again stopping the actions of these cyto-
kines. These drugs are not widely used yet for the
treatment of AR but it seems likely that targeted
treatments for individual patients will become
more commonly used in the future.

Surgery

There is a limited role for surgical intervention in
AR. Occasionally, there are patients who have
developed a fixed hypertrophy of the nasal
mucosa with a block that does not improve even
with decongestion. Reduction of the bulk of the
inferior turbinates may allow an improvement in
nasal airflow and a consequent increase in the
ability of topical steroids to penetrate into the
nasal cavities to control inflammation.

Modification of the Disease Process

Immunotherapy

Immunotherapy (sometimes termed desensitisa-
tion) refers to a process whereby a patient devel-
ops tolerance to an allergen and therefore no
longer exhibits an allergic reaction when exposed

to it. It is the only treatment known currently that
can rebalance the disordered immune system in
AR and modify the progression of allergic disease.
The regular administration of an allergen, either
subcutaneously (SCIT) or sublingually (SLIT),
causes the production of regulatory T cells (Treg)
that switch the immune response from the excess
production of Th2 cells to a Thl profile. There is
also a production of IgG4 that acts as a blocking
antibody-preventing IgE binding. Both these
mechanisms result in a reduction of the allergic
reaction following subsequent allergen exposure.
After a 3-year course of treatment, patients should
experience a long-lasting reduction in symptoms
and a halt in disease progression. Efficacy rates
vary between different trials, but most patients
would expect to have a reduction in symptoms and
medication use of approximately 30% [7].

Immunotherapy is generally only used for
patients with more severe disease, which cannot
be controlled by standard medication [8]. It does
have a small risk of causing anaphylaxis and
therefore should only be prescribed by a practi-
tioner experienced in its use and with the neces-
sary resuscitation facilities available.

SCIT is usually given in two phases: induc-
tion, with a gradually increasing dose often given
weekly, followed by a maintenance phase with
injections every few weeks over a period not less
than 3 years.

SLIT may be made up as drops or soluble tab-
lets and may not need an induction phase. The
allergen given is taken up by antigen-presenting
cells in the oral mucosa and then works in much
the same way as SCIT, with a similar efficacy.
Treatment should also be given over a 3-year
period to give long-lasting tolerance and symp-
tom control.

Children with AR

The term the atopic (or allergic) march refers to
the progressive development of allergic symp-
toms in childhood onwards. This starts with
atopic dermatitis (allergic eczema) and may
progress first to short-lasting food allergy and
then to allergic asthma and AR (Fig. 20.8).
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Fig. 20.8 The atopic march—progressive development of allergy (reproduced with permission from Elsevier)

The presence of eczema in a young child may
predict further allergies developing in later life,
but only in 30-50% of affected children, so the
link between atopic dermatitis and other allergies
is complex. Whether the epithelial breakdown in
eczema allows sensitisation to allergens in indi-
viduals predisposed to allergy, or whether the
atopic march is a systemic dysfunction that mani-
fests differently at different ages, is unclear.

Children will usually have several episodes
of viral acute infective rhinitis in a year, and as
one may immediately follow another, it can be
difficult to differentiate from an ongoing AR. If
there is itching and sneezing, or a seasonal or
environmental difference, then allergy is more
likely. A coloured nasal discharge means infec-
tion is more likely, either an infective rhinitis or
adenoiditis. Chronic infective rhinosinusitis is
unusual in children. SPTs may help to give a
diagnosis.

The treatment guidelines for children are sim-
ilar to those for adults. Fluticasone can be used
from 4 years; mometasone and triamcinolone
from 6 years. It is preferred not to use beclometa-

sone in younger children as it has a greater sys-
temic bioavailability and may cause growth
retardation in higher doses.

Treatment with immunotherapy is useful in
children to reduce symptoms and to prevent the
atopic march but its availability at present is
unfortunately limited in many countries.

Areas of Controversy or Uncertainty

*  What are the underlying causes of the increase
in allergic disease seen in the industrialised
world?

* Can we effectively change our environment to
reduce allergic disease?

*  What is the role of parasitic infection in modi-
fying allergic disease?

e What combinations of treatment are best for
managing patients with AR and asthma?

e What will be the role for monoclonal antibod-
ies in AR?

e Should immunotherapy be more widely avail-
able, especially for children?



266

Q. Gardiner

Key Learning Points

AR is a common disease that may have a sig-
nificant impact on quality of life and is fre-
quently poorly managed.

AR is part of a systemic disease termed the
unified allergic airway and is often associated
with asthma.

Diagnosis is based on correlating typical
symptoms with tests for specific IgE (either
SPTs or serum IgE).

Contemporary management is with avoidance
and antihistamines and topical steroids, but
immunotherapy and humanised monoclonal
antibodies may have increasing roles.
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Introduction

The scientific work on rhinosinusitis is very
broad. It covers topics such as epidemiology, the
burden of disease, medical or surgical treatment
of rhinosinusitis and more basic scientific work,
such as animal models of rhinosinusitis, labora-
tory studies, immunological studies, etc. It would
be impossible to cover all these research items in
one book chapter; rather, this chapter is focused
on conveying a few important scientific princi-
ples that every ENT surgeon needs to be familiar
with to have a good understanding of the disease
itself, and of the scientific work that is performed
on rhinosinusitis.

Principle I: Acute and Chronic
Rhinosinusitis are Distinct Disease
Entities

Rhinosinusitis is a diagnosis based on symptoms
(nasal obstruction and/or rhinorrhoea combined
with facial pressure and/or loss of smell) and
observable abnormalities (purulence, polyps and/
or oedema in the middle meatus) [1]. By defini-
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tion, the duration of symptoms dictates whether a
patient has acute rhinosinusitis (ARS; <12 weeks)
or chronic rhinosinusitis (CRS; 12 weeks or
more). This might suggest that CRS is simply a
long-lasting ARS, but this is not true. They are
entirely different disease entities.

Acute Rhinosinusitis

ARS is an upper respiratory tract infection. Most
often, it is viral in origin and self-limiting, with
complaints lasting less than 10 days. In a small
percentage of cases, other forms of ARS are seen,
such as post-viral ARS and acute bacterial rhinosi-
nusitis. Research on ARS is hampered by its short-
lived nature and the overlap with other upper
respiratory tract infections [1]. For the clinical
assessment and management of ARS, we refer to
Chap. 23. In many countries, ARS seems to be of
little importance to most ENT surgeons given its
self-limiting nature. This changes once complica-
tions arise that require (surgical) intervention. For
the management of these, refer to Chap. 28.
There is one controversial subject in the field
of ARS: recurrent ARS (RARS), which is defined
as having four or more episodes of ARS per year.
Some authors deem it is best to classify as a spe-
cial form of CRS. Regardless of its classification,
RARS is a rare disease with a point prevalence
estimated at 0.035% in the United States [2].
With this low prevalence, and a usually normal
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appearance upon nasal endoscopy and/or imag-
ing in between episodes, it is difficult to gather
data on the disease. In some cases, an underlying
immunodeficiency can be found, which warrants
investigation [1]. Furthermore, it is important to
realize that by definition, patients suffering from
RARS are free of symptoms between their epi-
sodes. This is an important clue, as it distinguishes
patients with RARS from patients suffering from
acute exacerbations of CRS.

Chronic Rhinosinusitis

In contrast to the self-limiting episodes of ARS,
patients with CRS struggle with their condition
for months to years (or even decades). Studies
show that these patients experience a reduced
quality of life, are hampered in their daily activi-
ties/work and that CRS thus poses an important
burden to the individual patient as well as to soci-
ety as a whole. Despite medical and surgical
interventions, many patients remain uncontrolled
[1]. As such, CRS is of great importance to ENT
surgeons. Therefore, the rest of this chapter will
deal with CRS only.

¢

Host
- Immunity
- Genetics

Endotype

Environment
- Pathogens / microbiome
- Pollution / smoking

Fig. 21.1 Chronic rhinosinusitis is a multifactorial
disease

By interaction between host and environment at the level
of the nasal mucosa, an inflammatory endotype is elicited
once there is disruption of the epithelial barrier. The ensu-

- Inflammatory response
- Biomarkers

Principle ll: CRS Is a Multifactorial
Disease

To explain how and why CRS is expressed as a
chronic disease, several factors have been investi-
gated. These can best be summarized in the para-
digm of the host, the environment and their
interactions.

The central player in this theme is the nasal
mucosa, as it is the interface between host and
environment. In healthy conditions, it has distinct
inflammatory reactions to the various (patho-
genic) stimuli it encounters, each of which have a
limited time-span. This way, the nasal mucosa
functions as an epithelial barrier and a significant
line of defence (see also Chaps. 3, 4 and 5). In
CRS, however, the barrier function is impaired
and inflammatory processes endure. This is a
result of an interplay between the host (qualities/
properties of the nasal mucosa and host immune
system) and the environment (stimuli attacking/
affecting the nasal epithelium), in combination
with a specific (inflammatory) endotype that is
activated in a CRS patient (see Fig. 21.1). In the
following sections, the main factors are listed and
briefly discussed.

Remodelling

Phenotype
- Natural history
- Outcome

ing tissue remodelling will eventually determine the
patient phenotype.

Adapted with permission from the European Position
Paper on Rhinosinusitis and Nasal Polyps 2020
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Host Factors

Genetics

CRS is a multifactorial disease and each factor
might be influenced by the genetic background of
the patient. As such, a straightforward genetic
explanation is unlikely. Nevertheless, a certain
hereditary component is present as various stud-
ies show increased risk of developing CRS within
families. On the other hand, studies in monozy-
gotic twins show that the development of CRS
might occur in one and not the other sibling. As
such, other (environmental) factors are likely to
be at least equally important. For more informa-
tion, we refer to an excellent review [3].

Diffuse CRS secondary to cystic fibrosis or
primary ciliary dyskinesia clearly have a genetic
background. However, for both underlying dis-
eases, multiple causative genes/mutations may be
involved (see also Chap. 7).

Immunity

For a normal nasal epithelial barrier to function, a
well-functioning immune system is paramount
(Chap. 5). Studies show that especially in
difficult-to-treat CRS patients, immunodeficien-
cies are relatively common. The reported preva-
lence varies between 10% and even 50%,
depending on patient cohorts and definitions used
[4]. Examples are immunoglobulin deficiencies
such as selective IgA deficiency, specific anti-
body deficiencies or a common variable immu-
nodeficiency. It is at this point unknown to what
extent these immunodeficiencies are clinically
relevant in CRS.

Environmental Factors

Apart from the host factors as described above,
environmental factors need to be considered as
well, since they have the ability to disrupt the epi-
thelial barrier function of the nasal mucosa,
which might start or maintain the inflammatory
response in the nose.

Bacteria

Bacteria have been considered a causative or
disease-modifying agent in CRS for many
decades. Much attention has been aimed at spe-
cific pathogens, such as Staphylococcus aureus,
with conflicting conclusions. Other specific bac-
teria have been proposed to play a major role in
CRS as well, especially those capable of forming
a biofilm and thus evading immune responses or
medical therapy (see also Chap. 8). A more gen-
eral disruption of the local microbiome, termed
dysbiosis, has also been hypothesized, stating
that a lack of normal commensal flora would cre-
ate a damaging microbiome, continually evoking
an inflammatory response in the nasal epithe-
lium. However, therapies aimed at specific bacte-
ria or the microbiome as a whole have had very
limited success in the treatment of CRS. Possibly,
certain subgroups/phenotypes of CRS might
have a stronger correlation with specific bacteria
or dysbiosis, but clear data are currently lacking.

Viruses

Many viruses have the capability to acutely dis-
rupt the nasal epithelium, impair ciliary function
and increase the production of mucus. Various
papers describe an increase in viral presence in
nasal tissue/polyps of patients with CRS, sug-
gesting a role for viruses in the pathogenesis of
CRS as well. Furthermore, viral infections have
been shown to be able to induce exacerbations of
CRS. On the other hand, the same studies show
that viruses are not found in all patients with (an
exacerbation of) CRS [5]. Therefore, the exact
role of viruses in the initiation and/or continua-
tion of the inflammatory processes in CRS
remains unclear.

Fungi

Similar to bacteria and viruses, fungi have been
studied as initiators or modifiers of CRS patho-
genesis as well, but with disappointing results.
The few exceptions, where fungi are clearly
involved, are mainly dominated by host immu-
nity. In allergic fungal rhinosinusitis, there is a
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hypersensitivity of the immune system to fungi.
On the other hand, invasive fungal rhinosinusitis
is almost uniquely seen in an immunocompro-
mised state (such as an haematologic malig-
nancy) (see also Chap. 26).

For more (general) information on the role of
bacteria, viruses and fungi in health and disease,
see Chap. 9.

Pollution/Occupational Exposure
There are several studies describing correlations
between pollution or occupational exposure and
the risk of developing CRS, the severity of CRS
and the need for (multiple) surgeries. A very
strong example is the work done by New York
fire fighters responding to the attack on the World
Trade Centre, showing a dramatic increase in
CRS prevalence after this event, related to the
amount of exposure [6].

Smoking

There is now clear evidence that tobacco
smoking associates significantly with the risk of
developing CRS [7]. Pollutants and toxins from
cigarette smoke induce oxidative stress of the
nasal mucosa and act as pro-inflammatory agents.
Children exposed to second-hand smoke are at
increased risk as well.

Tissue Remodelling

Once the epithelial barrier is chronically
compromised, the specific combination of host
and environmental factors in a patient will result
in remodelling of the sinonasal tissue such as
polyp formation and/or goblet cell hyperplasia.
Remodelling of the barrier itself might also con-
tribute to the perpetuation of the inflammation in
CRS. The amount of remodelling will vary
between patients; depending on host and envi-
ronmental factors, as well as the patient endo-
type, remodelling will result in different patient
phenotypes and, thus, outcomes of CRS. Studies
with biologicals that intervene at the endotype
level show nasal polyps to disappear rapidly,
meaning that tissue remodelling can be (in part)
reversible.

Clinical Application

An ENT surgeon treating CRS should realize
that management of CRS should encompass—if
possible—strategies directed at all the various
factors that lead to the patient phenotype.
Especially in those patients where disease control
cannot be attained through appropriate medical
therapy (and if needed surgery), the multifacto-
rial paradigm of host—environment remodelling
might help to formulate a full approach. This
includes paying attention to and treating specific
traits (e.g., smoking, occupational exposure,
patient immunity). With the advent of biologi-
cals, treatment at the endotype level will be more
and more common, possibly revolutionizing CRS
care (see the next chapter).

Principle lll: CRS Is an Umbrella
Term Requiring Classification

The diagnostic construct of CRS is based on
symptoms and observable abnormalities. As
such, it will encompass many conditions; patients
with an odontogenic maxillary sinusitis, a bilat-
erally obstructed nose filled with polyps or an
isolated unilateral sphenoiditis all classify as
having CRS. It is obvious that the underlying
aetiologies may vary greatly. This means that the
pathophysiology, epidemiology, treatment and
outcomes for each entity will be different. There
is no ‘one size fits all’ in CRS.

The Presence or Absence of Nasal
Polyps in CRS

For decades, the main differentiation for patients
with CRS was based on the endoscopic appear-
ance of nasal polyps, giving either CRS with
nasal polyps (CRSwNP) or without nasal polyps
(CRSsNP). Much (clinical) research has been
performed based on this distinction. However,
the presence or absence of nasal polyps is only
poorly related to the underlying pathophysiologi-
cal processes. For example, in most Western
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countries, nasal polyps are usually associated
with an eosinophilic (Type 2) inflammation of the
tissue, whereas it is more often neutrophilic in
Asian countries. For CRSsNP, the same point can
be made; a patient with an odontogenic sinusitis
and a patient with rhinosinusitis due to an immu-
nodeficiency would both qualify as CRSsNP,
whereas the underlying pathology and choice of
therapy are obviously quite different. As such, a
more sophisticated classification helps to struc-
ture research in the area of rhinosinusitis and
enables a better understanding of pathophysio-
logical processes in various patient groups/
diseases.

The New Classification of Chronic
Rhinosinusitis

Using a few clinical properties, the current clas-
sification for CRS determines whether it has a
primary or secondary aetiology, and what the
anatomical distribution is (localized/unilateral
versus diffuse/bilateral). Thus, the given set of
clinical phenotypes can then be further
differentiated based on the predominant endo-
type (see Fig. 21.2). This classification system
has obvious clinical merits, but helps the scien-
tific understanding of CRS as well [1, 8] (see
Table 21.1).

Primary Versus Secondary, Localized
Versus Diffuse CRS

Once a patient meets the criteria for CRS, the
first step should be to determine whether it is a
primary CRS or that the disease is secondary to
an underlying disease process. Depending on the

localization of the disease (localized/unilateral
versus diffuse/bilateral), discerning primary
from secondary CRS may be more or less
apparent.

In localized disease, clinical features of a sec-
ondary CRS include signs and symptoms of an
odontogenic (maxillary) sinusitis, an isolated
sinusitis based on a fungal ball or an underlying
tumour (either benign or malignant). If none of
these are present, an isolated sinusitis per se is
diagnosed as a primary localized CRS. For most
of these conditions, the underlying immunologi-
cal responses have only been poorly investigated.
However, despite this lack in knowledge, the
treatment for both primary and secondary local-
ized CRS usually consists of a surgical approach
to the affected sinus(es) to remove the pathology,
restore ventilation and drainage, and often this
suffices to overcome the disease. In secondary
localized CRS, other measures to address the
underlying pathology need to be considered as
well (such as referral to the maxillofacial
department).

In diffuse CRS, the differentiation between
primary and secondary can be more challenging
and might take time. Overall, the majority of
patients with diffuse/bilateral disease will have a
primary CRS. Signs and symptoms pointing to
CRS secondary to inflammatory processes
include excessive bleeding and crusting, mucosal
abnormalities outside the middle meatus, loss of
tissue, severe pain and importantly, the involve-
ment of other organ systems and systemic mani-
festations such as fatigue and weight loss. If the
CRS has a childhood onset, underlying diseases
such as primary ciliary dyskinesia or cystic fibro-
sis should be considered.
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Fig. 21.2 Classification of CRS

Once the diagnostic criteria for chronic rhinosinusitis
have been met, a distinction is to be made based on the
absence (primary) or presence (secondary) of an underly-
ing condition. Next, the localization (localized or diffuse)
and the dominant endotype will determine the type of
chronic rhinosinusitis. The boxes at the perimeter of the
circle contain several examples of clinical disease
entities.

CRS Chronic rhinosinusitis, AFRS Allergic fungal rhino-
sinusitis, CF Cystic fibrosis, PCD Primary ciliary dyski-
nesia, GPA Granulomatosis with polyangiitis, EGPA
Eosinophilic granulomatosis with polyangiitis, CRSWNP
Chronic rhinosinusitis with nasal polyps, (non-)eCRS
(non-)eosinophilic chronic rhinosinusitis.

Adapted with permission from the European Position
Paper on Rhinosinusitis and Nasal Polyps 2020
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Table 21.1 Classification of CRS (accompanies Fig. 21.2)
Primary CRS ‘ Secondary CRS
Localized/ | Endotype | Type 2 Non-Type 2 Local pathology
unilateral | Example | AFRS Tsolated Odontogenic
sinusitis Fungal ball
Tumour
Diffuse/ Endotype | Type 2 Non-Type 2 Mechanical Inflammatory | Immunity
bilateral | Example | CRSWNP Non-eCRS CF GPA Selective
AFRS PCD EGPA immunodeficiency
eCRS

Principle IV: The Inflammatory
Endotype in Primary Diffuse CRS
Determines Treatment

and Outcomes

A large portion of CRS patients is represented by
those with primary diffuse CRS. In this group,
more and more attention is turned towards the
inflammatory processes involved (i.e., the inflam-
matory endotypes). Classically, three types of
immune responses are recognized: Type 1
responses are invoked by viruses, and associated
canonical cytokines include interferon gamma
and interleukin (IL)-12; Type 2 responses are tar-
geting parasites and involved in tissue repair pro-
cesses, and associated canonical cytokines
include IL-4, -5 and -13; Type 3 responses deal
with extracellular bacteria and fungi, and associ-
ated cytokines are IL-17A and IL-22. In CRS,
often a mixture of these response types is present,
and in contrast to ‘classical’ response arcs, the
activation of the inflammatory pathways is
extended and chronic. In a cornerstone publica-
tion, Tomassen et al. showed that in CRS patients,
various clusters of cytokine profiles are present in
their sinonasal mucosa/polyps revealing mixed
inflammatory endotypes. In these clusters, IL-5
positivity (i.e., Type 2 dominance) had a clear
association with CRSwNP and asthma [9].

Clinical Determination of Endotypes
in Primary Diffuse CRS

Although scientific papers often examine a myr-
iad of cytokines, mediators and/or inflammatory
cells, the applicability of these tests to common

clinical practice is limited [10, 11]. Furthermore,
most treatments for primary diffuse CRS are only
loosely based on the underlying endotype (with
some exceptions, such as biologicals which will
be discussed in the next chapter). Also, in a sig-
nificant number of patients (~25%), mixed endo-
types can be present [12].

Therefore, EPOS2020 recognizes the major
clinical difference to be made: Type 2 versus
non-Type 2 CRS, at least in patients not respond-
ing to appropriate medical therapy such as
intranasal corticosteroids, saline rinses and the
treatment of other treatable traits (such as comor-
bid allergic rhinitis) [1]. One needs only simple
and available tools to make this distinction, the
most important one of which is taking a detailed
and targeted history.

The clinical pattern of Type 2 patients is those
complaining of loss of smell and nasal obstruc-
tion, suffering from asthma or even NSAID-
exacerbated respiratory disease (N-ERD). Often
nasal polyps can be found, and laboratory tests
show eosinophilia and elevated serum
IgE. Typically, these patients respond well to oral
corticosteroids, with smell recovery within days.
Also typically, these effects are short-lived.
Surgery often has a limited effect with recurrence
of complaints and regrowth of polyps at an unsat-
isfying rate [8, 13].

A typical subtype of primary diffuse Type 2
CRS is the patient with N-ERD. Sensitivity to
NSAIDs can often be established rather easily
during history taking and will point to a (severe)
Type 2 profile. Indeed, both canonical cytokines
IL-5 and -13 are increased in nasal secretions
from N-ERD patients compared to those with
non-N-ERD nasal polyps [14].
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In contrast, non-Type 2 primary diffuse CRS
often presents with facial pain and (purulent) dis-
charge in patients without asthma. Nasal endos-
copy reveals purulence in the middle meatus, but
typically no polyps. Laboratory tests show nor-
mal levels of eosinophils and serum IgE (except
in patients with comorbid allergic rhinitis). Here,
oral corticosteroids seem less effective, and
patients tend to respond better to (prolonged)
courses of antibiotics. Surgery is often helpful for
longer periods of time [8, 15].

Once the clinical pattern of Type 2 or non-
Type 2 is recognized, treatment can be directed to
meet the patient’s endotype. For detailed infor-
mation on new therapies for CRS stratified by its
classification, refer to the next chapter.

Conclusion

Rhinosinusitis encompasses a broad spectrum of
diseases. In chronic rhinosinusitis, much is still
unclear regarding the pathogenesis of the under-
lying inflammatory processes. Both host factors
and environmental factors are involved. The
advised classification system of CRS will help
guide therapy and facilitate research.

Short Summary of Areas
of Controversy or Uncertainty

e It is unclear whether recurrent ARS should be
considered as a form of ARS or CRS.

e It is unclear whether the recommended clas-
sification of CRS will correlate closely with
inflammatory endotypes; the number of
underlying endotypes/clusters and the best
way to characterize them are still subject of
ongoing research.

Key Learning Points
e Principle I: Acute and chronic rhinosinusitis
are distinct disease entities.
e Principle II: CRS is a multifactorial disease.
— The aetiology and pathophysiology are
only partly understood; they involve both
host and environmental factors.

e Principle III: CRS is an umbrella term requir-
ing classification.

— Currently, a classification based on the
presence or absence of an underlying con-
dition, the localization of the disease and
the predominant endotype is advised.

e Principle IV: The inflammatory endotype in
primary diffuse CRS determines treatment
and outcomes.

— The main distinction to guide research and
therapy is Type 2 versus non-Type 2.
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Primary Chronic Rhinosinusitis

Recently, in EPOS2020, a new classification of
CRS has been proposed [1]. This classification
divides CRS into primary and secondary CRS
(for more details see Chap. 21) and further
divides into local versus diffuse disease and cat-
egorizes based on endotype.

Primary Localized Non-type 2
Chronic Rhinosinusitis

Typical examples of primary localized non-type
2 chronic rhinosinusitis (CRS) are (iatrogenic)
sinusitis of a single sinus without underlying dis-
ease such as odontogenic problems. The treat-
ment for this kind of disease is mostly surgical,
and opening of the sinus often results in the sinus
inflammation subsiding.

The most prominent innovation in the treat-
ment of primary localized non-type 2 CRS is the
balloon dilatation technology (BDT).

Two systematic reviews (including 1-2 RCTs)
were done in 2016 and 2017 [2, 3]. Both system-
atic reviews concluded that in patients with medi-
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cally refractory CRS with limited CT evidence of
sinus disease, treated with ESS or in-office bal-
loon dilation, outcomes were comparable for
FESS and BDT, with significant reductions in
symptom scores, SNOT-22, paranasal sinus
opacification, absenteeism, health care visits, and
antibiotic usage in both groups. Recovery was
faster in the balloon dilation group. Recently a
third meta-analysis had comparable conclusions:
analysis did not reveal a clinically meaningful
difference in outcomes between FESS and BSD
alone nor FESS and hybrid procedures [4]. For
now, current evidence supporting the role of BDT
in CRS remains incomplete, but one might con-
sider patients with primary localized non-type 2
CRS with limited disease the most likely
candidates.

Primary Localized Type 2 Chronic
Rhinosinusitis

A typical example of primary localized type 2
CRS is a localized form of allergic fungal rhino-
sinusitis (AFRS). Unlike the management of
classical CRS, the foundation of AFRS treatment
is surgery.

Although evidence is limited [5], treatment of
AFRS, both localized and diffuse, almost always
requires surgical debridement of the involved
sinuses, thus removing the antigenic stimulation
for AFRS patients, but also providing wider access
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for surveillance, clinical debridement, and appli-
cation of topical medication. Surgery can be com-
bined with systemic and local corticosteroid
treatment. There is limited evidence for efficacy of
allergen immunotherapy, to both fungal and non-
fungal antigens in atopic individuals with AFRS to
improve symptoms and reduce revision surgery.
Oral and topical antifungals do not improve symp-
toms in AFRS but may reduce recurrences,
although data are very incomplete. The use of bio-
logicals for the treatment of AFRS is in its infancy
[6], and larger studies are underway.

Primary Diffuse Chronic
Rhinosinusitis

After appropriate medical treatment, check of
treatable traits and compliance (see Fig. 22.1),
the care pathways for management of diffuse (i.e.
bilateral), CRS depends on endotyping (see
Fig. 22.2).

Primary Diffuse Non-type 2 Chronic
Rhinosinusitis

Primary diffuse non-type 2 CRS is what we
would formerly call non-eosinophilic CRS. The
phenotype is wusually without nasal polyps
although in Asia non-eosinophilic CRS with
nasal polyps occurs, but with decreasing
frequency.

When one considers the diagnosis of primary
diffuse non-type 2 CRS, EPOS2020 advises to do
an additional work-up including evaluation of
blood eosinophils and total serum IgE to exclude
type 2 inflammation. After appropriate medical
treatment, consisting of nasal saline rinsing and
local corticosteroids, one can chose between (F)
ESS and long-term antibiotics. The evidence for
long-term antibiotics is still very limited [5].

Xylitol
A relatively new evidence-based treatment option
is rinsing with a xylitol solution. Xylitol is a five-

o EPOS 2020: Care pathways for CRS

Two CRS symptoms .
One of which should be nasal obstruction
and/or discoloured discharge

+ facial pain/pressure

+ reduction or loss of smell

> 12 weeks

Self-care

« Self-education / e-Health
« Saline spray / rinses

« INCS (if OTC)

« Avoid antibiotics

« Avoid exacerbating factors

| S ——

Refer to Primary Care

Primary care follow-up

- Saline rinses

« INCS (if not OTC)

« Educate compliance/technique

« Avoid antibiotics

« Check treatable traits and comorbidities

Refer to Secondary /Tertiary Care

Check treatable traits / comorbidities
History and full ENT exam
Nasal endoscopy

Diffuse / bilateral CRS

Localized / unilateral CRS

Secondary/Tertiary
Care

No (apparent) CRS

6-12 weeks: ©
improvement?

Follow EPOS 2020 management scheme
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CT scan
(urgent if suspicion of tumour)

6-12 weeks:

improvement?

Diagnosis rejected
Reconsider differential diagnosis

Diagnosis confirmed
Surgery likely
Refer if necessary / suspected malignanc

Consider CT scan

Reconsider differential diagnosis

Fig. 22.1 Care pathways for management of CRS, intranasal corticosteroid (INCS), over-the-counter (OTC) [5]
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Fig.22.2 Care pathways for management of diffuse bilateral CRS, oral corticosteroids (OCS), aspirin treatment after

desensitization (ATAD) [5]

carbon sugar alcohol that occurs naturally in
many fruits and vegetables and is used widely in
the food industry as a sweetener. It has gained
interest as a natural antibacterial agent. Xylitol
significantly reduces biofilm biomass, inhibits
biofilm formation, and reduces growth of
planktonic bacteria. The use of xylitol in saline
lavages has been evaluated in four studies.
Weismann et al. evaluated in a prospective,
randomized, double-blinded, controlled cross-
over pilot study the efficacy of a xylitol 5% in
saline irrigation once-daily compared to saline
irrigation during 10 days with a 3-day washout
irrigation rest period in 20 subjects with CRS [7].
There was a significant reduction in SNOT-20
score during the xylitol phase of irrigation as
compared to the saline phase (difference 6.3
points). There was no difference in VAS scores.
Lin et al. evaluated in a prospective, random-
ized, double-blind, controlled study the efficacy
of xylitol 5% nasal irrigation compared to saline
nasal irrigation in 25 of 30 patients with CRS

who completed the 30-day study [8]. Standard
subjective assessment scores were reduced sig-
nificantly only in the xylitol group (SNOT-22
reduction of 12 points; VAS reduction of 1.1).
The concentrations of nasal nitric oxide (NO)
and inducible nitric oxide synthase (iNOS)
mRNA in the right maxillary sinus increased sig-
nificantly, but only in the xylitol group.

Rabago et al. evaluated [9] in a prospective,
randomized, three-arm controlled study for
26 weeks the efficacy of xylitol 5% nasal irriga-
tion compared to saline irrigation and standard
care in 40 patients with chronic rhinosinusitis
with Gulf War illness. Patients using xylitol rins-
ing reported improved SNOT-20 scores over the
full period, significantly better than standard care
but not significantly better than saline irrigation
(subgroups too small for statistical analysis).

Kim et al. [10] examined the effect of xylitol
nasal irrigation in a double-blinded randomized
controlled crossover study in 34 CRS patients. A
significant improvement of SNOT-20 and VAS
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symptom scores for sneezing (p = 0.003), head-
ache (p = 0.02), and facial pain (p = 0.037) was
found compared to saline rinsing.

In conclusion, addition of xylitol to saline
rinses resulted in a significant reduction of SNOT
(all studies) and VAS (reported in two) scores in
four small studies in primary diffuse non-type 2
CRS patients. Larger studies are needed to evalu-
ate the magnitude of the improvement.

Other biofilm reducing agents like colloidal
silver and (Manuka) honey showed no effect in
in vivo studies, and addition of sodium hyaluro-
nate or xyloglucan to nasal saline irrigation may
have some positive effect [5].

Primary Diffuse Type 2 Chronic
Rhinosinusitis

Typical examples of primary diffuse type 2 CRS
are CRS with nasal polyps (CRSwNP) or eosino-
philic CRS (eCRS). The diffuse disease of the
sinuses in these patients is characterized by type
2 inflammation symbolized by hyper-eosinophilia
in blood and/or tissue or increased IgE.

For years, the treatment of diffuse type 2
CRS consisted of a combination of appropriate
local medical treatment (nasal saline rinsing and
local corticosteroids), combined with surgery
and short courses of systemic corticosteroids.
The potential side effects of more than a few
weeks of systemic corticosteroids per year sig-
nificantly limited treatment possibilities. Hence,
a large part of the patients with primary diffuse
type 2 CRS remained uncontrolled most of the
time with repetitive ESS and courses of sys-
temic corticosteroids as only options to reduce
the burden of disease. Some authors have sug-
gested using a tapering dose of systemic corti-
costeroids to find the lowest dose to attain
disease control (especially anosmia). Often
tapering to a dose of less than 5 mg of predniso-
lone every other day is possible (personal expe-
rience of the authors). However, the potential
side effects of systemic corticosteroids remain a
significant limitation [11].

Aspirin Treatment After Desensitization
(ATAD)

A subgroup of patients with diffuse type 2 CRS
suffer from non-steroidal anti-inflammatory drug
(NSAID)-exacerbated  respiratory disease
(N-ERD). In general, these patients have more
severe disease, and many have co-morbid asthma
[12]. N-ERD is a chronic eosinophilic, inflamma-
tory disorder of the respiratory tract occurring in
patients with asthma and/or CRSwNP, symptoms
of which are exacerbated by NSAIDs, including
aspirin.

The management options in patients with
N-ERD are essentially based on strict avoidance
of the culprit drug and cross-reactive drugs.
Patient education is important, since NSAIDs
respiratory symptoms are not limited to a specific
drug, but may appear after the intake of other
cyclooxygenase (COX)-1 inhibitors.

In N-ERD patients, aspirin may induce a
period lasting 24 to 72 h, in which patients are
refractory to repeated aspirin challenges and
experience less symptoms. Based on this princi-
ple, N-ERD can be treated with aspirin. Aspirin
treatment after desensitization (ATAD) with oral
aspirin is effective in improving QOL and total
nasal symptom score in patients with
N-ERD. However, the effects seem to be less
than treatment with biologicals [13]. Some retro-
spective studies also reported clinical benefit
from nasal lysine-aspirin treatment. However, in
a randomized, double-blind placebo-controlled
cross over trial, these positive findings could not
be confirmed.

Drug-Eluting Stents and Exhalation
Delivery Systems

Nasal corticosteroids are the mainstay of treat-
ment of diffuse type 2 CRS. First used mainly as
nasal sprays, later forms of delivery such as nasal
drops and rinses have become popular.

Exhalation Delivery Systems (EDS)

The newest possibility is the use of an exhalation
delivery system that claims to deliver the medica-
tion higher and deeper into the nose [14].
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The exhalation delivery system features a
mouthpiece that the patient blows into and a
nosepiece that seals to one side of the nose. When
the patient blows into it, it elevates and seals the
soft palate, which isolates the nasal cavity from
the oral cavity. The dosage of fluticasone dipro-
pionate delivered by the device is higher than
standard nasal sprays. There are no comparative
studies with fluticasone nasal spray but in a meta-
analysis the effect seems larger [5].

Drug-Eluting Stents
A major issue for all treatment with nasal cortico-
steroids is compliance. There are a number of
studies showing the compliance to nasal cortico-
steroids is often poor. Drug-eluting stents, par-
ticularly in the ethmoid sinuses, offer a potential
solution to both the compliance and delivery
issues of nasal corticosteroids. Drug-eluting bio-
degradable nasal implants/stents provide a sus-
tained release of nasal corticosteroids for several
months. They can be placed directly post-
operatively to prevent recurrence of disease or
alternatively, can be placed in the ethmoid cavi-
ties during an in-office procedure. Steroid-
impregnated nasal spacers have been shown to
reduce the rates of postoperative intervention,
recurrent polyposis, and mucosal inflammation
in CRS patients undergoing ESS during the early
months after surgery [15]. Although potentially
of greater benefit than steroid nasal sprays or
non-steroid eluting packs, recent studies did not
demonstrate a significant difference compared to
steroid nasal sprays. However, a significant dif-
ference in short-term polyp formation was found
compared to non-steroid eluting packs [16—18].
In conclusion, drug-eluting stents and exhala-
tion delivery systems create potential benefits in
the treatment of diffuse type 2 chronic rhinosi-
nusitis but direct comparisons to nasal sprays are
missing (or small with a potential type II error).
Large studies comparing these new options to
nasal sprays are needed.

Biologicals

The understanding of different endotypes in CRS
has also led to tailored approaches to manage the
underlying inflammation. Biologicals are mono-

clonal antibodies that directly target inflamma-
tory mediators involved in pathogenesis. In
CRSwNP biologicals, target one or more of the
important biomarkers of CRSwNP that drive the
inflammation in the sinonasal mucosa (i.e. inter-
leukin-4, IL-13, IL-5, and IgE). Biologicals are
used in various type 2 inflammatory diseases,
such as eosinophilic asthma, urticaria, and atopic
dermatitis. In general, biologicals seem to have
few side effects, none of which are serious. At the
time of writing (2023), three biologicals have
been approved for CRSWNP in the European
Union: dupilumab (anti-interleukin-4Ra), omali-
zumab (anti-IgE), and mepolizumab (anti-ILS).
Trials with other biologicals like benralizumab
(anti-IL5, tezepelumab (anti-thymic stromal lym-
phopoietin: anti-TSLP) and depemokimab, a
long-acting anti-IL5, are ongoing.

Dupilumab is a human monoclonal antibody
directed against IL-4Ra. By inhibiting IL-4R sig-
nalling of both IL-4 and IL-13, it effectively
downregulates the molecular pathways that drive
type 2 inflammation (e.g. pro-inflammatory cyto-
kines, chemokines, IgE, and nitric oxide). In
2019, dupilumab was the first biologic to be
approved for severe, uncontrolled CRSwNP in
the European Union and the US. Treatment with
dupilumab results in a significant improvement
of QoL (measured as SNOT-22), rhinosinusitis
disease severity, symptoms of rhinosinusitis and
especially sense of smell, nasal polyp score,
Lund-Mackay CT score and asthma outcomes
(ACQ5 and FEV1) compared to placebo [19].

Omalizumab (anti-IgE) followed suit in 2020.
Treatment with omalizumab demonstrated sig-
nificant improvement of QoL (measured as
SNOT-22), rhinosinusitis disease severity, symp-
toms of rhinosinusitis including sense of smell,
nasal polyp score, Lund-Mackay CT score, and
asthma outcomes (AQLQ), compared to placebo
as well [20].

Treatment with mepolizumab demonstrated
significant improvement of QoL (measured as
SNOT-22), rhinosinusitis disease severity, symp-
toms of rhinosinusitis including sense of smell,
nasal polyp score (NPS), Lund-Mackay CT
score, and asthma outcomes (AQLQ), compared
to placebo as well.
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Indications for biological treatment in CRSWNP

( Presence of bilateral polyps in a patient who had ESS* )

THREE criteria are required

Vs

Criteria Cut-off points
* Evidence of type 2 inflammation === Tissue eos > 10/hpf, OR blood eos > 250, OR total
IgE > 100
* Need for systemic corticosteroids or . . > 2 courses per yr, OR long term (> 3 months)
contraindication to systemic steroids low-dose steroids
« Significantly impaired quality of life -------------e-eeceeeene SNOT-22 > 40
* Significant loss of smell Anosmic on smell test (score depending on test)
L Diagnosis of comorbid asthma ---------ermeereenceceee Asthma needing regular inhaled corticosteroids

J

*exceptional circumstances excluded (e.g., not fit for surgery)

Fig. 22.3 Indications for biologic treatment in primary diffuse type 2 chronic rhinosinusitis [5]

Benralizumab reduced the NPS, decreased
nasal blockage, and reduced difficulty with sense
of smell compared to placebo in patients with
CRSwNP [21].

Phase 3 trials with tezepelumab (anti-TSLP)
and depemokimab (long-acting anti-IL-5Ra
monoclonal antibody) are underway.

Indication for a Biologic

At the moment, the annual costs of biologicals in
Europe are 10,000-20,000 Euros per patient per
year. The cost of biologicals compared to regular
treatment is high and in most health care systems,
one cannot ignore the consideration of cost.

In line with these new developments, several
bodies have issued guidelines for the positioning
of biologicals in the treatment of CRSWNP [22,
23]. Most guidelines position biologicals in the
treatment of CRSwNP after at least one endo-
scopic sinus surgical intervention unless the
patient is not fit for surgery. Further criteria pro-
posed by researchers include the existence of
type 2 inflammation, the regular need for sys-
temic corticosteroids, (severe) impairment of
quality of life, loss of smell, and the presence of
various comorbidities. The latest EPOS2020/
EUFOREA guidelines propose a set of three out

of five criteria in patients with CRSwNP and at
least one (F)ESS (see Fig. 22.3). Cut-off criteria
for the criteria are given (see Fig. 22.3).

Choosing the Correct Biologic

In the light of these new developments, a crucial
question is the choice of biologic. There are no
direct published comparisons performed
between biologicals for CRSwNP although
some are ongoing. However, a number of net-
work meta-analyses have been performed all
pointing to a superiority of dupilumab over the
other biologicals and ATAD [13]. Until direct
comparisons are available, it is difficult to draw
strong conclusions. Future important discus-
sions around the use of biologicals and their
evaluation in daily practice will include the
choice of biologic for individual patients; the
expansion of indications for specific patient
subgroups with CRSwNP; the indications for
surgery and extent of individual endoscopic
sinus operations.

At the moment, the current biomarkers that
are readily accessible to clinicians have limited
use in identifying response to biologicals and are
unhelpful in predicting which biologic to use in
specific cases.



22 New Innovations and Treatments for Chronic Rhinosinusitis

In conclusion, the development of biologicals
as treatment for diffuse type 2 chronic rhinosi-
nusitis is a breakthrough. For now, the availabil-
ity in some countries and the high cost of the
treatment are limitations for the use.

Real-Life Experience with Biologicals

In recent years, a number of registries have been
started to evaluate real-life experience with bio-
logicals in CRSWNP [24, 25]. The registries are
mainly performed using dupilumab therapy.
Interestingly, one of the registries shows the poten-
tial to significantly reduce the dose interval between
dupilumab treatments to once every 6-8 weeks (or
even longer) without losing disease control [26].
Further evaluations are needed to determine
whether this is also true for other biologicals.

Secondary Chronic Rhinosinusitis

Secondary CRS can also be divided into local-
ized and systemic disease.

Localized Secondary Chronic
Rhinosinusitis

Localized secondary CRS is induced by a local
problem like a tumour. The treatment is outside
the scope of this chapter.

Diffuse Bilateral Secondary Chronic
Rhinosinusitis

Diffuse bilateral secondary CRS can have
mechanical, inflammatory, or immunological
reasons.

Diffuse Bilateral Secondary Chronic
Rhinosinusitis Due to Mechanical
Reasons

Typical examples of diffuse bilateral second-
ary CRS due to mechanical reasons are cystic
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fibrosis (CF) and primary ciliary dyskinesia
(PCD). Developments in the treatment options
for CF in the past decade have been evolution-
ary. For patients with the Phe508del homozy-
gosity, cystic  fibrosis  transmembrane
conductance regulator (CFTR) modulators
such as elexacaftor, tezacaftor, ivacaftor, and
combinations of these medications can give
significant benefit [27, 28]. At this moment,
several new treatments are being evaluated
through clinical trials, which aim to improve
lung function by directly interacting with
CFTR or by altering its downstream effects.
Gene manipulating techniques and new molec-
ular targets are also being explored [29].

Diffuse Bilateral Secondary Chronic
Rhinosinusitis Due to Inflammatory
Reasons

Diffuse bilateral secondary CRS due to inflam-
matory reasons is a large group of diseases often
caused by an underlying vasculitis or granuloma-
tous disease. Patients often show ANCA positiv-
ity. A growing body of research is available on
novel treatment options for remission induction,
clarifying some uncertainties concerning the
optimal use of the available drugs. Efforts are
being made to reduce the toxicity associated with
high-dose, prolonged glucocorticoids regimens.
Intensified immunosuppressive strategies for
patients with life-threatening manifestations,
including the combination of rituximab (RTX)
with cyclophosphamide (CYC) have revealed
promising data [30, 31]. The management of
refractory or relapsing eosinophilic granulomato-
sis with polyangiitis (EGPA) has been improved
by the recent demonstration of efficacy and safety
of interleukin-5 inhibitors, such as mepolizumab
[32]. The treatment of diffuse bilateral secondary
CRS due to inflammatory reasons is usually led
by immunology or rheumatology colleagues.
Close collaboration with the otorhinolaryngolo-
gist is relevant for early detection of relapse and
local treatment. Surgery, in general, is best
avoided.



284

W. J. Fokkens and S. Reitsma

Diffuse Bilateral Secondary Chronic
Rhinosinusitis Due to Immunological
Reasons

In difficult to treat CRS, an immunological disor-
der has to be considered. Immunodeficiency can
be primary or secondary to other diagnoses or to
immunosuppressive medication. There is some
evidence for treatment with long-term antibiot-
ics. The decision to treat with intravenous immu-
noglobulin replacement and the supervision of
that treatment should ideally be made by a clini-
cal immunologist.

Summary of Areas of Controversy
or Uncertainty

A vast subject such as new innovations and treat-
ment in CRS has many points of discussion.
Regional discrepancies in management, such as
the use of balloon technology and the place and
choice of biologicals, raise points of debate, as
previously addressed in this chapter. In these rap-
idly developing domains of disease management,
many issues remain unclear, and real-life experi-
ence, in combination with new trials, will help to
define the optimal personalized therapy for each
individual patient.

Key Learning Points

e There is a new classification of CRS with sig-
nificant impact on treatment choices

e The management of CRS has significantly
changed in the past decade

e The major development in the treatment of
primary diffuse type 2 chronic rhinosinusitis
is the development of biologicals (monoclonal
antibody therapy)

e The exact indication for biologicals in preci-
sion medicine has to be defined
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Introduction

Acute rhinosinusitis (ARS) may be regarded as a
spectrum of disease, which may be mild with
minimal patient impact and requiring only sup-
portive treatment, or, at the other extreme, it may
be associated with life-threatening complications
requiring specialist medical and surgical treat-
ment. The challenge is to identify where, between
these extremes, the patient presents so that the
most appropriate treatment may be given. Correct
diagnosis is important since other conditions may
present with similar symptoms.

Definitions

ARS is symptomatic acute inflammation of the
nose and one or more of the paranasal sinuses.
The use of the term ‘rhinosinusitis’ is more accu-
rate than ‘sinusitis’ since inflammation of the
nasal cavity and paranasal sinuses almost always
occur together.

The clinical definition of ARS in adults,
according to the European Position Paper on
Rhinosinusitis and Nasal Polyps (EPOS) 2020
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[1],1s an acute onset of two or more symptoms, at
least one of which should be either nasal block-
age, obstruction or congestion; anterior nasal dis-
charge or post-nasal drip; with or without facial
pain or pressure, or a reduced sense of smell.
Since children are less likely to describe a loss of
sense of smell accurately, EPOS 2020 defines
ARS in children as being an acute onset of two or
more symptoms of nasal blockage, obstruction,
or congestion, or discoloured nasal discharge or
cough. A single episode lasting less than 12 weeks
is defined as acute. Recurrent ARS is defined as
four or more episodes of ARS per year with
symptom-free intervals.

The American Academy of Otolaryngology—
Head and Neck Surgery Foundation (AAO-HNS)
Clinical Practice Guideline: Adult Sinusitis
(2015) [2] defines ARS as up to 4 weeks of puru-
lent nasal discharge accompanied by nasal
obstruction or facial pain, pressure or fullness, or
both: stressing that purulent discharge is a cardi-
nal symptom.

Both EPOS 2020 and AAO-HNS Clinical
Practice Guidelines subdivide and distinguish the
range of ARS conditions from the milder viral
form to the more severe bacterial forms of dis-
ease. This emphasises the spectrum of severity
requiring tailored management.

EPOS 2020 describes three subgroups:

1. Viral ARS, also known as the ‘common cold’,
is a mild, self-limiting episode of ARS lasting

287

A. C. Swift et al. (eds.), Contemporary Rhinology: Science and Practice,

https://doi.org/10.1007/978-3-031-28690-2_23


http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-031-28690-2_23&domain=pdf
mailto:srell@doctors.org.uk
mailto:stephen.ell@nhs.net
mailto:stephen.ell@nhs.net
https://doi.org/10.1007/978-3-031-28690-2_23

288

S.R.Elland R.W. C. Gan

less than 10 days. A viral cause is either pre-
sumed or confirmed by microbiology.

2. Post-viral ARS is an episode of acute rhinosi-
nusitis with an increase in symptoms after
5 days or persistence of symptoms for more
than 10 days, but without the symptoms and
signs of ABRS. This encompasses the group
of patients with persistent symptoms, the
majority of which will not have acute bacte-
rial infection, since acute bacterial infection
makes up only 0.5-2.5% of cases [3].

3. ABRS is an episode of ARS with at least three
additional symptoms or signs of discoloured
mucus, severe local facial pain (often unilat-
eral), fever more than 38 °C, raised serum
C-reactive protein (CRP) or erythrocyte sedi-
mentation rate (ESR) or ‘double sickening’ or
‘double worsening’, which is a deterioration
of symptoms after an initial milder phase of
acute rhinosinusitis.

The AAO-HNS Clinical Practice Guideline:
Adult Sinusitis [2] defines ABRS as symptoms
worsening within 10 days or lasting more than
10 days, which is akin to the EPOS 2020 Post-
viral ARS, but given their emphasis on the cardi-
nal symptom of purulent discharge, their
definition of ABRS may be appreciated.

It should be noted that although there are
minor variations in how other consensus groups
or clinical guidelines around the world define the
disease, there are also many similarities espe-
cially in terms of defining cardinal signs and
symptoms [3]. In this chapter, the terms used will
be based on the definitions described in EPOS
2020.

Epidemiology and Economic Impact

There are fewer published studies on the epide-
miology of ARS than there are on allergic rhinitis
and chronic rhinosinusitis. In the pre-Covid era,
the incidence of acute viral rhinosinusitis was
very high, with most adults having around two to
five episodes of viral ARS per year [1]; however,
the pandemic precautions of physical distancing,
wearing of facemasks and restrictions on large

gatherings are likely to be associated with a sig-
nificant reduction in the incidence of ARS. The
following paragraphs describe the pre-pandemic
incidence of ARS; all are likely to be reduced by
the precautions necessitated by the Covid
pandemic.

In Europe, the incidence of ARS is estimated
between 21 and 28 episodes per 1000 people per
year [4, 5], which makes up about 2% of visits to
general practice [4] and more commonly occurs
in the winter months [6]. In Norway, it is a signifi-
cant financial burden, mostly due to sick leave [4].

In the United Kingdom, the prevalence and
incidence of ARS is unknown; however, the prev-
alence of all types of rhinosinusitis in the United
Kingdom is estimated at 24.9% [7]. Risk factors
include a history of smoking, chronic rhinosinus-
itis, allergic rhinitis and eczema [8]. ARS is more
common in Caucasian women [4, 8, 9].

In the United States, the prevalence of rhinosi-
nusitis as a whole is 11.6% [10]. Recurrent ARS
is estimated to have a prevalence of 1 in 3000
patients per year in the United States, costing
$1000/patient/year [9].

In Asia, the prevalence of chronic rhinosinus-
itis has been published for various countries, but
less is known on the prevalence of ARS.

Aetiology and Pathogenesis

Episodes of ARS are due to viruses in 80-90% of
cases. In a poorly ventilated room full of people,
it only takes one unrestrained sneeze from an
infected person to generate an aerosol of about
40,000 droplets, each droplet carrying up to
2 million virions. Trillions of viruses are sus-
pended in the air waiting for someone to breathe
in, waiting to coat their respiratory mucosa with
hordes of viral invaders; invaders that drill into
healthy ciliated columnar cells and use the cell
machinery for their own replication. Of these
infections, up to 50% are incited by rhinoviruses
or coronaviruses. The other 50% are due to influ-
enza, parainfluenza, adeno- and enteroviruses
and respiratory syncytial viruses. All these
viruses survive longer in damp conditions and are
highly contagious.
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After the infecting virus has been taken into
the nasal epithelial cells by receptor-mediated
endocytosis, viral replication is underway within
hours. Upon invasion, however, the natural
defences of each epithelial cell respond
immediately. Innate sensors within the cyto-
plasm, such as toll-like receptors (TLRs), detect
viral components and mobilise the cells’ acute
defence machinery, raising the alarm by sending
signal proteins to alert the nucleus. These signal
proteins, STAT 1 and STAT 2 (signal transducer
and activator of transcription), activate quiescent
genes and defensive DNA is transcribed. Once
activated, these genes are also stimulated by
interferon and are known as ISGs (interferon
stimulated genes) and produce pro-inflammatory
signalling molecules that ignite inflammation.
These molecules are cytokines: messengers that
induce changes in other cells. Cytokines that spe-
cialise in attracting cells are called chemokines
(chemotactic cytokines). Chemokines, e.g. inter-
leukin 8 (IL-8), recruit macrophages and T-cells
to the battlefield and these cells are activated by
cytokines, e.g. interferon gamma (IFN-y), to pro-
duce yet more cytokines in an ‘amplification cas-
cade’ that spread the fire of inflammation across
the mucosa. Pyrogens fuel this process and a
potent example is tumour necrosis factor-alpha
(TNF-a). This is produced mainly by macro-
phages and is a killer of infected cells.

Once a cell’s innate defences have been over-
whelmed by invading viruses, the cell must be
destroyed: sacrificed to prevent further viral rep-
lication and spread to healthy epithelial cells.
IFN-y is a major cytokine in the process of
destroying virus manufacturing cells. It is made
by T-helper 1 cells (Thl cells) and it indirectly
stimulates the conversion of naive T-cells (TO
cells) to Thl cells, in a positive feedback action,
thereby ensuring its own reproduction. IFN-y
acts as a bridge between our innate and adaptive
immune responses, stimulating the natural killer
(NK) cells of our innate defences and, as part of
our adaptive cellular immune response, it polar-
ises macrophages to the (destructive) M1 type
that phagocytose virions. IFN-y also recruits
CDS8+ (cluster of differentiation 8) cytotoxic T
lymphocytes to the battlefield.

Cytotoxic T cells (CD8+) begin apoptosis
(cell death) of virus-manufacturing epithelial
cells, and spent infiltrating white cells, by tearing
them apart, or by using perforin to punch holes in
the cell membrane through which they pour gran-
zymes: protein-dissolving enzymes, which cause
the cell to explode by osmosis. They are serial
killers, killing an infected cell and moving on to
the next. They also manufacture IFN-y and TNF-
a, accelerating inflammation.

While the might of the inflammatory response
targets the destruction of the viral attack and all
its consequences, it is the damage to, and the
associated inflammatory changes in, the respira-
tory mucosa that are responsible for the symp-
toms of viral ARS. Usually, these are temporary
and reversible, with recovery taking place within
10 days. Unusually, if the response is too florid,
the epithelium may be damaged permanently and
recovery lasts longer than 10 days giving rise to
the symptoms of post-viral ARS. The attack of
millions of virions devastates the sinonasal
mucociliary clearance and the mucosal oedema
of inflammation obstructs sinus drainage, trap-
ping opportunistic bacteria within. The numerous
cellular corpses from apoptosis provide a feast
for bacterial colonisation and secondary infec-
tion. The most common bacteria associated with
acute bacterial rhinosinusitis:  Streptococcus
pneumonia,  Haemophilus  influenza  and
Moraxella catarrhalis, rampage across the
wounded surface. And yet, only 0.5-2.5% of
acute viral rhinosinusitis cases progress to acute
bacterial rhinosinusitis. This is surprisingly low
when thinking about the pathogenesis, and pro-
gression of disease, and is testimony to the effi-
ciency of our immune defences. Our immune
defences may overshoot the mark creating
Cytokine Storm Syndromes.

Cytokine Storm Syndromes

When the innate immune system rages uncon-
trollably, large numbers of white blood cells are
activated and release inflammatory cytokines
systemically in an amplification cascade, damag-
ing other vital organs in the maelstrom of hyper-



290

S.R.Elland R.W. C. Gan

cytokinaemia. This is also known as a Cytokine
Release Syndrome (CRS), and is a form of
Systemic Inflammatory Response Syndrome
(SIRS). These are the ‘Cytokine Storm
Syndromes’. Cytokine storms may be associated
with a number of viral respiratory infections such
as HS5SNI1 influenza, SARS-CoV-1 and with
SARS-CoV-2, so prevalent in the Covid pan-
demic and require intensive care.

Clinical Presentation
and Assessment

Background

If ARS is suspected, an assessment is essential to
confirm the diagnosis, the subtype and the pres-
ence of any complications. An accurate initial
diagnosis is critical to exclude sinister mimics
and to prevent false diagnostic labelling, inade-
quate or inaccurate treatment and a false progno-
sis. So, we follow the traditional paths of eliciting
the clinical history and examining the patient.

History

The history of a patient with ARS will include
nasal blockage/obstruction, or discharge, or both.
The sensation of nasal blockage (poor airflow) is
bilateral, affecting alternate nostrils in an
increased awareness of the nasal biorhythm/
cycle, and may be complete nasal obstruction (no
airflow). Nasal discharge may be anterior, or pos-
terior, or both. The patient may also have facial
discomfort ascending to pain, or pressure, or a
loss of sense of smell. For ARS to give rise to
facial pain, trapped mucus or mucopus within a
sinus associated with a build-up of pressure, lik-
ened to a ‘pressure cooker’, evokes increasing
facial discomfort culminating in pain. Such sen-
sations around the glabella, or between the eyes,
may be due to pressure in the frontal sinus or eth-
moids. If behind the eyes, or on the cranial vault
at the vertex, the sphenoid sinuses may be
affected; if below the eyes, the maxillary sinuses
may be at fault. Exact correlation between site

and sensation, however, is poor. If the loss of the
sense of smell is accompanied with a loss of
taste, then this is a good indicator of significant
nasal blockage.

Patients with ARS will commonly have the
symptoms of an upper respiratory tract infection
(URTYI) such as sore throat, cough, hoarse voice,
drowsiness and malaise.

Predisposing Conditions

The patient’s past medical history, social circum-
stances and habits provide potential predisposing
factors that may indicate a diagnosis of
ARS. Common predisposing factors may be
divided into trauma, inflammation and neoplasia.
Less commonly, comorbid chronic disease,
immunodeficiency and environmental factors,
such as poor air quality, also favour infection.

Facial trauma, both brutal and surgical, dis-
rupts tissue and implants infecting organisms,
more so in the blunt and penetrating trauma of
street violence than (we hope) in surgery.
However, in sinonasal and dental surgery, foreign
bodies such as nasal packs, nasogastric tubes and
nasopharyngeal airways may all be associated
with infection, especially when a biofilm forms
on the surface of a foreign body and predisposes
the patient to ABRS.

Inflammation, both infective (e.g. odonto-
genic abscesses) and non-infective (e.g. the
inhaled fumes of active and passive smoking,
nicotine vapour and products of combustion),
occupies those resources reserved to defend us
against invading organisms and so invite
infection.

Neoplastic lesions obstructing the nose and
sinuses, e.g. polyps, favour episodes of ABRS by
stasis of trapped organisms.

On the defence side, immunodeficiency and
ciliary impairment reduce the patient’s ability to
resist infection [1, 11]. Patients with chronic dis-
eases, such as asthma, chronic obstructive pul-
monary disease (COPD), diabetes, cardiovascular
disease or cancer, are predisposed to ARS associ-
ated with influenza [12] and are more susceptible
to ABRS.
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Environmental factors such as dampness in
the home may confer an increased risk of rhinosi-
nusitis [13]. If ABRS were to occur, it usually
follows a period of viral ARS; however, ABRS
can occur at any stage of ARS [2].

Examination

Inspection of the face, external nose and nares
yields information about facial swelling, discol-
ouration and epiphora. Anterior rhinoscopy, and
the assessment of nasal patency, reveals mucosal
inflammation, nasal blockage, discharge and the
presence of large polyps. Nasal endoscopy may
show discharge from the middle meatus, or
spheno-ethmoidal recess, or both, indicating
which sinuses are affected, and allows examina-
tion for small nasal polyps, tumours or distorted
anatomy; a targeted swab may be taken of any
discharge for microbiology culture and sensitiv-
ity testing (Fig. 23.1).

Inspection and percussion of the teeth may
reveal a dental source of maxillary ARS; how-
ever, if the dental nerve has died, the tooth may
not be sensitive. Evidence of dental caries may
suggest an odontogenic source for maxillary
sinus infection, though when both occur simulta-

Fig.23.1 Mucopurulent discharge from the right middle
meatus (MT middle turbinate)

neously it can be difficult to tell which came first.
Toothache in the upper teeth is a good predictor
of ABRS [14]. Palpation of the neck for lymph-
adenopathy is a must.

Diagnosis

Those criteria defined by EPOS determine the
diagnosis of ARS in adults and require an acute
onset of two or more symptoms, at least one of
which should be nasal blockage, obstruction or
congestion; anterior nasal discharge or post-nasal
drip; with or without facial pain or pressure, or a
reduced sense of smell [1]. Once ARS is diag-
nosed, a determination of the subtype is made:
viral ARS, post-viral ARS or ABRS. These are
summarised in Table 23.1.

Most cases of ARS are viral, self-limiting and
mild, and last less than 5 days. The diagnosis is
clinical and no further investigation is required.
Often, viral ARS is self-diagnosed as the ‘com-
mon cold’ and managed with supportive mea-
Post-viral ARS is diagnosed when
symptoms worsen after 5 days, or persists longer
than 10 days. ABRS is diagnosed when three or
more of the following features develop: worsen-
ing of symptoms, severe local facial pain, a high
fever more than 38 °C, purulent discharge and
raised inflammatory markers such as CRP or
ESR [1]. Contrary to common belief, purulent
nasal discharge alone does not necessarily equate
to ABRS [14].

sures.

Differential Diagnosis

If the diagnosis is unclear at presentation, a
ranked list of the most likely diagnoses will direct
further investigation. Other diagnoses, often
attributed to ARS, lack the prime features of an
acute onset of nasal obstruction and discharge.
Or, the ‘lesser’ features of ARS, such as facial
pain, pressure or a reduced sense of smell, carry
much more emphasis in the history than expected
for ARS.

Facial pain or pressure alone creates many
diagnostic traps. The trigeminal nerve conveys
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Table 23.1 Summary of definitions

ARS condition

EPOS (2020) definition

AAO-HNS (2015) definition

ARS:

Acute ARS = a single episode
<12 weeks

Recurrent ARS: >4 ARS
episodes/year, with symptoms-
free intervals

In adults: Acute onset of >2 symptoms,
including one of:

(a) nasal blockage,

(b) obstruction or

(c) congestion,

(d) anterior nasal discharge or

(e) post-nasal drip;

with or without facial pain or pressure, or a
reduced sense of smell

ARS <4 weeks of purulent nasal

discharge accompanied by:

(a) nasal obstruction or facial
pain,

(b) pressure or fullness, or both

In children: Acute onset of two or more
symptoms of:

(a) nasal blockage,

(b) obstruction or

(c) congestion,

(d) discoloured nasal discharge or

(e) cough

Viral ARS

Viral ARS = ‘common cold’ is a mild,
self-limiting episode of ARS lasting less
than 10 days

Post-viral ARS

An episode of ARS with an increase in
symptoms after 5 days or persistence of
symptoms for more than 10 days (without
symptoms or signs of bacterial sinusitis)

Acute bacterial rhinosinusitis
(ABRS)

An episode of ARS with at least three
additional symptoms or signs of:
(a) discoloured mucous,

ABRS is defined as symptoms
worsening within 10 days or
lasting more than 10 days (similar

rhinosinusitis

(b) severe local facial pain,

(c) fever more than 38 °C,

(d) raised CRP or ESR, or

(e) a deterioration of symptoms after an
initial milder phase of acute

to EPOS Post-viral ARS)

the sensory innervation of the face from the skull-
base to the neck, and facial discomfort may arise
from any structure between these levels, e.g. the
dura, teeth, gums, palate, eyes, pinnae and face.
These areas must be considered to avoid being
misled. Dysaesthetic pain may be attributed to
ARS, but a clue indicating a different diagnosis is
the absence of nasal obstruction and discharge,
and this pain is severe and chronic, not acute.
Diagnostic boundaries become blurred when a
dysaesthetic sensation is exacerbated by ARS,
but correct management of the ARS will allow
the dysaesthetic sensation to be managed with
more optimism. However, be aware that surgical
trauma to drain-infected sinuses may exacerbate
a dysaesthetic sensation. This is a dark and
gloomy situation. The patient should be given a
detailed explanation, on several occasions, of this
most difficult possibility, and only when all

involved have agreed that medical treatment has
failed should surgical intervention be considered.
If medical treatment fails, surgical drainage is the
lesser of two evils, as the inflammation of
undrained-infected sinuses may continue to drive
the dysaesthetic pain.

A space-occupying lesion of the maxilla may
be indicated by facial swelling, numbness and
epiphora, with a unilateral nasal discharge and is
a sinister trap for the unwary. It is difficult to
imagine how this could be misdiagnosed as ARS,
but it can. In addition, a unilateral foul-smelling
discharge, often in a child, rarely in an adult, is a
retained foreign body in the nose until proved
otherwise (Table 23.2).

Additional symptoms of itching, watery eyes
and sneezing suggest an allergic aetiology, rather
than ARS, especially if a triggering allergen can
be identified. Patients with allergic rhinitis, how-
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Table 23.2 Summary of features that help to clarify an
ARS diagnosis

Features to aid assessment
ARS likely if:
>2 of the following?*:
Nasal obstruction/congestion
Discharge/post-nasal drip
Reduction/loss of sense of
smell
Facial pain/pressure
Differential diagnoses:
Odontogenic
Fungal ball
Neoplasm
Allergic rhinitis
Foreign body
Non-sinogenic facial pain or
headache
Viral ARS:
Mild, self-limiting, <10 days
Post-viral ARS:
Increase in symptoms after 5
days or persistent >10 days
ABRS":
Additional features of:
Worsening of symptoms,
severe facial pain, fever
>38 °C, discoloured mucous,
raised CRP/ESR
Red-flag symptoms:
Periorbital oedema/erythema
Proptosis
Double vision
Ophthalmoplegia
Reduced visual acuity/colour
vision
Severe headache
Frontal swelling
Signs of sepsis
Signs of meningitis
Neurological signs

Clinical question

Does the patient
have ARS?

Could the diagnosis
be something other
than ARS?

If the patient has
ARS, what subtype
does the patient
have?

Does the patient
have a complication
of ABRS?

2According to EPOS 2020, at least one of the two symp-
toms should be nasal obstruction/congestion or discharge/
post-nasal drip

"According to EPOS 2020, ABRS is associated with
greater than, or equal to, three additional symptoms

ever, may also develop ARS at the same time.
Allergies are always worth excluding.

Complications

Uncomplicated ABRS may be diagnosed and
managed in primary care; however, patient infor-
mation, advice and close monitoring are required
to watch for the development of symptoms or

signs of complications. Should these occur, refer-
ral to a specialist centre is imperative.

Complications occur when ABRS progresses
beyond the bony boundaries of the nose and para-
nasal sinuses into adjacent areas, either directly
or via thrombophlebitis in diploic veins. Although
the bone is thin at the lamina papyracea, the crib-
riform plate and the inner table of the frontal
sinus, it can still be an effective barrier to the
spread of infection. Spread of infection through
the bone into the skin, orbit or intracranial cavity
is heralded by increasing pain and a spiking tem-
perature trace and requires urgent treatment.
Drowsiness and a falling Glasgow Coma Score/
Scale (GCS) suggest intracranial sepsis.

Osteomyelitis of the frontal bone with subga-
leal or subperiosteal abscess, from frontal sinus-
itis, presents with swelling and inflammation,
known as Pott’s puffy tumour, which becomes a
discharging fistula. This seems to be more com-
mon in ENT practice than intracranial sepsis,
even though the inner table is thinner. This may
be due to spread anteriorly via thrombophlebitis
in diploic veins, or that patients with intracranial
sepsis go directly to neurosurgery. In a feverish
patient with ABRS, intracranial sepsis must be
excluded if the patient develops headache, neck
stiffness, nausea or vomiting, changes in their
mental state (drowsiness, confusion), focal sen-
sory or motor neurological deficits, ataxia or
grand mal seizures. A raised blood pressure and
bradycardia occurs with raised intracranial pres-
sure. Papilloedema is a late sign.

Infection spreading into the orbit is associated
with periorbital swelling and inflammation, sug-
gesting either periorbital (pre-septal) or orbital
cellulitis. The ophthalmology team will help
assess the urgency for surgical intervention by
documenting colour vision, visual acuity, oph-
thalmoplegia and proptosis.

Facial swelling due to maxillary osteomyelitis
from isolated maxillary sinusitis is rare and other
causes should be sought. More likely causes
would include an odontogenic abscess, or a neo-
plastic process.

General sepsis, in otherwise healthy patients
with ABRS, is rare, but is life-threatening and
requires emergency medical care. Sepsis is sug-
gested by an altered mental state, increased pulse
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or respiratory rate, dysrhythmia, inadequate urine
output, temperature <36 °C, mottled or ashen
appearance and a non-blanching rash [15], and
should be managed in an acute hospital setting.
There are some prime suspects for sepsis, who
need extra vigilance. Patients with a compro-
mised immune system may develop sepsis early
that accelerates swiftly and is associated with
unexpected organisms, e.g. acute invasive fungal
rhinosinusitis (AIFRS). Prime suspects for sepsis
are those receiving chemotherapy, who have had
an organ transplant, with HIV infection, or who
have uncontrolled diabetes [16].

Investigations
Swabs

A targeted swab of purulent discharge taken from
the middle meatus, or spheno-ethmoidal recess,
with the help of an endoscope, may guide antibi-
otic therapy accurately; a non-targeted swab may
not be helpful.

Bloods Tests

A full blood count may show a raised white cell
count in bacterial infection.

A raised CRP increases the likelihood of bac-
terial rather than viral ARS [17]. It correlates
well with radiological signs of rhinosinusitis and
positive bacterial culture of sinus puncture mate-
rial [18]. A raised ESR is also a good marker of
ARS and correlates well with CT findings [18];
however, CRP is a more sensitive marker of acute
phase inflammation than ESR [19]. CRP
increases within 24 h of inflammation and, hav-
ing a constant half-life, its level decreases, return-
ing to normal in about a day if the inflammatory
process resolves. A rise in ESR is only seen days
after the start of inflammation and may be raised
several days after the process of inflammation
has ceased.

Imaging

Radiological investigations have become so com-
plex, with advances in technology, that time spent
in the Radiology Department talking to the radi-
ologists is never wasted.

Plain sinus radiographs do not show sufficient
detail and are not recommended; an opaque sinus
may be revealed equally by trans-illumination or
an ultrasound scan. A diagnosis of acute ARS
may be made without radiological imaging and
the use of CT scans should be judicious. When
there are signs and symptoms suggesting a com-
plication, however, imaging is essential to plan
surgical intervention and a CT scan of the para-
nasal sinuses is the first choice. It shows the bony
anatomical detail for surgical planning, and also
useful soft-tissue information. Sections in the
coronal, sagittal and axial planes, with soft tissue
and bony windows without contrast are usually
sufficient. However, if there is suspicion of intra-
orbital or intracranial complications, or a soft-
tissue mass, or a need to differentiate fluid from
polypoidal tissue, then both contrast and specific
imaging settings are helpful [20]. It is important
to raise your concerns with the radiologist, so the
use of appropriate settings and contrast can be
applied to confirm, or exclude, possible
complications.

CT findings must be used in the context of the
clinical history and examination findings, since a
CT scan alone is not a good diagnostic tool. Up to
30% of asymptomatic patients, and up to 80% of
patients with minor upper respiratory tract infec-
tions, which do not require treatment, have para-
nasal sinus abnormalities on a CT scan [20, 21]:
an abnormal scan, in the absence of the clinical
information, may misdirect treatment.

Those sinuses involved in uncomplicated
ABRS  show homogenous opacification.
Heterogeneity, such as hyperdense central mate-
rial surrounded by a hypodense rim, or micro-
calcification, suggests fungal infection, and bony
erosion suggests complications or a neoplastic
process.
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When intraorbital or intracranial complica-
tions of ARS are suspected, or identified on CT,
additional magnetic resonance imaging (MRI)
scanning may be useful. Due to its better soft-
tissue definition, an MRI scan is better at delin-
eating intraorbital or intracranial extensions of
disease, and differentiating soft-tissue masses,
e.g. polyps or tumours, from fluid and inflamed
mucosa. MRI is also better at evaluating sinus
content and discharge, and the extension of soft-
tissue inflammation in AIFRS. MRI findings of
fungal infection include signal voids on T2
sequences due to high concentration of metals
such as iron, manganese and magnesium, in addi-
tion to highly proteinaceous secretions that
restrict diffusion.

Treatment
Viral ARS

Since most cases of viral ARS are mild and self-
limiting, many patients do not require treatment.
However, symptomatic treatment is available
over-the-counter at the high-street pharmacy.
Paracetamol and non-steroidal anti-inflammatory
drugs (NSAIDs) can help reduce pain, aches and
nasal congestion. Vasoconstrictive deconges-
tants, e.g. oral pseudoephedrine or topical oxy-
metazoline, help reduce nasal congestion during
the acute phase, but these should be used for only
7-10 days since long-term use leads to rebound
congestion and mucosal hypertrophy. If ARS is
concurrent with allergic rhinitis, antihistamines
may reduce symptoms of rhinorrhoea and sneez-
ing. Some of the above medications are available
in oral antihistamine—analgesic—decongestant
combinations.

Topical ipratropium bromide nasal spray may
reduce rhinorrhoea if particularly troublesome.
Nasal saline rinsing (also called nasal douching
or irrigation), with or without sodium bicarbon-
ate, may be helpful in reducing nasal blockage
and clearing nasal discharge. Vitamin C or zinc

lozenges may reduce the length of symptoms in
some patients [1].

Antibiotic treatment for viral ARS is not rec-
ommended as multiple randomised controlled tri-
als have shown that they do not reduce the length
or severity of disease. Furthermore, antibiotics
can bring about adverse side effects and are asso-
ciated with the development of resistant strains of
bacteria, which are difficult to treat.

Post-viral ARS

Post-viral ARS treatment is the same as for viral
ARS, although corticosteroid nasal sprays, avail-
able over-the-counter, may help reduce post-viral
ARS symptoms [22], but there is insufficient evi-
dence that they help in viral ARS.

In post-viral ARS, oral corticosteroids and
antibiotics are not beneficial, and antihistamines
are not recommended unless there is concurrent
allergic rhinitis.

ABRS

The above symptomatic treatment is helpful in
patients with ABRS. Antibiotics, in addition, are
beneficial at reducing the severity of symptoms
and speeding up the resolution. A Cochrane
review suggests that antibiotics are more benefi-
cial in ARS cases with purulent discharge [23],
but only, it seems, in those with severe pain [24].
Studies have shown a significant benefit of
Penicillin V and Amoxycillin in ABRS, but there
is less evidence to suggest their efficacy in chil-
dren [25]. And yet, antibiotics do not appear to
prevent the occurrence of complications of
ABRS. If infection persists, despite medical
treatment, the diagnosis should be reviewed since
other diseases may present similarly, e.g. maxil-
lary sinusitis of odontogenic origin, fungal ball or
tumours.

Treatment of ABRS is medical. Surgical treat-
ment is needed if there is persistent infection in
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Table 23.3 Summary of treatment options for ARS

ARS subtype
Viral ARS

Treatment options

Analgesia—paracetamol, ibuprofen
Decongestants—oral pseudoephedrine,
topical oxymetazoline (limited course
to avoid rhinitis medicamentosa)
Antihistamine

Oral antihistamine—decongestant—
analgesia combination

Topical ipratropium bromide

Nasal saline rinsing

Vitamin C

Zinc

Post-viral
ARS

ABRS

As above with the added option of:
Topical corticosteroids

In addition to the above symptomatic
treatment, systemic antibiotics may be
beneficial

Surgical treatment may be required if a
complication arises

Recurrent
ARS (>4
per year)

May benefit from endonasal sinus
surgery or balloon sinuplasty (once
other potential causes such as
immunodeficiency and odontogenic
causes have been ruled out)

immunocompromised patients, or antibiotic
resistance, or complications develop. Surgery
releases pus from, for example, a subperiosteal
orbital abscess, an orbital abscess, a subperios-
teal abscess of the frontal sinus wall (Pott’s puffy

tumour) or from an intracranial abscess
(Table 23.3).
Clinical Vignette

A 30-year-old woman presents with a 1-week
history of nasal blockage, a reduced sense of
smell, severe pain over her cheeks, purulent nasal
discharge and intermittent pyrexia of 38.5 °C. Her
GP diagnoses ABRS and prescribes oral antibiot-
ics, nasal saline rinsing and a 7-day course of
topical oxymetazoline.

Take Home Message

This is likely to be ABRS, rather than viral ARS,
as the patient has at least three of the diagnostic
features of ABRS, which include: (1) worsening
of symptoms, (2) severe facial pain, (3) high
fever >38 °C, (4) purulent discharge and (5)
raised inflammatory markers, e.g. CRP or
ESR. Antibiotics should improve symptoms and
reduce illness duration. This case of ABRS can

be managed in the community, provided compli-
cations have been ruled out.

Recurrent ARS

Patients with recurrent ARS should have an
odontogenic cause ruled out and immune testing.
A low IgA may be found by immunoglobulin
electrophoresis, and functional antibodies may
reveal a poor immune response to respiratory
pathogens, e.g. Streptococcus pneumonia and
Haemophilus influenza, and vaccination against
these organisms is helpful. Once these have been
ruled out or treated, cases of recurrent ARS (>4
cases of ARS per year) may benefit from endona-
sal sinus surgery or balloon sinuplasty to improve
sinus ventilation and drainage [26].

Clinical Vignettes

The following vignettes highlight the importance
of identifying patients with complications and of
being aware of other diagnoses that may mimic
ARS.

Vignette 1: Complicated ABRS

A 12-year-old girl with a 2-week history of
nasal obstruction and purulent nasal discharge
develops a painless swelling of the forehead and
a change of personality. She was referred for
urgent care on that day, was admitted to hospital
and started on intravenous antibiotics and nasal
decongestants. CT and MRI scans revealed
acute frontal sinusitis, a subperiosteal abscess of
the frontal bone and a small subdural empyema.
Her frontal sinus was trephined and flushed
daily through a sinus cannula. The neurosurgi-
cal and infectious diseases teams guided man-
agement of the subdural empyema, which
included intravenous antibiotics for at least 6
weeks.

Take Home Message

The examination findings of a forehead swelling
and neurological signs are strong indicators of
complicated ABRS, which in this case is a Pott’s
puffy tumour and an intracranial abscess requir-
ing a multidisciplinary team approach with sys-
temic antibiotics and surgical drainage.
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Vignette 2: Dysaesthesia and Non-sinogenic
Facial Pain

A 45-year-old woman has an intermittent feeling
of pressure and heaviness across her nasal bridge
and cheeks occurring on most days over the past
few months. Antibiotic treatment has not helped.
Her nose feels blocked, but she has no other rhi-
nological or red-flag symptoms. Nasendoscopy
revealed healthy mucosa throughout the nasal
cavity. Midfacial segment pain was suspected
and she was started on amitriptyline 10 mg nocte
for 6 weeks. Her symptoms improved, supporting
the diagnosis.

Take Home Message

Facial pain, pressure and headaches have many
causes apart from ARS [27]. Patients with midfa-
cial segment pain may complain of nasal block-
age despite no identifiable obstruction in the nose
[28]. The absence of other rhinological signs and
normal nasal endoscopy makes ARS highly
unlikely. Further investigation, e.g. an MRI scan
to exclude neuro-vascular conflict, or a trigemi-
nal nerve lesion, should be considered.

Vignette 3

A 65-year-old man, on chemotherapy for acute
myeloid leukaemia, presents with a 3-week his-
tory of nasal congestion and progressive right
facial pain, headache and intermittent pyrexia.
Nasal endoscopy revealed pale discoloured nasal
mucosa on the right. CT and MRI scans were
consistent with fungal infection of the right max-
illary sinus. The patient underwent urgent endo-
scopic debridement and was commenced on
systemic antifungal treatment. Histology con-
firmed invasive aspergillosis consistent with
AIFRS.

Take Home Message

AIFRS may mimic bacterial ARS and it may be
difficult to tell them apart. The immunosuppres-
sion is a strong clue to invasive fungal disease.
Other conditions include diabetes mellitus, HIV
infection, and immunosuppressive medication,
e.g. following organ transplantation or chemo-
therapy. Patients with AIFRS require urgent
assessment, both medical and surgical treatment
[29, 30], since it carries a high risk of mortality if

not treated promptly. Coronavirus infection may
increase the risk of invasive mucormycosis.

Be alert to look for red-flag symptoms and
signs indicating complications, such as perior-
bital swelling or inflammation, facial or forehead
swelling, eye signs such as periorbital cellulitis,
decreased visual acuity, diplopia, ophthalmople-
gia and proptosis, severe headache, signs of men-
ingitis and focal neurological signs.

Areas of Controversy

e Antral washout in acute rhinosinusitis

e Maxillary antral washout is a procedure that
aims to flush out mucopus from the maxillary
sinus and clear obstructive particles from its
ostium. Although commonly performed in
some centres for ABRS, there is no significant
evidence to show that it conveys additional
benefit to medical treatment in uncomplicated
ABRS. It is, however, simple and quick to per-
form with little morbidity and allows a means
of obtaining a pus sample for microbiology
culture and sensitivity.

e Antral washout compared with endoscopic
middle meatal antrostomy

*  When more rapid source control of maxillary
sinusitis is required, such as in a septic immu-
nocompromised patient, maxillary antral
washout is a simple and quick procedure.
Endoscopic middle meatal antrostomy is
another option, although may take longer with
the likelihood of a bloody field in the presence
of acute infection, but allows direct inspection
of the sinus and biopsies to be taken, and ana-
tomically widens the drainage pathway. Both
of these procedures can be done under local or
general anaesthesia, with an antral washout
being a better-tolerated procedure.

e Which procedure for recurrent ARS?

* Balloon sinuplasty is an effective alternative
to endoscopic sinus surgery in treating select
cases of recurrent ARS and can be done as
an ‘in-office/clinic’ procedure under local
anaesthesia. It widens the ostia without
removal of tissue and thus is only suitable
for primary localised sinusitis of the frontal,
maxillary or sphenoid sinuses [31]. When
performed for recurrent maxillary sinusitis,
maxillary antral washout is another option
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but may have a higher rate of recurrence
when compared to endoscopic middle meatal
antrostomy.

Key Learning Points

Antibiotics are not beneficial in patients with
viral or post-viral ARS. However, there are
many treatment options that aid symptomatic
relief.

In the small proportion of patients with ABRS,
antibiotics may be beneficial by reducing
symptoms and duration of illness.

Orbital, neurological, local or systemic red-
flag symptoms are indicative of complications
that require urgent referral to secondary care
for further investigation and treatment that
may involve intravenous antibiotics and surgi-
cal treatment.

Patients are at a higher risk of complications if
they have poorly controlled diabetes, or if they
are immunocompromised, and are at a higher
risk of acute invasive fungal rhinosinusitis,
which requires urgent surgical treatment.
Patients with recurrent ARS (>4 per year)
may benefit from endonasal sinus surgery or
balloon sinuplasty but only once other poten-
tial causes such as immunodeficiency or odon-
togenic causes have been ruled out.

Facial pain, pressure and headaches have
many potential causes including non-
sinogenic diseases, which should be consid-
ered as differential diagnoses in addition to
ARS to avoid misdiagnosis.
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Clinical Assessment
and Management of CRSsNP

Sietze Reitsma

Introduction

Chronic rhinosinusitis (CRS) has been tradition-
ally divided into ‘with nasal polyps’ (CRSwNP)
and ‘without nasal polyps’ (CRSsNP). As
explained in Chap. 21, this division leads to two
clinically distinct diagnoses, although both
encompass many disease entities. In terms of the
new CRS classification, based on localization of
the disease (localized/unilateral vs. diffuse/bilat-
eral), CRSsNP usually coins patients with diffuse
CRS. Localized CRS in the absence of polyps is
strictly speaking also CRSsNP, but as its treat-
ment is usually surgically driven (see Chaps. 21
and 22), we will not focus on localized condi-
tions in this chapter.

Differences Between CRSsNP
and CRSWNP

The disease entities encompassed within the
CRSsNP and wNP diagnoses are far more dif-
ferent than only the appearance of polyps upon
nasal endoscopy. In Western countries, the main
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distinction stems from its underlying endotype:
CRSsNP mainly has a non-type 2 inflammatory
endotype, whereas in the majority of CRSwNP,
it is type 2 (see Chaps. 21 and 25). This has
important implications for clinical practice and
patient management. For the rest of this chap-
ter, CRSsNP is to be understood as primary dif-
fuse non-type 2 CRS, unless clearly stated
otherwise.

Patient History

Even before looking into the nasal cavity, an
ENT surgeon should have a clear idea about the
probable endotype simply by asking the right
questions. Of course, there will be overlap in
patient presentation, but the patterns to be rec-
ognized are essentially different. They are sum-
marized well in 2020 edition of the European
Position Paper on Rhinosinusitis and Nasal
Polyps (EPOS2020) [1]. Both groups complain
most of nasal obstruction. Patients with
CRSsNP complain more of headache/facial
fullness/facial pain, and less of loss of sense of
smell than those with CRSwNP. The reaction to
systemic corticosteroids, such as short courses
of prednisone, is also less pronounced in
CRSsNP. Comorbidities suggesting a type 2
inflammatory propensity, such as adult-onset or
late-onset asthma and atopic dermatitis, are less
common in CRSsNP. In contrast, childhood-
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onset asthma is more prevalent in CRSsNP. The
presence of non-steroidal anti-inflammatory
drug (NSAID)-exacerbated respiratory disease
(N-ERD), which presents with an allergic reac-
tion to NSAIDs, points towards CRSwNP. See
Table 24.1.

There is conflicting literature regarding gen-
der, age, and smoking differences between
CRSsNP and CRSwNP. Generally, CRSsNP
patients tend to be younger. Male gender is asso-
ciated with an increased risk for CRS in general,
but no definitive conclusions about gender dif-
ferences between sSNP and wNP can be drawn
[1].

Exposure to air pollutants and irritants is asso-
ciated with the development of CRS in general.

Table 24.1 Patterns of patient history for CRSsNP and
CRSwNP

Item CRSsNP | CRSwNP
Nasal obstruction ++ ++

Loss of sense of smell +/— ++

Facial fullness/pressure/ ++ +/—
headache

Early-onset asthma + -
Adult/late-onset asthma — +
N-ERD _ "
Response to OCS +/— +

N-ERD non-steroidal anti-inflammatory drug-exacerbated
respiratory disease, OCS oral corticosteroids

However, there is evidence that they promote dis-
ease progression especially in CRSsNP patients

(2].

Nasal Endoscopy

The hallmark difference between CRSsNP and
CRSwNP obviously is the appearance of fleshy
polyps in the middle meatus and beyond. The
most ‘typical’ form of CRSsNP will present with
mucopus from the middle meatus with mildly
oedematous mucosa.

However, there can be a wide variety of muco-
sal changes such as cobblestone mucosa, local or
general oedema, granulations, congestion, etc. that
can hamper a definitive endoscopic differentiation
(Fig. 24.1). Also, anatomical variations, such as an
everted uncinate process, can be mistakenly
judged as being nasal polyps. After surgery, scar-
ring and synechiae might also obscure the endo-
scopic view. Despite all these possible challenges,
it is unlikely that the underlying inflammatory pro-
cess will change over the course of the disease.
This means that a CRSwNP patient, once diag-
nosed with and treated for nasal polyps, will not
become a CRSsNP case in the absence of polyps.
Conversely, a CRSsNP case that shows polypoid
mucosa in the wound healing after surgery does
not become a CRSwNP patient at that point.
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Fig. 24.1 Endoscopic and computed tomography images
from two CRSsNP patients. (a) Endoscopic view from the
left nasal cavity showing an oedematous middle turbinate
with thick mucus from the middle meatus. The coronal
section from the CT scan shows patchy opacification in
the ethmoid sinuses, partial opacification of the left maxil-
lary sinus, and near-total opacification of the right maxil-
lary sinus. The red circle indicates the field of the

Endotyping/Additional
Investigations

Endoscopy: Because of the challenges that can
arise when ‘differentiating by endoscopy’,
EPOS2020 has introduced a more sophisticated
classification system (see Chap. 21) which depends
on the underlying endotype instead of the endo-
scopic endonasal appearance. This will greatly
help especially in those cases where the clinical
picture points towards a CRSsNP (Table 24.1), but
nasal endoscopy show polyps or polypoid mucosa.

Eosinophils: There currently is a lack of bio-
markers, resulting in the rather rough distinction
between type 2 and non-type 2 endotypes.
Clinically, the distinction can be made on the

endoscopic image. Note the opacification at the floor of
the right nasal cavity, suggesting stasis of mucus here. (b)
Endoscopic view from the right nasal cavity from a previ-
ously operated patient, showing pus and crusting in the
middle meatus. The coronal section from the CT scan
shows patchy opacification in the ethmoid sinuses and
total opacification of both maxillary sinuses. The red cir-
cle indicates the field of the endoscopic image

level of serum eosinophils (with cut-offs ranging
from 150 to 300 cells/pL) or tissue eosinophils
(with debatable cut-offs [3]; EPOS2020 suggests
>10 per high-powered field).

Total Immunoglobulin E: A serum total IgE of
>100 is indicative of a type 2 endotype.

Allergy testing: Although there is no clear link
between allergic sensitization and CRSsNP, a
skin prick test or blood test (RAST or ISAC) is
advised in the workup of CRSsNP as allergic rhi-
nitis is a treatable trait, and its presence might
affect overall disease control/complaints.

Early differentiation between type 2 and non-
type 2 is advised, or at least when a patient with
CRS fails to respond to ‘basic’ medical therapy
such as intranasal corticosteroids and rinsing.
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Medical Management of CRSsNP

Although there is a clear distinction between
CRSsNP and CRSwNP, the first line of treatment
is similar for both, especially since many CRS
patients are seen by primary care physicians.
Moreover, a definitive diagnosis in primary care
is likely to be challenging given the differential
diagnosis (allergic rhinitis, non-allergic rhinitis,
etc.) and the lack of facilities for nasal endoscopy
and/or imaging.

Thus, the differentiation between CRSsNP
and wNP will mostly take place in secondary
care or beyond. Therefore, the initial ‘basic’
medical therapy should consist of intranasal cor-
ticosteroids (INCS) and the use of nasal rinsing.
For additional steps, evaluation by an ENT sur-
geon is strongly advised. An overview of the vari-
ous therapeutic options is explained in detail
below (summarised in Table 24.2).

Appropriate Medical Therapy
Local/Intranasal

Rinsing

A cornerstone treatment of CRS, be it CRSsNP
or CRSwWNP, is nasal rinsing, next to intranasal
corticosteroids (see below). Nasal rinsing is
cheap, fast, patient-friendly and can be applied at
every level of care, including self-care or primary

Table 24.2 Medical therapies for CRSsNP

Therapeutic option Remarks

Nasal rinsing Cheap, fast, patient-friendly.
Evidence for isotonic saline
or Ringer’s lactate

Less effective than in
CRSwNP but still supported
by evidence in CRSsNP
Reduces biofilms. Limited
evidence (small studies)
shows positive outcomes

Intranasal
corticosteroids

Xylitol as rinsing
additive

Antibiotics (short
courses or long term/
macrolides)

Very limited evidence and
risk of cardiovascular
morbidity Not supported or
advised

No solid evidence. Not
advised

Oral corticosteroids

care. A large number of trials have been per-
formed to evaluate its efficacy. However, due to
tremendous variations in rinsing properties (con-
centration of NaCl, use of other minerals or addi-
tives, rinsing volume, rinsing pressure, devices
used, frequency, etc.), and due to methodological
limitations, much remains to be elucidated at this
point. However, there is solid enough evidence
for nasal rinsing with isotonic saline or Ringer’s
lactate in CRS [1].

Intranasal Corticosteroid (INCS)

Next to rinsing, the use of INCS in CRS is cor-
nerstone treatment and should be considered
‘mandatory’ before any other step (including sur-
gery) is considered. Many studies have addressed
the value of INCS for CRS in general, but only
four double-blind placebo-controlled random-
ized clinical trials (DBPCRCT) have assessed
CRSsNP specifically after 1990. In 1992,
Qvarnberg et al. described a randomised, double-
blind study of 40 CRSsNP patients with chronic/
recurrent maxillary sinusitis underwent a trial of
a budesonide 200 pg b.i.d. aerosol (n = 20) or pla-
cebo (n = 20). All patients had saline antral irri-
gation and erythromycin. After 12 weeks, facial
pain and sensitivity were improved in the
budesonide group, but nasal blockage, discharge,
and postnasal drip were comparable [4]. With the
new classification of CRS in mind, it is quite pos-
sible that a component part of the patient cohort
had localized disease, and not primary diffuse
non-type2 CRS.

Twelve years later, Lund et al. published on a
double-blind placebo-controlled randomised
controlled trial (DBPCRCT) containing 167
CRSsNP patients without previous surgery,
divided into two groups: budesonide nasal spray
128 pg b.i.d. (n = 81) or placebo (n = 86). After
20 weeks, a greater number of responders
favoured budesonide over placebo with signifi-
cant improvement of symptom score, whereas
disease-specific quality of life was not different
[S].

In 2010, Hansen et al. reported the results
from their DBPCRCT on a small sample of 20
CRSsNP patients, all with previous sinus surgery.
Fluticasone propionate 400 pg b.i.d. delivered
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with a special device (n = 10) was compared to
placebo (n = 10) for 12 weeks and showed a
greater number of responders, an improved com-
bined symptom score and less oedema (endos-
copy score). Disease-specific quality of life and
nasal discharge (endoscopy score) were not dif-
ferent [6]. Finally, in 2011, Mosges et al. per-
formed a DBPCRCT in 59 CRSsNP patients
without sinus surgery using mometasone furoate
nasal spray 200 pg b.i.d. (n = 29) or placebo
(n = 30) for 16 weeks. The number of responders
favouring mometasone, symptom scores, and
endoscopy scores all improved significantly
compared to placebo [7].

Taken together, the studies support the use of
INCS in CRSsNP, although the effects are less
pronounced than in CRSwNP patients [1]. Given
the excellent safety, availability, and ease of use,
INCS should be considered a first-line treatment
for CRSsNP together with nasal rinsing.

Xylitol

If saline rinses and INCS are not sufficient to
gain disease control, one might consider the addi-
tion of xylitol to the rinsing fluid. This is espe-
cially true when thick, sticky discharge is found
upon nasal endoscopy, which are signs of biofilm
formation. Xylitol is a naturally occurring sugar
alcohol with the ability to reduce biofilms. There
is some limited evidence that rinsing with xylitol
reduces patient-reported outcome measures such
as a visual analogue scale (VAS) or the 22-item
SinoNasal Outcome Test (SNOT-22). See Chap.
22 ‘New innovations and treatments’ for more
details.

Systemic

Antibiotics, Including Long-Term
Antibiotics/Macrolides

Although short courses (<4 weeks) of antibiotics
are prescribed frequently for (exacerbations of)
CRS, both in primary and in secondary care,
there is a lack of high-quality studies justifying
such prescriptions. It is unclear whether patients
actually benefit from them when compared to the
natural course of an exacerbation, while there is a
fair chance of adverse events, mostly gastrointes-

tinal. For long-term courses of antibiotics, the
same is true: there is limited evidence supporting
its use. Despite a large number of open studies
suggesting efficacy of long-term antibiotics,
placebo-controlled studies, or studies comparing
long-term antibiotics with INCS or surgery,
hardly show positive outcomes [1]. However,
most studies contain relatively small groups of
CRS patients both wNP and sNP. Moreover, there
is a variety in previous surgery, concomitant use
of INCS, etc. hampering a good comparison.

The study by Wallwork is interesting because
it evaluated only CRSsNP patients treated with
macrolides (roxithromycin, n = 29) or placebo
(n=35) and showed significant effects on patient-
reported outcomes and endoscopy, especially in
patients with a low IgE [8]. This would suggest
that in patients with primary diffuse non-type2
CRS, macrolides might be effective. However,
they carry a significant risk of cardiovascular
morbidity. As such, the use of long-term antibiot-
ics/macrolides is not advised in CRSsNP until
high-quality data is available. Such studies are
currently being undertaken [9].

Oral Corticosteroids

Short courses of oral corticosteroids are often
used in CRSwNP and have proven to be effective,
albeit for short periods of time only [1]. This is in
line with the steroid-responsiveness of the type 2
inflammatory endotype most seen in CRSwNP in
the Western world. For CRSsNP, however, no
PCDBRCTs exist on the use of oral corticoste-
roids. It is therefore not advised to use them regu-
larly for CRSsNP, especially given the adverse
effects [10]. Should there be doubt about the
endotype of a CRS patient without nasal polyps
with conflicting or borderline lab results concern-
ing the endotype, one could try a course of oral
corticosteroid to test for responsiveness. This
situation will be the exception rather than the
rule.

Surgical Management of CRSsNP

Should medical treatment fail to attain sufficient
disease control, endoscopic sinus surgery (ESS)
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might be necessary. Although randomized con-
trolled trials comparing surgery with medical
therapy are lacking for CRSsNP, there is a large
body of literature regarding the role of ESS in
CRSsNP. For a comprehensive overview, please
refer to Chap. 6.2 of EPOS2020 [1]. It would be
beyond the scope of this chapter to mention all of
the studies here, but a few are worth discussion.

e The National Comparative Audit of Surgery
for Nasal Polyposis and Chronic Rhinosinusitis
in England and Wales followed 3128 patients
who underwent ESS for CRS [11]. A signifi-
cant and clinically important improvement of
the mean SNOT-22 score was found, with
greater improvement found in patients with
CRSwNP compared with CRSsNP, although
in both subgroups the effect was large. These
effects were maintained up to 5 years after
ESS [12].

e Inalarge systematic review, Smith et al. found
45 studies reporting on the effect of ESS for
CRS. Although the majority consisted of low-
level studies, all of them support the fact that
ESS brings about significant changes in symp-
tom scores and/or quality of life [13].

The goal of surgery, especially in CRSsNP, is
to create a more open paranasal sinus cavity to
which medical therapy can be more effectively
distributed. It is therefore current and common
practice to prescribe post-operative INCS and/or
rinsing for CRSsNP. Patient counselling should
at least include the expected reduction in symp-
tom burden, the risk of complications (which is
generally low), the rationale for surgery, and,
hence, postoperative therapy, and the possibility
of revision surgery. Headache is generally a poor
indicator for surgery (see below).

Treatable Traits

Patients with CRSsNP can have comorbidities
and/or traits that contribute to a worse disease
outcome. Appropriate treatment of the CRS com-
ponent should include addressing these comor-
bidities/traits. If a patient with CRSsNP fails to

attain disease control with appropriate medical
therapy (at least INCS and rinsing), attention
should be given to the following:

¢ Smoking: smoking including second-hand
smoking is a well-known risk factor for the
development and maintenance of CRS [14].
Patients should be strongly advised to stop
smoking and be offered sufficient help to do so.

e Allergic rhinitis: although the treatment of
CRS consists of a number of steps also treat-
ing allergic rhinitis (AR), such as INCS,
uncontrolled AR might hamper effective dis-
ease control in CRS. Test for the presence of
sensitization to aero-allergens, and treat
accordingly. If needed, allergen immunother-
apy might be used to reduce the disease bur-
den of AR [15].

e QOccupational exposure: continued exposure
to pollutants and irritants will lead to a reduc-
tion of disease control in CRS(sNP). There is
evidence that patients with important expo-
sure need surgery more often [2, 16, 17].
Inform about the occupational exposure of a
patient with poor disease control, and counsel
about its impact.

e Asthma: although CRSsNP only associates
with early-onset asthma, and a large propor-
tion of CRSsNP patients have no asthma at all,
it is wise to inform about pulmonary com-
plaints, especially when nasal symptoms per-
sist despite treatment. When in doubt, refer
the patient to a pulmonologist for further
work-up.

Important Differential Diagnostic
Considerations in CRSsNP

Secondary CRS

It is of utmost importance to consider a second-
ary aetiology in CRSsNP, at the first encounter
when the diagnosis of diffuse CRS is made, and
especially during follow-up in those cases that:

— Do not respond (properly) to therapy
— Have bleeding, crusting, pain, and/or loss of
tissue as symptoms
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— Are associated with symptoms in other organ
systems (pulmonary infections, cough; skin
rashes; joint pain, swelling; eye infections;
etc.) or more generalized symptoms such as
weight loss and fatigue

In such cases, additional investigations are
warranted, which can be performed by the ENT
specialist or can be performed by referring the
patient to the proper specialty.

In case of a suspected underlying immunode-
ficiency, a full blood count, erythrocyte sedimen-
tation rate, serum levels of IgA, IgG, and IgG
subclasses should be determined. Additionally,
functional antibody titres and vaccine responses
could be assessed. If there is suspicion of a vas-
culitis, the presence of antinuclear or anti-
neutrophil cytoplasmic antibodies should be
measured, as well as organ-specific tests (e.g.
kidney function) depending on patient history.
Nasal tissue biopsies are advised as well, both
from diseased mucosa as from areas with appar-
ent normal mucosa. In such cases, beware of a
possible abuse of cocaine. See also Chap. 44
‘Granulomatous vasculitis and the cocaine nose’.
In rare cases with (central) loss of tissue, a mid-
line or natural killer/T-cell lymphoma can be
diagnosed, although the histopathologic confir-
mation can be difficult and might require multi-
ple biopsies.

The Patient with Headache

As CRSsNP patients often present with headache
or facial pressure, a basic understanding of neu-
rological headache syndromes is pivotal for an
ENT surgeon. A thorough discussion of the full
differential diagnosis of headache is beyond the
scope of this chapter. Rather, a few clinically
helpful hints are given:

1. If a patient complains of headaches and has no
other sinonasal symptoms whatsoever, a non-
sinonasal cause is most likely. This is also true
when a patient can point to the exact location
of the pain, and when this location happens to
be in the region of some paranasal sinus.

2. Even if headache is accompanied by other
symptoms such as nasal obstruction or dis-

charge, it is only likely to be sinonasal in ori-
gin if the intensity of the headache is linked to
that of the other symptoms and responds to
nasal medical treatment.

3. Patients can have multiple simultaneous diag-
noses: CRSsNP, headache from overuse of
analgesics, and a primary headache syndrome
(e.g. migraine) can occur together. This means
that abnormalities upon nasal endoscopy and/
or imaging are not an explanation for head-
aches per se.

4. Therefore, be very reluctant to perform sur-
gery when headache is the most prominent
symptom.

5. Some (rare) headache syndromes also present
with nasal complaints such as congestion, rhi-
norrhoea, and lacrimation. These usually come
in attacks/episodes and are predominantly uni-
lateral. This is true for trigeminal neuralgia,
paroxysmal hemicrania, and cluster headache.
The last two are mostly seen in men, and the
pain is experienced as very severe.

6. Always advice a patient who is regularly
using analgesics for headaches to stop these
drugs for a longer period of time to rule out
medication overuse headache.

7. When in doubt, refer patients to a neurologist
specialized in headache/neuropathies/facial
pain. Often, a non-specialized neurologist
will perform imaging, and if a (partial) opaci-
fication of one or more of the paranasal
sinuses is found, the patient will be sent back
because of a sinonasal cause.

Short Summary of Areas
of Controversy or Uncertainty

e There is a great need for high-quality evidence
on the effect of long-term antibiotics in
patients with CRSsNP.

Key Learning Points

e Chronic rhinosinusitis without nasal polyps
(CRSsNP) is an umbrella diagnosis; for bilat-
eral disease, it roughly correlates with primary
diffuse non-type2 CRS in the Western world
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The clinical picture and management of
CRSsNP is distinct from CRS with nasal
polyps

Caution is advised for the use of antibiotics in
CRSsNP

Treatment-resistant CRSsNP might point to
an underlying cause (secondary CRS) which
warrants clinical suspicion and work-up
Headache is a challenging symptom in
CRSsNP and has a broad differential diagno-
sis; ENT surgeons should acquaint themselves
with a basic understanding of neurological
causes for headache. Be very reluctant to per-
form surgery when headache is the main
complaint.
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Introduction

The epidemiology of CRSwNP is regionally vari-
able but is a globally prevalent disease. The inci-
dence of nasal polyps increases with age to a
peak in the sixth decade. The prevalence, based
on endoscopic examination in a Swedish popula-
tion, is estimated at 2.7% of adults and is twice as
high among men as among women [1]. A South
Korean study identified a population rate of
approximately 5%.

Nasal polyps are very uncommon before the
third decade of life; a diagnosis of polyps in
childhood should prompt investigation for cystic
fibrosis.

Although there is similar prevalence of
CRSwNP in Sweden and South Korea, their
inflammatory endotypes are distinct. CRSwNP in
Western countries commonly presents with type
2 inflammation, whereas type 1 and 3 inflamma-
tion is more frequent in Asian countries despite
polyposis [2]. Interestingly, reports have indi-
cated that the incidence of type 2 inflammatory
CRSwNP has increased during the past decade in
some regions of Asia, together with an increase in
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nasal colonisation of Staphylococcus aureus,
which has been postulated to drive inflammatory
expression towards type 2 [3].

Risk Factors and Comorbidities

Comorbid respiratory conditions are commonly
found in patients with nasal polyposis. Up to
60% of patients with polyps have lower airway
disease, including coexisting asthma, typically
with onset in adulthood [4].

The association between nasal polyps and
allergic rhinitis is complex; nasal polyps are
reported to be less common in those with allergic
rhinitis and childhood-onset allergic asthma than
in the general population. Allergic rhinitis and
childhood asthma are strongly correlated with
central compartment allergic disease, where pol-
yps may be seen growing from the middle turbi-
nate and septum [5].

Occupational exposure to dust has been
described as a risk factor particularly in textile
workers. Smoking does not seem to be a strong
risk factor for CRSwNP, though alcohol may be
associated with increased symptom burden.
There are described genetic associations with
higher rates of first-degree relatives affected

[6].
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Diagnosis and Assessment

CRSwNP is a diagnosis made through clinical
symptoms and signs corroborated with imaging
and nasendoscopic findings supportive of a local
inflammatory process [7]. Hallmark symptoms
are nasal congestion and hyposmia as well as
nasal discharge, and to a lesser extent, facial pain
and pressure. The symptoms must persist for
more than 12 weeks and be supported by nasend-
oscopy findings of mucosal inflammation, dis-
charge and polypoid changes to the mucosa, and/
or computerised tomography (CT) imaging dem-
onstrating nasal polyps [6, 7].

The clinical history is focused on the duration,
frequency and severity of sinonasal symptoms
and their impact on quality of life and ability to
perform normal daily activities. Nasal obstruc-
tion is common, particularly when polyps are
large and may be associated with sleep distur-
bance. Hyposmia or anosmia is also common.
Nasal discharge anterior or posterior is variably
present. Facial pain and pressure can be present
but are not alone enough to make a clinical diag-
nosis [7].

Quantification of symptoms using a patient-
rated outcome measure may facilitate assess-
ment. The SNOT-22 is a widely used clinical
scoring system considering common sinonasal
and associated symptoms [8]. Assessment rou-
tinely determines the quality-of-life impact of the
condition and response to interventions and also
can be used to predict likelihood of benefit from
interventions including surgery [9].

History needs to consider comorbid condi-
tions such as allergic rhinitis and lower respira-
tory disease such as asthma and bronchiectasis.
Establishing a respiratory diagnosis and the con-
trol of their disease is important in guiding ther-
apy [4]. NSAID-induced wheeze or asthma
exacerbations are an important point of history to
help diagnose NSAID-exacerbated respiratory
disease (N-ERD) for treatment and prognosis
[10]. Patients may also report symptom exacer-
bation by alcohol.

Prior treatments trialled and the response of
the patient to these can be informative for diagno-
sis and making management decisions. CRS with
nasal polyps is often responsive to systemic ste-
roids, whereas CRS without nasal polyps is less
steroid responsive. It is important to assess the
duration of response and level of control of the
patients’ symptoms in making treatment deci-
sions. Identifying patients with poor disease con-
trol can inform progression to surgery or, after
surgery, the need for revision or to consider other
systemic treatment options such as corticoste-
roids and biologicals [7, 11]. Many patients may
have already undergone surgery—the extent of
prior surgery is usually apparent on CT imaging;
a short duration of benefit is predictive of future
risk of recurrence [9].

Clinical examination is focused on assessing
the nasal airway patency and the presence or
absence of polyps. Anterior rhinoscopy can
establish severe polyposis and any concomitant
anatomical cause of nasal obstruction. Expansion
of the nasal bridge or orbital signs may be present
in very severe CRS with nasal polyposis [12].

Routine Investigations

Nasendoscopy to examine the nasal mucosa is
essential. The presence of pale to translucent
nasal polypoid masses is the hallmark of
CRSwNP, and mucopurulent discharge may also
be present [12]. The degree of polyposis can be
recorded by sites and grading of the polyps in
relation to the middle turbinate and the nasal
floor [7]. The most widely used scoring system is
that described by Lildholdt et al., with each side
of the nose being scores separately and graded
from O (no polyps) through to 3 (large polyps
reaching below the lower edge of the inferior tur-
binate) (Fig. 25.1).

Nasal endoscopy is essential in the rhinologi-
cal examination and can inform of diagnosis as
well response to therapy. It is a simple and well-
tolerated part of the examination.
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Fig. 25.1 Endoscopic image of left nasal cavity showing
grade 2 nasal polyps, reaching below the lower border of
the middle turbinate (solid red line) but not reaching
below lower border of inferior turbinate

Imaging

Imaging is an important tool in CRS. It may be
used to confirm the diagnosis when endoscopy is
equivocal, assess the severity or extent of disease
and guide treatment decisions. However, in order
to minimise exposure to ionising radiation, it is
usually reserved for patients in whom medical
treatment has failed and when surgical interven-
tion or biological therapies are being considered.
It reveals anatomy and its variants for surgical
planning and may alert to the possible diagnosis
of allergic fungal disease and other diagnoses.
Nasal polyps are usually bilateral — in the setting
of unilateral nasal polyps, imaging should be

considered at an early stage to exclude the rare
occurrence of sinonasal malignancy or more
common benign tumours such as inverted papil-
loma [12]. Computerised tomography (CT), usu-
ally without contrast, is the gold standard
investigation for CRSwNP [7].

CT findings of importance include extent and
severity of nasal polyps and mucosal changes.
The most used scoring system is the Lund-
Mackay which is based on the degree of opacifi-
cation for the compartments of the sinuses and
the ostiomeatal complex. This scoring system has
been validated in several studies. The disease
subtype can be suggested by CT findings particu-
larly in allergic fungal disease with bony remod-
elling and double densities. The degree of
osteoneogenesis in CRS indicates long-standing
disease and poorer prognosis of treatment.
Opacification of the olfactory cleft is common in
patients with hyposmia [7, 12] (Fig. 25.2).

The anatomy revealed on CT sinus imaging
reveals essential details for planning safe surgery
including the presence of sphenoethmoidal cells,
location of the optic nerve and anterior ethmoidal
arteries and the position and integrity of the lam-
ina papyracea and cribriform plate. CT is essen-
tial for safe and effective sinus surgery, and the
scan should be available in the operating room
[8].

MRI can reveal the presence of sinonasal
inflammation. It is most useful in CRSwNP in the
setting of allergic fungal disease or advanced dis-
ease with dehiscence of the skull base or orbits.
MRI does not however provide the spatial and
bony definition required for surgical planning [7,
13].
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Fig. 25.2 Coronal CT demonstrating extensive opacification of all sinus groups in conjunction with nasal polyps

Supplementary Investigations

Peak nasal inspiratory flow can be measured to
establish severity of nasal congestion and to fol-
low treatment response with an objective mea-
sure. It is a low-cost and reliable clinical
measurement [7]. Rhinomanometry is also avail-
able and computational methods under investiga-
tion. However, these measures do not predict
response to treatment and are largely reserved for
clinical trials.

Standardised testing of olfactory function can
also be useful in the assessment of CRSwNP;
psychophysical testing can assess identification,
discrimination and threshold levels of olfactory
function.

Nasal polyp biopsy performed in clinic or
intraoperatively can help with disease endotyp-
ing and potentially informing prognosis and
treatment. Patients with apparent CRSwNP occa-

sionally have a different pathology such as invert-
ing papilloma, sarcoidosis and even malignancy.
Polyp biopsy helps avoid mismanagement of this
rare but significant patient group and should be
considered in the setting of unilateral polyps
[12]. Diagnosing eosinophilic CRS (eCRS)
requires quantification of the numbers of eosino-
phils, i.e. number/high-powered field (HPF) [3].
The amount of eosinophilic infiltration and the
overall intensity of the inflammatory response
were closely related to the prognosis and severity
of disease [14]. With a move to disease endotyp-
ing to guide treatment, this may become a more
standard part of patient management and may
help guide treatment decisions (Fig. 25.3).
Blood tests are not always required in primary
workup but should be done in patients with
treatment-resistant disease or a suspicion of
underlying inflammatory disease such as eosino-
philic granulomatous polyangiitis or sarcoidosis.
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Fig. 25.3 Histological examination of nasal polyp
removed from patient in Fig. 25.2, demonstrating more
than 100 eosinophils per high-powered field

Patients with high blood eosinophils and IgE tend
to demonstrate more aggressive and resistant dis-
ease, and there is a strong correlation between
serum and tissue eosinophilia in CRS patients.
Serum eosinophils are more readily assessed than
tissue eosinophils; however, levels may reflect
both upper and lower airway disease and can be
supressed by recent steroid usage [3, 15]. Nasal
nitric oxide measurements have been shown to
aid diagnosis of cystic fibrosis and primary cili-
ary dyskinesia and similarly can be of utility in
treatment-resistant or severe disease where these
diagnoses are being considered [7].

Assessment of Comorbidities
and Subgroups of CRSWNP

There are some distinct pathological subgroups
of nasal polyps which can be observed in a group
of related but distinct conditions, and which
should be considered during assessment.

Central Compartment Allergic
Disease

In the patient with allergic rhinitis, a central com-
partment allergic polyposis (CCAP) affecting the
septum and middle turbinate is observed. This
centralised anatomical pattern of nasal polyps is
observed in those with inhaled allergen sensitivi-
ties and is distinct from wider sinus cavity pol-

yposis of CRSwNP [5]. Skin prick testing or
measurement of specific IgE can help identify
potential targets for immunotherapy. The rela-
tionship between inhalant allergies and nasal pol-
yps is less clear in other subtypes, but allergies
may increase the severity of symptoms and there-
fore should also be controlled [4].

Allergic Fungal Rhinosinusitis

Allergic fungal rhinosinusitis (AFRS) is a form
of a non-invasive fungal rhinosinusitis with IgE-
mediated hypersensitivity to fungal hyphae in
eosinophilic mucin. It appears an immunologi-
cally distinct subtype of CRS and is characterised
by severe nasal polyposis and recidivist disease.
The diagnosis is based on the criteria proposed
by Bent and Kuhn: (1) production of eosinophilic
mucin without fungal invasion into sinonasal tis-
sue; (2) positive fungal stain of sinus contents;
(3) nasal polyposis; (4) characteristic radio-
graphic findings (with expansion of sinus cells
and bony remodelling, and heterogenous opacifi-
cation of the sinuses caused by eosinophilic
mucin; and (5) allergy to fungi [16].

Asthma

Up to 60% of patients with CRSwNP have
comorbid asthma; late-onset asthma is strongly
suggestive of a type 2 inflammatory profile [1].
Asthma may be overlooked if cough is attributed
to post-nasal drip. Uncontrolled nasal polyps
may be associated with frequents asthma exacer-
bations; close co-management with respiratory
specialists is important to optimise outcomes
[17].

NSAID-Exacerbated Respiratory
Disease

Non-steroidal anti-inflammatory drug-
exacerbated respiratory disease (N-ERD) is char-
acterised by the triad of CRS with severe
eosinophilic nasal polyps, asthma and respiratory
reactions triggered by the ingestion of substances
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that inhibits cyclooxygenase [10]. The disease
usually begins in the third decade of life with
NSAID-induced reactions generally developing
later and including an acute worsening of respira-
tory symptoms and nasal congestion. The disease
in this patient group is usually severe and more
rapidly recurrent after intervention [10]. The
prevalence of N-ERD increases in patients with
multiple surgeries [18].

A diagnosis of N-ERD can be made with a
history of two clear reactions to NSAIDS, but
many patients with asthma are told to routinely
avoid such medications. When the diagnosis is
uncertain, the patient could be considered for an
aspirin provocation test which is done in an out-
patient setting under medical supervision with
capacity for resuscitation [10].

Immunodeficiency and Mucociliary
Dysfunction

The testing of immune function in all patients
presenting with CRSwWNP is unlikely to be suffi-
ciently informative to justify routine use.

Cystic fibrosis is commonly associated with
polyps, and primary ciliary dyskinesia may also
be encountered and should be considered in
recalcitrant cases [7, 12].

Treatment of CRSWNP
Medical Management

Intranasal Treatments
Irrigation with nasal saline is a simple and central
treatment recommendation for CRS. Despite a
lack of high-quality trials, clinical experience
suggests symptomatic benefit. It is low risk and
therefore widely used and recommended [7, 19].
Topical steroids have robust evidence for
improvement of symptoms in CRSwNP. The
improvements are demonstrated as quality-of-life
improvements as well as endoscopic assessment
[20]. They deliver improvement in obstruction,
rhinorrhoea, hyposmia and reduce polyp size.

They are very well tolerated although can cause
nasal irritation and epistaxis. Their long-term
safety is well established [20]. New-generation
corticosteroids such as mometasone and flutica-
sone have low systemic bioavailability and have
high-quality safety data for long-term use [7].
Patients with high tissue eosinophilia have been
demonstrated as the most responsive [14]. For
moderately or severely symptomatic nasal pol-
yps, clinical experience suggests that intranasal
delivery of glucocorticoids may be improved
using topical drops or, in patients who have had
previous sinus surgery with open cavities, by
high-volume irrigations [20].

The effectiveness of topical glucocorticoids is
believed to be enhanced after surgery, likely
owing to improved access. The delivery of gluco-
corticoids with high-volume nasal irrigation has
been shown as more effective in reducing endo-
scopic evidence of recurrence than delivery of an
equivalent dose by means of nasal spray after
sinus surgery [21]. Other modes of delivery, such
as breath activated exhalation delivery devices,
may also enhance effectiveness [12]. Nasal ste-
roid formulations are widely underutilised with a
database study showing only 20% of CRS
patients regularly use a nasal steroid [7]. Patients
should be educated regarding appropriate deliv-
ery techniques and the need for long-term adher-
ence to therapy.

Steroid-eluting stents have been developed for
use before and after sinus surgery, with the aim of
delivering higher local concentrations of steroids
than other delivery methods and overcoming
compliance issues. They have been in research
and development without a significant uptake to
date in clinical practice. In support of these stents,
one trial showed significant reductions in polyp
score and need for surgery following placement
of a mometasone-eluting implant in patients with
CRSwNP who were considered candidates for
surgery, while other trials have shown no change
in progression to requiring ESS [7]. Their use has
been investigated postoperatively where improve-
ment has been demonstrated in endoscopic and
imaging scores but not in terms of symptoms of
quality of life [20].
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Systemic Therapy

Glucocorticoids

Glucocorticoids have a long history of use in air-
way inflammation; oral steroids have a body of
strong evidence in this setting. They are effective
in the management of CRSwWNP reducing symp-
toms at least in the short term [22]. However, the
immediate benefits of systemic glucocorticoid
therapy need to be balanced with the long-term
potential adverse effects which are significant.
Therefore, systemic steroids should not be con-
sidered as a first line of treatment for CRSwNP
(23)s. They can be used in a short course during
2-3 weeks as a last resort of treatment when
combinations of other medications are ineffective
[7].

The potential for adverse effects of glucocorti-
coids is well established. Severe outcomes
include suppression of hypothalamic pituitary
axis, hyperglycaemia, diabetes and Cushing’s
syndrome [23]. There are data to assess specific
adverse effects in sinonasal patients. Multiple
studies have shown injection of steroid or
repeated courses to cause osteopenia. The effect
of bone loss is well demonstrated in asthma lit-
erature. A recent consensus document has
considered the wider range of potential side
effects for OCS but still concluded that a clear
assessment of the risks associated with oral ste-
roid use in upper airway disease cannot be made.
However, there is growing evidence from studies
in asthma that patients receiving >2.5 short
courses of OCS per year suffered significantly
higher loss in bone density and a dose-dependent
increase in all adverse effects, with as little as
four courses over a lifetime being associated with
harm [23].

Perioperative use of glucocorticoids has been
explored and has mixed data. Some studies have
shown benefit to reduce perioperative bleeding
and improve surgical conditions for the surgeon
during endoscopic sinus surgery; however, the
reduction of blood loss is limited, and the risk of
repeated systemic steroid use needs to be care-
fully considered; topical vasoconstriction and
modern anaesthetic techniques usually mean pre-

operative treatment is of limited additional value.
Only one of five studies on this topic found a con-
clusive benefit. This application is therefore to be
considered with caution, given the growing evi-
dence of cumulative risk of harm [7].

Antibiotics

The practice of using short-term antibiotics in
CRSwNP is widespread in primary care despite a
lack of evidence. Short-term doxycycline has
demonstrated a small but statistically significant
reduction in nasal polyp endoscopic scores and
rhinorrhoea in one study. Long-term (>4 weeks)
antibiotic use has been investigated and has lim-
ited utility in this disease group. Macrolides have
not been demonstrated to improve symptom
scores in CRswNP patients [24].

Anti-leukotrienes

Anti-leukotriene medications target the inflam-
matory pathway driven by leukotrienes. They
have been investigated in CRSwNP and appear to
have little added benefit in terms of symptom
improvement when used as an add-on to intrana-
sal corticosteroids [7]. There are described neu-
ropsychiatric adverse effects, and so their use is
not currently recommended. Some may have a
role in N-ERD but have not been formerly evalu-
ated in RCTs [10].

Biological Therapy in CRSWNP

Biologic therapy using monoclonal antibodies
(Mabs) that block the action of interleukins (IL)
or other targets central to type 2 inflammation
now plays an important role in the management
of difficult-to-treat asthma. Many of these treat-
ments have also been shown to be useful in the
management of severe CRSwNP [25]. Their
placement in the therapeutic pathway for
CRSwNP is in evolution as experience with the
medications evolves. Consensus guidelines are
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available and suggest they should be considered
for patients with at least moderate symptoms or
a moderate Lund-MacKay score who fail con-
ventional medical and surgical treatment [26].
Their role in specific subsets of CRSwNP, such
as AFRS and N-ERD, is yet to be clearly
defined.

IL4/IL13 pathway activation is targeted by
dupilumab, an IL4 receptor subunit Mab. It has
been shown to improve symptom scores, nasal
polyp scores, olfaction and imaging scores. The
most common reported adverse events (naso-
pharyngitis, worsening nasal polyps and asthma,
headache, epistaxis, injection-site erythema)
were more frequent with placebo. The agent
seems well tolerated in available trials [25].

Anti-IgE therapy with omalizumab has shown
improvements in nasal polyp burden and symp-
toms scores. Associated adverse effects have
been reported as anaphylaxis, arterial and venous
thromboembolic events and an increase in com-
mon colds [26].

Both dupilumab and omalizumab have been
approved by regulatory bodies for use in severe
CRSwNP. Head-to-head comparisons are not
available, but indirect comparison data currently
favours dupilumab [27].

IL5 is targeted by the agents mepolizumab,
benralizumab and reslizumab. Only mepoli-
zumab currently has available evidence for
reduced symptoms and decreased revision sur-
gery in CRSwNP patients. There are no serious
noted adverse effects [25]. More data is becom-
ing available, although these drugs are currently
only approved for use in asthma.

Although biologicals have been shown to
reduce the need for surgical intervention for
CRSwNP, their high costs and the need for long-
term treatment mean that this is unlikely to be the
most cost-effective treatment across the whole
population with CRSwNP, even if superior in
terms of long-term symptom control in the
difficult-to-treat groups, such as those with severe
asthma and N-ERD [26].

It is likely that there will be continued devel-
opments in this field, both in terms of the devel-
opment of new monoclonal antibodies and

understanding of response rates, and where in the
treatment pathway, these should be optimally
placed. In the future, biomarkers may allow us to
personalise patient care by identifying which
endotype would respond best to one monoclonal
therapy over another resulting in substantially
better clinical outcomes with fewer side effects
than present treatment options. At present, bio-
logics are being positioned as an alternative to
repeated surgery, but in the future, they may be
given much earlier in the disease process in an
attempt to alter the natural history, or in combina-
tion with surgery, either in the immediate pre- or
post-operative period [25].

Surgery for CRSWNP

Surgery for uncomplicated CRSWNP is usually
restricted to those patients who fail to achieve
adequate symptomatic benefit from a trial of ade-
quate medical therapy [17]. What constitutes
failed medical therapy is variable in the literature
but at a minimum requires a sustained trial of
intranasal saline and topical steroid, usually in
conjunction with a trial of systemic corticoste-
roid [28]. In patients who fail medical treatment,
surgical intervention acts to reduce the volume of
inflammatory tissue, remove obstruction and
optimise delivery of topical medication. It can be
conceived as an adjunct to maximise effect of
medical therapy but is not considered curative
(8].

Several studies have shown the positive
impact of surgery on improving symptoms, par-
ticularly in those patient groups with high base-
line symptom scores [28]. More severe imaging
scores are also associated with greater benefit
from surgery [7]. Older patients benefit more
with asthmatic and aspirin-sensitive patients
having less improvement [9]. There is some data
that earlier intervention with surgery relative to
when symptoms started leads to better outcomes
with more sustained improvements in symptom
scores [7]. There is also some suggestion that
earlier surgery reduces subsequent development
of asthma [17].
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Nasal congestion, obstruction and less so
smell seem particularly improved by surgery.
However, revision surgery is not uncommonly
required even in tertiary centres. Prospective
cohort studies report revision rates of 11% at
3 years and 19% at 5 years [9]. Female gender,
older age at first surgery, the presence of nasal
polyposis, comorbid asthma, allergy and family
history of chronic rhinosinusitis all appear to be
associated with high revision rates [17, 29].

The extent of primary surgery for CRSwNP is
debated. Approaches can be described as mini-
mally invasive, complete and extensive. A func-
tional approach based on the ostial drainage
pathways is well established as beneficial [7].
Heterogeneity between studies and lack of large
randomised trials makes assessment difficult, but
there is some evidence for more extensive sinus
surgery especially in revision surgery [13]. Many
series have more complete surgery applied to
more extensive or recurrent disease introducing a
significant confounder. Lower revision rates and
greater improvements in symptoms have been
demonstrated in complete sinus surgery cohorts
such as those by Masterson and Deconde [9, 30].
Primary frontal sinus drill-out or a modified
endoscopic Lothrop has been shown to decrease
symptom burden and polyp recurrence in revi-
sion surgery and has some advocates for the pri-
mary setting of CRSwNP in selected cases, such
as those with N-ERD [13, 31]. Most recently,
there has been a proposal for removal of diseased
mucosa, described as a sinonasal mucosal reboot,
as opposed to mucosal sparing techniques, but
further evidence is required to support efficacy
[14]. The balance of extent of surgery must be
discussed with and tailored to each individual
patient.

Surgery carries a risk of potential severe com-
plications including meningitis, intracranial or
intra-orbital bleeding, leading to potential neuro-
logical deficit or blindness; one study identified
the risk of such severe complications as 0.04%;
however, significant bleeding or cerebrospinal
fluid leak may occur in 0.9% of patients. The UK
sinonasal audit reported the following complica-
tion rates; excessive bleeding 5% intraopera-

tively and 1% post-operatively, intra-orbital
complications in 0.2% and CSF leak in 0.06%
[7, 8].

Post-operative Care

Post-operative care of patients with CRSwNP
undergoing endoscopic sinus procedures is
important for optimisation of outcomes. Nasal
saline irrigation 24-48 h after surgery has low
risk and a good evidence base for improving
postoperative symptoms and medium-term
symptomatic outcomes [7]. Budesonide added to
the postoperative irrigation has an increasing evi-
dence base to support its use [21]. Post-operative
debridement has shown to reduce synechiae for-
mation but increases postoperative pain.
Debridement improves post-operative endo-
scopic examination, reducing granulation and
potential restenosis. This is especially true in
patients with significant mucosa and bone
removal with extended approaches. It is unclear
if it has any long-term positive effects on symp-
toms or disease severity. Post-operative antibiot-
ics have not demonstrated a benefit, and oral
steroids have shown improved polyp scores but
not symptom scores to date [7].

Management of specific subgroups requires a
tailored approach. Those with a specific diagno-
sis such as granulomatous disorders, cystic fibro-
sis and ciliary dyskinesia require a
multidisciplinary systemic treatment paradigm.
Allergic fungal rhinosinusitis requires early and
extensive surgical treatment to the affected com-
partments. There is no role for topical or systemic
antifungals. Clearing the allergic mucin and
releasing obstruction for irrigation topicalisation
is the mainstay of treatment [16]. The need for
more extensive and revision surgery is common.
There is uncertainty around the role of medical
management in this group, but oral as well as
topical steroids can be an adjunct to post-
operative treatment [7].

In the N-ERD group, there is some support for
the use of adjunctive treatments such as aspirin
desensitisation and leukotriene modifiers [10].
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N-ERD patients suffer from poorer surgical out-
comes compared to their non-N-ERD CRS coun-
terparts, with shorter time to revision and a greater
number of revision sinus surgeries in the N-ERD
population. There are advocates for more exten-
sive primary surgery including a modified Lothrop
approach in N-ERD [31]. Surgery may be fol-
lowed by aspirin desensitisation to reduce recur-
rence rates and improve symptom control [18].

Controversies: Current Pathways
and Position of Novel Treatments

There is more data needed to guide optimal treat-
ment of CRSwNP particularly with regard to the
role and timing of surgery and new agents such as
biologicals.

Better intranasal delivery of medication may
further reduce the need for both surgery and sys-
temic treatments; devices and drug-eluting stents
continue to evolve. Long-lasting stents may over-
come poor patient compliance that limits the
effectiveness of such treatments.

There is a growing awareness of the risks of
repeated use of systemic glucocorticoids which
means that these cannot usually give more than
occasional, temporary relief.

Surgery is effective in relieving symptoms in
the short term and has a disease-modifying effect
in that it may achieve better long-term control of
disease by facilitating better delivery of topical
steroids, particularly with more extensive sur-
gery. Surgery therefore should be considered in
patients who remain uncontrolled on INCS and
in whom systemic glucocorticoids provide only
short-term benefit.

Due to the costs, the need for ongoing treat-
ment and unknown long-term side effects, at the
current time, it seems reasonable to consider bio-
logic therapy only in those patients with recurrent
nasal polyps after surgery and adequate post-
operative medical treatment; in those unfit for
surgery; or where it may be predicted that surgery
is unlikely to achieve adequate control. However,
patient preference is an essential component to
shared decision-making, and the risks and bene-
fits of all options should be discussed.

There is some evidence to suggest that early
surgery may achieve better long-term symptom-
atic improvements; similar analysis is required to
assess the ideal time to introduce a biologic.

Disease endotyping and developing reliable
biomarkers to guide treatment are further evolv-
ing as ways to create precision medicine to ben-
efit patients suffering this common condition. It
is likely that in the future, surgery will play only
a limited role in the management of CRSwNP as
we better learn how to address the underlying
inflammatory disease.

Key Learning Points

e CRS is a common disease, and those patients
with polyposis commonly have a type 2
inflammatory pattern with more difficult to
treat disease.

e Diagnosis is formed based on history and
examination revealing nasal polyps.

* Disease endotyping characterising the type of
inflammation may guide treatment and prog-
nosis of CRSwNP. Specific subgroups can be
defined and receive tailored management
strategies.

e The mainstay of medical therapy is intranasal
corticosteroids. Oral steroids provide short-
term benefit but have attendant risks.

* Biological drugs are emerging as effective if
expensive agents in the management of diffi-
cult treat CRSwWNP.

e Surgery is effective in CRSwNP and is gener-
ally reserved for patients with persistent
symptoms despite medical management.
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Primary Atrophic Rhinitis

Isma Z. Igbal

Introduction

Atrophic rhinitis (AR) was first described by
Fraenkel in 1876 [1, 2]. The condition is also
known as atrophic rhinosinusitis, rhinitis sicca,
rhinitis fetida and ozaena [1]. It is commonly
found in tropical climates, Mediterranean areas,
Latin and South America and Eastern Europe [3].
The incidence is between 0.3 and 1% in countries
with higher prevalence [4]. There is a predomi-
nance in young and middle-aged adults. The con-
dition is commoner in females with a ratio of
5.6:1 [5]. There is also an association with pov-
erty and low social economic status. It is a chronic
condition characterised by thick nasal discharge,
dried crusts with a foul odour and paradoxical
nasal blockage.

Aetiology

AR can be
secondary:
Primary atrophic rhinitis (PAR): The aetiol-
ogy is poorly understood. The commonest theory
for development of PAR is chronic bacterial rhi-
nosinusitis caused by Klebsiella ozaenae.

subdivided into primary and
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Secondary atrophic rhinitis (AR) is due to
granulomatous conditions, radiotherapy to the
head and neck, Sjogren’s and previous surgery
(empty nose syndrome).

The symptoms are secondary to progressive
destruction of the ciliary mucosal epithelium due
to atrophy of the exocrine sero-mucous glands
and loss of underlying bone structures [1].

The factors blamed for its genesis are specific
infections, autoimmunity, chronic sinus infec-
tion, hormonal imbalance, poor nutritional status,
heredity and iron deficiency anaemia [6].

Primary atrophic rhinitis (PAR) has been
reported in families where females are affected
with a positive family history in about 15-30% of
the cases [4]. Some studies have revealed either
an autosomal dominant (67%) or autosomal
recessive penetrance (33%) [7].

Iron and vitamin A deficiency have also been
implicated. Oestrogen deficiency has also been
suggested which may be consistent with the
female preponderance.

Progressive metaplasia and atrophy of all
mucosal components (epithelium, vessels, and
glands) takes place because of increased osteo-
clastic activity, resulting in a volumetric decrease
of sinonasal structures [8]. The histopathological
picture consists of patches of squamotransforma-
tion of the normal respiratory epithelium which
is pathognomonic for atrophic rhinitis seen in
more than 80% of cases [9].
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Whilst most cases have been attributed to
Klebsiella ozaenae, other bacterial agents
involved in the etiopathogenesis of atrophic rhi-
nitis are Pseudomonas aeruginosa, Coccobacillus
foetidus-ozaenae, Diphtheroids bacillus,
Haemophilus influenzae, Bacillus mucosus or
pertussis, and Proteus species [6].

Diagnosis
Symptoms

Patients typically present with progressively
worsening nasal dryness and congestion, crusting
and reduction in sense of smell with foul smell-
ing nasal crusting. Less common symptoms
include anosmia, headache and epistaxis. The
anosmia is due to the atrophic process involving
the olfactory epithelium as well as insufficient air
reaching the olfactory areas due to crusting.
Nasal obstruction is a combination of loss of
pressure receptors in the nasal epithelium as well
as large crusts blocking the air blast to the olfac-
tory area in the roof of the nose. Epistaxis may
occur as the crusts dislodge.

Signs

Endoscopic examination reveals a markedly large
and wide nasal cavity, visibly dry mucosa and
reduction in turbinate size [1]. There may be detect-
able fetor. Greenish yellow and black crusts of vari-
ous sizes may be noticed lining the nasal cavities
[4]. Palpation of the nasal mucosa may reveal loss
of sensation. Nasal septal perforation and saddle
nose deformity may occur in severe cases [4].

Other rare causes with similar presentation
such as tuberculosis, leprosy, scleroma and syph-
ilis should be excluded. If the disease progresses,
chronic pharyngitis, otitis media with effusion or
nasal deformity can also occur [10].

Blood Investigations

A full blood count may reveal a microcytic hypo-
chromic picture (iron deficiency anaemia). A
raised erythrocyte sedimentation rate (ESR) as
well as raised autoimmune markers (ANCA,
angiotensin converting enzyme, rheumatoid fac-
tor, anti-Ro, anti-La) are important in ruling out
other diagnoses (granulomatous conditions,
Sjogren’s). The serum protein and plasma vita-
min level estimations are necessary to exclude
malnutrition.

Mucociliary Clearance

The mucociliary clearance with saccharin transit
time (STT) demonstrates a prolonged time in
PAR. Bist et al. reported the mean value of nasal
mucociliary clearance in a control group was
9.92 + 2.25 (mean = SD) minutes, whereas in
PAR, it was 42.82 + 11.52 (mean = SD)
(P < 0.0001) [6].

Imaging

Because of the high incidence of concurrent
sinusitis, CT is frequently included in the diag-
nostic evaluation of atrophic rhinitis [6]. The
maxillary sinus is the most affected in PAR.

Pace-Balzan et al. [11] reported the following
CT features in PAR:

—

Mucosal thickening of the paranasal sinuses

2. Loss of definition of the ostiomeatal unit

(OMU) secondary to resorption of the eth-

moid bulla and uncinate process

Hypoplasia of the maxillary sinuses

4. Enlargement of the nasal cavities with erosion
and bowing of the lateral nasal wall

5. Bony resorption and mucosal atrophy of the

middle and inferior turbinate

et
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Management

The treatment of atrophic rhinitis aims to reduce
the volume of the nasal cavity, promote normal
mucosa regeneration using a Young’s or modi-
fied Young’s operation, lubricate the nasal
mucosa or improve the vascularity of the nasal
cavity.

Treatment is aimed at reducing the impact of
the condition and preventing further deterioration
rather than an intent to cure as this is unlikely to
be possible.

Medical

Topical treatment is aimed at improving nasal
dryness, crusting and overall symptom control.
Several topical treatments have been advocated
which are summarised in Table 26.1.

Local or systemic antimicrobial treatment
should be commenced following nasal culture for
bacteria or fungi [12]. Ciprofloxacin as well as
rifampicin have been used to good -effect.
Frequently, these patients have colonisation of
Klebsiella ozaenae. Commonly rifampicin
600 mg daily for 12 weeks or ciprofloxacin 500—
750 mg for 8 weeks is utilised [12]. A randomised
controlled trial comparing nasal submucosal
injection of placentrex (human placenta) with
oral rifampicin showed objective, subjective and
histopathological improvement with maximum
disease-free interval on regular follow-up with
rifampicin [13]. Awad et al. [14] found rifampicin
with mitomycin-C in alkaline saline wash has
significantly better improvement in degree of
crustations, severity of epistaxis and normaliza-
tion of secretion than rifampicin and saline nasal
rinse alone.

There is one study reporting successful treat-
ment of PAR in a paediatric patient with antibiotic
prophylaxis  (trimethoprim—sulfamethoxazole)
and saline irrigations for 6 months with no evi-
dence disease recurrence or new infectious com-
plications at 1 year [15].

Placental extracts injections inside the nasal
mucosa may have the effect of narrowing the
nasal fossae and to stimulate vasodilatation, but

Table 26.1 Topical nasal treatment

Treatment

Action

Saline douche—alkaline,
hypertonic, isotonic

Removal of crusts,
allergens, inflammatory
mediators

Glycerine-glucose (25%)
drops

Inhibition of bacterial
growth (lactic acid effect
of glucose) stimulates
commensal bacteria
Glycerine anti-
inflammatory, stimulates
cell maturation, stimulates
vasodilation and reduces
crusts

Sodium bicarbonate and
sodium diborate (Equal

combination of the two)
in Sodium chloride

Antiseptic and bactericidal
effect as well as removing
crusts

Dexpanthenol (ointment
or spray)

Reduce transepidermal
water loss, to activate

in vivo and in vitro
fibroblast proliferation,
and accelerate the
re-epithelialisation process

Sesame oil

Vitamin A oil

Nasal moisture,
improvement in the nasal
ciliary beat frequency

Liquid paraffin nose
drops

Lubricates nasal mucosa
and removal of crusts.
Long-term use not
recommended due to
reports of paraffin
granulomas and
inhalational lipoid
pneumonias

Oestradiol in arachis oil
(10,000 units/mL)

Vasodilator effects of
oestrogen therapy

Kemicetine anti-ozaena
solution (90 mg of
chloramphenicol,

0.64 mg of oestradiol
dipropionate, 900 IU of
vitamin D2 and
propylene glycol in each
millilitre)

Antibiotic, vasodilatory
and immunostimulant

Topical vitamin E

Anti-inflammatory,
antioxidants,
immunostimulants,
stabilizing the cell
membrane and promoting
the skin barrier function

their effects disappear in approximately 8 weeks

after the treatment [13].

Dexpanthenol spray, in a saline product, for
patients with atrophic rhinitis was efficient, but
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not superior in efficacy compared to placebo
[16]. However, assessment of nasal breathing
resistance and the extent of crust formation did
improve with dexpanthenol.

Topical a-tocopherol acetate (vitamin E) in a
study of 44 patients with PAR showed an
improvement of the nasal dryness sensation and
increased inspiratory nasal flow [17].
Rhinomanometric examination showed increase
of nasal airflow at follow-up (P < 0.05); nasal
mucociliary clearance showed a reduction in
mean transit time (P < 0.05); and endoscopic
evaluation showed significative improvement of
hydration of nasal mucosa and significative
decreasing nasal crusts and mucous accumula-
tion (P < 0.05) [17].

A nasal obturator can reduce nasal dryness
with minimal cosmetic implications. These can
be made from a material called dimethylpolysi-
loxane or from an acrylic resin [18].

Surgical

Surgery is considered in patients that do not
improve with medical treatment. Decreasing the
nasal cavity size would prevent drying of the
mucosa and crusting. Reducing the size of the
nasal cavity or closure of the nasal cavity also
promotes regeneration of normal tissue by reduc-
ing or removing exacerbating factors. Stellate
ganglion injections to block its activity to cause
nasal congestion and secretions have been
reported. However, this technique is not currently
used [4].

Reduction in Size of Nasal Cavity

Young’s procedure as well as implants have been
described. The implants may be autologous
(bone, cartilage, muscle, fat), homologous
(Iyophilized bone, fat, human placenta extract)
or synthetic (Teflon, acrylics, silicone, silastic).
The major problems of their use are implant
rejection, leakage and chronic infection of the
implant [19].

Young described closure of the nasal cavity
for AR [20]. However, this has an impact on qual-
ity of life and the risk of wound breakdown. A
modified Young’s technique was therefore intro-
duced and has demonstrated a complete recovery
in 50% (n = 10) patients [21].

In a study of 17 patients with AR whose nostrils
were closed using a septal mucoperichondrial flap,
15 patients were cured of symptoms, but the exact
outcome parameters were not specified [22].

Symptoms resolved in six patients following
implantation of two plastipore plates into the
floor of the nose and septum of both nasal pas-
sages in eight patients [19]. One plate extruded,
but symptoms resolved with reimplantation.

Turbinate reconstruction with autologous
costal cartilage implants in patients with PAR
was effective in improving the SNOT-25 score
(108 to 8/125) and CT sinus findings [8]. SNOT-
25 is a modification of SNOT-22 and includes
additional empty nose syndrome specific
questions.

Regeneration of Nasal Tissue

An improvement in nasal symptoms, Sino-Nasal
Outcome Test-25 (SNOT-25) scores and endo-
scopic findings has been reported following
intranasal injection of platelet-rich plasma (PRP),
but histology remained unchanged [23]. Injection
of PRP in AR led to improvement in Nasal
Obstruction Symptom Evaluation (NOSE), Sino-
Nasal Outcome Test-22 (SNOT-22) scores and
nasal mucociliary function [24] .

Conclusion

PAR is characterised by the formation of thick
dry nasal crusts on a background of paradoxical
nasal obstruction and foetor. It is common in
tropical countries. Treatment is aimed at reduc-
ing symptoms and encouraging regeneration of
tissue. Surgical treatment is considered once
medical treatment is unsuccessful. Numerous
surgical procedures have been described to
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reduce nasal cavity size, promote regeneration of
normal mucosa and increase lubrication of the
dry nasal mucosa.

Key Learning Points

Primary atrophic rhinitis (PAR) is a progres-
sive chronic degenerative condition of
unknown aetiology

PAR is characterized by progressive nasal
mucosal atrophy, wide nasal cavities with par-
adoxical nasal congestion and formation of
viscid secretions and dried crusts with charac-
teristic foetor

Treatment of PAR aims to reduce the nasal
cavity size, promote mucosa regeneration
lubricating the nasal mucosa and improve vas-
cularity of the nasal cavity

Topical treatment to reduce nasal crusting and
nasal drying is first line of treatment
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Introduction

Fungi are made up of several thousand species of
eukaryotic spore-bearing organisms. More than
60,000 species of fungi are known. Fungi repro-
duce by both sexual and asexual means. Fungi are
eukaryotic and are usually filamentous; they have
no chlorophyll; cell walls are made of chitin. Two
major groups of organisms make up fungi.

(a) Unicellular fungi are called yeasts.
(b) Filamentous fungi are called moulds

Yeast is unicellular and reproduces by bud-
ding; moulds coalesce as colonies of intertwined
hyphae referred to as mycelia.
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Of the 60,000 fungal species, only about 300
have been documented as playing a definitive
role in causing disease in humans. These fungal
pathogens largely belong to three major groups.
They are (1) Zygomycetes, (2) Aspergillus spe-
cies and (3) various Dematiaceous genera.

Fungi are ubiquitous organisms and reside pri-
marily in the entire respiratory tract. Microscopic
colonisation by fungi of the nose and paranasal
sinuses can be found in both the normal and in
the diseased states.

Diagnosing Fungal (Mycotic)
Infections

Confirmation and identification of mycotic infec-
tion may require a combination of diagnostic
studies (Table 27.1). Fungi are difficult to cul-
ture, and growth is often negative. However, PCR
(polymerase chain reaction) of the sinus mucus is
much more likely to detect and identify a patho-
genic fungus [1, 2].
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Table 27.1 Diagnostic methods for detecting and identi-
fying fungi

Investigation Comments

Microscopy of Potassium hydroxide (KOH)
fresh clinical preparations or Calcofluor
specimens white stains help identify the

presence of fungi

Histopathology Tissue samples retrieved from
the affected area

Frozen section should be
considered for necrotic material
and tissue biopsies

Evidence of fungal invasion
confirms the presence of

‘invasive fungal rhinosinusitis’

Culture Fungal cultures take a
considerable period of time

A positive culture may be
present when invasive fungal
infection is absent

Cultures will identify a specific
fungus and guide antifungal
medication

Serology

Polymerase chain
reaction tests

Radiological
imaging

Mycotic Infection

Fungal infections can pose major medical chal-
lenges [3]. The incidence of mycotic infection
and the number and diversity of pathogenic fungi
have all increased exponentially in recent times.
Five categories of fungal entities are recognised:

e Saprophytic colonisation

e Fungal balls (mycetomas)

e Allergic fungal rhinosinusitis

e Chronic invasive (granulomatous and non-
granulomatous disease)

* Acute invasive

True fungal infection is subdivided into nonin-
vasive and invasive, and manifestations may
overlap or progress from noninvasive to an inva-
sive form. The latter is a particular risk with a
decline in host immunity, and the latter should
always be considered and assessed. Compromise
of the immune system greatly increases the risk
of fungal infection. Immune competent individu-
als were previously considered as having no risk

of progressing to invasive disease, but this is no
longer true. In 2020, significant numbers of
immunocompetent COVID-19 patients devel-
oped serious fungal infection, often caused by
mucormycosis, especially following the use of
high-dose corticosteroids.

How Do Fungi Cause Disease?

To cause an infection, the fungus has to first
gain access via a portal of entry, attach to cells
and grow within the host. They must be able to
replicate at 37 °C, obtain nutrients and evade
natural defence mechanisms [4]. For dimorphic
fungi, this also means transformation of an ini-
tial morphologic conversion to a tissue form of
growth.

The outcome of inhaling fungal spores
depends upon several factors:

e The number and size of inhaled spores

e The integrity of the nonspecific and specific
host defences

e The virulence/pathobiological potential of the
particular fungus

Pathogenesis of Inflammation from

Fungal Disease

1. Some fungi are capable of colonising epithe-
lial tissues surfaces without causing invasive
manifestations. Fungal rhinosinusitis is often
characterised by colonisation rather than inva-
sion. Colonisation induces profound inflam-
matory and immune responses resulting in
severe damage to the host.

2. Occasionally, fungi cause serious human dis-
ease by producing potent toxins and mutagens.

3. Less potent fungal irritants and enzymes also
attack host cells leading to inflammation or
immunopathology.

4. Fungal cell wall antigens can also stimulate
an allergic response in the host [5].

The status of the host immunity wil