


Series Editors:

Dr. David Raeburn
Discovery Biology
Rhoéne-Poulenc Rorer Ltd
Dagenham Research Centre
Dagenham

Essex RM10 7XS

England

Respiratory
Pharmacology and
Pharmacotherapy

Dr. Mark A. Giembycz

Department of Thoracic Medicine

National Heart and Lung Institute

Imperial College of Science, Technology and Medicine
London SW3 6LY

England



Rhinitis: Imnmunopathology
and Pharmacotherapy

Edited by
D. Raeburn
M. A. Giembycz

Birkhauser Verlag
Basel - Boston - Berlin



Editors:

Dr. David Raeburn Dr. Mark A. Giembycz

Discovery Biology Department of Thoracic Medicine

Rhéne-Poulenc Rorer Ltd National Heart and Lung Institute

Dagenham Research Centre Imperial College of Science, Technology and Medicine
Dagenham London SW3 6LY

Essex RM10 7XS England

England

Library of Congress Cataloging-in-Publication Data

Rhinitis: immunopathology and pharmacotherapy / edited by D. Raeburn,
M.A. Giembycz
p. ¢m. - (Respiratory pharmacology and pharmacotherapy)
Includes bibliographical references and index.
ISBN-13: 978-3-0348-9937-6  &-ISBN-13: 978-3-0348-9937-6
DOI: 10.1007/978-3-0348-9937-6
1. Rhinitis — Pathophysiology. 2. Rhinitis — Immunological aspects.
3. Rhinitis — Chemotherapy. I. Raeburn, D. (David), 1953-
II. Giembycz, M. A. (Mark A)), 1961- . Ill. Series.
[DNLM: 1. Rhinitis — immunology. 2. Rhinitis ~ drug therapy.
3. Rhinitis — physiopathology. WV 335 R47264 1997]
RF361.R48 1997
616.2" 12 —dc21
DNLM/DLC
for Library of Congress

Deutsche Bibliothek Cataloging-in-Publication Data

Rhinitis: immunopathology and pharmacotherapy / ed by D.
Raeburn ; M. A. Giembycz. — Basel ; Boston : Berlin :
Birkhauser, 1997

(Respiratory pharmacology and pharmacotherapy)

ISBN-13: 978-3-0348-9937-6

NE: Raeburn, David [Hrsg.]

The publisher and editors cannot assume any legal responsibility for information on drug dosage and admini-
stration contained in this publication. The respective user must check its accuracy by consulting other sources

of reference in each individual case.

The use of registered names, trademarks, etc. in this publication, even if not identified as such, does not imply

that they are exempt from the rélevant protective laws and regulations or free for general use.

This work is subject to copyright. All rights are reserved, whether the whole or part of the material is con-
cerned, specifically the rights of translation, reprinting, re-use of illustrations, recitation, broadcasting, repro-
duction on microfilms or in other ways, and storage in data banks. For any kind of use the permission of the

copyright holder must be obtained.

© 1997 Birkhauser Verlag, P.O. Box 133, CH-4010 Basel, Switzerland
Softcover reprint of the hardcover 1st edition

Printed on acid-free paper produced from chlorine-free pulp. TCF o
Cover design: Markus Etterich

987654321



Contents

Listof Contributors . . . . . . . ... ... ... ........... VII

1. Anatomy and Physiology of the Nasal Cavity

and Paranasal Sinuses . . . . . ... ... ... 1

V.J. Lund
2. Pathophysiology of the Nose in Rhinitis

J. Widdicombe . . . ... ... ... ... .. ... .. ... 23
3. Immunology of the Nose

G.K. Scadding . . . ... ... ... ... ... ... 41
4. Inflammation in Rhinitis

M. Andersson, C. Svensson, L. Greiff, J. Erjeflt

and C.G.A. Persson . . . . . . . . . . . ... uiiiiiinin. 79
5. Allergic Rhinitis

M. A. Calderon and R.J. Davies . . ... ............. 93
6. Vasomotor Rhinitis

J. Krasnick and R. Patterson . . . . . . ... ... ........ 125
7. Infectious Agent-Induced Rhinitis

S. Criscioneand E.Porro . . . . ... ... ... ........ 147
8. Specific Immunotherapy in Allergic Rhinitis

J. Bousquet, P Demoly and E-B. Michel . . ... ... ...... 161
9. Surgery of Rhinitis

JA.Cook . . . . .. 187

10. Animal Models of Rhinitis

K-S.Chen . ... ... . ... ... . 207



Contributors

Morgan Andersson, Department of Otorhinolaryngology, University Hospital,
S-221 85 Lund, Sweden

Jean Bousquet, Clinique des Maladies Respiratoires, Hopital Arnaud de
Villeneuve, Centre Hospitalier Universitaire, 34295 Montpellier Cedex 5,
France

Moisés A. Calderon, Department of Respiratory Medicine and Allergy,
St. Bartholomew’s Hospital, London EC1A 7BE, UK

Ker-Sang Chen, Procter & Gamble Pharmaceutical Research Division, Health
Care Research Center, Procter & Gamble Company, Mason, Ohio 45040-
8006, USA

James A. Cook, Department of Otolaryngology, Leicester Royal Infirmary,
Leicester, UK

S. Criscione, Department of Experimental Medicine, University of Aquila,
67100 Aquila, Italy

Robert J. Davies, Department of Respiratory Medicine and Allergy, St. Barthol-
omew’s Hospital, London EC1A 7BE, UK

Pascal Demoly, Clinique des Maladies Respiratoires, Hopital Arnaud de
Villeneuve, Centre Hospitalier Universitaire, 34295 Montpellier Cedex 5,
France

Jonas Erjefdlt, Department of Physiology and Neuroscience, University
Hospital, S-221 85 Lund, Sweden

Lennart Greiff, Department of Otorhinolaryngology, University Hospital,
S-221 85 Lund, Sweden

Jane Krasnick, Division of Allergy-Immunology and the Ernest S. Bazley
Asthma and Allergic Diseases Center of the Department of Medicine of
Northwestern Memorial Hospital and Northwestern University Medical
School, Chicago, Illinois 60611-3008, USA

Valerie J. Lund, Institute of Laryngology and Otology, University College
London, London WC1X 8DA, UK

Frangois-B. Michel, Clinique des Maladies Respiratoires, Hopital Arnaud de
Villeneuve, Centre Hospitalier Universitaire, 34295 Montpellier Cedex 5,
France

Roy Patterson, Division of Allergy-Immunology and the Ernest S. Bazley
Asthma and Allergic Diseases Center of the Department of Medicine of
Northwestern Memorial Hospital and Northwestern University Medical
School, Chicago, Illinois 60611-3008, USA

Carl G. A. Persson, Department of Clinical Pharmacology, University Hospi-
tal, S-221 85 Lund, Sweden

E. Porro, Department of Experimental Medicine, University of Aquila,
67100 Aquila, Italy

Glenis K. Scadding, Royal National Throat, Nose and Ear Hospital, London
WC1X 8DA, UK



VIII Contributors

Christer Svensson, Department of Otorhinolaryngology, University Hospital,
S-221 85 Lund, Sweden

John Widdicombe, Department of Physiology, St. George’s Hospital Medical
School, London SW17 ORE, UK



Rhinitis: Immunopathology

and Pharmacotherapy

ed. by D. Raeburn and M.A. Giembycz

© 1997 Birkhauser Verlag Basel/Switzerland

CHAPTER 1
Anatomy and Physiology of the Nasal Cavity
and Paranasal Sinuses

Valerie J. Lund
Institute of Laryngology and Otology, University College London, London, UK

1  Introduction
2 Nasal Cavity
2.1 Gross Anatomy
2.2 Histology
2.3 Blood Supply
2.4 Nerve Supply
2.5 Lymphatic Drainage
3 The Paranasal Sinuses
3.1 The Ethmoid Bone and Sinuses
3.2 The Maxillary Sinus
3.3 The Frontal Sinuses
3.4 The Sphenoid Sinuses
3.5 Histology
3.6 Blood, Nerves and Lymphatic Drainage
4 Nasal Physiology
4.1 Air Conditioning
4.2 Mucociliary Clearance
4.3 Airflow
4.4 Olfaction
References

1. Introduction

In considering the anatomy and physiology of the nose, this chapter must
inevitably pay some attention to the adjacent paranasal sinuses, forming as
they do an integral functional structure and subject to the same patho-
physiological processes.

2. Nasal Cavity

2.1. Gross Anatomy

The nasal cavity extends from the nostrils to the posterior choanae, where
it becomes continuous with the nasopharynx [1]. Vertically it extends from
the palate to the cribriform plate, narrowing into the olfactory cleft. The
nasal cavity is divided in two by a septum, and its configuration and
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dimensions show considerable ethnic variation. Each half has a floor, a
roof, a lateral wall and a medial (septal) wall. The floor is composed ante-
riorly of the palatine process of the maxilla and posteriorly by the horizontal
process of the palatine bone. The roof is narrow from side to side, and its
highest part relates to the cribriform plate of the ethmoid. This area is
covered by olfactory epithelium which spreads down a little distance onto
the upper lateral and medial walls of the nasal cavity. The rest of the nasal
cavity (with the exception of the nasal vestibule) is lined by respiratory
mucous membrane which is intimately adherent to the underlying per-
iosteum and perichondrium and is continuous with that of the paranasal
sinuses, nasolacrimal duct and nasopharynx.

The rasal septum is composed of a small anterior membranous portion,
cartilage and several bones; the perpendicular plate of the ethmoid, the
vomer and two bony crests of the maxilla and palatine. The cartilaginous
portion is composed of a quadrilateral cartilage with a contribution from
the lower and upper lateral alar cartilages forming the anterior nasal sep-
tum. It is bound firmly by collagenous fibres to the nasal bones and to the
perpendicular plate of the ethmoid and vomer, and sits inferiorly in the
nasal crest of the palatine process of the maxilla. The perpendicular plate
forms the superior and anterior bony septum, is continuous above with the
cribriform plate and crista galli and abuts a variable amount of the nasal
bones. The vomer forms the posterior and inferior nasal septum and arti-
culates by its two alae with the rostrum of the sphenoid, inferiorly with the
nasal crest formed by the maxillae and palatine bones and anteriorly with
the perpendicular plate of the ethmoid and the quadrilateral cartilage. The
posterior edge of the vomer forms the posterior free edge of the septum.
Deflections can occur at any of these articulations.

The lateral wall is divided up by a number of baffles, or turbinates, which
are the remnants of more complicated structures in lower mammals, in whom
they increase surface area for olfaction and air conditioning (Figure 1). The
wall adjacent to the turbinates is termed a meatus. Thus the inferior meatus
is that part of the lateral wall of the nose lateral to the inferior turbinate. It
is the largest meatus, extending almost the entire length of the nasal cavity.
The meatus is highest at the junction of the anterior and middle third with
the nasolacrimal duct opening just anterior to this highest point.

The inferior turbinate is a separate bone with an irregular surface, per-
forated and grooved by vascular channels to which the mucoperiosteum is
firmly attached (Figure 2). The bone articulates with the inferior margin of
the maxillary hiatus and with the ethmoid, palatine and lacrimal bones,
completing the medial wall of the nasolacrimal duct. The turbinate posses-
ses an impressive submucosal cavernous plexus with large sinusoids
under autonomic control which provides the major contribution to nasal
resistance.

The middle meatus is that portion of the lateral nasal wall lying lateral to
the middle turbinate. It receives drainage from the frontal, maxillary and
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Figure 1. Photograph of sagittal section showing lateral wall of nasal cavity, with three main
turbinates (I: inferior, M: middle and S: superior) and sphenoid sinus cavity posteriorly.

Figure 2. Photograph of inferior turbinate bone, showing maxillary process (MP) which arti-
culates with maxillary hiatus and irregularities in the bone due to vascular structures.
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Figure 3. Diagram of coronal view of anterior middle meatus showing relationship of maxil-
lary, anterior ethmoid and frontal sinuses draining into the ostiomeatal complex. ST: superior
turbinate; MT: middle turbinate; MA: maxillary sinus (antrum); NO: natural ostium of maxil-
lary sinus; UP: uncinate process; BE: bulla ethmoidalis (anterior ethmoid cell); FR: frontal
recess.

anterior ethmoidal sinuses (Figure 3). The configuration of the structures
of the middle meatus are complex and variable. If the topographical ana-
tomy is considered in the sagittal plane, a number of structures are appa-
rent covered by the middle turbinate (Figure 4). In a disarticulated skull,
the maxillary bone has a large opening in its medial wall, the maxillary hia-
tus. In the articulated skull this is filled in by the inferior turbinate bone
(inferiorly), the perpendicular plate of the palatine bone (posteriorly), a
tiny portion of the lacrimal bone (anterosuperiorly), the uncinate process
anteriorly and the bulla of the ethmoid (superiorly). The uncinate process
is a crescent-shaped bone of variable size, and the bulla is a bony bulge
made by one or more of the anterior ethmoidal sinuses.

A portion of the maxillary hiatus is nevertheless left open by these
osseous attachments which in life is filled by the mucous membrane of the
middle meatus and the maxillary sinus and the intervening connective tis-
sue forming the membranous portion of the lateral wall. This membranous
area can be defined as lying anterior or posterior to the uncinate process,
constituting the anterior and posterior fontanelles respectively. These may
break down in acute maxillary sinusitis to form extra or accessory ostia.

Between the posterior edge of the uncinate process and the anterior sur-
face of the ethmoidal bulla lies the hiatus semilunaris, a two-dimensional
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Figure 4. Diagram showing lateral wall of nasal cavity after removal of turbinates. a: position
of inferior turbinate; b: position of middle turbinate; c: uncinate process; d: bulla ethmoidalis;
e: posterior fontanelle; f: anterior fontanelle; g: hiatus semilunaris.

space leading into the ethmoidal infundibulum. This funnel connects the
middle meatus with the natural ostium of the maxillary sinus, which there-
fore cannot usually be seen until the uncinate process has been removed.

The opening into the frontal sinus is found in the most anterosuperior
portion of the middle meatus. The term “frontonasal duct” has been gene-
rally abandoned in favour of “frontal recess”, as no true duct exists either
histologically or topographically in the majority of cases. The natural
ostium of the frontal sinus is somewhat variable in its configuration but
most frequently is an hourglass narrowing opening directly into the recess.
Rarely, a longer narrowed region is found.

There is a considerable range of anatomic variation in this area, which
has been implicated in the development of sinus infection [2]. This includes
pneumatisation of the middle turbinate, enlargement of the ethmoidal
bulla, a paradoxically bent middle turbinate, everted uncinate process, the
presence of Haller cells (anterior ethmoidal cell which pneumatise the floor
of the orbit), Onodi cells (posterior ethmoidal cells which pneumatise late-
ral to the sphenoid sinus) or a septal deflection. The incidence with which
these occur in a “normal” population may appear to be less frequent than
in those individuals with chronic rhinosinusitis, but on closer inspection it
is clear that it is narrowing of the ostiomeatal complex (see p 17) rather
than the existence of the variant which is the important factor [3].
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The superior meatus is again defined by its relationship to the superior
turbinate. The posterior ethmoidal cells open into this region. A supreme
turbinate is discernible above the superior meatus in 60—67 % of subjects
[4, 5]. The sphenoethmoidal recess lies medial to the superior turbinate and
is the location of the ostium of the spenoid sinus.

2.2. Histology

The mucous membrane of the nasal cavity is predominantly respiratory
with a small area of olfactory epithelium onto the cribriform plate and
spreading down over a variable area of septum and lateral wall. Areas of
squamous metaplasia are often found on the lateral wall, particularly in
areas subject to greatest air flow such as the anterior inferior turbinate.
Respiratory epithelium is composed of ciliated and non-ciliated pseudo-
stratified columnar cells, basal pluripotential stem cells and goblet cells
(Figure 5). The columnar cells are 25 pm in height and 7 pm wide, taper-
ing to 2—4 pm at the basement membrane. Each cell bears 300—400 micro-
villi, irrespective of the presence of cilia. These microvilli are fingerlike
cytoplasmic extensions, 2 pm in length and 0.1 pm in diameter. Their

Figure 5. Scanning electronmicrograph of showing ciliated respiratory epithelium with packets
of mucus indicating the position of underlying goblet cells.
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function is to increase surface area and thus prevent drying. Where cilia are
present, there are 50—100 per cell, though the number varies with their
position in the nose and with age. The cilia are composed of the classical
axonema of nine peripheral doublets and two central single microtubules.
Each peripheral pair (A and B) connects to the next doublet and to the
central microtubule with hexin links. The A microtubule bears an outer and
inner dynein arm, composed of Adenosine triphosphatase (ATPase), which
can attach to the B microtubule, leading to axonemal displacement and
cilial beating.

Seromucinous glands are found in the submucosa and are more impor-
tant in mucus production in the nasal cavity than are the goblet cells, which
are more numerous in the sinuses. On the septum the number of goblet cells
increases from anterior to posterior and from superior to inferior [6]. By
contrast, the glands decrease from anterior to posterior and from superior
to inferior and also decrease with age. The neonatal septum is 450 mm? in
area, with 17—18 glands/mm?, compared with the adult septum of 1700
mm? and 8.5 glands/mm?.

The olfactory epithelium is composed of receptor cells, supporting cells
with microvilli and basal stem cells conferring on olfactory epithelium the
capacity for regeneration. Each receptor cell has approximately 17 cilia,
but these differ from their respiratory counterparts in their radial arrange-
ment, greater length and poorly developed ultrastructure. Dynein arms are
not present, preventing linking between the microtubules and conventional
beating. The sensory endings have a characteristic knoblike vesicular struc-
ture from which olfactory fibres join the axonal bundle. There is a sharp
transition zone between the olfactory and respiratory epithelium, though
the relative area of each varies with age and reflects the decrease in olfac-
tory acuity. Secretion for the olfactory epithelium is provided by Bowman’s
glands.

2.3. Blood Supply

The external and internal carotid arteries are responsible for the rich blood
supply to the nose. The sphenopalatine artery (branch of the maxillary
artery and thus external carotid) supplies the posteroinferior septum. The
greater palatine artery (also a branch of the maxillary) supplies the antero-
inferior portion. The superior labial branch of the facial artery contributes
anteriorly, in particular to Kiesselbach's plexus, composed of unusually
long capillary loops, situated in Little’s area on the anterior septum and a
common source of epistaxis. The internal carotid supplies the septum
superiorly via the anterior and posterior ethmoidal arteries and also contri-
butes to Kiesselbach’s plexus.

The external and internal carotid arteries also supply the lateral wall. The
sphenopalatine artery brings the majority of the supply to the turbinates
and meatuses. It enters through the sphenopalatine foramen, which lies just
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inferior to the horizontal attachment of the middle turbinate and may be
damaged in excessive enlargement of a middle meatal antrostomy. Its
branches to the respective turbinates and meatuses enter posteriorly. On the
conchae the vessels are partially embedded in deep grooves. In the inferior
meatus the sphenopalatine branch dips below the level of the palate to re-
emerge anteriorly, leaving the central portion of the meatus relatively
avascular [7]. An area anteriorly is supplied by a branch from the facial
artery, and part of the lateral wall adjacent to the palate receives blood from
the greater palatine artery. The internal carotid contribution is via the
ethmoidal arteries which supply the superior lateral wall. There is con-
siderable overlap between the internal and external carotid systems on each
side and between the right and left sides, which may complicate attempts at
arterial ligation in the management of epistaxis [8].

A sinusoid system is found in the nasal submucosa which is under auto-
nomic control and which has been well described in relation to the turbi-
nates but is also present on the septum adjacent to the inferior turbinate and
on the most anterior septum. This anterior septal tubercle or intumescence
was first described by Morgagni [9] and may be related to control of air-
flow into the olfactory cleft. A similar structure is seen on the posterior
septum in two-thirds of individuals. The cavernous plexuses are most pro-
minent in the lamina propria of the inferior and middle turbinates. The
veins of the plexus are between 0.1 and 0.5 mm wide and anastomose with
each other. In addition, numerous arteriovenous anastomoses are found in
the deep mucosa and around the glands [10].

The cavernous venous system of the nasal cavity drains via the spheno-
palatine vessels into the pterygoid plexus posteriorly and into the facial and
ophthalmic veins anteriorly. Superiorly the ethmoidal veins communicate
with the superior ophthalmic system, and there may be direct intracranial
connections through the foramen caecum into the superior sagittal sinus.

2.4. Nerve Supply

The maxillary division of the trigeminal nerve provides the sensory supp-
ly to the majority of the nasal septum. The nasopalatine nerve supplies the
bulk of the bony septum, entering the nasal cavity via the sphenopalatine
foramen. The anterosuperior part of the septum is supplied by the anterior
ethmoidal branch of the nasociliary nerve, and a smaller anteroinferior por-
tion receives a branch from the anterior superior alveolar nerve. The postero-
inferior septum also receives a small supply from the nerve to the pterygoid
canal and a posterior inferior nasal branch of the anterior palatine nerve.
The sensory nerves are accompanied by postganglionic sympathetic fibres
to blood vessels, and postganglionic parasympathetic secretomotor fibres
pass to glands with the branches from the pterygopalatine ganglion.

The olfactory epithelium covers the inferior surface of the cribriform
plate spreading down to cover a variable area on the upper septum and adja-
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cent lateral wall, over the medial surface of the superior concha. The area
is encroached upon by respiratory epithelium with increasing age, though
in an adult covers an area of approximately 2—5 cm?. The nerve fibres
arising from the olfactory receptors are slim (0.2 jum in diameter) and non-
myelinated. They join up into approximately 20 bundles which traverse the
cribriform plate to reach the olfactory bulbs. Each bundle carries a tubular
sheath of dura and pia-arachnoid, which may be sheared in head injuries,
destroying olfaction and potentially producing cerebrospinal fluid leakage.
The fibres synapse in the glomeruli of the olfactory bulbs, which in turn
connect with the olfactory tract. The olfactory tract passes on the inferior
surface of the frontal lobe to the olfactory trigone from which diverging
bundles, the medial and lateral olfactory striae, connect with the hypo-
thalamus, amygdala and hippocampus. These complex connections link
smell with taste, feeding and reproductive behaviour.

Apart from the olfactory supply on the superior concha, the lateral wall
receives ordinary sensation from the anterior ethmoidal nerve antero-
superiorly and from branches of the pterygopalatine ganglion and anterior
palatine nerves posteriorly. There is a small area of infraorbital supply
anteriorly and an area of overlap between the ethmoidal and maxillary
nerves. The anterior superior alveolar nerve sends a small branch to the
anterior inferior meatus, which may be damaged in inferior meatal surgery,
affecting dental sensation [11, 12].

2.5. Lymphatic Drainage

The septum and lateral nasal wall drain with the external nose to the sub-
mandibular nodes anteriorly and to the lateral pharyngeal, retropharyngeal
and upper deep cervical nodes posteriorly.

3. The Paranasal Sinuses
3.1. The Ethmoid Bone and Sinuses

This complex bone is composed of five parts: two ethmoidal labyrinths
suspended on either side of a perpendicular plate which forms the upper
portion of the bony nasal septum, with an intervening cribriform plate and
a superior midline extension, the crista galli. The bone is roughly cruciate
in form. All components of the bone are subject to individual variation. The
perpendicular plate is quadrilateral in shape and articulates anteriorly with
the nasal spine of the frontal bone and nasal bones and posteriorly with the
sphenoid and vomer. The cribriform plate divides the nasal cavity from the
anterior cranial cavity. The fenestrations in the plate give the area its name,
which the olfactory filaments, ethmoidal vessels and nerves and dural pro-
longations traverse. The roof of the ethmoidal labyrinths is predominantly
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Figure 6. Coronal computerised tomography (CT) scan showing anterior vertical attachment of
middle turbinate to skull base.

completed by the frontal bone. The point at which the frontal and ethmoid
bones meet is at a variable height above the cribriform niche (1—17 mm)
[13], and the ethmoid roof themselves are often asymmetric with the right
more often lower than the left [14].

The middle turbinate is crucial to understanding the anatomy of the
ethmoid complex by virtue of its three main attachments. The anterior third
attaches vertically to the skull base at the lateral border of the cribriform
niche with the frontal bone as it forms the roof of the ethmoids (Figure 6).
The posterior third attaches horizontally to the lamina papyracea and
medial wall of the maxilla (Figure 7). Between these two portions of the
turbinate, there is an obliquely disposed plate of bone, the basal lamella
of the middle turbinate, attaching laterally to the lamina papyracea. The
basal lamella divides the ethmoidal labyrinth into an anterior and posterior
group of cells, and thus there are no true middle ethmoidal cells.

The ethmoidal labyrinth is a collection of cells and clefts. The lateral
walls constitute the orbital plates or lamina papyracea (Figure 8). The
lamina is extremely thin and may be dehiscent, particularly in the very
young or old. The anterior cells are generally smaller and more numerous
(2—38) than the posterior group (1 —5), which are closed off posteromedially



Figure 7. Coronal CT scan showing posterior lateral attachment of middle turbinate to the
maxilla.

Figure 8. Axial CT scan showing the ethmoid labyrinths separated from the orbits by the
lamina papyracea.
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Figure 9. Photograph of disarticulated ethmoid bone showing view into large posterior
ethmoid cells, closed in life by the sphenoid bone.

by the sphenoid bone (Figure 9). The ethmoid sinuses thus have an intimate
relationship with the orbit, and the optic nerve may be particularly vulner-
able in the posterior cells.

3.2. The Maxillary Sinus

The maxilla is the second largest facial bone, forming the majority of the
roof of the mouth, the lateral wall and floor of the nasal cavity and the floor
of the orbit (Figure 10). The body is usually described as a quadrilateral
pyramid, and contains the maxillary sinus. The roof of the maxillary sinus
forms most of the orbital floor. It is traversed by the infraorbital canal,
which may be dehiscent. Inferiorly the floor of the sinus is generally
thicker, but can be encroached upon by the roots of teeth — for instance the
second premolar and three molar teeth. The medial wall contains a large
defect, the maxillary hiatus, which is completed in life by a number of
bones and mucous membrane leaving only the natural maxillary ostium
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Figure 10. Coronal CT scan showing relationship of maxillary sinus to orbit and dentition.

which is localised at the base of the ethmoidal infundibulum. The maxil-
lary sinuses are relatively symmetrical and only rarely absent.

3.3. The Frontal Sinuses

The frontal bone forms the forehead, the orbital roof and the roof of the
ethmoidal sinuses. The frontal sinuses are unique in shape and size to each
individual and are absent in 1% of the British population. When present,
the sinus is usually “L” shaped, composed of a horizontal and a vertical
compartment, but in addition diverticula, supernumerary sinuses and
incomplete septa are frequently encountered. An intersinus septum is
usually present, but this may be paramedian and is partially dehiscent in
9%. The sinus drains into the frontal recess though accessory channels
which are found in 10% of the population [15], and there may be accessory
connections of the ethmoidal system.

3.4. The Sphenoid Sinuses

The sphenoid bone is the largest in the skull base, dividing the anterior and
middle cranial fossa. It is composed of a body (pneumatised to a variable
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Figure 11. Photograph of lateral wall of nasal cavity after removal of inferior, middle and
superior turbinates, showing opened ethmoid labyrinth and relationship to sphenoid sinus
posteriorly. A large accessory maxillary ostium is seen in the posterior fontanelle. be: bulla
ethmoidalis; s: sphenoid sinus; m: maxillary sinus through accessory ostium.

degree), two wings (greater and lesser) and two inferior plates (lateral and
medial pterygoid plates). The lateral surface of the body is grooved by the
carotid artery on each side as it traverses the cavernous sinus. Halfway up
on either side of the face lie the ostia of the sinuses. These are large on a
macerated skull (5—8 mm in diameter) but are substantially closed by
mucous membrane in life. The sinuses open into the sphenoethmoidal
recess (Figure 11). The sinus cavities are also variable in size an shape, and
pneumatisation can be very extensive. By contrast, the sinus may be com-
pletely absent in 1% of the population [16]. Although the most posterior
ethmoidal cell is closed by the sphenoidal concha, the sphenoid sinus
may only be entered safely through the most inferior and medial portion of
the posterior ethmoidal cell. Alternatively, it may be readily approached
directly via its natural ostium in the sphenoethmoidal recess.

The optic nerve and internal carotid artery produce prominences of vari-
able size in the lateral and posterior walls of the sinus, with an intervening
cleft which can be deep. The bone overlying these structures can be ex-
tremely thin or dehiscent (internal carotid: 25%; optic nerve: 6% of the
normal population).
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3.5. Histology

All the paranasal sinuses are lined by thin ciliated columnar respiratory
epithelium. The density of goblet cells is highest in the maxillary sinus,
with a mean of 9700/mm?. The respiratory epithelium of the ethmoid, sphe-
noid and frontal sinuses has a relatively smaller number of goblet cells
(6500, 6200 and 5900/mm? respectively) [6]. Tubuloalveolar seromucinous
glands are found throughout the mucosa, being more numerous in the eth-
moids, least numerous in the sphenoid and concentrated in the maxillary
sinus around the ostium,

3.6. Blood, Nerves and Lymphatic Drainage

The vascular supply of the ethmoid labyrinth is derived from the spheno-
palatine and ethmoidal (anterior and posterior) arteries and drains by
corresponding veins. The ethmoid sinuses are innervated by the anterior
and posterior ethmoidal nerves and orbital branches of pterygopalatine
ganglion. Lymphatic drainage of all the sinuses is relatively poor. From the
ethmoids drainage is to the submandibular nodes anteriorly and retro-
pharyngeal nodes posteriorly.

Small branches of the facial, maxillary, infraorbital and greater palatine
arteries and veins supply the maxilla. Venous drainage is to the anterior
facial vein and pterygoid plexus. The maxillary division of the trigeminal
nerve supplies sensation via the infraorbital, superior alveolar (anterior,
middle and posterior) and greater palatine nerves. Near the midpoint of the
infraorbital canal, a small branch, the anterior superior alveolar nerve ari-
ses, passes in its own canal anterior to the inferior turbinate and reaches the
nasal septum in front of the incisive foramen. It supplies the anterior wall
of the maxillary sinus, the pulps of the canines and incisors, the anteroin-
ferior quadrant of the lateral nasal wall, the floor of the nose and a small
portion of the anterior nasal septum.

The posterior superior alveolar nerves arise from the maxillary nerve in
the pterygopalatine fossa and enter the maxilla through the posterior wall
to supply the adjacent mucosa and molar teeth. The middle superior alveo-
lar nerve, when present, arises from the infraorbital nerve in its canal and
supplies the lateral wall of the sinus and upper premolar teeth. The posteri-
or medial wall of the sinus is supplied by the greater palatine nerve and the
roof by perforating branches from the infraorbital nerve. Lymphatic drai-
nage is predominantly into the pterygopalatine fossa and to the submandi-
bular nodes.

The supraorbital and anterior ethmoidal arteries supply the frontal sinu-
ses. Venous drainage includes accompanying veins, diploic veins draining
into the sagittal and sphenoparietal sinuses and an anastomotic vein in the
supraorbital notch connecting the supraorbital and superior ophthalmic
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vessels. The nerve supply derives from the supraorbital nerve, and the lym-
phatic drainage is to the submandibular gland.

The sphenoid sinuses are supplied by the posterior ethmoidal vessels and
nerves, with additional supply from the orbital branches of the pterygo-
palatine ganglion. Lymphatic drainage is again to the retropharyngeal
nodes.

4. Nasal Physiology

The nose, as the principal portal of the respiratory tract, serves an impor-
tant protective function at a macroscopic and microscopic level. The
functions of the paranasal sinuses, however, remain obscure and the subject
of much speculation. Air entering the respiratory tract must be filtered,
warmed and humidified, and noxious agents removed. The other main
function (olfaction) has been ostensibly reduced in humans though the
significance of the most primitive of senses has almost certainly been
underestimated and underinvestigated.

4.1. Air Conditioning

The complex arrangement of turbinates with their vascular sinusoid system
and glandular elements of the mucosa permits air to be humidified and
warmed for optimum delivery to the lower respiratory tract. When air
reaches the nasopharynx, it is normally 31 °C and 95 % saturated. A num-
ber of nasopulmonary reflexes exist which may enhance this activity, and
certainly its importance can be best appreciated in patients deprived of
nasal airflow, as following total laryngectomy.

4.2. Mucociliary Clearance

The respiratory epithelium continuously produces secretions, both from
the seromucinous glands and from the goblet cells, which form a blanket
throughout the nasal cavity and sinuses [17]. The blanket forms two dis-
tinct layers, a liquid sol layer in which the cilia beat, on top of which is a
thicker gel layer into which the “claws” of the cilia can engage, progres-
sively dragging the mucous blanket along with each effective cilial stroke.
The blanket changes in the nasal cavity every 20—30 min, and has an aver-
age speed of 6 mm/min. Under normal circumstances the cilia of the lower
septum and inferior turbinate beat at 12—15 Hz, a frequency which may be
measured photometrically. The direction of flow is posteriorly towards
the nasopharynx and thence to the oropharynx and hypopharynx, where
secretions may be swallowed. This has a most important protective func-
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tion, removing any particulate material which becomes trapped in the
mucus. Thus larger allergens such as grass pollens (30 pm in diameter) are
filtered by the nose and prevented from reaching the lungs but may still
provoke allergic reactions in the nasal cavity.

The mucus produced mainly by the goblet cells in the sinuses is similar-
ly carried to their respective ostia. These patterns are pre-determined and
will vary in a cyclical fashion, with certain parts of a sinus draining better
at some times than others. Thus mucus from the floor of the maxillary sinus
is carried a considerable distance against gravity to the natural ostium,
reflecting the embryological development of the sinus from the region of
the infundibulum (Figure 12). Similarly the frontal sinus, which may be
regarded as embryologically an anterior ethmoidal cell, has fascinating
mucociliary pathways which may even carry mucus back into the sinus
from the frontal sinus (Figure 13). The maxillary, anterior ethmoids and
frontal sinus all drain, as previously stated, into the middle meatus, an area
frequently referred to as the “ostiomeatal complex” in recognition of its
functional importance in the aetiology of sinus infection [18]. Although in
health only 5% of sinonasal secretions come from the sinuses, any obstruc-
tion to outflow in the ostiomeatal complex will inevitably lead to problems
within the dependent sinuses, and much surgery for sinusitis now focuses
on this area, facilitated by the visualisation afforded by rigid endoscopes
and computerised tomography. The importance of anatomic variants in the

Figure 12. Diagram of showing mucociliary clearance from maxillary sinus into infundibulum
and thence through hiatus semilunaris into middle meatus.
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Figure 13. Diagram showing mucociliary clearance within the frontal sinuses.

development of infection will be determined by the degree of obstruction
to outflow which they produce, and it is often a combination of this with
allergy, decreased mucociliary clearance and/or subtle immune deficien-
cies which determines progression from acute to chronic rhinosinusitis.

Nasal secretion is, therefore, a complex mixture from goblet cells, sero-
mucinous glands, lacrimal glands, material transported across the epithelial
surfaces and condensed water whose composition varies in response to
internal and external factors. Glycoproteins, lactoferrin, albumin, lysozymes
and all major immunoglobulins are present. Immunoglobulin (Ig) A forms
up to 50 % of the total protein content and together with IgG may be secret-
ed on a cyclical diurnal basis. The equally complex profile of electrolytes,
cytokines and other mediators such as histamine, 5-hydroxytryptamine,
bradykinin and substance P will be discussed in succeeding chapters.

The main nervous control of nasal secretion is autonomic, with para-
sympathetic stimulation increasing secretion, in particular mediated by the
nerve to the pterygoid canal. Although this system is mainly cholinergic,
the presence of vasoactive intestinal peptide (VIP) amongst others, sug-
gests non-cholinergic mechanisms may also be important. Conversely, in
general terms, sympathetic stimulation reduces secretion from the seromu-
cinous glands, whereas the control of goblet cell secretion remains obscure,
and transudation across membranes may be mainly of significance in
response to inflammation.

4.3. Airflow

In the first few months following birth, nasal breathing is obligatory to
facilitate suckling, and this has important life-threatening consequences
when nasal obstruction occurs, as in bilateral choanal atresia. Nasal breath-
ing remains the optimal route for the majority of adults, who only resort to
an oral or oronasal route under demanding situations (such as exercise),
thus subserving the protective functions of the nose. Normally airflow
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passes through the cavities by the least turbulent routes in quiet inspiration.
Air passes almost vertically up through the anterior nares at a rate of 2—3
m/s. The flow converges to become laminar and horizontal and achieves a
velocity of 12— 18 m/s at the narrowest point, the valve area. Most of the air
continues through the lower two-thirds of the cavity with approximately
10% of inspired air reaching the olfactory area under these circumstances,
but this may double with sniffing. There is, however, considerable tur-
bulence of expiratory air within the nasal cavity, sweeping inspired air out
of the olfactory niche.

Airflow is controlled in a number of ways, with the nose providing up to
60% of total airway resistance in normal respiration. The nasal cavity
should be regarded in three areas when considering resistance to flow: the
vestibule, the valve region and the lateral nasal wall. The vestibule con-
tributes approximately one-third of resistance and acts as the flow-limiting
segment on inspiration. It is normally stented by the alar cartilages, though
it will collapse to a greater or lesser extent if flow exceeds 30 1/min.

The valve region is generally regarded as being located at the anterior
end of the inferior turbinate just within the first few millimetres of the bony
pyriform aperture [19]. However, evidence from acoustic rhinometry stu-
dies suggests that its position may alter slightly with decongestion [20].
Here changes in the size of the turbinate generally as a result of engorge-
ment of the sinusoid system will produce the greatest effects on airflow.
Posterior to this area, the turbinates contribute relatively little. The auto-
nomic control of the capacitance vessels in the venous erectile tissue lar-
gely relates to stimulation of the sympathetic adrenergic supply, resulting
in vasoconstriction and increased flow. There appears to be a continuous
level of sympathetic tone which when removed, as in cervical sympathec-
tomy, results in an increase in nasal resistance and congestion.

Parasympathetic stimulation largely affects glandular secretion and has
little impact on the erectile tissue. A curious manifestation of this may be
observed in “honeymoon” rhinitis [21]. A number of other physiologic
circumstances will alter nasal resistance.

The existence of a nasal cycle of spontaneous reciprocating congestion
and decongestion has been known since the end of the nineteenth century.
It is found in at least 80 % of adults, and although it is not known at what age
it begins, it has been found in children as young as 3 years old. It largely
goes unnoticed, as the total resistance remains unchanged, and a number
of patterns are recognised. The duration of the cycle varies from 2—7 h
(usually 3—4 h) and is found throughout the day. The effect of posture is
interesting in that the cycle can be overridden by lying down on one side
when the dependent side becomes the more congested. This reflex is in re-
sponse to pressure on the side of the body and can also be provoked when
standing upright. The most sensitive areas to pressure are the axilla and the
lateral chest wall, but it is hard to see what protective function such a reflex
affords [22]. The fact that the nasal cycle persists, albeit with reduced
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magnitude, after nasal airflow ceases (such as after total laryngectomy)
confirms a central control with local modulation [23].

Nasal airway resistance does alter with age in that it is at a maximum in
infancy, declining to a minimum by adolescence. Little change occurs
thereafter until middle age, attributed to slight atrophy of the tissues,
though there does not appear to be any correlation with age or sex.

Exercise also has an impact on nasal resistance, causing a reduction due
to increased sympathetic tone and vasoconstriction of the erectile tissues.
This occurs, rapidly, though it is generally unnoticed, and the normal situa-
tion is restored within 15—30 min after activity ceases, when a rebound con-
gestion may be noticed. Similarly any situation resulting in an increase in
PCO,, such as rebreathing expired air, leads to vasoconstriction and a fall
in resistance within in a few breaths and vice versa with hyperventilation.

Changes in skin temperature and that of inspired air also lead to altera-
tions in nasal mucosal blood flow as part of the thermoregulatory mecha-
nisms which facilitate heat conservation or loss. Breathing cold air causes
nasal congestion and an increase in nasal resistance. In contrast, the appli-
cation of a cold stimulus to the skin causes nasal vasoconstriction but no
change in resistance to airflow, as no change in the venous erectile tissue
occurs. More intense thermal, chemical or physical stimulation produces
sneezing in addition to congestion and secretion. This reflex is mediated
via the trigeminal nerve, the respiratory muscles and the autonomic ner-
vous system. In its most exaggerated form, such as falling into extremely
cold water, closure of the laryngeal sphincter and apnoea can occur.

Emotional disturbance may influence the nasal airway. Stress increases
sympathetic stimulation, decreasing resistance in anticipation of “flight”.
In contrast, the subjective sensation of airflow can be altered by certain
chemicals such as menthol, which can stimulate thermal receptors in nasal
mucosa, making the airway feel clearer even though no real change in
resistance has occurred [24].

4.4. Olfaction

The gradual devolution of our olfactory acuity in comparison with other
mammals should not obscure its importance. The surface area of olfactory
epithelium is relatively small in humans, and only the vestiges of ancillary
olfactory structures such as the vomeronasal organ remain [25]. However,
olfaction continues to have a primary role in the regulation of food intake
and reproductive behaviour and has an important protective function in the
detection of noxious and toxic substances. A complex interaction exists
between the olfactory system and other cranial nerves (V, VII, IX, X). Of
these, the trigeminal response may contribute up to 30% of odour per-
ception in some situations, and it is trigeminal irritation which is largely
responsible for detection of ammonia.
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Many theories exist about the nature of olfactory detection, transduction
and recognition. Recent studies suggest that odour molecules are carried to
receptors on the cilia of olfactory neurones by a binding globulin found in
nasal mucus. The cilial receptors are glycoproteins which may have the
capacity to selectively bind to different odour molecules. The binding
activates a stimulatory GTP-binding protein, which activates adenyl
cyclase and provokes a cascade of events resulting in ion conductance
changes in the cell membrane and depolarisation.

It seems that olfactory cells are broadly “tuned”, so that whilst each
neurone may respond to many odours, no two neurones are identical.
Odour recognition thus depends upon unique combinations of neuronal
response. Thence, electrical stimulation passes along the primary olfactory
neurone, through the cribriform plate to synapse in the olfactory bulbs.
Second-order neurones form the lateral olfactory tracts which project to the
olfactory cortex in the temporal lobe. However, a plethora of other connec-
tions exist with the hypothalamus, amygdala and hippocampus that are res-
ponsible for the complex interactions of smell, taste, feeding behaviour,
reproduction and memory.

References

1. Lang J. Clinical Anatomy of the nose, nasal cavity and paranasal sinuses. Stuttgart: Georg
Thieme Verlag, 1989.

2. Zinreich SJ, Kennedy DW, Gayler BW. CT of nasal cavity, paranasal sinuses: an evaluation
of anatomy in endoscopic sinus surgery. Clear Images 1988; 2: 2—-10.

3. Lloyd GAS, Lund VJ, Scadding GK. Computerised tomography in the pre-operative
evaluation of functional endoscopic sinus surgery. J Laryngol Otol 1991; 105: 181—185.

4. Schaeffer JP. The nose, paranasal sinuses, Nasolacrimal passageways and olfactory organ

in man. Philadelphia: Blakiston, 1920.

. Van Alyea OE. Ethmoid labyrinth. Archiv Otolaryngol 1939; 29: 881-902.

6. Tos M, Morgensen C. Mucus production in the nasal sinuses. Acta Otolaryngol 86: (suppl
360) 1979; 131-134.

7. Lund VJ. Inferior meatal antrostomy: fundamental considerations of design and function.
J Laryngol Otol 102: (suppl 15) 1988: 1-18.

8. Shaheen OH. Epistaxis. In: Mackay IS, Bull TR, editors. Scott-Brown’s otolaryngology, 5%
ed, vol 4. London: Butterworths, 1987: 272—282.

9. Zuckerkandl E. Normale and pathologische Anatomie der Nasenhohle und interpneumati-
schen Anhage. Leipzig: W. Braumuller, 1893.

10. Cauna N. The fine structure of the arteriovenous anastomosis and its nerve supply in the
human nasal respiratory mucosa. Anat Rec 1970; 168: 9-22.

11. Wood Jones F. The anterior superior alveolar nerve and vessels. J Anatomy 1939; 73:
583-591.

12. Heasman P. Clinical anatomy of the superior alveolar nerves. Br J Oral Maxillo-facial Surg
1984; 6: 439—447.

13. Kainz J, Stammberger H. The roof of the anterior ethmoid: a place of least resistance in the
skull base. Am J Rhinol 1989; 4: 191-99.

14. Dessi P, Moulin G, Triglia JM, Zanaret M, Cannoni M. Difference in the height of the
right and left ethmoid roofs: a possible risk factor for ethmoid surgery. J Laryngol Otol
1995; 108: 261-262.

15. Lund VJ. Anatomical considerations in the aetiology of fronto-ethmoidal mucocoeles. Rhi-
nology 1987; 25: 83-88.

W



22

16.

17.
18.
19.
20.

21.
. Burrows A, Eccles R. Reciprocal changes in nasal resistance to airflow caused by pressure

23.

24.

25.

V.J. Lund

Grunwald L. Anatomie und Entwicklungsgeschichte. In: Denker H, Kahler O. Handbuch
der Hals-Nasen-Ohrenheilkunde. Band 1; Die Krankheiten der Luftwege und Mundhohle.
Berlin: Springer, 1925.

Proetz AW. Essays on the applied physiology of the nose, 2™ ed. St. Louis: Annals Publish-
ing, 1953.

Stammberger H. Functional endoscopic sinus surgery: the Messerklinger technique. Phila-
delphia: BC Dekker, 1991.

Haight JSJ, Cole P. The site and function of the nasal valve. Laryngoscope 1983; 93:
49-55.

Lenders H, Pirsig W. Diagnostic value of acoustic rhinometry: patients with allergic and
vasomotor rhinitis compared with normal controls. Rhinology 1990; 28: 5-16.

Watson Williams E. Endocrines and the nose. J Laryngol Otol 1952; 66: 29-35.

applied to the axilla. Acta Otolaryngol 1985; 99: 154-59.

Fisher E, Lund VJ, Ming L. The nasal cycle after deprivation of airflow: a study of laryn-
gectomy patients using acoustic rhinometry. Acta Otolaryngol 1994; 114: 443-446.
Eccles R. Neurological and pharmacological considerations. In: Proctor DF, Andersen 1,
editions. The nose: upper airway physiology and the atmospheric environment. Amsterdam:
Elsevier Biomedical, 1982: 191-214.

Johnson A, Josephson R, Hawke M. Clinical and histological evidence for the presence of
the vomeronasal organ in adult humans. J Otolaryngol 1985; 14: 71-79.



Rhinitis: Immunopathology

and Pharmacotherapy

ed. by D. Raeburn and M.A. Giembycz

© 1997 Birkhauser Verlag Basel/Switzerland

CHAPTER 2
Pathophysiology of the Nose in Rhinitis

John Widdicombe
Department of Physiology, St. George s Hospital Medical School, London, UK

1 Introduction
2 Pathophysiological Mechanisms
2.1  Vasculature
2.2 Secretion
2.3 Reflexes
2.4 Neurogenic Inflammation
2.5 Hyperresponsiveness
3 Pathological Conditions
3.1 Infectious Rhinitis
3.2 Seasonal Allergic Rhinitis
3.2.1 Migratory Cells
3.3 Perennial Allergic Rhinitis
3.4 Nonallergic Noninfectious Rhinitis
4 Conclusion
References

1. Introduction

The nose has structural and functional features that make its response to
disease unique in the body. It is the only thoroughfare air-filled tube sur-
rounded by bone and cartilage, so that any changes in mucosal thickness
will be reflected in luminal calibre. The tracheobronchial tree, similar in
many respects, can expand and contract in response to changes in surround-
ing tissue compliance, or to smooth muscle contraction. For the nose, the
surrounding tissue has zero compliance, and there is no smooth muscle,
apart from that in blood vessels, which can change airway calibre. The
closest analogy to the nose is the eustachian tube, but here the lumen is
essentially a cul-de-sac, unlike the nose. The upper airway sinuses are also
cul-de-sacs, with rigid bony surrounds to a vascular and glandular mucosa.

The nose has features in common with many other air-containing tubes.
It has a copious system of submucosal seromucous glands [1, 2], and a vas-
cular bed which can determine liquid extravasation into the interstitium and
exudation into the lumen [3, 4]. However, the nasal mucosa additionally
has a conspicuous system of capacitance vessels which can distend with
blood and block the nose or constrict down and open the nasal air passages
[5, 6]. The nose also has unusual secretory structures such as the anterolater-
al submucosal glands that secrete a watery fluid into the front of a nose [7]
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and Bowman’s glands at the back of the nose that have an unknown secre-
tory function, probably in relation to smell. Some species have a specialis-
ed structure (the vomeronasal gland) at the front of the nose which, at least
in rats, is associated with sexual awareness [8]. It is vestigial in humans.

The classification of rhinitis is controversial [9—11]. Some categories
are straightforward, such as infectious rhinitis, which is caused either by
viruses or by bacteria, with a few additional other specific forms of infec-
tion. Allergic rhinitis is also fairly easy to define and to diagnose based on
the response to specific allergens, and may be either seasonal or perennial.
Nonallergic types of rhinitis, however are more difficult to classify. Apart
from infectious rhinitis, a large residuum of types of rhinitis remains, much
of which is usually thought to be “vasomotor rhinitis”, sometimes referred
to as “hyperreactive rhinitis”, as well as number of nasal diseases which
are difficult to classify. Of course, more than one type of rhinitis may
coexist.

Classification is usually based on case history, on the occurrence of nasal
blockage, sneezing and sense of irritation, and a running nose which could
be a combination of glandular secretion and plasma exudation [2, 3]. These
signs and symptoms are common to all the pathological forms of rhinitis
and do not themselves lead to accurate definitions. Investigative tests, such
as tests for reactions to allergens, challenge with drugs and histopathologi-
cal analysis, are seldom done except in some hospital clinics.

In all forms of rhinitis underlying mechanisms lead to certain signs and
symptoms:

® Blockage. This is probably caused mainly by the distension of the vas-
cular capacitance vessels which will thicken the mucosa and block the
airway lumen. The extent to which the thickening of the mucosa is asso-
ciated with oedema is usually not well analysed. A third component of
nasal blockage could be the accumulation of secretions in the lumen, but
this is unlikely to be a major factor in most conditions since the secre-
tions can be cleared by sniffing or by blowing the nose. In theory the
relative contributions of vascular congestion and oedema could be ana-
lysed by appropriate use of drugs, but in practice one would expect most
drugs that act on the vascular bed and cause decongestion also to decrease
tissue oedema, although the time course of latter change might be slower.

® Secretions. Nasal secretions are the combination of outputs from the
copious seromucous glands, secretion from the anterolateral nasal
glands and exudate of plasma-like liquid from the blood vessels and
through the epithelium [1—4]. The relative contributions of these three
factors are difficult to determine in most conditions. Antisecretory drugs
such as atropine, if effective, should point to the role of glandular secre-
tions, since plasma exudate should not be affected. Anti-inflammatory
drugs might be expected to have equal actions on glandular secretions
and on plasma exudate.
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® Nervous influences. The involvement of mucosal nerves, probably main-
ly from C-fibre and Aéd-fibre receptors, is certainly established when
there is either sneezing or the sensation of nasal irritation, which can
only be mediated by sensory nerves [12—14]. However, such symptoms
point to further mechanisms, since activation of these sensory receptors
will cause a local neurogenic inflammation [14—16], with axon reflex
vasodilatation and glandular secretion. There will also be central ner-
vous reflex changes both in breathing and back to the airway mucosa
with further vasodilatation and secretion. The role of sensory neuro-
peptides, such as substance P (SP), neurokinin (NK) A, and calcitonin
gene-related peptide (CGRP), has recently aroused much interest
[14—16].

® Hyperresponsiveness. The hyperresponsiveness of the nose to various
challenges, such as allergens, histamines or chemical irritants, can be
found in all rhinitic conditions and is not diagnostic of any particular one
[17—18]. Which mechanism in the nose is hyperresponsive is usually
harder to define. It could be vascular beds, glandular tissues or the sen-
sory nerves, or some combination of the three.

It can be seen that each of these signs of rhinitis involves several target
tissues, and the pathophysiology of each of these will now be described.

2. Pathophysiological Mechanisms
2.1. Vasculature

Both vascular tone and permeability are changed in rhinitis, especially the
allergic form, and both contribute to mucosal thickening and nasal blockage.

The nasal vasculature has several features that distinguish it from muco-
sal circulations elsewhere (Figure 1). The rich subepithelial capillary net-
work consists of fenestrated vessels, with the fenestrations pointing
towards the epithelium and lumen [6, 19]. Presumably these fenestrations
are related to water loss into the airways in association with air condition-
ing and temperature control. No particular role for them in rhinitis has been
described. Deeper in the mucosa the nose has a copious system of capaci-
tance vessels, also called blood sinuses [5, 6, 20]. The distension and
collapse of this system is probably the main cause of nasal blockage and its
reverse. The control of the sinuses, however, is little unterstood. One con-
cept is that they are filled by blood flowing through arteriovenous ana-
stomoses (AVAs), the dilation of which would cause nasal congestion
(Figure 1) [21], but there is some evidence against this [5, 6]. The sinuses
have thick muscular walls, and probably the main mechanism determining
their distension is contraction or relaxation of this muscle. There may
also be venous sphincters at the points of emptying of the sinuses, and
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Figure 1. Schematic representation of human nasal mucosa. Arterial vessels carry blood to
AVAs, which regulate blood flow into venous sinusoids, and a superficial plexus of periglan-
dular and subepithelial fenestrated capillaries. Sensory, parasympathetic and sympathetic
neurons innervate the vessels and glands, while sensory neurons also innervate the epithelium.
Sensory neurons have neurosecretory varicosities, which release tachykinins, CGRP and other
peptides during the axonal response. Reprinted with permission from [49].

constrictions of these could distend the vascular bed [21]. Whatever the
mechanisms of sinus control, the control can be functionally distinguished
from that of the main resistance vessels of the nose [22].

In rhinitis several processes will change vascular congestion and per-
meability. The vessels are under nervous control, dominantly sympathetic
and “vasoconstrictor” but with a parasympathetic dilator component
(Figure 1) [5, 23, 24]. Nasal reflexes set up in rhinitis can cause a reflex
vascular congestion due at least in part due to a cholinergic dilatation [25].
The role of sensory nerves in neurogenic inflammation will be mentioned
later.

However, the dominant mechanism controlling vascular tone and volu-
me rhinitis is probably the release of mediators [5, 24]. The list of active
agents is long and includes histamine, 5-hydroxytryptamine (5-HT), pro-
staglandins (PG) D, and E, neuropeptides such as vasoactive intestinal
polypeptide (VIP), SP and CGRP, and bradykinin. All these agents cause
arteriolar dilatation and all (except CGRP) increase postcapillary venular
permeability. Vasoconstrictor mediators are less common, but may include
leukotrienes and possibly platelet activating factor (PAF) [26]. The actions
of some of these mediators are shown in Figure 2. Full descriptions of their
actions can be read elsewhere [5, 6, 24, 25, 27].
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Figure 2. Effects of mediators on the microcirculation. Vasodilation and vasoconstriction pro-
minently affect the arterioles and precapillary sphincters, which together constitute the re-
sistance vessels within the mucosa. Changes in vascular permeability and leukocyte adherence
and migration occur largely in the postcapillary venules. Some agents, such as PAF, induce
increased vascular permeability by a mechanism that depends at least partly on neutrophil adhe-
sion and release of secondary mediators. Vasodilation induced by some compounds such as
histamine, bradykinin and serotonin results, at least in part, from receptor-mediated release of
endothelial-derived relaxing factor (EDRF) and PGI, from endothelial cells. Not shown are
effects on the venous sinusoids, the capacitance vessels of the nasal mucosa, which undergo
vasodilation and constriction in response to mediators as well. This illustration also does not
include indirect effects of neural mediators on the microvasculature, e.g. vasoconstriction and
increased vascular permeability produced by antidromic release of tachykinins. Reprinted with
permission from [24].

The increase in postcapillary venular permeability is important in rhini-
tis because it leads both to mucosal oedema and thickening and also to an
exudate of plasma-like liquid into the airway lumen (Figure 3) [3, 4]. The
increased permeability occurs because of the opening of gaps between the
endothelial cells in the vessels. The increase in interstitial liquid pressure
would in turn open gaps between the epithelial cells, allowing liquid to
enter the lumen. This liquid is rich in plasma proteins of all molecular
weights, as well as various plasma-derived mediators. It could contribute
an important defensive mechanism by lining the epithelium with liquid
containing protective agents [3, 4].
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Figure 3. Scheme illustrating the concept of inflammatory stimulus-induced exudation of
plasma macromolecules across the vessel wall and the mucosal barrier. Note that the luminal
entry of unfiltered exudate can occur across a normal epithelium. Reprinted with permission
from [3].

The relative importance of different mediators in causing vascular con-
gestion in rhinitis is not very clear. Antihistamines tend to be ineffective on
nasal congestion, as are drugs acting on the production of prostaglandins
[27]. The most effective vascular-acting agents are the ay-adrenoceptor
agonists [28], which bypass the inflammatory systems and act directly on
the vascular smooth muscle, causing it to contract. '

2.2. Secretion

Most of the nasal secretions in rhinitis come from submucosal seromucous
glands [1, 2, 29], although added to their secretion will be that of epitheli-
al cells and possibly exudate of plasma-like liquid from the submucosal
interstitium (Figure 4) [3, 4].

The submucosal glands have a predominantly cholinergic innervation,
which is secretomotor and blocked by atropinic drugs [29]. The effective-
ness of these drugs in limiting the secretions in rhinitis is partial, however,
suggesting that other agents are at work. The cholinergic cotransmitter VIP
also causes glandular secretion, as do some of the adrenergic transmitters
such as noradrenaline and possibly neuropeptide Y [30, 31].

A large number of inflammatory and immunological mediators can
stimulate secretion, and few seem to inhibit it [1, 2, 29, 30]. These media-
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Figure 4. Mechanisms by which control of mucous production in the airways may occur.
Reprinted with permission from [30].

tors include prostaglandins, leukotrienes and their derivatives, PAF, and
probably various enzymes and mediators derived from migratory cells.
Endothelins are also powerful secretor drugs, although their role in rhinitis
is uncertain [30].

The copious supply of submucosal glands in the nose makes the
contribution of epithelial secretory processes from goblet cells and via ion-
transport mechanisms quantitatively far less important. In any event, the
secretory activities of the epithelium have been little studied in the nose,
compared with the tracheobronchial tree. As already indicated, any vascu-
lar extravasation of plasma-like liquid into the submucosa will open gaps
between the epithelial cells with exudation into the lumen. Quantitative
estimations of the volume of such an exudate in the lower airways suggests
that it is small compared with that of glandular secretion [32], but it may be
qualitatively important in view of the chemical constituents brought into
the lumen as part of a defence reaction.
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2.3. Reflexes

Activation of sensory nerves in the nasal mucosa in rhinitis by various
mediators will set up axon reflexes (see later) and central nervous reflexes
(Figure 5) [12—16]. The latter can be demonstrated by causing provocation
on one side of the nasal cavity, for example by histamine, and recording
changes on the other side [14, 25]. These include glandular secretion, which
is largely atropine-sensitive and presumably cholinergic, and vasodilatation
and increase in mucosal thickness; the last is only partially blocked by
atropine and is probably mainly due to VIP [25]. The main involvement of
nasal nerves in rhinitis, however, is probably their role in neurogenic
inflammation.
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Figure 5. Schematic representation of the nose with two turbinates. The ipsilateral turbinate can be
stimulated by (1) factors that act upon nociceptive sensory nerves (2), vessels (3), glands (4), or
epithelial cells (5). Depolarization of the entire sensory neuron (2) leads to the release of neuro-
peptides such as SP, NKA, CGRP and others from neurosecretory vesicles by the axon-response
mechanism, as well as stimulation of the central nervous system. Neuropeptides released by the
axon-response mechanism can act upon vessels (6) to induce vasodilation (SP, CGRP) and vascular
permeability (SP), and may also induce glandular secretion (7) (SP, GRP). In the central nervous
system, specific populations of nociceptive and other sensory nerves produce sensations of pain
and itch, and induce central reflexes such as sneeze (8). One of the most important consequences
of sensory-nerve stimulation is the initiation of bilateral parasympathetic reflexes via the spheno-
palatine ganglion (9). For simplicity, only the contralateral parasympathetic reflex is shown. Post-
ganglionic fibres innervate vessels and release acetylcholine and VIP, which can induce vasodila-
tion (10) and glandular secretion (11). Reprinted with permission from [49].



Pathophysiology of the Nose in Rhinitis 31

2.4. Neurogenic Inflammation

Abundant evidence in experimental animals points to this process being
important in rhinitis [14—16], although it has never been established in
humans either for rhinitis or asthma. It consists of activation of sensory
nerves, probably C-fibre receptors, by various inflammatory mediators or
irritants. The nerves may not only set up central nervous reflexes but, more
important in this context, conduct a spread of impulses along the sensory
receptor terminals with release of neuropeptides to cause local axon reflex
responses (Figure 5). Such responses are abolished if the nerves are caused
to degenerate by large doses of capsaicin, or to be rendered nonfunctional
through local anaesthetics [14].

Apart from inhaled irritants such as cigarette smoke, ammonia or
capsaicin, sensory receptors are stimulated by many local mediators
[12, 14]. These include bradykinin and histamine, and thus in allergen-
induced rhinitis the sensory nerves will be activated, releasing in par-
ticular SP, NKA and CGRP. These act on local blood vessels to cause
dilatation and vascular congestion, including swelling of the capa-
citance vessels or sinuses; SP and NKA will open gaps in the post-
capillary venules to produce extravasation of plasma, oedema and luminal
exudate.

Neurogenic inflammation in the lower airways also includes the secre-
tion of submucosal glands [29] and the action of neuropeptides on the
epithelium itself, which may increase its permeability [15]. These two
processes probably also apply to the nasal mucosa, but this is not yet
established.

The existence of neurogenic inflammation in the nose has been
demonstrated in experimental animals by retrograde stimulation of the
trigeminal nerve, which contains sensory fibres from the nose [14]. The
vascular responses are associated with release of CGRP-like peptide into
the nasal venous blood. The responses can be mimicked by administration
of SP or CGRP, and in humans nasal SP causes vasodilatation, mucus
secretion and autonomic nervous responses [14].

2.5. Hyperresponsiveness

In objective terms nasal hyperresponsiveness is usually determined by the
reduction in threshold dose of a provoking agent on nasal airflow resistance
(Figure 6C), due presumably to local or reflex vascular changes in the
mucosa [17, 18]. However, hyperresponsiveness can also be demonstrated
for the number of sneezes and the volume of secretion from the nose induc-
ed by challenge (Figure 6 A and B) [33—35].

Although hyperresponsiveness is usually nonspecific, the choice of
challenge agents is important when considering mechanisms. Thus hista-
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Figure 6. A: Relationship between the concentration of histamine used for nasal challenge and the
median number of sneezes induced in patients with perennial allergic rhinitis (circles) and in
normal controls (squares). B: Relationship between the concentration of histamine (open symbols)
and methacholine (closed symbols) and the median amount of secretion. *P < 0.05, **P < 0.01 for
patients compared with controls. C: Relationship between the concentrations of histamine (open
symbols) and phentolamine (closed symbols) and the median nasal airway resistance. *P < 0.05 for
patients compared with controls. Reprinted with permission from [17].

mine causes intense itching and some sneezing, which establishes that
it is stimulating sensory nerves (Figures 6 A, 7). The increased nasal dis-
charge and airflow resistance could be due in part to a central nervous
reflex (Figure 7), since they occur on the contralateral side when histamine
is restricted to one side of the nose (Figure 5), but the histamine will also
have a local action that could be hyperresponsive. Methacholine pre-
dominantly causes glandular secretion [17], and the hyperresponsive-
ness to this agent seen in rhinitis is presumably a local effect on the
glands.

Hyperresponsiveness to allergen in allergic rhinitis is definitive and
usually measured as nasal airflow resistance changes. The mediators
involved in this hyperresponsiveness are uncertain, although PAF has been
suggested [36], and eosinophils may play an important part [37]. However,
there seems to be little correlation between the numbers of eosinophils
in the nasal mucosa and the degree of hyperresponsiveness. Epithelial
damage, leading to more ready penetration of active agents and exposure
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Figure 7. A schematic outline of the nasal allergic reaction with some potential sites of changes
that might be responsible for an increase in responsiveness at allergen challenge. (1) A changed
distribution of mediator cells towards a more superficial site. (2) An increased excitability of nerve
endings. (3) An increase in reactivity of the glands. (4, 5) Changes in the barrier function of the
epithelium and endothelium. (6) An increased number of eosinophils. Reprinted with permission
from [17].

of mucosal and epithelial nerves, could play a part in hyperresponsiveness
(Figure 7).

3. Pathological Conditions
3.1. Infectious Rhinitis

This is far and away the most common form of rhinitis, but in terms of
pathophysiological mechanisms it has been studied much less than allergic
and vasomotor rhinitis [38]. Nasal infections, including the common cold,
certainly affect most city dwellers at least once a year; but because the
pathology only lasts for a few days, it has either proved more intransigent
to study or less important, compared with the chronic nasal diseases.
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Infectious rhinitis is most commonly caused by rhinoviruses, but other
agents include coronovirus, influenza virus, respiratory syncytial virus and
adenoviruses [39, 40]. Although the clinical features due to different viral
infections may vary, common features include blockage of the nose, nasal
secretion that may be either thin or thick, and sneezing. Many of the infec-
tions spread down to the pharynx, causing a sore throat, and even to the
lower airways where they cause tracheal and bronchial infections. The viral
infections often lead to secondary bacterial colonisation, when the secre-
tions become purulent, and this may occur at the stage when the infection
is passing down into the lower airways.

Pathologically the mucosa is usually oedematous and pale, and the epi-
thelium may be damaged or destroyed. Measurements of mucociliary
transport show that it is deranged even in conditions where the epithelium
has not been visually damaged or destroyed [38—40].

When there is bacterial infection in the nose, either by itself or
superimposed on viral infection, although the overall pathological picture
is similar to that of viral infection, the mucosa tends to be reddened rather
than pale, and the secretions are thick and purulent rather than watery. With
acute bacterial rhinitis the invading organisms are almost invariably
aerobic; anaerobic bacterial infection of the nose is rare for obvious
reasons. Staphylococcus aureus and Haemophilus influenzae are common
bacterial invaders of the nose.

3.2. Seasonal Allergic Rhinitis

Seasonal allergic rhinitis, sometimes called atopic rhinitis or more com-
monly hay fever, is associated with inflammation due to specific allergens
such as pollen, house-dust mite, dander from animals and products of
various moulds [38, 41]. The last three may not always be seasonal
and therefore may cause perennial allergic rhinitis. Seasonal allergic
rhinitis is by far the most common chronic respiratory disease in humans:
probably up to 20% of humans in the western world have it, and it is
twice as common as asthma and over twice as common as vasomotor
rhinitis.

The allergen first penetrates the nasal epithelium. It is likely that, as for
the lower airways, there are specific areas such as bronchus-associated
lymphoid tissue (BALT) where penetration of the allergen may be facilitat-
ed (see below), but presumably penetration is easier in conditions where
the epithelium has already been damaged, such as established hay fever
[38, 42]. The quantitation of allergen cleared on the one hand by adhesion
to mucous with mucociliary transport and on the other by penetration
through the epithelium does not seem to have been greatly studied, but
could be important. The allergens eventually bind to cells such as mast
cells, although the intermediate process involves other cells that may carry
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the allergen and lead to the production of immunoglobulin (Ig)E. IgE is
bound both to mast cells and to various other migratory cells such as
basophils, monocytes and eosinophils, and to some epithelial fixed cells.
The combination of the IgE on various migratory cells with allergen
leads to the release of a range of bioactive substances such as histamine,
bradykinin, leukotrienes, enzymes and cytokines. These mediators then
set up various pathophysiological responses. These include vasodilatation
and engorgement of capacitance vessels; increased capillary vascular
pressure and opening of interendothelial gaps in postcapillary venules
leading to oedema and plasma exudation into the airway lumen; secretion
by submucosal glands and epithelial goblet cells; and stimulation of
sensory nerves that will cause irritation, sneezing and various reflex
responses.

3.2.1. Migratory cells: There has been exhaustive study of the popu-
lations of migratory cells in various forms of rhinitis ([43] and see
other chapters in this book), and only a brief summary will be given
here. Mast cells have traditionally been regarded as the leading actor
in allergic rhinitis, although it is now increasingly evident that many
other migratory and fixed cells are also involved [38]. The mast cell
membrane IgE reacts with antigen both to release preformed mediators
from intracellular granules and also to cause synthesis of mediators
such as cytokines with their subsequent release. In patients with allergic
rhinitis more mast cells (of the mucosal type) are found in and under the
epithelium; presumably they have migrated from deeper sites (Figure 8)
[44, 45], and are well situated to respond to inhaled allergens. After
challenge with allergen mast cell mediators including bradykinin,
histamine, PG D2 and enzymes such as tryptase can be found in nasal
lavage liquid [44]. These released mediators presumably set up the
pathophysiological changes that follow allergen challenge. The relative
importance of the many types of mediators released from mast cells in
allergic rhinitis has not been established, although histamine seems to be
important. This conclusion is based on the fact that histamine is found
in abundance in nasal washings after challenge with allergen and that
antihistamines can relieve many if not all of the symptoms of allergic
rhinitis [27].

Blood eosinophilia usually occurs in-allergic rhinitis and the eosino-
phils may have different secretory characteristics from those found normal-
ly [46].

In seasonal allergic rhinitis there is an increased number of eosino-
phils in the nasal mucosa and in nasal washings, especially after ex-
posure to allergen [46]. The eosinophil seems to be in activated state,
and different structural types of eosinophils have been identified. In
response to a nasal challenge with an allergen, eosinophils appear in
nasal secretions about 30 min after challenge and are present for up to 48 h
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Figure 8. Relationship between nasal symptom score and abundance and type of mast cells in nasal
scrapings in allergic rhinitis. (] = Formalin-sensitive mast cell; l = formalin-resistant mast cell.
Reprinted with permission from [44].

afterwards. The maximum numbers appear about 10 h after challenge.
The appearance of cosinophils does not seem to be closely related to
hyper-responsiveness or to leakiness of the epithelium indicated by the
presence of albumin in nasal washings [3]. The output of eosinophils
into nasal secretions can be prevented by pretreatment with cortico-
steroids.

Eosinophils release various mediators, mainly from preformed granules.
These mediators include major basic protein, PAF, leukotrienes and
prostaglandins [46]. Presumably these mediators play a major part in the
pathology of allergic inflammation. Recently the importance of cytokines
released from eosinophils has been emphasised [47].

Lymphocytes have been studied far less in the nose than in the
bronchial tree. The equivalent of BALT has been described for the nose,
and termed nasal-associated lymphoid tissue (NALT) [48]. This has been
studied mainly in monkeys and rats and is presumed to have the same
properties as BALT. Thus NALT contains T-cell and B-cell lymphocytes, as
well as macrophages and dendritic cells, and is situated very close to the
epithelium [48]. The cells express IgG or IgM, other immunoglobulins
being rare. Dendritic cells links the NALT to mast and other migratory
cells.
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3.3. Perennial Allergic Rhinitis

Many of the cellular patterns of this conditions are similar to those found
in seasonal allergic rhinitis [38]. There is an increased number of mast cells
in the mucosa, although there seem to be fewer in the epithelium compared
with the seasonal variety. There may be increased eosinophilia and neutro-
philia, with the associated mediators released from these cells. Mucosal
lymphocytes, especially T cells, are also abundant.

Nasal hyperresponsiveness to allergens or mediators such as histamine
is pronounced in perennial allergic rhinitis [17]; but in general both
the epidemiology and the pathophysiological responses are similar
to those seen in the seasonal variety, although of course, as the allergen
is not seasonal, the condition and symptoms are present throughout the
year.

3.4. Nonallergic Noninfectious Rhinitis

This is sometimes referred to as vasomotor rhinitis, but the whole question
of nomenclature of different forms of rhinitis is contentious [9—-11]. Cer-
tainly more than the nasal vasculature is involved in the condition, since
there may well be a considerable increase in secretions especially when
there is coincident infection [38].

Nonallergic rhinitis is usually classified by exclusion of allergic and
other factors, and its pathophysiology has been less studied then that of al-
lergic rhinitis. Hyperresponsiveness is characteristic, with many triggers
including common irritants, such as cigarette smoke, cold air, food and
spices. Patients can usually be placed in one of two categories, those with
nasal blockage and those with increased secretions. However, no difference
in pathophysiology has been determined for the two categories. There is no
clear picture of the histopathology, except for the presence of mucosal
oedema and some cellular infiltrations.

4, Conclusion

The pathophysiology of rhinitis is now an enormously broad topic especial-
ly when cellular, inflammatory and immunological aspects are included,
and a comprehensive treatment would require consulting many thousands
of references. In general all forms of rhinitis are based on abnormal
changes in target tissues such as the vascular bed of the mucosa, glandular
secretions and epithelial function. The role of sensory nerves, both in
causing local neurogenic inflammation and in setting up reflexes, including
sneezing, is being increasingly emphasised. However, this component of
nasal pathophysiology is only part of a far larger picture that includes
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the actions and interactions of a very large number of inflammatory and
immunological mediators. Classification of different forms of rhinitis still
depends far more on case history and response to challenges and therapies
than on well-defined histopathological features.
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1. Introduction

Nasal breathing is essential for neonates and for most vertebrates. Mouth
breathing in man can sustain life but is both unpleasant and damaging.
The nose acts as a gateway for the respiratory tract and filters, warms and
humidifies approximately 10,0001 of air each day in the average normal
human subject.

Suspended particles in air tend to be deposited behind constrictions and
where there are changes in the direction of flow. The nasal cavity, with its
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slitlike orifice, large surface area, turbinates and bend into the naso-
pharynx, provides an excellent filter as demonstrated by Proetz [1]. The
majority of particles greater than 10 pm are filtered out, whereas 1 pum par-
ticles pass through to the lower airways [2] (Figure 1). Gases can also be
retained; sulphur dioxide for example, is more than 99% retained in the
nose, not reaching the lungs even at concentrations of 25 ppm [3]. The Brit-
ish Medical Journal of 1895 characterized the nose as “one of the dirtiest
organs of the body” (see [1]) and suggested regular washing. In fact the

Figure 1. Sites of deposition of airborne powder on a model of the upper respiratory tract,
based on a photograph by Proetz (1953) [1]. Most of the particles are deposited in the nose, but
a small proportion land on the pharynx and larynx due to turbulence and impingement.
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Table 1. The ability of the nose to warm and humidify inspired air

Temp. (°C) Relative

Humidity (%)
Room air 23 43
Subglottic space following nasal breathing 32 98
Subglottic space following oral breathing 30 90
Subglottic space following 10 min of nasal breathing 31 98

of cold air (—4°to 0 °C)

(reproduced with permission from [4]).

nose (in common with the pharynx, larynx, tracheobronchial tree, sinuses
and eustachian tube) possesses a remarkable self-cleansing mechanism: the
mucociliary system.

Magendie (see [4]) first suggested that the function of the nose was to
warm and humidify the inspired air. Ingelstadt [4] demonstrated that this
occurred by sampling in the subglottic space (Table 1). This function
depends upon a number of factors including nasal secretions from goblet
cells and seromucous glands, a larger surface area increased by turbinates
and by microvilli, by a profuse and adaptable nasal blood supply includ-
ing arteriovenous anastomoses and by condensation of expired air in the
anterior part of the nose.

In addition, the nose also serves as a major defence mechanism against
respiratory tract pathogens. Together with factors such as lysozyme,
lactoferrin, interferon and complement, and cells such as neutrophils and
mast cells found in nasal secretions, the mucociliary escalator provides
the innate intrinsic defence. Superadded are the components of acquired
immunity, immunoglobulins and lymphocytes, which have gradually
evolved since organisms became more complex and emerged from water to
dwell on land and which possess both specificity and memory.

2. Non-specific Immunity
2.1. Mechanical Factors

The nasal epithelium provides a physical barrier function. The nasal
vestibule is lined by skin-bearing hairs which provide a barrier to relative-
ly large objects. The remainder of the nasal and paranasal sinus mucosa,
with the exception of the specialized olfactory region, is lined with a
pseudostratified respiratory epithelium of approximately 120 cm?. This
consists of four types of cells: ciliated and non-ciliated epithelial cells,
goblet cells which are unicellular mucous glands and basal cells from
which the former cell types develop [5] (Figure 2).
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Figure 2. Lateral view of the nasal cavity showing the distribution of the pseudostratified
columnar epithelium. The inset shows the epithelial cells in more detail. (Reproduced by kind
permission of Kluwer Academic Publishers, Lancaster, England, from Immunology of ENT
Disorders, ed. G.K. Scadding, 1994).

The major defence mechanism is mucociliary clearance, which reduces
colonization by micro-organisms and enhances their expulsion. In the nasal
fluid are secretions of goblet cells, seromucous glands and lacrimal glands
as well as condensed vapour from humidified expired air, fluids trans-
ported across the epithelial cells and any micro-organisms or deposited
particles. In 1934 Lucas and Douglas [6] developed a two-layer concept of
respiratory mucus in which the cilia are surrounded by a periciliary fluid
layer (sol) and are covered by a thicker mucus layer (gel) which interacts
with the tips of the cilia. The cilia beat at 12—15 Hz with a rapid, stiff-
armed, forward stroke during which clawlike projections from their tips
propel the viscid gel layer towards the nasopharynx. They subsequently
bend and return more slowly to their original position (Figure 3). The
motion of the adjacent cilia on an individual cell (on which there will be
50-100 cilia) are coordinated, as is the motion among cilia on adjacent
cells, in a metachronistic fashion, similar to the “Mexico wave” seen at ball
games.

Each cilium is 5—6 pm in length and 0.33 pm in diameter. Electron
microscopy shows an organized structure of a ring of nine paired outer
microtubules surrounding two central microtubules, the whole enclosed in
a surface membrane (Figure 4). The outer tubules are linked by nexin with
central spokes linking outer and inner tubules. Each pair of outer tubules
has an inner and outer dynein arm. During ciliary movement these arms
link and break in a process which derives energy from the dynein-induced
breakdown of adenosine triphosphate (ATP) and which is magnesium-
dependent. The dynein arms are absent in Kartagener’s syndrome of
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Figure 3. Ciliary action. Ciliary beating occurs with a rapid, stiff-armed, forward stroke in
which the gel layer of mucus is moved forward by microscopic hooks present at the tips of the
cilia. The recovery phase, during which the cilia bend down into the sol phase of the mucus, is
much slower. It is possible to measure ciliary beat frequency by the interruption of a beam of
light. (Reproduced by kind permission of Kluwer Academic Publishers, Lancaster, England,
from Immunology of ENT Disorders, ed. G.K. Scadding, 1994).

Figures 4 A and B. A: Schematic drawing of a cross-section through a cilium. B: Transverse
section of a cilium demonstrating the two central microtubules linked by spokes to nine paired
outer microtubules. The inner and outer dynein arms present on the outer microtubules are
absent in various forms of primary ciliary dyskinesia. (Reproduced by kind permission of
Kluwer Academic Publishers, Lancaster, England, from Immunology of ENT Disorders, ed.
G.K. Scadding, 1994).
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Figure 4B.

sinusitis, bronchiectasis and situs inversus. Other forms of primary ciliary
dyskinesia exist in which either the inner or the outer arms are missing, or
abnormalities of microtubules are involved.

In normal individuals the time taken for mucus to flow from the front to
the back of the nose at about 6 mm per min varies between 5 and 20 min.
This is easily tested using the saccharin test (Figure 5). The nasal mucus is
joined by mucus from the sinuses which drains through ostia and, after
passing around the eustachian tube orifice, is swallowed. /n vitro measure-
ment of ciliary activity can be undertaken by photometric methods [7, 8].
Secondary causes of ciliary dysfunction, which are far more common than
are primary defects, include drying, upper respiratory tract infection, the
allergic response, apposition of mucosal surfaces, extremes of pH and
certain topical applications such as adrenaline and cocaine [9, 10]. After
therapy with corticosteroids for 1 week, the rate of saccharin clearance has
been shown to be reduced [11]; however, the effect of 1 year’s therapy with
fluticasone propionate in allergic rhinitis patients was an improvement in
mucociliary clearance (Table 2). Benzalkonium chloride, a preservative
common to most nasal sprays, has not been shown to affect mucociliary
clearance adversely in normal subjects [12, 13].
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Figure 5. The saccharin clearance test used to measure nasomucociliary clearance. A quarter
of a tablet of saccharin is placed about 1 cm back on the medial surface of the inferior turbinate
after the subject has blown his or her nose. The length of time taken for the patient to experience
a sweet taste is then noted. Patients should be unaware of the taste sensation expected and
should not eat, drink, sneeze or blow their nose during the test. The normal time is under 20 min.
(Reproduced by kind permission of Kluwer Academic Publishers, Lancaster, England, from
Immunology of ENT Disorders, ed. G.K. Scadding, 1994).

Table 2. Saccharin clearance time in 35 patients before and 1 year after regular therapy with
fluticasone propionate aqueous nasal spray 400 pg daily. At the end of 1 year saccharin
clearance time has improved, showing that long-term use of intranasal steroid is not harmful to
the nasal mucosa.

Saccharin clearance times (min)

Pre-intranasal corticosteroids After 1 year of treatment

19.6+10.2 14.6+83 *

* p <0.05 vs pre-treatment.

Secondary defects in mucociliary clearance are common in patients with
chronic or recurrent nasal infection. These are probably caused by toxins
produced by certain bacteria such as Pseudomonas and Haemophilus
influenzae [14]. We [15] have recently demonstrated that prolonged low-
dose antibiosis over 3 months can return ciliary beat frequency to normal.

2.2. Mucus

The thickness of the mucus layer may influence its propagation, i.e. surface
particles move faster at a critical mucus thickness. Transport is at its
fastest when the mucus has high elasticity and low viscosity [16]. Primary
abnormalities of mucus do occur. Cystic fibrosis is a genetically acquired
autosomal recessive disease occurring in approximately 1 in 2000-of the
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Caucasian population. There is an excessive production of viscid mucus
in the respiratory tract together with asociated pancreatic dysfunction.
Chronic sepsis of the upper respiratory tract is frequently associated, as
in primary ciliary dyskinesia. The major responsible gene has now been
identified, and trials of genetic therapy, both inhaled and systemic, are
underway. In Young’s syndrome [17] there is abnormally viscid mucus with
frequent respiratory tract infections. In addition, the patient is usually
infertile. The underlying pathogenesis is unknown.

Secondary abnormalities of mucus also occur. Pseudomonas aeruginosa
has been linked with alteration of mucus secretion, making it more viscous,
less elastic and less transportable. If the mucus layer becomes too thick,
uncoupling may occur; the cilia transport the underlying sol, but the gel
layer, with adherent bacteria, remains stationary. Increasing the sodium
content of the mucus also increases its spinability and improves muco-
ciliary transport (P. Cole, personal communication). This may be one
reason why nasal douching with saline solutions is helpful in chronic
rhinosinusitis.

2.3. Lysozyme, Lactoferrins and Interferons

Lysozymes, enzymes which can split bacterial cell wall mucopeptides, are
particularly toxic to gram-positive bacteria lacking capsules. They can also
kill damaged gram-negative organisms. As well as being produced by
macrophages, lysozymes are found in serous gland secretions, including
those of the nose, and are present in tears.

Lactoferrins present in saliva, nasal secretions and in milk, are produced
by glandular epithelium. Like transferrin they are capable of binding iron
and thus inhibit the growth of certain bacteria, particularly Staphylococci
and Pseudomonas species.

Interferons (IFN) are important in defence against viruses as well as
forming part of the cytokine network. Three varieties, IFNa, IFNS and
IFNy, are produced by different cell types (leucocytes, fibroblasts and T
cells respectively). Their mechanisms of action include the induction of
intracellular proteins that block viral replication, induction of major histo-
compatibility (MHC) proteins in the infected cell (rendering it susceptible
to T-cell cytotoxicity) and enhancement of macrophage plus natural killer
(NK) cell function.

2.4. Complement
The complement system involves over 30 glycoproteins and forms a major

defence system which can be activated either directly by the surface of
certain bacteria and fungi (alternative pathway) [18] or following the bind-
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ing of antibody to cell surfaces (classical pathway) [19]. Recently a third
pathway involving mannose binding protein has been described (Figure 6).
The consequences of complement activation include not only cell lysis [20]
but opsonization the (process of attachment of bacteria to neutrophil) and
cellular activation (Figure 7). Complement has an important role in the
clearance and destruction of both gram-negative and gram-positive bac-
teria, parasites and viruses. Most gram-negative bacteria can activate
complement directly by the alternative and by the classical pathway and
are usually destroyed by lysis. Gram-positive bacteria activate only the
classical pathway following antibody binding and are thus opsonized for
phagocytosis. The major phagocytic adherence receptors are FcR (which
recognizes the Fc portion of antibody), CR1 and CR3, whose ligands are
breakdown products of the third complement component C3b and inac-
tivated C3b. Target organisms which are highly antibody coated will be
phagocytosed; those with only low levels of antibody may not effectively
bind and stimulate phagocytes. The antibody, however, can activate com-
plement with the subsequent deposition of C3 and C4 fragments; this
amplifies the opsonization signal and enhances the efficiency of binding
and uptake by phagocytes.

Complement activation also triggers and amplifies inflammation via
three anaphylatoxins which stimulate the chemotaxis of leukocytes plus the
degranulation of mast cells and basophils. The anaphylatoxins induce vaso-



50 G.K. Scadding

MANNOSE
CLASSICAL BINDING ALTERNATIVE
PATHWAY PROTEIN PATHWAY
(IgM, IgG) (cell surfaces, etc.)

Activation of
complement
cascade

C5b - C9 .
cell lysis

4
MAST CELL/BASOPHIL
mediator release

PHAGOCYTES
opsonization

PHAGOCYTES ERYTHROCYTES
LARGE GRANULAR NEUTROPHIL/ transport of
LYMPHOCYTES MACROPHAGE immune
activation chemotaxis complexes

Figure 7. Complement activation and its consequences.

dilatation, increased vascular permeability and smooth muscle contraction
via the release of mediators from mast cells and basophils. One anaphy-
latoxin, C5a, induces the potent pre-inflammatory cytokine interleukin
(IL)-1 and causes a number of adherence receptors, including CR1 and
CR3, to be displayed on the surface of phagocytes, thus enhancing
adherence in phagocytosis. Ligation of complement receptors on neutro-
phils and monocytes may also stimulate the release of granule contents and
free-radical production by the respiratory burst.

Genetic deficiencies of complement occur and have provided evidence
of the function of various components. Individuals with a homozygous
deficiency in any of the early classical pathway components such as Clq,
r or s (breakdown products of C 1, the first component of complement), D4,
C2 and C43 show a high incidence of immune complex disease consistent
with the importance of the classical pathway in preventing the formation
and deposition of large immune complexes. Deficiency of the central com-
ponent C3 or of its inactivator C3bi is very rare and is associated with
recurrent severe pyogenic infection. Low levels of later components from
C5 onwards; i.e. loss of the lytic pathway, are associated with neisserial
disease.
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2.5. Cells

The cellular components of the first line of host defence are macrophages,
monocytes, neutrophils, eosinophils, basophils, platelets, neutrophils and
endothelial cells. These either produce or interact with soluble factors
including complement and acute phase proteins, cytokines and arach-
adonic acid metabolites. Their interactions are regulated by cell surface
receptors and adhesion proteins. When a tissue site is invaded by microbes,
an acute inflammatory focus is created with a rapid increase in vas-
cular permeability, changes in blood flow and the local accumulation and
activation of white blood cells, largely neutrophils and monocytes
(Figure 8).

2.5.1. Polymorphonuclear granulocytes: These cells are produced in the
bone marrow at a rate of approximately 80 million per min under the
control of cytokines such as IL-3, granulocyte macrophage colony-
stimulating factor (GM-CSF) and granulocyte colony-stimulating factor
(G-CSF) [21] and are short-lived. Released as mature cells, granulocytes
make up approximately two-thirds of the total intravascular white cell pool.
The mature cells have a multilobed nucleus with numerous proteolytic and
hydrolytic enzyme-containing granules. Granulocytes are classified as
neutrophils, eosinophils and basophils according to their staining reac-
tions. Their effects are non-specific, although the involvement of antibody
may confer specificity: interaction with antibody and complement is im-
portant in their protective role.

2.5.1.1. Neutrophils. These 12- to 16-pm diameter cells make up over
90% of the.circulating granulocytes and have an important role in pha-
gocytosis. At sites of inflammation neutrophils become adherent to the
local vascular endothelium via a leucocyte function — associated molecule
(LFA)-1 (CD11-18) which adheres to the intercellular adhesive molecule
(ICAM)-1 or ICAM-2 on the endothelial cell. Expression of [CAM mole-
cules has been shown to be increased in inflammation. The neutrophils then
migrate between epithelial cells and down a chemotactic gradient to the site
of inflammation. Chemotactic factors include C5a derived from comple-
ment, the leukotriene LT B4 produced following mast cell degranulation,
and the bacterial peptide F Met Leu Phe (fMLP). These all have defined re-
ceptors on the leucocyte surface. In addition, local cytokines such as
I1-8 from macrophages or tumour necrosis factor (TNF) from monocytes
produced at the site of inflammation may cause non-specific neutrophil
accumulation [22].

At the site of inflammation the major function of neutrophils is to phago-
cytose and destroy bacteria. Phagocytosis can be difficult when organisms
have a sugar-containing capsule, as do many upper respiratory tract
pathogens such as pneumococcus. Opsonization is enhanced if the bacteria
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Figure 8. Circulating neutrophils are attracted to the vascular endothelium because of the
expression of adhesion molecules in response to cytokines from a local inflammatory site. They
diapedese through the endothelium and follow the chemotactic gradient, denoted by shading,
becoming activated in the meanwhile. At the site of inflammation they may engulf bacteria and
destroy them by oxygen-dependent or independent mechanisms. The subsequent fate of the
neutrophil may be apoptosis and ingestion by macrophages or necrosis and disintegration at
the reaction site. Fine control of this reaction is essential, underactivity leading to bacterial
infection, overactivity to inflammation and destruction by neutrophils which forms part of
many disorders, including emphysema and, possibly, Wegener’s granulomatosis.
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arc coated by antibody, since the neutrophil can then become attached
via its Fc receptors [23]. Complement coating of bacteria also improves
phagocytosis since the neutrophil bears complement receptors. Expression
of Fc and complement receptors together with MHC class 1 receptors on
the neutrophil surface is increased in the presence of bacterial lipopoly-
saccharide (LPS), TNF or platelet-activating factor (PAF). These agents
cause little secretion by themselves but prime the neutrophils so that sub-
sequent exposure to C5a, immune complexes or fMLP result in a marked
increase in secretion.

After internalization of the bacterium the phagosome fuses with lyso-
somes, and killing mechanisms are usually activated. There involve both
oxygen-independent (enzyme-killing mechanisms) and reactive oxygen
intermediates (ROI) [24, 25]. The relative importance of these two systems
depends on the type of organism involved.

2.5.1.1.1. Oxygen-independent mechanisms. Initially the pH in the
phagolysosome rises, and at this stage cationic peptides are released from
the azurophil granules; these can damage bacterial permeability. At around
15 min the pH falls, and this in itself can damage organisms. In addition,
lysozyme becomes active and is capable of killing gram-positive organisms
with readily accessible peptidoglycan. Lactoferrin binds iron and makes
it unavailable to bacteria; S-cathepsin has a broad spectrum of antimicro-
bial activities.

2.5.1.1.2. Oxygen-dependent mechanisms. The neutrophil plasma mem-
brane bears an NADPH oxidase system which generates superoxide (-O5).
This is converted into toxic oxygen derivatives such as singlet oxygen (1O,),
O-hydroxyl radicals (OH ") and hydrogen peroxide (H,0,). Oxygen radi-
cals can cause damage to protein and DNA and can catalyse lipid perox-
idation. In addition, if lysosomal fusion occurs, the presence of halides plus
peroxidase may produce additional toxic molecules such as hypohalite.
These powerful substances can cause damage if released into the environ-
ment as can occur if the neutrophil is incapable of phygocytosing and
containing the organism (frustrated phagocytosis) [26]. Matrix proteins
can be degraded by neutrophil or eosinophil enzymes into chemotactic
fragments which can amplify the inflammation. Both neutrophils and
cosinophils are implicated in the pathogenesis of certain allergic and
autoimmune disorders.

Ageing neutrophils undergo apoptosis (programmed cell death). In this
process endonucleases become activated, causing recognition of the cell
by macrophages which then ingest and destroy it without releasing toxic
substances. Apoptosis is inhibited by some inflammatory mediators such as
LPS, prolonging local tissue neutrophil survival. Neutrophils are a frequent
component of the nasal smear found in the normal nose, but increase their
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number during infections and also in the allergic response, although in
the latter eosinophils are the most characteristic cells [27]. Eosinophils
and basophils will be considered in more detail in the chapter on allergic
rhinitis.

2.5.2. Mononuclear phagocytes: Bone marrow stem cells can also develop
into cells of the monocyte-macrophage series. These cells are widely dis-
tributed throughout the body and are recruited to sites of inflammation.
Monocytes (10—18 pm diameter cells with a bilobed nucleus) enter the
bloodstream during foetal and adult life in an immature form and differen-
tiate into resident macrophages when they enter the tissues after approxi-
mately 10 h in the blood. They can become associated with epithelia, e.g.
Langerhans cells in the skin, and can survive for several weeks or months.
A local inflammatory stimulus will recruit additional monocytes to the site
from the blood, and these cells may have different properties from the
resident macrophages (Figure 9).

This mononuclear phagocyte system has two major functions: (1) anti-
gen presentation to specific lymphocytes, and (2) removal of particulate
antigens [27]. In addition, they have proinflammatory activity via the
secretion of bioactive substances [28]. Antigen presentation is in the form
of peptides into which the antigen has been degraded internally by the
monocyte. These peptides are presented in association with the major
histocompatibility system (Figure 10).

Particulate antigens are removed by phagocytosis; the tissue macro-
phages form a reticulo-endothelial system, a network which is found in
many organs. Phagocytosis may occur following attachment via mannosyl
fucosyl receptors on monocytes which bind to the sugars on non-encap-
sulated organisms or via fibronectin receptors. Opsonization occurs in the
same way as for neutrophils by antibody and complement.

Phagocytosis usually involves pseudopodia moving around each side of
the organism and fusing distally. Coiling phagocytosis is a variant which
occurs with particular intracellular parasites. Complement receptors play a
major role in phagocytosis which is much diminished in the absence of
serum. Monocytes and activated macrophages can secrete complement
components, keeping up the levels at sites of inflammation where continual
consumption would otherwise diminish them.

Microbicidal mechanisms after phagocytosis are similar to those of
the neutrophil. However, some pathogens, such as Leishmania and
mycobacteria can resist intracellular killing and are disseminated via
the mobility of the phagocytes. Recently certain pre-existing (innate)
defence mechanisms have been described that are important in resisting
such organisms. The N-ramp gene (natural resistance-associated mem-
brane protein) encodes a molecule which appears to form a membrane
channel through which nitric oxide (NO) can pass across the membrane
of lysosomes. Gene deletion leads to susceptibility to BCG (Bacille
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Figure 9. Circulating blood monocytes become macrophages when they migrate into the
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alveoli.

Calmette-Guérin), Salmonella and Leishmania in mice, humans and cattle
[29].

Nathan [30] has produced a mouse deficient in the iNOS (inducible
nitric oxide synthase) gene, which renders it susceptible to leishmanial
infections.

3. Acquired Immunity
Unlike innate immunity acquired immunity is specific, involving immuno-
logical memory, which confers improved resistance on subsequent

infection with the same organism. The ability to identify and remember
antigenic structures resides within the lymphocytes.

3.1. Lymphocytes

Lymphocytes are produced from bone marrow stem cells and are of two
types, B cells, which develop in the bone marrow or foetal liver and dif-
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Figure 10. Cells of the mononuclear phagocyte system are ubiquitous and are frequently locat-
ed near portals of entry of the body. Here they can take up foreign matter, digest it and present
peptides in association with class 2 MHC antigens on their surface to CD4-positive T lympho-
cytes. These in turn become activated and can interact with B lymphocytes, resulting in anti-
body formations, they also produce various cytokines.

ferentiate into antibody-forming cells and T cells, which differentiate in
the thymus and have several functions, including help for B-cell antibody
production, cytotoxicity, stimulation of other immune cells and immune
regulation. The bone marrow and thymus are known as primary lymphoid
organs; other tissues to which lymphocytes migrate in large numbers are
the spleen, lymph nodes and the mucosal associated lymphoid tissue
(MALT); collectively these are known as the secondary lymphoid organs.
In the adult, lymphocytes make up about 20% of the circulating blood
cells, and the total lymphocyte load is about 10'? cells. These cells may



Immunology of the Nose 57

survive for several years as memory cells and can communicate with each
other and with other immune cells by cognate (cell-cell contact) or non-
cognate (soluble factors) methods. During development in the primary
lymphoid organs the lymphocytes develop their repertoire of specific anti-
gen receptors and become self-tolerant. T and B cells can recognize anti-
gen, each cell carrying one type of receptor and being able to recognize one
particular epitope, the receptors on different cells having different speci-
ficities. The wide range of receptors is generated before antigen contact by
somatic mutation and recombination from a relatively small number of
germ-line genes [29].

3.1.1. B Lymphocytes: B-lymphocyte antigen recognition is via sur-
face immunoglobulin, which is a cell surface form of the same anti-
body which the cell is capable of secreting. B cells recognize antigens
in their native conformation in solution, on cells or membranes. In contrast,
the T-cell receptor is encoded by different genes and recognizes processed
or degraded antigen which is physically associated with molecules encoded
by MHC [31] (Figure 10). MHC molecule are extremely polymorphic,
presumably in order to be able to present many different antigens. Differ-
ent MHC haplotypes vary in their ability to bind and present different
peptides and thus control immune responses at the level of T-cell antigen
recognition. Thus an individual’s MHC status will determine his ability
to respond to certain pathogens and his susceptibility to autoimmune
diseases.

3.1.2. T Lymphocytes: T lymphocytes form the majority of lymphocytes in
the blood and are also widely distributed throughout the body in lymphoid
organs and at mucosal surfaces. They can be divided broadly into functional
subsets based on surface markers (Figure 11). The first major division
depends on the two polypeptide chains that form the antigen receptor; most
T cells use af chains, where a minority use yé chains. Those bearing a8
chains can be further divided into CD4 or CD8 positive cells (rarely cells
express both or neither). CD4-positive T lymphocytes are proinflamma-
tory, helping B cells to produce antibody and also producing a variety of
cytokines. Characteristically, CD4-positive T cells recognize peptides in
conjunction with MHC class II molecules. A division into T-helper (TH)1
and TH2 subsets with different functional properties has recently been
proposed [32].

CD8-positive T cells usually recognize antigenic peptides in conjunction
with class I MHC molecules and are cytotoxic. They kill by cell contact,
innocent bystander cells being spared, and probably elaborate perforins
which form a hole in the cell membrane. CD8-positive cells recognize
changes in surface markings of cells which have become transformed by
viruses or have undergone neoplastic change. They also recognize hetero-
logous transplanted cells.
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Figure 11. All T lymphocytes express CD2 and CD3 surface markers. The majority of T cells
possess an aff T-cell receptor, and this subgroup is further divided into CD4-positive cells, which
are proinflammatory, and CD8-positive cells, which are cytotoxic. The former usually recog-
nize antigen in association with MHC class II, the latter with class 1. Recently, a further divisi-
on of CD4-positive cells into TH1 and TH2 types has been noted in mice and humans. TH1 T
cells produce any IgG response from B cells via cytokines which include interferon y; TH2-type
lymphocytes elicit IgE responses from B cells via cytokines including I1L-4.

A subgroup of T cells possess a y8 T-cell receptors; these are cytotoxic cells but do not need
MHC class 1 recognition. They are activated by heat shock proteins. A subgroup of these cells
is CD8-positive; their function is unknown. Recently murine y8 T-cell clones were found to
recognize empty class Il molecules from the side rather than the top. Gamma delta recognition
was more similar to that of immunoglobulin than af, i.e. low frequency/broad recognition. The
receptor saw multivalent molecules, cells, tissues and large pathogens which could be recog-
nized without the requirement for antigen processing.
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The function of T y§ cells is largely unknown [33]. They are found pre-
dominantly in mucosal surfaces, especially the gut, and are cytotoxic, but
this cytotoxicity is not class I restricted. They are activated by heat shock
proteins, highly conserved proteins produced during infection and in-
flammation.

3.1.3. T cell antigen receptor: The peptide chains which make up the
antigen receptor are formed from a number of genes on chromosomes
7 and 14 [34]. As in B cells, each complete chain is encoded by three or four
gene segments which are brought together by enzymatic splicing of the
DNA as the T lymphocyte develops; once a productive rearrangement
occurs, the gene is expressed and further development ceases. There are
three hypervariable regions, two in contact with the MHC and one in
contact with antigenic peptide [35].

The antigen receptor is largely extracellular, and once contacted, intra-
cellular signalling is largely via the associated CD3 molecule. CD4 or -8
probably creates further contact with the MHC molecule and acts as an
associative ligand.

After the random acquisition of antigen specificity in the thymus, any
T lymphocytes with self-reactivity are eliminated by apoptosis. Those with
reactivity against foreign antigens in association with cell MHC are posi-
tively selected. Later expansion of these clones probably occurs in the
periphery.

Initial contact with antigen will result in stimulation of only the very few
lymphocytes which are capable of interacting. These cells respond by
proliferation and further differentiation, forming a clone of cells with the
capacity to recognize that antigen. Some of these will remain as memory
cells, which on second encounter with the antigen will form a larger clone
of specific cells which may be further differentiated. This secondary re-
sponse is faster and more effective than the primary response and forms the
basis for immunization.

3.1.3.1. Structure of antibody. Antibody molecules, or immunoglobu-
lins, are glycoproteins present in plasma and tissue fluids of all mammals.
Their basic structure is one of four polypeptide chains, two identical
heavy (H) and two identical light (L) chains linked by disulphide bonds
(Figure 12). Cleavage with the enzyme papain at the hinge region produces
three fragments: two identical Fab fragments and one Fc fragment. The Fab
fragments bind antigen but cannot precipitate it because they are univalent.
The Fc fragment mediates effector functions such as binding to cells and
complement fixation [36].

Immunoglobulins are members of the immunoglobulin superfamily [37],
which contains all antibodies, together with many cell receptors (e.g. MHC
classes I and II, CD3, -4 and -8), and adhesion molecules such as LFA-3
and CD2, together with some central nervous system CNS molecules such
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Figure 12. The basic structure of immunoglobulin. Each antibody consists of two light and two
heavy chains. The light chains comprise a variable and a constant domain (V_+C_); the heavy
chain comprises one variable region and three or four constant regions (Vy—Cuyy,2,3 ana4). The
variable regions contain a hypervariable portion which forms the antibody combining site. The
tail or Fc portion of the molecule is responsible for many of its functional properties, such as
binding to neutrophils or to complement.

as MAG (myelin-associated glycoprotein) and NCAM (neural adhesion
molecule). All of these contain one or more domains, compact units of
about 100 amino acids formed into antiparallel S-pleated sheets, stabilized
by disulphide bonds.

Antibody light chains, which have a molecular weight of approximately
22 kDa, consist of variable (V) and constant (C;) domains, each of ap-
proximately 110 amino acid residues. Heavy chains, with a molecular
weight of 50—77 kDa, consist of one VH and a number of CH domains
which vary with antibody class. There are five different classes of anti-
bodies, IgG, M, A, D and E.

IgG is the major immunoglobulin in normal human serum. It is present
in both intra- and extravascular pools and makes up about 75% of the
total immunoglobulin content. There are three heavy chain domains which
by variation in amino acid composition divide into four classes, y 1, 2, 3
and 4. These form approximately 66, 23, 7 and 4% of the total IgG respec-
tively. Since the immune response to a particular organism may lie largely
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within one subclass, a subclass deficiency can lead to a failure of immuno-
protection. Carbohydrate-coated antibodies such as Haemophilus influen-
zae and Streptococcus pneumoniae elicit mainly IgG2 antibodies. Approxi-
mately 5% of patients with chronic lower respiratory tract infections are
IgG2-deficient. IgG1 and -3 are effective at complement fixation; IgG2 is
moderately effective, and IgG4 does not fix complement.

IgM, which is important in the primary response, is pentameric, the
individual units being joined by J chains. IgM forms approximately 10%
of the immunoglobulin pool and is largely intravascular. It is extremely
effective at fixing complement.

IgA forms approximately 20% of human serum immunoglobulin found
in the serum as a monomer. It is also present in secretions largely as a
dimer, again joined by a J chain and protected by secretory piece. It does
not activate complement.

IgD is present on the membrane of many circulating B cells but forms
less than 1% of circulating immunoglobulin. Its role appears to be largely
in B-cell differentiation. IgD is found increased in the human tonsil,
especially following repeated infections, possibly because certain bacteria
possess Fc receptors for IgD.

IgE is present in the serum only in nanogram amounts, but is found
extensively cell-bound, especially to high-affinity receptors on the surfaces
of mast cells and basophils. Its function is probably in protection against
multicellular organisms, but its major interest is as the sensitizing antibody
for allergic reactions.

The major functions of antibody are neutralization, opsonization for pha-
gocytosis and preparation of the cell surface for killing either by cellular
cytotoxicity (antibody-dependent cellular toxicity) or by complement-
mediated lysis (Table 3).

4. Mucosal Immunity

Brandtzaeg [38] has identified three main components of mucosal immu-
ne defence: immune exclusion, immune regulation and immune elimi-
nation. Immune exclusion is mediated largely by secretory IgA, which
was first identified in the 1960s, although in 1938 Walsh and Cannon [39]
first noted that intranasal immunization resulted in local antibody forma-
tion.

Nasal secretions contain mostly secretory IgA and IgM, which are
actively transported across the epithelium; there are also significant
amounts of IgG due to passive leakage. IgA also participates in immune
exclusion in the upper respiratory tract, whereas in the gut it is rapidly
degraded.
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Table 3. Functions of antibody

Each immunoglobulin molecule is bifunctional, with the F(ab), portion of the molecule
concerned with binding to antigen and the Fc region with binding to host tissues, including
phagocytes and lymphoid cells, and to the first component of complement. The ability of each
immunoglobulin molecule to undertake these functions is determined by its Fc structure. Com-
plement activation is most effective with IgM, 1gG1 and 1gG3. IgG2 is less effective, whilst
1gG4, IgA, IgD and IgE do not bind complement. IgG of all subclasses crosses the placenta,
providing the newborn with passive immunity.

Via Fab-antigen interaction

Neutralization, e.g. toxins (1gG)
Prevention of attachment (IgA, 1gG)
Recognition/antigen presentation by B cells

Via Fc binding

Attachment to neutrophils — phagocytosis (IgG)

Complement activation (classical path) (IgM, G)

Binding to T and B lymphocytes (immune regulation: IgA, M, G, E)
K-cell cytotoxicity (IgG)

Degranulation of mast cells/basophils (IgE)

Attachment of epithelial cell and transfer into secretions (IgA)
Placental transfer (IgG)

4.1. Secretory Immunoglobulins

IgA is the main immunoglobulin secreted by mucosal-associated lympho-
cytes. It acts as “mucosal antiseptic paint™, combining with pathogens or
toxins and either preventing attachment and absorption or rendering them
harmless. Human IgA occurs in polymeric and monomeric forms and in
two subclasses, A1 and A2 which show differential distribution between
the mucosal and systemic immune systems. Secretory IgA is a dimer
held together by a J chain which is also formed by the plasma cell. In the
nasal mucosa, IgA-producing cells show 98% J-chain expression; most
nasal IgM and IgD immunocytes are also J chain-positive, together with
46—-79% of IgG cells. This J-chain positivity is decreased in rhinitis, where
there is an increased production of monomeric IgA [38].

The nasal mucosa contains 90—95% IgA1l immunocytes, in contrast to
the gut where IgA2 immunocytes predominate. This is surprising, since
many bacterial species, including Haemophilus influenzae and Strepto-
coccus pneumoniae elaborate IgA 1 proteases which cleave one of the Pro-
Thr or Pro-Ser bonds of the hinge region to yield Fab and Fc fragments.
These proteases appear to be virulence factors, since non-pathogenic
strains do not make them. The Fab antibody fragments may coat the
organism, rendering it invulnerable to other defence mechanisms. IgA2 is
also a more efficient inhibitor of carbohydrate (mannose)-dependent
bacterial adherence.
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4.2. Epithelial Transport

Dimeric IgA and pentameric IgM use a common transport mechanism in
which, after J-chain incorporation, a binding site is induced in the quater-
nary structure allowing IgA and IgM to combine non-covalently with the
poly-Ig receptor on the abluminal surface of the plasma membrane. They
are endocytosed and transported across the epithelial cell to the luminal
surface, where the vesicle fuses with the plasma membrane, releasing the
antibody combined with a secretory component derived from cleavage of
the poly-Ig receptor. This probably protects the immunoglobulin from
enzymic digestion. This process takes place mainly in the serous-type nasal
acinar and duct cells (Figure 13).

Polymeric immunoglobulins, even if of low affinity for antigen, posses
high avidity due to the presence of many antigen binding sites per mole-
cule. Polymeric IgA and IgM are more effective in virus neutralization
than in monomeric IgA and are also bound more effectively by phagocytes,
T cells and hepatocyte receptors.

4.3. Quantitative Aspects

In nasal secretions total IgA is usually between 0.5 and 2.2 g. Since mono-
meric IgA can arrive from serum by passive diffusion, it is probably
important to estimate the amount of secretory IgA. This represents about
75% of the total IgA content in nasopharyngeal secretions from children
with secretory otitis media [38]. It has been shown to be depressed in
children with severe protein-caloric malnutrition, returning to normal
4 weeks after treatment [40].

Only traces of IgM are found in normal nasal secretions, but levels are
elevated in a proportion of patients with selective IgA deficiency. This is
the commonest humoral immune deficiency, affecting between 1 in 500
and 1 in 700 of the population. This can be transient in children due to late
maturation, normal levels of IgA not being reached until about 7 years of
age. Roughly half of selective IgA-deficient individuals suffer an increase
in respiratory tract infections; the remainder appear unaffected.

It is possible that substitution of secretory IgM is protective, whereas the
substitution of IgD is not. An alternative explanation is that more affected
individuals have a concomitant IgG subclass deficiency. IgA deficiency is
also associated with atopy and, in some patients, with autoimmunity.

4.4. Immune Regulation

Antigen presented to the nasal mucosa is probably taken up by antigen-
presenting cells, which can be macrophages, dendritic cells or possible
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Figure 13. DNA recombination takes place during B-cell development and maturation in two
stages. First there is the combination of one of many germ line V genes with one of a few J genes
(light chain) or with one of several D and then a heavy J gene (heavy chain). This occurs during
the transition from lymphoid stem cell to B lymphocyte. In the light chain the VJ region then
combines with a constant region gene which can be x or A. In the heavy chain the constant C
region genes are several kilobases downstream from the V domains, and a VDJ segment may
link with any one of the C genes. The order of these genes is shown in the figure; initially a
B cell uses the C gene to produce IgM, but can later switch to a different isotype, e.g. IgG, thus
changing antibody class whilst retaining antigen specificity. Sequential switching is thought to
occur in the upper respiratory tract, although recent direct switching from IgM to IgE has been
reported.

epithelial cells which have become human leukocyte antigens (HLA) class
2-positive [41]. It is likely that they are then transported to mucosa-
associated lymphoid tissue. As there are no lymphoepithelial structures
typical of MALT in the nose, it is likely that the tonsils and adenoids fulfil
this function for the upper respiratory tract. At this site antigenic peptides
derived from antigen breakdown within the antigen presenting cell (APC)
are presented on the cell surface together with MHC antigens to T lympho-
cytes. Only those lymphocytes which bear a receptor which will fit the
peptide and MHC are capable of responding; second signals (ligation of
CD 40 and CD28) are necessary, together with proinflammatory cytokines
such as IL-1, in order for the T lymphocyte to respond. In the absence of
these factors T-cell anergy occurs.

Once stimulated, T cells release a variety of cytokines, which then
affect T and B cells. The pattern of cytokine release affects the class of
antibody which is subsequently produced by the B cells. Recently, TH1
and TH2 T cell subsets have been described; TH1 subsets release pre-
dominantly IL-2 and interferon y and result in IgG class antibody pro-
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duction. TH2 T cells secrete predominantly IL-4, -5 and -10 and result in
B-cell IgE production.

Cognate interaction takes place between the activated T helper cell and
local B cells in the MALT. B cells recognize antigen, internalize and
digest it, then present it to T cells in the form of MHC-associated peptide
(Figure 13). Only B cells bearing the relevant antigen receptor will be
stimulated to proliferate. Some of these then migrate to secretory tissue,
i.e. the nasal mucosa, where “second signals” (ligation of CD40 further
antigen contact, cytokines) induce local proliferation of immunocytes:
IgA-producing cells being present in the glandular areas and IgG-pro-
ducing cells in the stroma beneath the surface epithelium. The former are
mainly responsible for local secretory immunity, the latter for immune
elimination, which is increased in rhinitis. Occasional IgE-producing
cells are found in the nasal mucosa of allergic individuals. There is a
proportion of IgD-producing cells associated with the glandular areas, and
these are increased in most subjects with selective IgA deficiency. In the
remainder IgM immunocytes are increased, and these individuals do not
have recurrent infections of the upper respiratory tract. This is thought to
be because IgM can function as a secretory antibody, whereas IgD does not
fix complement and may itself block other protective antibodies such as
IgG and -M.

The class of antibody produced is dependent upon the constant heavy
chain (CH) gene used by the B cell [42] (Figure 13). Initially the p gene is
used to produce IgM, but subsequently the B cells can switch to produce an
isotype further down the gene (the order is shown in Figure 14). It was
assumed that sequential switching took place in the tonsils, nasal mucosa,
lacrimal glands and bronchial-associated lymphoid tissue, whereas in the
gut, a direct switch occurred from p to & In fact a direct switch from p to
€ in the upper respiratory tract has recently been reported. The immuno-
globulin isotype produced probably depends upon local T-cell cytokines
and other environmental factors [43, 44].

4.5. Common Mucosal Immune System

Mucosal associated lymphoid tissue is found in association with the upper
and lower respiratory tract (bronchial associated lymphoid tissue, BALT)
and also with the gut (gastrointestinal associated lymphoid tissue, GALT)
and urinary tract. Animal studies demonstrate that the antigen-driven
expansion of B-cell clones taking place in these tissues induces a very high
proportion of IgA-immunocyte precursors. This is distinct from immune
responses in the systemic immune system (peripheral lymph nodes and
spleen), where IgG production predominates.

Initial B-cell stimulation takes place in the MALT, and subsequently
migration occurs via lymph and blood to secretory sites all over the body.
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It appears that there is a tendency for the B lymphocyte to home back to
its tissue of origin, possibly guided by endothelial surface determinants.
Differences between upper respiratory tract and gut mucosa, such as the
subclass distribution of IgA immunocytes, and the occurrence, or lack of,
IgG immunocytes, suggests that the gut receives most of its B cells from
GALT and the respiratory tract from BALT and tonsils [45, 46]. Salivary
and mammary glands probably receive precursor cells from both.

Mucosal immunization or infection results largely in a local antibody
response, mainly polyclonal or IgA. A systemic response does not usually
occur unless the antigen is live. Conversely, parenteral immunization
induces a circulatory IgA response but is an inefficient route of immuniza-
tion for the mucosa. In recent years the experimental presentation of
specific immunogenic peptides via the nasal or oral route has been shown
to exert an immunoregulatory effect upon certain autoimmune disorders
both in animal models and more recently in humans. Oral cholera toxin
B subunit (a mucosa-binding molecule), together with myelin basic protein
(MBP), prevents experimental autoimmune encephalomyelitis in Lewis
rats, and oral cholera toxin f together with insulin prevents diabetes in
non-obese diabetic (NOD) mice [47]. In humans feeding keyhole limpet
haemocyanin (KLH) causes a specific reduction in T-cell responses follow-
ing subcutaneous antigen. Current human trials of oral tolerance include
MBP for multiple sclerosis and collagen Il for rheumatoid arthritis [48].
The mechanism(s) of this is as yet unknown but may involve a switch from
aTH1 to a TH2 type of response.

4.6. Antigen-Presenting Cells

Langerhans cells in the human nasal mucosa have recently been shown to
be HLA-DR positive, to possess high-affinity IgE receptors and to be
exquisitely steroid-sensitive [49]. Murine class 2 positive dendritic cells
possess antigen-presenting ability. Dendritic cells resident in the airway
epithelium effectively uptake and process antigen but cannot present (25 %
of dendritic cells in pathogen-free rats are MHC class 2 low or negative).
After stimulation by GM-CSF or TNE, they drain to the regional lymph
nodes where they become paracortical interdigitating dendritic cells and
are effective antigen presenters but are poor at antigen uptake and pro-
cessing [50]. Thus dendritic cells perform a sentinel function at epithelial
surfaces. They are rapidly upregulated during acute inflammation, with
kinetics similar to those of the neutrophil response [50].

4.7. T Cells

T lymphocytes are found scattered in the human nasal mucosa, both CD4-
and CD8-positive, with a ratio of about 3: 1 in the subepithelium. Between
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the glands the ratio is 0.8:1, CD4 to CDS8. In the epithelium itself there
are very few T cells, mainly CD4-positive [38]. This is in marked contrast
to the intestinal epithelium, where CD8-positive T lymphocytes are found.
The proportions of T lymphocytes are altered in certain conditions such as
allergic rhinitis. The nature of the class 2-positive cell encountered and the
local T-cell cytokine production may well be determining factors in the type
of antibody produced.

4.8. Immune Elimination

If foreign material penetrates the mucosal barrier, it is dealt with by the
specific immune system, involving both antibodies and lymphocytes.
These will assist non-specific mechanisms such as phagocytosis and
complement activation to break down and destroy any antigenic material.
If elimination cannot be achieved, possibly due to recurrent presentation
of foreign material, then the resulting inflammation may become pathol-
ogical due to an excess of complement-activating immune complexes
and enzyme-releasing phagocytes. This situation may lead to enhanced
mucosal permeability to a variety of inhalant and infectious agents.
Chronic, non-allergic rhinitis is probably largely mediated by such mecha-
nisms.

4.9. IgE

IgE diffuses passively into nasal secretions. In atopic individuals there is
also evidence for mucosal synthesis of IgE by local immunocytes. This
antibody is known predominantly for its role in allergic rhinitis, but its func-
tion is probably in immune elimination where vasodilatation, plasma leak-
age, histamine release and subsequent sneezing are designed to eliminate
foreign material. The recruitment of eosinophils with their capacity to
phagocytose IgE-coated material or to kill IgE-coated metazoan parasites
such as schistosome larvae has a protective function under the right
circumstances.

4.10. Olfactory mucosa

This specialized region in the vault of the nose contains, besides olfactory
receptors and supporting tissues, all the immunological defence mecha-
nisms found in the remainder of the nasal mucosal [51]. Despite this the
olfactory mucosa has been suggested as a route of entry of neurotropic
arbovirus into the CNS [52] and as the route of invasion or aetiologi-
cal factors responsible for diseases such as Parkinson’s and Alzhei-
mer’s [53].
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5. Immune Deficiency and Ear, Nose and Throat (ENT) Disorders

Recurrent upper respiratory tract infections are a common mode of pre-
sentation in immune-deficient individuals. Figure 14 shows the major
immune abnormalities which may be found in such patients. The categories
are not exclusive, since antibody-mediated deficiency can lead to second-
ary ciliary and mucosal problems via repeated infection.

True y-globulin deficiency, with a serum IgG of less than 3 g/1, is very
rare, occurring in approximately 1 in 50,000 individuals. However, it is
probably underdiagnosed, and many patients initially present with recur-
rent sinusitis. It has become increasingly clear that decreased serum levels
of single or multiple IgG subclasses may be associated with susceptibility
to infections on or via mucosal membranes [54]. In a few patients immuno-
globulin gene deletions have been described [55], but the majority of IgG
subclass-deficient individuals are probably suffering from regulatory
defects. IgG subclass deficiency is difficult to define since reference mate-
rials vary between laboratories and the clinically relevant cut-off levels for
various subclasses are not well known. The diagnosis should be based on
more than one determination of serum levels since variation can occur €.g.
due to infection or surgery. A further confounding factor is that sometimes
even a total lack of a subclass can be found in healthy individuals [56].
IgG2 subclass deficiency is the predominant form among children, with a

sex distribution of 3 boys to 1 girl; after puberty 1gG3 def1c1ency is more
common and affects 1 male to 3 females [57].

Nielson et al. [58] found that chronic lung disease was common in pa-
tient groups with selective serum IgG1 deficiency or with combined IgG1
plus IgG3 deficiencies, whereas patients with other subclass abnormalities
had mainly upper airway and other mild infections. Serum IgG2 or -G3
deficiency was usually expressed at the cellular level in rectal mucosa;
conversely, the nasal proportion of IgG3 cells was unaffected by the defi-
ciency of this subclass in serum and rectal mucosa [57]. It is possible that
local antigenic stimulation overrides a B-cell maturation defect.

We have found IgG3 deficiency to be the commonest abnormality in a
group of patients with chronic or recurrent rhinosinusitis [59]. On test
immunization with tetanus and with pneumococcal polysaccharide appro-
ximately 50% of our patients with chronic or recurrent purulent upper
respiratory tract infections show a poor response to carbohydrate antigen.
In a pilot study of intravenous y-globulin replacement therapy, clinical
improvement was noticed in about 50% of patients with an abnormal sub-
class level or test immunization response. Interestingly, the response rate
was not different in patients in whom no immune abnormality could be
detected.

In a double-blind cross-over study of immunoglobulin prophylaxis over
2 years in 43 1gG subclass-deficient adult patients, a significant decrease
in the number of days of infection was seen in the whole group and among
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Figure 14. Antigen contact at mucosal surfaces results in uptake via antigen-presenting cells
which then migrate to local lymphoid tissues and present antigenic peptides to T cells. Here
B cells are also sensitized by antigen. They leave via the blood or thoracic duct and circulate
before homing to mucosal sites. There is evidence for preferential homing of respiratory tract
cells to the respiratory tract, but some may go to salivary and mammary glands and possibly to
the gut. B cells in the mucosa receive their second signal, involving CD40 ligation, possibly
either further antigen contact or cytokine which stimulates them to become antibody-secreting
plasma cells. In the mucosal system IgA is the predominant antibody produced, and this is
passed through the epithelial cell gaining secretory piece on the way. It is secreted into the
lumen where it is able to neutralize further antigen or prevent antigenic attachment and ingress.

the IgG1 deficient patients. The 22 asthmatics also had fewer days with
bronchial constriction; acute bronchitis was significantly less frequent in
the IgG3-deficient patients [57].

The most severely affected patients have IgA deficiency in association
with an IgG subclass abnormality; these tend to have recurrent respiratory
infections, and lung function impairment is noticeable in about 50%. In
a small study, Petruson et al. [60], studies 18 IgA-deficient patients and 22
with common variable immune deficiency (IgG or G subclass together
with IgM or IgA). The results are shown in Table 4. It is noticeable that
the common variable immunodeficient patients are more likely to have
chronic rhinosinusitis and to be carrying pathogenic bacteria in their naso-
pharynx.

Investigation of the IgA system requires assessment of both secretory
and serum IgA because of their dissociation. Patients with serum IgA
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Table 4. Immunodeficiency and ENT disorders. The major immune defects leading to ENT
disorders are shown. Abnormalities of cilia and mucus are very likely to result in chronic nose
and sinus infections. Approximately half the patients with primary ciliary dyskinesia show situs
inversus (Kartagener’s syndrome). Affected individuals are frequently sterile, as are those with
Young’s syndrome, in which a mucus abnormality is postulated. There are two types of well-
defined acquired immune deficiencies: selective IgA deficiency occurs in about 0.3% of a
population, and common variable immune deficiency (CVID), in which there is a deficiency of
IgG together with IgM and/or IgA, occurs in about 0.002 % of a population. In any individual
with recurrent ENT infections, a sample of clotted blood should be sent for serum immuno-
globulin determination, since affected individuals can benefit from replacement therapy, which
can now take place at home. Early diagnosis and treatment confer a better prognosis, probably
because chronic infections leads to secondary irreversible changes in the mucosa. Abnormal-
ities of IgG subclasses have been described in chronic rhinosinusitis; the commonest is prob-
ably IgG3. This contrasts with IgG2 deficiency, which is present in 5% of individuals with
chronic lower respiratory tract infections. The significance of subclass abnormalities remains
to be defined.

Innate immune system

Ciliary dysfunction — 1° (& situs inversus)
— 2° to infection, pollution, allergy

Mucus abnormalities — cystic fibrosis
?Young’s syndrome

Complement deficiencies — C; or C; inactivation — severe infections
Cs—C,y — neisserial infections

Neutrophil abnormalities — ?lazy leukocyte syndrome

Acquired immune system

Humoral (antibody-mediated)

may IgA
occur { IgG + IgA + IgM deficiencies (CVID)

together IgG subclass
Dysfunctional hypergammaglobulinaemia (AIDS)
Cellular — minor T/B abnormalities occur in CVID

— marked abnormalities (1° or 2°) associated with severe
infections, e.g. mycobacteria, fungi, viruses

deficiency (<0.05 g/l) usually have undetectable IgA in nasal secretions
[58, 59] but can have normal secretory IgA [61—62]; the reverse situation
has also been described [63, 64].

Hypogammaglobulinaemic and IgG subclass-deficient patients frequent-
ly show minor abnormalities of B- and T-lymphocyte numbers or function.
Severe cell-mediated immune defects are usually associated with major
infections, notably with fungi, mycobacteria and viruses as well as an
increase in neoplastic disease.
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5.1. HIV

The human immunodeficiency virus (HIV) is an acquired cause of immune
deficiency which may present to the ENT specialist. The infections
observed are with organisms normally controlled by the T cell and
macrophage arm of the immune system, i.e. predominantly intracellular
organisms, in particular viruses (herpes simplex, varicella zoster, cytome-
galovirus and polyomavirus) fungi (Candida, Cryptococcus, Histoplasma)
and protozoa (Pneumocystis carinii, Toxoplasma and Cryptosporidium).
Salmonella and mycobacteria, which are facultative intracellular bacteria,
can also cause disease. Bacterial infections which are usually controlled by
antibody, complement and phagocytes are not problematical in adults
unless a new antigen is encountered when the lack of CD4-positive T cells
may prevent a proper antibody response. In children infected with HIV in
utero, disseminated bacterial infection is a common cause of mortality
since the antibody repertoire has not been developed and the children are
unable to mount an immune response to the bacteria [65].

The majority of opportunist infections in HIV-positive patients are due
to reactivation of previously acquired infection rather than de novo disease.
Superadded to the viral-induced immune deficiency is the effect of bone
marrow suppressive drugs used in treatment which can induce neutropenia.

Common ENT presentations are candidiasis in the mouth and pharynx or
hairy oral leukoplakia. Kaposi’s sarcoma can be found anywhere in the
mouth, tongue and throat. Oral ulceration is common and may be associat-
ed with drug-induced neutropenia.

Table 5. Immunodeficiency and sinuses [55]. The prevalence of ENT infections was deter-
mined in a group of individuals with IgA deficiency and in a group with CVID, and these data
were compared with those from normal controls. Recurrent rhinosinusitis was defined as more
than one acute purulent rhinosinusitis per year. Chronic rhinosinusitis required radiologic
signs of infections showing no improvement over a period of 6 months or more. Chronic rhino-
sinusitis was present in 50% of the patients with CVID, three quarters of whom were carrying
pathogenic bacteria in their nasopharynx.

Immune Status Recurrent Chronic Nasopharyngeal Histology
rhinosinusitis rhinosinusitis ~ bacteria *

IgA deficiency 10 0 12 T goblet cells
(n=18)

Common variable 7 11 16 T submucous
immunodeficiency glands
(n=22)

Normal (r = 20) 0 0 4 normal

* Haemophilus influenzae was the most common isolate, followed by Staph. aureus and
Strep. pneumoniae.
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In the nose, allergic rhinosinusitis is a common problem, possibly due
to poor regulation of IgE synthesis [66]. The treatment is standard, but
long-term high-dose topical corticosteroids should be avoided because of
the dangers of additional immunosuppression. Interferon y has reportedly
been helpful. Infective sinusitis is seen with the same spectrum of bac-
teria that cause sinusitis in the immunocompetent host (Haemophilus in-
fluenzae, Streptococcus pneumonii, Staphylococcus aureus), but with a
much higher incidence. This may be due to the dysfunctional hyper-
gammaglobulinaemia which is polyclonal, but which may hide an IgG
subclass deficiency [67].

The diagnosis of infection in HI V-infected individuals is difficult because
the lack of an inflammatory response makes histological diagnosis difficult
and the failure of antibody production means that serology cannot be
relied upon. Direct identification of organisms is necessary, and it should
be recognized that multiple infections are frequent [68].

5.2. Granulomatous Disease in the Nose

Two conditions which are associated with a disordered immunity are
Wegener’s granulomatosis and sarcoidosis. In the former, antinuclear
cytoplasmic antibodies (ANCA) have been described [69]. These are not
specific for Wegener’s but can also occur in microscopic polyarteritis
and certain other forms of vasculitis [70]. About 60% of patients with
Wegener’s disease localized to the respiratory tract are seropositive for
ANCA. The antigenic target is a 29-kDa serine proteinase in neutrophil
primary granules [71]. Histologically, the staining pattern is cytoplasmic,
and the antibody is known as C-ANCA.

The pathogenicity of ANCA is unproven, but there is some evidence for
their having a role in disease causation. A fourfold rise in ANCA titre
predicted clinical relapse [72], and ANCA are more readily detected in
patients with active disease [69]. However, ANCA can be positive without
overt disease. Incubation of C-ANCA with normal neutrophils primed with
TNF leads to neutrophil degranulation and a respiratory burst [13]. There
is also some evidence that ANCA can stimulate primed neutrophils to
cause endothelial cell injury [74].

Sarcoidosis is a cause of florid nasal symptoms, particularly muco-
purulent catarrh, and may present to the ENT surgeon. The current con-
cept of the pathogenesis of this disease is that persistent antigen of
some form stimulates an antigen-presenting cell, probably a macrophage.
This results in an IL-1/IL-2-driven T-lymphocyte proliferation. Monocytes
are attracted to the site by a monocyte chemotactic factor (IL-8) and are
held at the site of the reaction by macrophage migration inhibition
factor. Monocyte activation by IFN-y occurs, and this stimulates calcitriol
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production, which in turn causes macrophage fusion to epithelioid cells
and granulomata.

There is a bias in the T-cell receptor variable region gene expression,
with many patients showing an increase in the number of cells expressing
VB8 [75]. Analysis of the c-DNA clones produced from mRNA extracted
from such cells reveals homology in gene sequence in the hypervariable
regions, suggesting preferential T-cell selection or replication. In a different
sub-group of patients there were expanded numbers of T cells expressing
the B receptor. Studies of the B chain constant region showed a preferential
bias of CB1 over CB2 (>3 standard deviations above the mean) in the lung
T lymphocytes of sarcoid patients compared with their blood cells, normal
blood and normal lung [76].

These studies suggest not only that sarcoidosis results from antigen
triggering, but that the antigen (or epitope) may be different in different
groups of patients. The possibility that an atypical mycobacterium could
be the initiating organism has recently been reviewed, since many
nasal granulomata are the result of specific infections with inability of
the immune system to completely remove the invading organism, which
has usually taken up residence in cells of the monocyte/macrophage
series.

6. Summary and Conclusions

The upper respiratory tract mucosa is protected against infections by
inborn, non-specific and by acquired, specific defence mechanisms which
interact in a complex manner. The epithelial lining, covered by mucus, is
the first non-specific barrier. In the mucus are various antimicrobial sub-
stances including lysozyme, lactoferrin and interferon. Granulocytes are
also located here, and their phagocytic function is improved if bacteria are
coated with antibodies and/or complement.

Continual movement of mucus towards the pharynx is effected by beat-
ing cilia, which move in low viscosity periciliary fluid. Bacteria are trapped
in the mucus layer and are prevented from attaching to epithelial cells and
causing infection.

Specific defence mechanisms arise from T and B lymphocytes and
involve mucosal IgA, which is produced by B lymphocytes belonging to
the mucosal-associated lymphoid tissue. IgG is found in secretions when
plasma leakage, which is increased in infection, occurs.

Recurrent or chronic infections of the nose and sinuses occur when these
defence mechanisms fail. Primary abnormalities of mucociliary clearance
cause severe and permanent impairment; secondary abnormalities may
arise as a consequence of chronic infection with subsequent mucosal
damage. Probably the most common cause of dysfunction is a viral upper
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respiratory tract infection, followed often by a secondary bacterial infec-
tion, frequently with bacteria which were previously being carried harm-
lessly in the nasopharynx [77].

IgG subclass deficiencies, or frank hypogammaglobulinaemia, may be
found in patients with chronic rhinosinusitis. Since these are treatable con-
ditions, especially if diagnosed early, it is important to check the immune
status of such patients.
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1. Introduction

Rhinitis and asthma are common diseases which are increasing both in
terms of occurrence and severity. The pathophysiology and pharmacology
of these diseases suggest that inflammatory processes have a primary
pathogenic importance.

The inflammatory process in allergic rhinitis may involve several phases
and functions which, in some respects, may be better investigated under
laboratory conditions than during natural disease. Thus it has been demon-
strated that when the nose of the allergic patient is challenged with
allergens, an immediate nasal response occurs. This “early allergic reac-
tion” is characterized by nasal symptoms such as itching, sneezing,
increased nasal obstruction and watery discharge. Histamine, probably
released from mast cells, is considered the most important mediator for this
early event [1]. The early allergic reaction gradually abates, and other
symptoms may follow later. In contrast to the dual allergic response of the
lower airways the “nasal late phase” does not exert any clear biphasic event;
rather it is a continuous process characterized by symptoms of milder
degree for a longer time period. When the allergic nasal mucosa is re-expos-
ed to pollens as well as certain non-specific stimuli, an increased re-
sponsiveness to allergens “priming” [2] and non-specific stimuli occurs [3].
In natural allergic rhinitis, symptomatology and pathophysiology may con-

* Author for correspondence.
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stitute a mixture of early and late responses with added chronic features of
inflammation. Hence, inflammatory processes and associated clinical
symptoms are far more complicated events than those which can be achiev-
ed in the laboratory.

How do we describe the signs and characteristics of inflammation? The
classical signs of inflammation (rubor, tumor, calor, dolor and function
laesa) are unfortunately not very relevant for rhinitis and other inflamma-
tory airway diseases. Rubor (redness), tumor (swelling) and calor (warmth)
are not specific signs and may in part reflect increased blood pooling.
Furthermore, these functions are components of the normal physiological
changes in the vascular tonus, “the nasal cycle”, and are dependent on
neural control. Dolor (pain) is not a typical feature of nasal inflammation.
On the contrary, it is very seldom that patients complain of nasal pain, ex-
cept of course in the case of trauma or local infections in the nose. Instead
of functio laesa (loss of function), the final classical sign, we often discover
mucosal hyperfunction such as hyperresponsiveness seen in rhinitis. Con-
sequently we may have to look for other signs more applicable to inflam-
mation in rhinitis. This chapter discusses potentially appropriate indices of
the inflammatory process in rhinitis. The emphasis is on mucosal end-organ
functions in vivo, reflecting the focus of the airway research group in Lund.

2. Plasma Exudation in Rhinitis

Studies of human airways have shown that it is difficult to find a correla-
tion between inflammatory cells and clinical signs of the allergic disease,
even though the presence of inflammatory cells in the airways has been
accepted as a definition of an ongoing allergic processes (reviewed by [4]).
This may not always be a complete description. Cells can be present in the
airways without exerting any deleterious effect on the host or they may
fulfill low-grade defence and repair functions. We think it is important to
find factors which can determine whether the airway mucosa itself is
affected by an inflammatory process. Increased secretion, increased pool-
ing of blood and changes in the mucociliary transport are examples of
activities in allergic rhinitis which are of a non-specific character. These are
effects that can be evoked equally by non-inflammatory irritants, and they
may represent normal ongoing activities. The exudation of bulk plasma, in
contrast, is a specific tissue response to different inflammatory insults [5,
6]. It is not an increase of the normal exchange in the capillary bed of fluid
and solved solutes. Thus exudative indices can quantitatively reflect the
intensity and time course of allergic and other inflammatory processes both
in natural rhinitis (allergic rhinitis, common cold), and in experimental
challenge — generated rhinitis [5, 6]. This is shown in Figure 1. In contrast
to the number of inflammatory cells, exudative indices may correlate well
to patients’ clinical symptoms [5—7].
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Figure 1. Exudation of plasma occurs both in allergic and infectious rhinitis. A: Nasal lavage
of fibrinogen in healthy control subjects and corona virus-induced common cold. Only subjects
with common colds exhibited an increase in nasal lavage levels of fibrinogen compared with
healthy subjects, (¥, p<0.05; **, p<0.01). Arrow indicates virus inoculation. B: Fibrinogen
levels in nasal lavages of allergic subjects (n = 22) during a birch pollen season. Half of the pa-
tients received a topical glucocorticoid (budesonide, 400 pg daily) and the rest placebo. Bude-
sonide significantly decreased the levels of fibrinogen compared with placebo on study days 21,
35 and 49. No difference was seen in the run-in period. Arrow indicates treatment start (day 14).
Data taken from [7] and [36].

The profuse airway mucosal microcirculation has several important fun-
ctions in health and disease. One of its major roles lies in the process of
extravasation of bulk plasma. This response is produced by allergic reac-
tions, infectious processes, occupational disease factors, inflammatory fac-
tors and epithelial shedding. In contrast, simple neurogenic irritants are
without exudative effects [8, 9]. The extravasated plasma harbours adhesive
and leukocyte-activating proteins (such as fibrinogen and fibronectin),
proteases, immunoglobulins; cytokines and cytokine-modulating proteins;
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and an endless variety of biologically active peptides. This dynamic mole-
cular milieu may explain in part why any translation of in vitro cell data to
in vivo function may be fraught with disaster.

Epithelial restitution, after shedding, suggests a paramount role of
plasma exudation also in mucosal repair. Shedding-like removal of the
epithelial lining promptly induces extravasation and luminal entry of bulk
plasma. A plasma-derived gel thus covers the denuded but intact basement
membrane until a new flat epithelium has been established. The gel is rich
in fibronectin-fibrin and other repair-promoting plasma-derived agents,
potentially explaining why re-epithelialisation in vivo occurs both prompt-
ly and at exceedingly high speeds. The epithelial restitution process in-
volves several physiological responses (plasma extravasation, secretory
effects), cellular responses (migration and activation of neutrophils and
eosinophils, and proliferation of fibroblasts and smooth muscle cells) and
extracellular matrix effects (thickening of reticular basement membrane
and regional lymph nodes). Hence, shedding-restitution processes, as they
evolve under in vivo conditions, evoke several disease-like effects (re-
viewed by [10]). Protecting the epithelial lining from damage and shedding
appears an increasingly important goal of the treatment of rhinitis and
asthma.

Patients’ symptoms in asthma and rhinitis display a marked diurnal
variation with increased symptomatology during the morning hours. The
exudative inflammatory processes may follow the same diurnal rhythm. In
infectious rhinitis significantly more plasma exudate is found in the airway
lumen during morning hours than during the rest of the day [11]. This
observation underscores the need for anti-inflammatory treatments to be
effective during night and morning hours.

When guinea-pig and rat airways are exposed to local irritating sub-
stances such as capsaicin, an exudative inflammation occurs. Hence, based
on animal data, “neurogenic airway inflammation” has become an esta-
blished concept widely believed to be significant in rhinitis. This concept
of the presence of neurogenic inflammation in human airways may, how-
ever, have been prematurely accepted. Nasal provocation with irritating
agents like nicotine and capsaicin simply causes pain and nasal secre-
tion. No exudative inflammation is produced [8, 9] nor is there any
exaggertion of inflammation in ongoing allergic rhinitis [9]. Thus, we
propose that neurogenic inflammation is not relevant to human nasal
airways. It must be stressed that traditional paradigms based on animal
data cannot be directly interpreted as relevant for human airways. We
recommend early studies in the accessible human nose [12] to assess novel
ideas about airway inflammation. Relevance of mechanisms observed in
animal models or in cells ex vivo to the human airway could be
promptly corroborated or refuted in the human nose, thus avoiding
premature conclusions about their importance for disease and future treat-
ment.
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3. Cells and Cytokines in Allergic Rhinitis

The kinetics of inflammatory cell traffic and its relation to airway mucosal
changes in reactivities have been widely investigated in allergic rhinitis
[13—19]. After allergen exposure there is a fairly rapid increase in the
number of eosinophils on the mucosal surface. There is also a time-related
relationship between the influx of cells and the increase in nasal responsive-
ness to secretory stimuli. Hence, when the allergic mucosa is challenged
with methacholine (a secretory stimulus in the upper airways), an increas-
ed volume of nasal secretions is produced compared with the response in
non-allergic, non-inflamed nasal mucosa. It seems, however, that these two
events appear at the same time, since no individual relationship between
these two events could be seen. Hence there were patients with a rapid
increase in the number of eosinophils and a much later occurring secretory
hyperresponsiveness and vice versa [17].

Anti-inflammatory treatment with topical glucocorticoids raises further
questions about the role of the eosinophil as inducer of hyperresponsive-
ness. Short pretreatment with topical glucocorticoids totally abolished
allergen challenge-induced increase in nasal responsiveness (“priming”)
but had no effect on the signs of eosinophil activation. Hence, in nasal wash-
ings the levels of eosinophil cationic protein were still augmented at the
later ongoing inflammatory period [16]. Similarly, we have shown that two
different antihistamines (terfenadine and cetirizine) reduced secretory
hyperresponsiveness to methacholine but did not affect the increased
number of eosinophils [18]. The phenomenon of hyperreactivity surely
involves more than just recruitment and activation of eosinophils.

Studies of cell products have made an important contribution to the
understanding of the pathophysiology of allergic airway diseases. In con-
trast to the exudation of plasma, these data demonstrate the potential of the
allergic mucosa for allergic response rather than the actual intensity of an
ongoing allergic inflammation.

Allergic and infectious rhinitis conditions share features such as plasma
exudation and exudative hyperresponsiveness. Recently we demonstrated
an increase of granulocyte macrophage colony stimulating factor (GM-
CSF) but not other cytokines such as interleukin (IL)-1, IL-6 and tumour
necrosis factor a (TNFa) in nasal lavage fluid levels from patients with
allergic rhinitis [19]. On the contrary, patients with infectious (common
cold) rhinitis had increased levels of interferon (IFN) y. These observations
indicate that different inflammatory stimuli like allergens and viruses
cause different cytokine response in inflamed nasal mucosa, as shown in
Figure 2. It could be speculated whether other forms of rhinitis (such as
vasomotor rhinitis) differ in their cytokine profile.

Bone marrow-derived circulating myeloid progenitor cells are affected
in patients with allergic inflammation (reviewed by [20]). The number of
progenitors and their sensitivity for GM-CSF stimulation ex vivo changes
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Figure 2. Differences in nasal cytokine profile in allergic rhinitis and corona virus-induced
common cold. A: Significantly increased nasal lavage levels of IFN-y were found at the height
of the infection compared with allergic and healthy control subjects. B: In allergic subjects,
however, significantly increased levels of GM-CSF following a nasal allergen challenge were
demonstrated. * p<0.05. Data taken from [19].

during the pollen season in allergic rhinitis [21]. At the height of the pollen
season the number of circulating progenitors and the levels of GM-CSF in
nasal lavage samples increased and decreased towards the end. Further-
more, sensitivity to ex vivo stimulation of the blood progenitors by GM-
CSF was reduced at the height of the season compared with increased
sensitivity to GM-CSF prior to and at the end of the season. These results
suggest a role for GM-CSF as one of the regulator molecules involved in
mobilisation and activation of eosinophilic progenitors in allergic rhinitis,
although the true nature and significance of myeloid precursors are still
unknown.
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4. The Barrier Function of the Airway Mucosa in Health and Disease

It has generally been claimed that the airway mucosa develop an abnor-
mal increased absorption permeability for inhaled material during active
allergic disease. Hyperreactivity and other features of the allergic airway
mucosa could thus be explained by simple changes in perviousness. This
hypothesis has been widely disseminated, although the underlying in vivo
observations which support the increased absorption theory are few and
contradictory. With new and specific methods we have demonstrated that
the airway mucosa is in fact functionally tighter in patients with allergic
rhinitis at the end of the pollen season compared with its healthy condition
outside the season [22] (Figure 3). Furthermore, the absorption barrier
seems unaffected in corona virus-induced rhinitis as well as in wild, not
specified clinical common cold [23, 24]. Even the exposure of the nasal
mucosa to cigarette smoke failed to reveal increased absorption across the
airway mucosa [25]. These human in vivo data seriously question the hypo-
thesis of increased absorption permeability in the pathogenesis and pro-
gress of airway inflammatory diseases.

One possible explanation for an improved absorption barrier in active
nasal inflammation could be our observation that plasma-derived extra-
cellular matrix proteins such as fibrinogen are laid down in the lamina pro-
pria, in the basement membrane, in the epithelium and on the epithelial
surface [26]. These extracellular proteins may exert important functions
both in the repair phase of the epithelium and as a barrier to inhaled ma-
terial in active rhinitis inflammation. Indeed, the dramatically high speed of
epithelial restitution (after shedding) in vivo and the establishment of flat,
tight and large repair cells together with some metaplasia might also
explain why an inflamed mucosa with epithelial shedding may develop into
an abnormally tight mucosa.

5. Hyperfunctions in Nasal Mucosal End Organs

Hyperreactivity to unspecified local provocations may be considered a
cardinal sign of asthma and rhinitis [27]. In contrast to studies in the lower
airways, the nose offers excellent opportunities for specific functional
measurement of different aspects of hyperreactivity. Investigations can also
be performed without any interactions with smooth muscle contractions.
By using different kinds of challenge agents, specific nasal mucosal end-
organ hyperreactivities (microcirculation, glands and nerves) can be
monitored [12]. Thus when the allergic mucosa is challenged with metha-
choline, an augmented secretory response occurs. Furthermore, this
methacholine-induced hypersecretion is significantly reduced by topical
glucocorticoid treatment [28]. Microvascular exudative responsiveness can
be investigated by topical application of histamine to the nose. At the end
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Figure 3. A: Absorption of 51-Cr EDTA across the nasal mucosa in healthy subjects and in
corona virus-induced common cold. No differences in the absorption rate was found. B: Nasal
absorption of 51-Cr EDTA in allergic subjects prior to and at the end of a pollen season.
As seen, there is significantly reduced absorption of the tracer at the end of the pollen season.
**p<0.01. Data taken from [22] and [23].

of the pollen season, when patients have been exposed to pollens for sever-
al weeks, there is an increased exudative responsiveness to histamine as
compared with reactions outside the pollen season, when patients are
asymptomatic [29]. We have demonstrated similar features of increased
exudative responsiveness in corona virus-induced common cold [23]
(Figure 4). At the height of the infection there was an increased exudative
hyperresponsiveness as compared with asymptomatic non-infectious
conditions.

Sensory C-fibers of the nasal mucosa may be stimulated by capsaicin, the
pungent agent of hot pepper. Topical provocation with capsaicin induces



Inflammation in Rhinitis 87

Figure 4. Exudative hyperresponsiveness after instillation of increasing doses of histamine in
infectious and allergic rhinitis. A: Significantly more albumin is exuded to the nasal mucosal
surface in the presence of histamine in corona virus-induced common cold compared with
healthy controls. B: Late into the pollen season significantly more albumin is exuded in the pre-
sence of histamine compared with outside the pollen season. * p<0.05.

pain in the nose. At the end of the pollen season a hyperreactivity of the
sensory nerves to nasal topical capsaicin provocation occurred compared
with outside the pollen season [9]. A sensory neurogenic hyperreactivity
also occurs similar to microvascular exudative and glandular secretory
hyperreactivity and may be considered as a characteristic sign in allergic
rhinitis. It must, however, be emphasised that the neurogenic responses in
human airways include no tendency whatsoever to an inflammatory exu-
dative response [9].
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6. Anti-Inflammatory Treatment in Rhinitis

Anti-inflammatory treatment with glucocorticosteroids is currently the
most efficacious management of allergic and non-allergic rhinitis [1] see also
accompanying chapters. When topical glucocorticoid treatment is initiated
and continued for a prolonged period before a nasal allergen provocation,
both the early allergic nasal symptoms and concomitant release of media-
tors into the nasal mucosa surface are reduced [30]. Later-occurring
symptoms and ongoing mediator release are reduced after shorter pretreat-
ment times with topical glucocorticoids [31]. Allergen-induced hyper-
responsiveness and accompanying inflammatory cell influx seem also to be
highly sensitive to topical glucocorticoids [32]. In natural allergic rhinitis
topical glucocorticoids reduce the number of nasal epithelial mast cells
[33] and eosinophils [28] as well as the signs of eosinophil activation [34]
and the number of antigen-presenting cells [35]. Reduction in the number
of T lymphocytes has also been observed [35].

Topical glucocorticoids inhibit the exudation of plasma and the forma-
tion of potent peptides on the nasal mucosal surface in natural ongoing
allergic rhinitis [36]. In contrast to animal studies [37], however, the anti-
exudative effect of topical glucocorticoids seems not to be a direct acute
effect on the vasculature but rather reflects the inhibition of inflammatory
processes that involve the release of mediators, cytokines and proteases,
which in turn affect airway microcirculation [38].

Continuous epithelial shedding and restitution processes may also be
important factors in, and characteristic features of, active rhinitis and are
particularly evident in polyps and in sinusitis and asthma [39]. Thus it is
important to examine whether the restitution process may be affected by
glucocorticoids. Although results are still lacking from nasal studies, topi-
cal glucocorticoids did not have any negative effect on the repair process in
the guinea-pig trachea, where topical budesonide did not interfere with the
high speed and efficient restitution of the airway epithelium after shedding
and denudation [40].

Topical glucocorticoids exert their clinical effects primarily locally, not
systemically. When the same dose of glucocorticosteroids were given oral-
ly and intranasally, only the intranasal treatment were clinically effective
[41, 42]. In contrast to topical antihistamines, topical glucocorticoids re-
duce both baseline symptoms and allergen challenge-induced acute in-
flammation (exudation) in seasonal allergic rhinitis [43].

7. Summary and Conclusion
The term “rhinitis” refers to several different disease classifications of the

nose; whether all these nasal disorders actually also reflect inflammatory
processes is not known. We particularly lack information about potential
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inflammatory components in non-allergic “vasomotor” rhinitis. In natural
allergic rhinitis the function of the nasal mucosa is characteristically
altered. There are signs of increased levels of inflammatory cells and cell
activation, increased exudation of plasma proteins and hyperreactivity of
the nasal mucosal end organs (glands, microcirculation, and sensory
nerves) but reduced absorption. Anti-inflammatory treatment with topical
glucocorticoids abolishes or reduces these signs in the inflamed nasal
mucosa.
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1. Introduction

Rhinitis is a very common disease, but surprisingly little is known about its
epidemiology, probably due to the fact that diagnosis relies on recognition
of a symptom complex of varying severity. Surveys of normal subjects not
considered to suffer from rhinitis have shown that nevertheless 40% had
experienced nasal symptoms the previous day. There may be a continuum
in the frequency and severity of nasal symptoms from subjects with no
detectable illness to those with severe disease. Changing patient behaviour,
diagnostic fashion and research methods may explain much of the variation
in the prevalence of rhinitis between populations and over time.

Allergic rhinitis is characterised by infiltration of the nasal mucosa with
inflammatory cells including mast cells, eosinophils, basophils, T lympho-
cytes, and upregulation of the vascular endothelial expression of leucocyte
adhesion molecules. Clinical features of rhinitis may occur in relation to
exposure allergens, most frequently pollens (seasonal allergic rhinitis);
house dust mite and household pets (perennial rhinitis).

Because allergic rhinitis is so common and the symptoms are variable, it
is essential that treatment be fast acting, well tolerated and above all safe.
In addition, it is unlikely that sufferers will take treatment on a regular basis
unless symptoms are particularly severe. Therefore, treatment for this con-
dition must be effective when taken irregularly. At the present time there is
no single treatment which encompasses all these criteria. Although claims
have been made that many treatments for allergic rhinitis have additional
therapeutic activities, for example histamine receptor antagonists (anti-
histamines) with antiallergic activity, such mechanisms are often only
demonstrable in vitro.

2. Allergen Avoidance

Avoidance of exposure to allergens is the first prophylactic measure advis-
ed in the management of allergic diseases, including allergic rhinitis. Al-
lergens in the home, working place or school not only cause worsening
of symptoms immediately after acute exposure but can also prolong the
clinical symptoms of allergic rhinitis.

Vigorous allergen control measures can make a real difference in symp-
toms and significantly reduce the need for pharmacological treatment.
The beneficial results of this approach may take several weeks or months
to be observed. Due to practical and economic reasons it may be difficult
completely to eradicate offending allergens from the patient’s environ-
ment, but avoidance measures are helpful. Control measures for indoor
allergens should be applied even if their efficacy is not complete. Allergen
control/avoidance measures should be undertaken in homes of sensitive
individuals with allergic rhinitis. It is worth noting that it is more difficult
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Table 1. Allergen avoidance

House dust mite control measures

Use allergen-impermeable mattress, duvet and pillow covers.

Vaccum the mattress, pillows, around the base of the bed and bedroom floor weekly.

Remove feather pillows, woollen blankets and eiderdowns; replace with synthetic ones. Remove
carpeting if possible.

Wipe all surfaces weekly with a damp cloth.

Use a vacuum cleaner with disposable paper bags and a filter.

Wear a mask whilst cleaning.

Chemical agents (acaricides) to reduce house dust mites may be helpful.

Affected children should be out of the room when cleaning is being done and should no return
for 2 hours.

Toys should be vacuumed, tumble-dried or put in the deep-freeze overnight to reduce mites.
Children should not sleep with furry toys in their beds.

Pollen avoidance measures

Monitor pollen forecasts.
Stay inside when pollen count is high or avoid high pollen areas.
Consider using glasses outside.

Control of pet allergens

Remove pets (if possible); do not replace animal.

No pets in the bedroom at any time. Wash pet regularly.

Allergic families should avoid having furred or feathered pets; since allergic sensitivity to them
may develop in time, even if not immediately apparent.

to reduce exposure to pollens and outdoor allergens than it is to control
exposure to indoor allergens [1].

Control of symptoms of allergic rhinitis have been reported in different
clinical trials after reducing house dust mite (HDM) allergen exposure.
These measure include the use of vinyl or cork flooring, the use of mattress
covers [2] and high-efficiency particulate air filters [3]. More recently, a
single treatment with Acarosan, an acaricidal cleaning formulation, has
been claimed to improve symptoms in allergic rhinitis [4, 5]. Recom-
mendations regarding allergen avoidance for the control of perennial and
seasonal allergic rhinitis are outlined in Table 1.

3. Antihistamines

Histamine is released form mast cells and basophils in response to allergen.
While a number of other mediators are released simultaneously, histamine
had been most consistently linked with allergic symptoms such as itching,
sneezing and pain through stimulation of the afferent nerve endings of
the trigeminal nerve situated in the nasal epithelium. Histamine also acts
on the subepithelial blood vessels, causing vasodilatation, hyperaemia and
oedema through plasma exudation. This action contributes to the symp-
toms of nasal blockage and rhinorrhoea. Contrary to previous experimental
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work in vivo, we have reported that histamine does not directly influence
epithelial permeability in vitro [6]. Exudation of plasma into the nasal
cavity results from extravasated fluid from postcapillary venules exerting a
lateral pressure load an epithelial cells causing temporary and reversible
separation of the tight junctions [7].

Antihistamines are widely used in allergic disease. There are two types
of antihistamine drugs, H,- and H,-receptor antagonists (blockers). Both
types act by a reversible and competitive blocking of histamine binding at
the respective receptor sites. Most antihistamines used to treat allergies
are histamine (H;)-receptor antagonists and can be categorized as either
first- or second-generation H, antagonists. The most important difference
between the two groups relates to the presence or absence of unwanted
sedative effects. Since their discovery, more than 50 competitive H,-recep-
tor antagonists have been used as antiallergic and anti-inflammatory
agents. These have been shown to be very effective drugs in the manage-
ment of allergic rhinitis.

3.1. First-Generation H; Antagonists

First-generation H, antagonists have a rapid onset of action, reaching
their peak plasma concentrations in 1-2 h. They are effective over a 4- to
6-h period after oral or parenteral administration. Chemically the first-
generation H, antagonists can be classed into several groups including
ethanolamines, ethylenediamines, alkylamines, piperidines and pheno-
thiazines. These agents are lipophilic and thus cross the blood-brain
barrier, attaching to H, receptors on brain cells [8]. They can also cross the
placenta. All first-generation H; antagonists are metabolized by the hepatic
cytochrome P-450 system.

3.1.1. Side effects: The major disadvantage of these drugs is the sedative
effects that they produce. These are caused by their interactions with the
central nervous system. The sedative or hypnotic effects result from central
inhibitory activity. These effects may be transient and sometimes un-
recognized. Potential psychomotor changes may influence activities that
require attentive and motor skills [8, 9]. The first-generation H, antagonists
also have other unwanted side effects such as a blockade of muscarinic
cholinoceptors, a-adrenoceptors and 5-hydroxytryptaminergic receptors as
well as local anaesthetic effects. This limits the dose of these compounds
which may be administrated safely to humans. The anticholinergic effects
include palpitations, tachycardia, constipation, urinary retention (in the
presence of prostatic hypertrophy), vertigo and clouded vision [10].

3.1.2. Drug interactions: Antihistamines may intensify or prolong the
effects of drugs such as monoamine oxidase (MAQ) inhibitors, tricyclic
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antidepressants, barbiturates, tranquilizers and narcotics, all of which are
used in the treatment of mental disorders. They can also increase the effects
of anti-Parkinson drugs and alcohol. Additionally, these antihistamines can
also cause inhibition of the action of anticoagulants and may reduce the
effectiveness of oral contraceptives, progesterone, reserpine and thiazide
diuretics [11].

3.2. Second-Generation H; Antagonists

These antihistamines are well absorbed when taken orally and have a rapid
onset of action after dosing reaching peak plasma concentrations after
1.5-4 h. Astemizole (peaking 4—8 h after dosing) is slower in onset. All
are well distributed in the body and most are metabolized in the liver and
excreted by the renal or gastrointestinal route (Table 2). These agents are

Table 2. Pharmacokinetics of second-generation H; antagonists

Peak plasma Plasma half- Liver Excretion
conc. (h) life (h) metabolism
Acrivastine 1.5 1.5 - urine
Astemizole 4-8 19 days + urine/faeces
Azelastine 4-5 25-35 ++ [*] urine/faeces
Cetirizine <1 11 - urine
Ebastine 3 10-14 ? ?
Levocabastine [Topical application] +
Loratidine <2 12-18 ++[*] urine/faeces
Terfenadine 2 16-24 ++ [*] urine/faeces

[*] Active metabolite.

lipophobic and hence are, less likely to cross the blood-brain barrier. They
also have limited affinity for brain H, receptors. In view of these properties
they cause little sedation and few if any psychomotor changes. They have
little or no anticholinergic activity and are safe for patients who have glau-
coma or prostatic hypertrophy. They have few known adverse drug inter-
actions [12]. The rate of metabolism of these drugs varies, but most tend to
be long acting. The pharmacological properties of the second generation of
H, antagonists are shown in Table 3.
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Table 3. Pharmacological properties of second-generation H, antagonists

Histamine (H,) oa-adreno- 5-HT anti-PAF anti-SRS-A  Calcium Muscarinic

antagonism ceptor blocking cholinoceptor

effects effects
Astemizole + + —
Azelastine + - + + + +
Cetirizine +
Classical H, + + + + +

antihistamine

Loratidine + + + +
Terfenadine + + + + +

5-HT: 5-hydroxytryptamine receptors; PAF: platelet activating factor; SRS-A: slow-reacting substance of
anaphylaxis.

3.2.1. Mode of action:

3.2.1.1. In vitro studies. Studies in vitro have shown that high concen-
trations of H, antagonists are able to block mediator release from basophils
and human mast cells. For instance, at concentrations ranging from 1 to
50 pM, loratadine blocks the release of histamine from basophils [13].
Similarly astemizole inhibits histamine release from human basophils and
mast cells [14], and terfenadine inhibits the release of eoicosanoids from
mast cells and macrophages [15]. The mechanisms involved are not com-
pletely understood, though Berthon et al. [16] demonstrated that loratadine
impairs the increase in intracellular free Ca?* following cell activation, by
decreasing the influx of extracellular Ca?* and inhibiting the release of Ca?*
from intracellular stores. Loratadine has also been shown to inhibit release
of leukotriene (LT) C, and histamine from cloned murine mast cells [17].
Azelastine interferes with the synthesis and release of LTC, and LTD, from
neutrophils [18], and blocks Ca?* influx into target tissues. Cetirizine has
been shown to inhibit platelet activating factor (PAF)-induced migration of
eosinophils, in vitro and in vivo [19]. Terfenadine and cetirizine have
also been shown to be capable of reducing the expression of intercellular
adhesion molecule-1 (ICAM-1) on epithelial cell lines in vitro [20]. These
actions are thought to be separate from the H; receptor-blocking activity of
the antihistamines.

3.2.1.2. In vivo studies. A number of studies have been performed
in vivo to assess the clinical effectiveness of antihistamines in inhibiting
the allergen-induced inflammatory process in the nasal mucosa and the
conjunctiva. In a double-blind, crossover study, Bousquet et al. demon-
strated the clinical efficacy of terfenadine (60 mg b.i.d.) and loratidine
(10 mg o0.d.) during nasal allergen challenge. A significant reduction in the
release of prostaglandin (PG) D2 in nasal secretions in the loratidine-
treated group was noted [21]. Faraj and Jackson [14] have demonstrated
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that astemizole (at a concentration range of 33—156 pmol) inhibited al-
lergen-mediated histamine release from blood basophils obtained from
patients with allergic rhinitis. In addition, Ciprandi et al. [22, 23] demon-
strated that loratidine exerted a significant protective effect both on early and
late phase allergen-induced reactions in the conjunctiva, reducing cellular
infiltration. The higher concentrations of antihistamines achievable by
topical administration should enhance any antiallergic or anti-inflamma-
tory activity possessed by these drugs.

Pazdrak et al. (1993) showed that treatment with levocabastine (0.5 mg/ml
solution) caused a significant reduction in nasal symptoms and inflamma-
tory cell influx of eosinophils and neutrophils after allergen challenge
when compared with placebo administration. In addition to its H,-receptor
antagonist effect, levocabastine has an inhibitory effect on inflammatory
cell influx and hyperresponsiveness to histamine [24]. Van Wauwe, using
histamine as well al allergen provocation, showed a marked decrease in
vascular permeability after the use of topical levocabastine compared with
placebo [25]. In addition to H; blockade, cetirizine has been shown to block
the influx of eosinophils to the site of an allergic reaction. It also blocks
the increased sensitivity to methacholine that occurs 24 h after antigen
provocation of the nasal mucosa and decreases levels of albumin and
N-a-tosyl-arginine-methyl-esterase (TAME) activity, which are indicators
of vascular permeability [26].

3.2.2. Characteristics of second-generation antihistamines: Comparison
of second-generation antihistamines is complicated, as not all of these
drugs have been studied in the same way, and comparisons between them
have varied in methodology. A concise outline of the findings on some
commonly used antihistamines is listed in Table 4.

3.2.2.1. Astemizole. Astemizole was one of the first antihistamines intro-

duced as a once-a-day dose for the treatment of allergic rhinitis. Its onset of
action is slow, 4—8 h, and therefore it is not an appropriate agent for acute

Table 4. Second-Generation H; antagonists

Class Example Trade name Daily dose (adults)
Alkylamines Acrivastine Semprex 8 mgt.i.d.
Piperazine Cetirizine Zirtek 10 mg o.d.
Piperine Astemizole Hismanal 10 mg o.d.
Loratadine Clarityn 10 mg o.d.
Terfenadine Triludan 60 mg b.i.d.
Miscellaneous Azelastine Rhinolast topical b.i.d.
Ebastine - -
Levocabastine - topical b.1.d.
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symptom relief. Astemizole is an specially long-acting antihistamine, with
a plasma half-life of approximately 19 days; consequently, skin tests for
allergic reactions will not be reliable for up to 6 weeks after its discon-
tinuation. It also appears to stimulate appetite, and weight gain may occur
(8, 27].

Astemizole is an effective and generally safe drug for the relief of nasal
and ocular symptoms in adults and children with seasonal allergic rhinitis
[27-30]. However, overdose with this antihistamine may produce cardiac
arrhythmias associated with QT wave prolongation and production of
ventricular tachycardia referred to as “torsade de pointes”.

3.2.2.2. Loratadine. This is a selective peripheral anti-H, receptor which
is safe and well tolerated. Loratadine can be administrated on a once-daily
basis. Improvement in allergy symptoms may be noticed within the first
4 h of treatment. Loratadine can be used as a prophylactic therapy in sea-
sonal allergic rhinitis, and it provides symptom-free days throughout the
pollen season [31, 32]. Due to a lower incidence of sedative and anticho-
linergic side effects it has also been claimed that loratadine may possess an
advantage in the treatment of perennial allergic rhinitis [31, 33, 34].

In a randomized double-blind, parallel group study, 167 adult patients
with seasonal allergic rhinitis were treated once daily for 2 months during
the pollen season with either loratadine (10 mg o.d.) or astemizole (10 mg
0.d.). The physicians’ and patients’ evaluations of response to treatment
were generally higher for loratadine than astemizole [27].

Carlsen et al. evaluated the efficacy of loratadine (10 mg o.d.) and
terfenadine (60 md b.i.d.) in 76 patients with perennial allergic rhinitis in
a double blind, selected cross-over study. They found a positive correlation
between total immunoglobulin (Ig) E levels and reduction in overall symp-
toms for patients treated with loratadine, whereas a negative correlation
was found for patients treated with terfenadine [35].

More recently, in a double-blind, placebo-controlled, multicenter study,
874 patients with moderate to severe symptoms of seasonal allergic rhinitis
were treated with a combination of 10 mg of loratadine in an outer coating
and 240 mg of pseudoephedrine sulphate in an extended-release core once
daily, or placebo, or either of its components alone. The authors found that
the combination therapy was consistently superior to placebo or either of
the components alone in controlling nasal and non-nasal symptoms in
seasonal allergic rhinitis [36].

Loratadine is rapidly and well absorbed, metabolized in the liver, and
excreted rapidly in the urine and faeces. A few side effects are reported,
such as headache, fatigue, somnolence, dizziness, appetite increases, diar-
rhoea and dry mouth. No tachyphylaxis has been reported [27, 31, 34].

3.2.2.3. Terfenadine. This is an effective antihistamine broadly used in
adults and children. The advised maximum dose for adults in 120 mg a day
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(given as 60 mg b.i.d. or 120 mg in the morning). In children aged 612
years, the dose suggested is 30 mg b.i.d. Terfenadine is also available as a
combination with a decongestant (Seldane-D®), as a twice-daily dose.
Terfenadine is rapidly absorbed from the gastrointestinal tract and achieves
peak plasma concentrations within 2 h. It is extensively metabolized in the
liver to from an active metabolite. Terfenadine does not cross the blood-
brain barrier. About 97 % of the drug is bound to plasma proteins, and it has
an elimination half-life of 16—23 h. The drug metabolites are excreted in
the urine and faeces.

There is an interaction between terfenadine and ketoconazole, erythro-
mycin and other macrolide antibiotics [37], with the risk of producing QT
wave prolongation, and potential ventricular arrhythmias. It is recommend-
ed that the maximum dose of 120 mg daily should not be exceeded.
Terfenadine is contraindicated in significant liver impairment, pre-existing
prolongation of the QT interval, electrolyte imbalance, or in patients taking
erythromycin, ketoconazole, itraconazole or drugs with an arrhythmogenic
potential [38].

3.2.2.4. Acrivastine. Acrivastine is a short-acting H;-receptor anta-
gonist with a low sedative potential and antimuscarinic effects. It has a
rapid onset of action, estimated by an exponential decay model to be
19 min. In a placebo-controlled, randomized and double-blind 1-day field
study, acrivastine (8 mg) was shown significantly to reduce nasal and
ocular symptoms by 50% at the median time of 80 min and to improve
nasal congestion at 90—120 min (as measured by nasal peak flow)
after start of treatment [39]. Peak plasma concentrations are obtained
at 1.5 h after single-dose oral administration. The elimination half-life
is 1.4-2.1h.

3.2.2.5. Cetirizine. Cetirizine is a potent non-sedating antihistamine
with a half-life of 9 h, allowing once-daily administration. Its onset of
action is between 1—2 h and is similar to that of terfenadine and loratidine.
It is more potent than astemizole, terfenadine and loratidine. Cetirizine in
once-daily dosage of 10 mg has proved to be effective in reducing nasal
congestion, nasal itching, rhinorrhoea, lacrimation, ocular itching and
particularly postnasal discharge and sneezing [30, 40]. In children (aged
6—12 years) with perennial rhinitis, cetirizine 10 mg once daily signifi-
cantly reduced nasal and ocular symptoms as compared with the 2.5- and
5-mg daily treatment groups [41].

Sedative effects of cetirizine are minimal, and the drug is well tolerated
[42]. This is the only second-generation antihistamine which is not meta-
bolized by the hepatic cytochrome P-450 system [12]. Cetirizine is ex-
creted exclusively by the kidneys; therefore it is essential to confirm
that the patient has normal renal function before the drug is pre-
scribed [11].
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More recently, Grant et al. [43] conducted a clinical trial in 93 patients
with seasonal allergic rhinitis and concomitant mild asthma. In this
randomized, double-blind, parallel study, daily cetirizine (10 mg) was
compared with placebo treatment for 6 weeks. Cetirizine was found to be
safe and effective in relieving both upper and lower respiratory tract symp-
toms [43]. In a dose-ranging, placebo-controlled study Clement et al. [44]
have shown that topical application of a concentration of cetirizine 0.125%
nasal spray was clinically and statistically significant by better than
topically applied concentrations of 0.06 % and 0.25 % cetirizine or placebo
in reducing symptoms in patients with perennial rhinitis [44].

3.2.2.6. Azelastine. Azelastine inhibits both early and late-phase allergic
responses, relieving most of the common symptoms (including rhinorrhoea
and nasal obstruction) of both seasonal and perennial allergic rhinitis.
Azelastine provides symptomatic relief as early as 2 h postdose, with a
maximum effect at 4 h and a duration of action of 12 h [45]. The incidence
of adverse effects, which include headache, somnolence, taste perversion
and nasal irritation at the site of topical application, caused by treatment
with azelastine is low. Azelastine is administered twice daily as an intra-
nasal spray.

Azelastine (nasal spray, 0.28 mg b.i.d.) was compared with the gluco-
corticoid beclomethasone dipropionate (0.1 mg b.i.d.) in a double-blind,
randomized, parallel-group, placebo-controlled study involving 130 pa-
tients in the UK [46] where the effect of 6 weeks of treatment on the sym-
ptoms of perennial rhinitis was assessed. Efficacy was assessed by patients
recording daily the severity of the symptoms of rhinitis on 10-cm visual
analogue scales. Analysis of this diary data showed significant reductions
in sneezing, blocked nose, running nose and itching nose during azelastine
treatment. Patients on beclomethasone dipropionate recorded a consistent
reduction in rhinitis symptoms, but these reductions were statistically
significant only for sneezing on treatment day 7.

In a randomized, double-blind, placebo-controlled study, Balzano and co-
workers [47], showed that after 2 weeks of treatment with azelastine (4 mg
b.i.d.) patients with seasonal allergic rhinitis and allergy to Parietaria
pollen had significantly diminished rhinitis symptoms and a reduced
requirement for antihistaminic drugs. Similar results were found by Ratner
et al. [48] in their randomized, double-blind, parallel-group study which
involved 251 patients, supporting the efficacy and safety of azelastine nasal
spray in the treatment of seasonal allergic rhinitis.

Gastpar et al. [49] compared the efficacy of intranasally administered
azelastine with oral terfenadine in perennial rhinitic patients. Azelastine
showed a trend towards superior relief of rhinorrhoea and nasal obstruc-
tion, whereas terfenadine showed a trend towards better control of sneezing
and nasal itch. However, in this study no clinically relevant statistically
significant differences between the medication treatments were identified.
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3.2.2.7. Levocabastine. Levocabastine is a novel topical, long-acting,
highly potent, selective antihistamine which is effective and well tolerated
in the treatment of allergic rhinitis and allergic conjunctivitis. Onset of
action is fast, within 15—30 min of administration [50]. Levocabastine has
been shown to be as good or even slightly better than disodium cromogly-
cate (SCQ) [51—-54], but less effective than the topical corticosteroids in
reducing sneezing, itchy nose, runny nose, itchy eyes, red eyes and lacrima-
tion [50, 55, 56].

In two separate double-blind, parallel-group and randomized studies
levocabastine (eye drops and nasal spray) were compared with oral terfe-
nadine (60 mg b.1.d.) in patients with seasonal allergic conjunctivitis. Both
studies have shown that levocabastine was significantly better than terfe-
nadine in reducing nasal and ocular symptoms when the pollen count was
high [57, 58].

In a multicenter, double-blind, double-dummy, parallel-group trial, 95
patients with seasonal allergic rhinitis, showed that levocabastine eye
drops and nasal spray appear to be as effective and well tolerated as oral
loratidine [59].

The incidence of adverse effects associated with levocabastine therapy is
very low, similar to those presenting after the use of SCG and placebo, for
nasal spray as well as eye drops. Nasal and ocular irritation are the most
frequent complaints [55, 60]). No tachyphylaxis has been shown during
prolonged treatment with levocabastine [50]. Levocabastine has been
evaluated in adults, and preliminary data indicate that it can also be effec-
tive and safe in children.

3.2.2.8. Ebastine. Ebastine is a new, relatively non-sedating second-
generation H;-receptor antagonist in the piperidine class. Ebastine is ab-
sorbed well and has a quick onset of action. Peak plasma concentrations
occur approximately 3 h after dosing. This drug has a long duration of
action with an average plasma half-life ranging from 10 to 14 h. It is
suitable for once-daily administration to adults and children [61, 62]. As
yet no adverse effects have been reported.

4. a-Adrenergic Decongestants
4.1. Mode of Action

Decongestants produce their effect by activating postjunctional a-adreno-
ceptors found on precapillary and postcapillary blood vessels of the nasal
mucosa. Activation of these receptors occurs either by direct binding of the
sympathomimetic agent to the receptor, or by enhanced release or nor-
adrenaline. This effect produces vasoconstriction, reducing blood flow
through the nasal mucosa [63], which results in decreased nasal oedema
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and rhinorrhoea. Decongestants can be administered orally (systemic nasal
decongestants), or topically directly onto the nasal mucosa.

4.2. Oral Decongestants

Phenylpropanolamine, pseudoephedrine and phenylephrine are the most
commonly used oral decongestants. All are different in their pharmaco-
kinetic and pharmacodynamic properties (Table 5). Both phenylpro-
panolamine and pseudoephedrine are promptly and completely absorbed,
whereas phenylephrine is dependent on intestinal metabolism and is ab-
sorbed erratically with an approximate bioavailability of 38 %. Peak con-
centrations are reached between 0.5 and 2 h after administration.

All three drugs are extensively distributed into extravascular sites.
Phenylephrine undergoes substantial biotransformation in the intestine and
the liver. Phenylpropanolamine and pseudoephedrine are not substantially
metabolized, and their elimination is predominantly renal, with urinary
excretion being pH dependent. Consequently, these agents should be used
with caution in patients with renal impairment. Elimination of phenylpro-
panolamine and pseudoephedrine may be rapid in children. Interestingly,
no direct relationship between nasal decongestant effect and plasma con-
centration has been established [64].

The decongestant effects of the oral preparations differ from patient to
patient some respond rapidly, others poorly or not at all. Phenylpropanol-
amine and pseudoephedrine are effective decongestants. Phenylephrine is
less effective. Slow-release formulations of these drugs allow a longer
dosing interval, especially during the night [65].

Since they produce generalized peripheral vasoconstriction (sympatho-
mimetic effect), increase arterial pressure is always of concern. Deconges-
tants must be used carefully at all times and should be avoided in patients
with coronary heart disease, hypertension, and in individuals with endo-
crine or metabolic problems such as hyperthyroidism and diabetes. In addi-
tion, the a-adsenoceptor agonist effect can induce contraction of the radial
muscle of the iris, producing mydriasis, potentially blocking the exit of
aqueous humor from the anterior chamber of the eye. Therefore, indivi-

Table 5. Pharmacokinetics of systemic decongestants

Peak plasma Plasma half- Hepatic Excretion

conc. (h) life (h) metabolism
Phenylephrine 0.5 2.5 + urine
Phenylpropanolamine <2 4 + urine

Pseudoephedrine <1 6 + urine
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duals with glaucoma should avoid sympathomimetic agents. Stimulation of
a-adrenoceptors on the trigone and sphincter muscles of the bladder
can cause urinary retention, especially in individuals with prostate gland
enlargement [63, 66].

4.3. Topical Decongestants

Topical nasal decongestants include the sympathomimetic amines (e.g.
phenylephrine) and the imidazoles (e.g. oxymetazoline, xylometazoline
and naphazoline). The imidazoline derivatives are mainly a-adrenoceptor
agonists, while B-phenylethylamine derivatives are a;-adrenoceptor ag-
onists (Table 6). The venous erectile tissue is sensitive to both, but
resistance vessels are mostly sensitive to a,-adrenoceptor agonists. This
difference in the adrenoceptor activity determines that imidazoline deriva-
tives decrease the mucosal blood flow, whereas the B-phenylethylamine
derivatives do not [67].

The imidazoles are more potent and have longer-acting effects. For
example, the effect of 0.1% xylometazoline remains for 8 h, whereas 1%
phenylephrine lasts only 2—3 h. These drugs are beneficial in reducing
nasal congestion, consequently permitting other topical preparations to
penetrate effectively into the nasal cavity [67, 68].

Overuse of topical decongestants generates a prolonged vasoconstric-
tion, the rebound congestion, in which a reversal effect to vasodilation
occurs due to fatigue of the constrictor mechanisms. This is followed by
reactive hyperaemia. The mucosa becomes less drug responsive, requiring
increasing amounts of the drug to decrease the oedema. This in turn
induces the further use of the decongestant, leading to a vicious circle of
events.

Topical decongestants are not recommended to be used for more than
7-10 days because of the risk of inducing rhinitis medicamentosa [38], in

Table 6. Topical nasal decongestants

Adrenoceptor Trade name
activities
B-Phenylethylamine derivates
Ephedrine HC1 ay, s, B, B Ephedrine Nasal Drops
Phenylephrine HCI o Fenox
Imidazoline derivatives
Naphazoline HCI a Privine
Oxymetazoline HC1 a; Nezeril

Xylometazoline HCI a Otrivine Nasal Drops
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which nasal obstruction becomes unresponsive to venoconstrictive agents.
Damage to the mucosal glands and ephithelial cilia may occur after pro-
longed use of topical decongestants [11].

To reverse the local rebound effects, the spray or drops must not be used
for at least 48—72 h; during this time oral decongestants and topical nasal
steroids will be of benefit. Oral decongestants will not produce rebound
effects and may be used for extended periods, but their benefits are variable
{8]. The imidazole derivatives seem more capable of causing rebound
congestion and rhinitis medicamentosa than the sympathomimetic amines,
possibly because of their longer duration of effect on mucosal blood
flow [67].

MAQO inhibitors and tricyclic antidepressants can interact with some
nasal decongestants such as phenylpropanolamine reducing their meta-
bolism or preventing their efficacy, producing high levels of the sympa-
thomimetic drug in the blood. Decongestants can interfere with the effect
of antihypertensive drugs such as a-methyldopa and pB-adrenoceptor
antagonists and may also react with indomethacin, general anaesthetics
and digoxin. Phenylpropanolamine increases caffeine plasma levels and
decreases theophylline clearance.

5. Anticholinergics

Ipratropium bromide and oxitropium bromide inhibit the muscarinic cho-
linoceptors in the nasal mucosa. Ipratropium bromide is an anticholinergic
compound that is chemically related to atropine. Its mechanism of action is
by selective blockade of muscarinic receptor sites. These anticholinergic
drugs can reduce watery rhinorrhoea, but they have no effect on nasal
blockage. They have no influence on sensory nerve endings and conse-
quently no effect on nasal itching or sneezing. Ipratropium bromide
absorption is very poor; thus it is unusual to have systemic cholinergic side
effects such as dry mouth, urinary retention, tachycardia and disturbances
of visual accommodation. Epistaxis, dryness and irritation of the nose are,
however, reported as topical side effects.

In a double-blind, placebo-controlled study, Baroody et al. demonstrated
that ipratropium bromide administrated as an aqueous nasal spray (42—168
pg per nostril b.i.d. or t.i.d.), significantly decreased methacholine-
induced rhinorrhoea in perennial rhinitics [69]. In addition to having a
longer duration, the 168-pg-per-nostril dose produced approximately twice
the inhibitory effect of the 42-pg dose as measured by reduction of nasal
secretions. The higher dose did not cause an increased incidence of side
effects [70].

Meltzer et al. [71] conducted a double-blind, multicenter, randomized,
placebo-controlled, parallel-group trial in 123 patients with perennial
rhinitis naturally exposed to allergen. They studied the effect of ipratropi-
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um bromide aqueous nasal spray (21 pg or 42 pg) in the relief of nasal
symptoms, quality of life and side effects. They found significantly
decreased rhinorrhoea, in both ipratropium bromide treatment groups, with
consistently greater improvement in the group treated with the higher dose.
Both doses improved quality of life and produced no significant local or
systemic adverse effects.

6. Anti-Inflammatory Drugs
6.1. Nedocromil Sodium

6.1.1. Mode of action: Nedocromil sodium is a cromone derivative com-
pound that stabilizes both mucosal and connective tissue mast cells as well
as eosinophils, monocytes, epithelial cells and alveolar macrophages [11,
72—74]. Nedocromil also acts as a B-lymphocyte (B-cell) regulatory
reagent [75] and it may inhibit interleukin (IL)-4-induced switching of IgE
and IgG4 production by affecting the interaction of B cells, T lymphocytes
(T cells) and monocytes [76, 77]. Nedocromil sodium has been claimed to
inhibit chloride ion channel activity in a mucosal-type must cell line [78].

6.1.2. Use and effects: Nedocromil prevents both the acute and late phases
of the allergic response [79—81]. The anti-inflammatory properties of
nedocromil seem to be many times greater than those of SCG [80—82) in
reducing nasal symptoms in allergic rhinitis [83, 84]. For the control of
symptoms in mild to moderate allergic rhinitis, nedocromil should be used
regularly throughout the allergic season. Other than its application before
an anticipated acute allergen exposure, nedocromil cannot be used on an
as-needed basis.

In a double-blind, placebo-controlled trial, Donnelly et al. showed that
nedocromil significantly relieved pre-existing seasonal allergic rhinitis
symptoms during peak pollen exposures within 2 h of the first dose [79].
They also demonstrated that the beneficial effects of nedocromil can be
maintained on a dosing administration of four times a day. Once effective
symptom control has been achieved, the maintenance dose may be decreas-
ed to a frequency of twice daily. After topical use the small amount ab-
sorbed is excreted almost unchanged in the bile and faeces [81].

6.1.3. Adverse effects: Nedocromil is an exceptionally safe drug with a low
incidence of reported side effects [85]. Nasal dryness, bitter taste, nausea
and headache have been reported, but no systemic symptoms have been
reported after topical use.
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6.2. Cromolyn Sodium

6.2.1. Mode of action: The mode of action of cromolyn sodium is complex
and involves the reduction of calcium transport across the cell membranes
of a number of cells by inhibiting the calcium-dependent activation process
[86]. SCG may also be involved in the inhibition of phosphodiesterases
and IgE-dependent mediator secretion by cell types other than mast cells.
It may also suppress the effects of PAF. SCG is a highly ionized acid salt,
a lipophobic agent that does not readily pass through cell membranes;
consequently, it is not metabolized [81]. When it is administered locally,
it has the advantage of providing maximal topical effect.

6.2.2. Use and effects: SCG is used for the prevention and treatment of
seasonal [87, 88] and perennial [89] allergic rhinitis. Less than 7% of an
intranasal dose is absorbed. The majority of an intranasal dose which is
swallowed is excreted unchanged in the bile and faeces. SCG is poorly
absorbed from the gastrointestinal tract, with a bioavailability of only 1 %o.
Its half-life is about 80 min [81].

The recommended dose of SCG is 10 mg as powder given by nasal in-
sufflation into each nostril up to four times a day. Approximately 2.5 or
Smg as a 2 or 4% solution is administered as drops or spray into each
nostril up to six times a day, until relief evident. Relief normally occurs
within 4 to 7 days. In cases of severe seasonal or perennial allergic rhinitis,
patients may require 2 or more weeks of treatment for maximum effect. The
drug must be distributed broadly over the area involved; thus in patients
with nasal congestion to use of a decongestant prior to application of SCG
is recommended.

Prophylactic treatment for seasonal allergic rhinitis should begin at least
1 week before exposure to the aggravating allergen and should persist
throughout the season on a regular basis [78].

6.2.3. Adverse effects: Intranasal use of SCG may cause transitory irrita-
tion, burning and stinging of the nasal mucosa, sneezing and sometimes
epistaxis.

7. Corticosteroids
7.1. Mechanism of Action

The mechanism of action of corticosteroids, administrated either topically
or systemically, involves the passive diffusion of free or unbound gluco-
corticoid molecules through the cell membrane into the cytoplasm
where they attach to the so-called glucocorticoid receptors. These receptors
regulate the transcription of several steroid-responsive target genes [90].
This steroid-receptor complex migrates into the cell nucleus, where it
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attaches firmly to specific nuclear bindings sites on the DNA molecules,
leading to mRNA synthesis and protein production [91-93]. The anti-
inflammatory effects of steroids may be due to a direct inhibitiory inter-
action between corticosteroid receptors and other transcription factors,
such as activator protein 1 (AP-1) and nuclear factor-kappa B (NF-kB)
[90, 94].

In allergic rhinitis, glucocorticoids reduce inflammatory cell infiltration
of mast cells, basophils and eosinophils in to nasal mucosa and nasal secre-
tions [95—102]. They also reduce the generation of eosinophil cationic
protein (ECP) during natural seasonal exposure to allergen [98, 103) and
inhibit prostaglandin and leukotriene generation [104]. Nasal blockage can
be diminished by the reduction in capillary permeability and mucus secre-
tion in the nasal mucosa [92]. The effectiveness of corticosteroids exceeds
that of antihistamines, decongestants and cromolyn sodium [104].

7.2. - Topical Corticosteroids

Since their introduction two decades ago, topical corticosteroids, either
alone or as complementary therapy with other drugs, have been well estab-
lished as an effective treatment for allergic rhinitis. They have significant
topical anti-inflammatory potency with low or no systemic effects [11,
105] as compared with oral or parenteral therapy. Topical corticosteroids
are therefore widely used in the treatment of allergic rhinitis.

7.2.1. Use and effects: Intranasal corticosteroid therapy can inhibit both
early and late inflammatory responses after allergen challenge [104].
Topical corticosteroids are very effective at relieving the symptoms of
rhinitis, such as sneezing, itching, rhinorrhoea and nasal blockage [106].
Their effect appears to be due to local activity on the nasal mucosa [107].
After intranasal administration corticosteroids are absorbed via the re-
spiratory tract, but a portion of the dose is swallowed. The systemic absorp-
tion of most intranasal corticosteroids is minimal at recommended doses.

It has been shown that beclomethasone dipropionate (beclomethasone)
has no effect on histamine-induced secretion, but it seems to have an
important effect on the vascular bed, reducing mediator-induced vasodila-
tion in perennial rhinitis [ 108]. Beclomethasone may downregulate the pro-
duction of specific IgE after seasonal exposure to allergen [109].

Lozewicz et al. have demonstrated that fluticasone propionate (fluti-
casone) is a potent topical anti-inflammatory drug that inhibits the activa-
tion of eosinophils infiltrating the nasal mucosa during early-phase
response to allergen [102]. Nevertheless, it has been shown that fluticasone
does not influence mast cell density, tissue histamine concentration, lavage
histamine levels or TAME-esterase activity after allergen challenge of the
nasal mucosa of allergic rhinitics [110, 111].
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It has been shown that budesonide is associated with an inhibition of
the allergen-induced increase of eosinophil cationic protein in the nasal
mucosa [112]. Triamcinolone acetonide (triamcinolone) reduces specific
IgE antibody after seasonal exposure to allergen [109], but less dramati-
cally than beclomethasone. This is probably a result of the lower potency of
the dose delivered. Triamcinolone has also been shown to reduce eosino-
phil counts in nasal smears in allergic rhinitics after natural exposure to
allergen [113]. Flunisolide blocks the increase in mediators and the total
inflammatory cell influx in nasal secretions obtained from allergic rhinitics
during the late-phase reaction after allergen challenge [114].

Achieving the maximum benefit of topical corticosteroids takes several
days. This is due to the fact that the likely mode of action of this group of
drugs is indirect through the downregulation of proinflammatory mediators
and cytokines. The previous administration of a topical decongestant may
be necessary if significant nasal blockage is present to allow adequate
action of topical corticosteroids.

The risk of adverse effects is low when topical corticosteroids have been
used as long-term intranasal treatment in adults [115]. Moreover, while
continuing to suppress the nasal symptoms, intranasal corticosteroids do
not interfere with skin testing. Corticosteroids are more effective than
histamine (H,) receptor antagonists in treating allergic rhinitis associated
with nasal obstruction [107].

7.2.2. Side effects: Inhaled corticosteroids have been prescribed at increas-
ing doses and for longer periods of time. Transient topical symptoms of
nasal irritation, burning, dryness, sneezing, epistaxis and sore throat
have been reported [91, 93]. There is no evidence of atrophy of the nasal
mucosa or nasopharyngeal infection, including candidiasis, after regular
and prolonged use (more than 5 years) of beclomethasone or budesonide.
If intranasal problems appear due to the use of topical corticosteroids, pa-
tients should reduce the dosage, change from a pressurized aerosol to an
aqueous spray, or use neutral ointment in the nostril on a regular basis.
The systemic side effects of particular concern after use of high-dose
inhaled corticosteroids are adrenocortical suppression, bone resorption,
decreased growth in children, skin thinning and cataract formation. Little
evidence of significant long-term side effects has been reported with doses
up to 1 mg per day of inhaled corticosteroids. In doses above this level
effects on adrenocortical function can be seen, but a lack of well-conduct-
ed trials makes it impossible to determine whether effects on bone, skin or
cataract occur at a result of the use of high-dose inhaled corticosteroids
[94, 116]. Hypothalamic-pituitary-adrenal (HPA) suppression has not been
shown in adults with the topical use of beclomethasone [117] or triamcino-
lone [118] at recommended dosages. In children, high-dose inhaled corti-
costeroids seem to have effects on short-term measures of growth velocity,
but no effect on final height [119]. Physicians must be aware of the possible
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Table 7. List of topical nasal corticosteroids

Approved name Trade name Recommended dose adults
Beclomethasone Beconase AQ nasal spray 400-800 pg/day
dipropionate

Budesonide Rhinocort nasal aerosol 200-400 pg/day
Rhinocort Aqua nasal spray 200—400 pg/day

Flunisolide Syntaris Aqueous nasal spray 200-300 pg/day

Fluticasone propionate Flixonase Aqueous nasal spray 100—-200 pg/day

Triamcinolone acetonide Nasacort 220-440 pg/day

effects from systemic absorption of topically applied nasal steroids,
especially when they have been used for a long term without careful dosage
limitation.

7.2.3. Topical Corticosteroid Preparations: Table 7 summarizes the most
commonly used preparations of topical corticosteroids in the treatment of
allergic rhinitis.

7.2.3.1. Fluticasone. This new, potent topical anti-inflammatory drug
inhibits nasal symptoms in patients with perennial [120—122] and seasonal
allergic rhinitis [106, 123—-126]. In a double-blind, placebo-controlled
crossover study, De-Graaf-in’t Veld et al. demonstrated that fluticasone that
aqueous nasal spray (ANS, 200 pg b.i.d.) significantly inhibited imme-
diate and late allergic response and reduced nasal hyperreactivity in 24
perennial rhinitics [95].

In a randomized, double-blind, double-dummy, placebo-controlled multi-
cent parallel-group study, Darnel et al. compared the efficacy and tolera-
bility of fluticasone ANS (200 pg o.d.) with terfenadine (60 mg b.i.d.) or
placebo in 214 rhinitics. They found corticosteroid to be an effective and
well-tolerated treatment for seasonal allergic rhinitis and significantly
more effective than terfenadine in controlling nasal blockage and rhinor-
rhoea at all times of the day [127].

Similarly, Charpin and Vervloet reported that fluticasone ANS (200 pg
o.d.) was more effective than cetirizine (10 mg o.d.), loratidine (10 mg
0.d.), terfenadine (60 mg b.i.d.) and astemizole (10 mg o.d.) in treating
seasonal allergic rhinitis in individuals aged 12 years and over [128].

Grossman et al. [129] and Boner et al. [130, 131) evaluated the efficacy
and safety of this fluticasone formulation in children as young as 4 years.
They found that 100 pg of fluticasone ANS given once daily was as effec-
tive, well tolerated and safe as 200 pg given once daily. In two separate
double-blind, randomized, placebo-controlled multicenter trials involving
313 patients with seasonal allergic rhinitis [126] and 466 patients with
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perennial rhinitis [122], the effects fluticasone of ANS given once daily
and beclomethasone ANS given twice daily were studied. It was demon-
strated that fluticasone ANS (200 pg per day) given once daily was as
effective and as safe as beclomethasone ANS (336 pg per day) given twice
daily in the treatment of seasonal allergic rhinitis and perennial allergic
rhinitis [125].

With fluticasone, the most frequently reported local adverse events are
epistaxis, blood in nasal mucous and nasal burning [120]. The systemic
activity of fluticasone after topical administration is minimal in adults and
in children [129], as any swallowed portion of the dose is poorly absorbed
(oral bioavailability < 1 %) [105]. The small amount that is absorbed is meta-
bolized rapidly by hepatic degradation to an inactive metabolite [132, 133].

The fluticasone systemic side effects of were studied in a randomized,
double-blind, placebo-controlled study of 24 weeks’ duration in 365 pa-
tients with perennial rhinitis. Ophtalmic examination of patients treated with
fluticasone at 200 pg once daily showed no changes that suggested corti-
costeroid-induced posterior subcapsular formation. Moreover, the corti-
costeroid did not appear to affect the HPA axis as determined by morning
plasma cortisol concentrations and response to cosyntropin stimulation [12].

Similarly, van As et al. conducted a multicenter, double-blind, parallel-
group, dose tolerance study in 97 adult patients with seasonal allergic rhi-
nitis. They demonstrated no evidence of effects on adrenal function in
doses up to 1600 pg per day [106]. Fluticasone has less systemic activity
than beclomethasone (132).

7.2.3.2. Beclomethasone. Beclomethasone is a potent topical cortico-
steroid that is effective in reducing sneezing, nasal obstruction and
rhinorrhoea during the pollen season. In a randomized, unblinded, parallel-
group study, Juniper et al. [134] compared the effects of “regular use”
(400 pg daily) and “as needed use” (p.r.n.) of beclomethasone in 60 adults
with seasonal allergic rhinitis. They found that control of all nasal symp-
toms in the regular group tended to be better than in the p.r.n. group, but the
majority of differences did not reach conventional statistical significance.

Beclomethasone is available as an aerosol, powder and aqueous nasal
solution (0.05%). There is no difference between the three forms in reduc-
ing signs and symptoms of allergic rhinitis. The recommended dose to be
inhaled per nostril is 42 pg two to four times a day (168—336 pg/day) [93].

In a double-blind, randomized, parallel-group trial, Juniper et al. [135]
compared the clinical effect of beclomethasone (400 pg nasal spray),
astemizole (10 mg daily) and the combination of both drugs in 90 patients
with ragweed pollen-induced rhinoconjunctivitis. They found that sneez-
ing, nasal obstruction and rhinorrhoea were significantly better in subjects
taking beclomethasone than in those taking astemizole. Combination of
beclomethasone plus astemizole provided no better control of rhinitis than
did beclomethasone alone.
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Absorption of beclomethasone occurs rapidly from all respiratory
tissues, but when delivered intranasally, some of the drugs is swallowed.
Swallowed drug is slowly absorbed from the gastrointestinal tract where it
is hydrolysed by faecal esterases and biotransformed by oxidation into
inactive polar metabolites. Beclomethasone is excreted via the bile, and its
plasma elimination time is about 15 h [93, 117].

7.2.3.3. Budesonide. This corticosteroid has very high topical potency
in the treatment of seasonal and perennial allergic rhinitis [93, 136].
Budesonide is clinically effective and safe in adults and children [137—
139] with allergic rhinitis. Following intranasal administration, peak
plasma concentrations are reached within 15—45 min. Budesonide is com-
pletely inactivated in the liver. Budesonide has a lower systemic potency
than triamcinolone, flunisolide or beclomethasone. The half-life after
inhalation is 2—3 h in adults and 1.5 h in children. Plasma elimination time
is approximately 2 h. Recommended dosage is 400 pg per day (i.e. two
50-pg inhalations in each nostril b.i.d.) [93, 105, 115, 137].

In a double-blind, parallel-group study Bunnag et al. compared the
effects of budesonide nasal spray (400 pg daily) and astemizole (10 mg
o.d.) in 69 perennial rhinitis. They found significantly greater improve-
ment in blocked nose, runny nose and eye tearing during the first 2 weeks
of budesonide treatment than during the same period on astemizole. After
4 weeks, blocked and runny nose remained significantly less troublesome
in the budesonide group [136]. Similarly, Gronborg et al. have reported in
their double-blind, crossover trial that budesonide (400 pg daily) was
more cffective on late response than on early nasal symptom response to
allergen challenge [110].

7.2.3.4. Triamcinolone. Triamcinolone is a highly potent, nonpolar,
water-insoluble, halogenated topical corticosteroid. It is absorbed very
slowly, reaching peak plasma concentrations at 3.5 h after administration.
The plasma half-life is 4 h [105). Like other topical corticosteroids,
triamcinolone is rapidly metabolized in the liver, but it is less active topi-
cally than beclomethasone, flunisolide or budesonide [93]. Triamcinolone
is currently recommended for use at once-daily dosages of 220 or 440 pg
a day [109, 118, 140].

Welch et al. [141] have conducted a double-blind clinical trial in 93 pa-
tients with perennial allergic rhinitis to evaluate the long-term (1 year)
safety and efficacy of once-daily therapy with triamcinolone nasal acrosol
at three different dosages (100, 200 and 400 pg daily). They have demon-
strated that all three doses of triamcinolone were associated with sustained
improvement in allergic rhinitis symptoms over the course of 1 year. No
significant side effects were reported, and mean serum cortisol levels were
not suppressed during long-term treatment. Similarly, Feiss et al. [118]
have reported that 6 weeks of treatment with intranasal triamcinolone
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aerosol (220 or 440 pg daily) had no effect on adrenocortical function in
adults with allergic rhinitis.

Moreover, Welch et al. [142] have demonstrated that triamcinolone
aerosol (165 pg/day) was effective in controlling the symptoms of
perennial rhinitis and in improving nasal airflow in peadiatric patients
(ages 4—12 years). A lower dose (82.5 pg/day) was marginally effective.
Both doses were, however, safe and well tolerated in the children studies.

7.2.3.5. Flunisolide. Flunisolide is a potent, poorly water-soluble topical
corticosteroid with similar topical potency to triamcinolone but with
greater systemic potency than triamcinolone, beclomethasone or bude-
sonide. The half-life of flunisolide is very short, approximately 1-2 h,
with a plasma elimination time of about 2 h. The recommended dose is
200-300 pg per day of a 0.025% aqueous flunisolide solution for adults.
The dose is halved for children [93, 105, 115, 143].

No evidence of adrenal suppression has been reported in either children
or adults [93]. The most common adverse effects observed with use of
flunisolide nasal spray are transient nasal burning and stinging, after-taste
and pharyngeal irritation [143].

7.3. Systemic Corticosteroids

To achieve systemic exposure, corticosteroids can be given orally or as a
depot injection of a microcrystalline ester. A number of corticosteroids are
available for systemic use, including short-acting cortisone and hydro-
cortisone, intermediate-acting preparations such as methylprednisolone,
prednisolone, prednisone and triamcinolone, and long-acting preparations
such as betamethasone and dexamethasone [144].

In some cases of severe allergic rhinitis, patients may require a short
course of oral prednisolone prior to continuation with topical therapy.
Prednisolone (30 mg o.m. for up to 2 weeks) may be required to treat
severe seasonal allergic rhinitis, rhinitis medicamentosa, rhinitis in aspirin
intolerant patients and nasal polyposis [144]. Whenever possible, other
therapy should be given concomitantly upon decreasing the dosage of
oral steroid. This will provide symptomatic control after the action of
the short course of systemic steroid has ended. Intramuscular injection
of depot steroid prior to, or early in, the pollen season has been shown
to improve symptoms of seasonal allergic rhinitis for several weeks
[145]. The depot preparations, although effective, should be discouraged,
however, as they can produce severe side cffects. Once these prepara-
tions are applied, they cannot be withdrawn from the body and may
suppress adrenal cortex function for long periods [38]. Systemic cortico-
steroids should not be used for treatment of rhinitis in children or during
pregnancy [38].



Allergic Rhinitis 115

Systemic administration of corticosteroids is contraindicated in patients
with peptic ulcer, osteoporosis, psychosis or severe psychoneurosis. Corti-
costeroids should be used only with great caution in the presence of con-
gestive heart failure, hypertension, diabetes mellitus, epilepsy, glaucoma,
infectious diseases, ocular herpes simplex infection, chronic renal failure,
uraemia and in elderly persons. Side effects include ocular hypertension,
posterior subcapsular cataracts, hyperglycaemia, menstrual irregularities,
oedema, tachycardia, hypertension, gastrointestinal irritation, activation of
peptic ulcer, muscle wasting, osteoporosis, aseptic necrosis of femoral
head and mental aberration (from insomnia to mood changes and psy-
chosis) [91].

8. Guidelines

The relative efficacies of the therapeutic agents used in the treatment of
allergic rhinitis are outlined in Table 8. Seasonal and perennial rhinocon-
junctivitis should be managed in a stepwise fashion depending on the
severity of symptoms (Figure 1).

Underpinning the management of all cases of allergic rhinoconjunctivi-
tis is allergen avoidance. Sometimes this can be sufficient itself to relieve
symptoms.

Table 8. Treatment of allergic rhinitis

Nasal SCG/NS Antihistamines Topical
decongestants corticosteroids
Nasal symptoms
blockage - - + ++
impaired smell - - _ +
itching - + - N
rhinorrhoea - + ++ -+
sneezing - + -+ +++
Non-nasal symptoms
eye itching - ++ Tt
eye redness - ++ T Not
eye tearing + ++ + advised
itching of ears - ++ ++

—/ palate

NS/SCG: nedocromil sodium/sodium Cromoglycate; — none; + moderate; ++ good; +++ very
good.
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Seasonal and perennial rhinoconjunctivitis

Mild- Mild- Moderate- Severe
intermittent persistant persistant

Immunotherapy

Qral corticosteroids
(short courses)

Topical corticosteroids

Anti-inflammatory drugs

Short courses of topical decongestants

Oral/Topica! antihistamines

Allergen avoidance

STEP 1 STEP 2 STEP 3 STEP 4

Figure 1. Stepwise treatment of seasonal and perennial rhinoconjunctivitis.

Step 1: Mild intermittent

The majority of sufferers from this very common disease experience mild
intermittent symptoms. Oral or topical antihistamines are the mainstay of
treatment. There is no rationale for the use of any of the first-generation
antihistamines with their attendant unwanted effects. The treatment of this
common non-life threatening disease demands the use of the safest therapy.
On this basis the antihistamines of choice are those which do not have
significant interactions with other drugs and are without life-threatening
side effects when administration of antihistamines to the nose and eyes
offers a very attractive alternative to orally administered therapy. When
nasal blockage is the predominant symptom, intermittent topical applica-
tion of decongestants remains the therapy of choice.

Step 2: Mild persistant

If allergen avoidance and intermittent use of antihistamines and deconges-
tants is insufficient to control persisting symptoms, anti-inflammatory
therapy should be started. SCG eye drops are very effective for controlling
the symptoms of allergic conjunctivitis, whilst topically applied nedocro-
mil sodium is very helpful in the management of mild persistant symptoms.
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The advantage of these nonsteroidal anti-inflammatory drugs lies in their
lack of any significant unwanted effects, and thus their safety for children
and in pregnancy.

Step 3: Moderate persistant

Topical corticosteroids remain the most effective treatment for allergic
rhinitis but should be reserved for patients who have not responded satis-
factorily to the treatments outlined in steps 1 and 2. These therapeutic agents
are effective for treatment of nasal blockage, which can be one of the most
debilitating rhinitic symptoms. As with other anti-inflammatory drugs, treat-
ment is best given on a regular basis, and the initial management of nasal
blockage may require the use of topical decongestants. This ensures rapid
relief of symptoms and enables the topically applied corticosteroids to
reach the inflammed nasal mucosa. Patients who regularly suffer moderate
to severe symptoms of allergic rhinitis during particular seasons, e.g.
ragweed, grass and tree pollinosis, greatly benefit from topical cortico-
steroid therapy started just prior to the pollen season. This has been shown
to prevent influx of inflammatory cells into the mucosa, abolishing nasal
priming. Topical corticosteroids are also beneficial in the prevention of the
recurrence of nasal polyps. The use of once-daily topical corticosteroids,
particularly fluticasone propionate ANS, seems to be remarkably free of
significant unwanted effects, but as with all corticosteroid therapy their use
must be matched to the severity of clinical symptoms.

Step 4: Severe

Severe persistant rhinitis is disabling and requires urgent and effective treat-
ment. In the short term the most effective therapy is the use of oral
prednisolone at a dose of 30 mg daily for 2 weeks. Improvement can then
usually be maintained with topical corticosteroids administered two or
even three times daily. This should be followed by careful review of the
therapeutic options, particularly immunotherapy.
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1. Introduction

The

differential diagnosis of rhinitis is extensive (Table 1). Vasomotor

rhinitis describes a noninfectious and nonallergic perennial form of chronic
rhinitis or rhinopathy. The term “nonallergic rhinitis” (though often used
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Table 1. Differential diagnosis of rhinitis

Adenoidal hypertrophy

Allergic rhinitis (perennial, seasonal)

Atrophic rhinitis

Cerebral spinal fluid rhinorrhea

Chronic sinusitis (infectious, allergic)

Ciliary disorders (dyskinetic cilia syndrome, Kartagener’s syndrome)
Congenital choanal atresia

Foreign body

Granulomatous disease (sarcoidosis, Wegener’s granulomatosis)
Hypothyroidism

Infectious rhinitis (bacterial, viral, fungal)

Malignant nasopharyngeal tumors

Nasal polyposis

Rhinitis medicamentosa

Rhinitis of pregnancy

Septal deviation

Syphilis

Vasomotor rhinitis

interchangeably with “vasomotor rhinitis”) is a more general term referring
to rhinitis without an allergic component based on negative skin tests. Sym-
ptoms vary in intensity but consist mainly of nasal congestion, rhinorrhea,
postnasal discharge and sometimes sneezing. Mygind reserved the diagno-
sis of perennial rhinitis to patients who suffer from nasal symptoms for
greater than 1h daily for most days [1]. Symptoms of vasomotor rhinitis
can mimic allergic rhinitis, but skin tests are negative, there is no char-
acteristic seasonal variation and patients almost always lack ocular symp-
toms. Even if some skin test are positive, they usually do not correlate well
with the patient’s clinical history, i.c. positive skin test to grass allergen,
with lack of seasonal variation in symptoms during spring season. It is
important to make a distinction between vasomotor rhinitis and allergic
rhinitis so that the correct treatment can be determined.

Vasomotor rhinitis is not exacerbated by antigen exposure; instead, sym-
ptoms can worsen spontaneously or from irritant exposure. Examples of
irritant triggers of vasomotor rhinitis are listed in Table 2. Following

Table 2. Triggers of vasomotor rhinitis

Alcoholic beverages

Change in barometric pressure
Cigarette smoke (active or passive)
Cold, dry air

Exercise

Hot, spicy foods

Newsprint

Strong odors and perfumes

Upper respiratory tract infections
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irritant exposure, inflammatory mediators are released, causing the nasal
mucosa to become edematous. The edema can be severe, causing obstruc-
tion, overgrowth of bacteria and subsequent sinusitis.

2. Neurovascular Physiology
2.1. Autonomic Nervous System

The nasal cavity contains a rich supply of venous sinusoids, capillaries and
seromucous glands. These structures have dual innervation from the auto-
nomic nervous system. Sympathetic stimulation causes dilation and empty-
ing of venous sinusoids, effectively causing vasoconstriction, decrease in
mucosal edema and improvement in nasal airway resistance. Parasym-
pathetic stimulation causes the opposite effect of vasodilation of capaci-
tance vessels and mucosal swelling, with resulting symptomatology of
rhinorrhea and nasal congestion. A delicate balance between sympathetic
and parasympathetic innervation is essential to maintain normal nasal
homeostasis. Vasomotor rhinitis is felt to be a result of autonomic dysfunc-
tion with a relative parasympathetic predominance. Following exposure to
irritant stimuli there is an overexaggerated response to stimuli with a
decrease in vascular tone, vasodilation and increased mucous secretion.
These changes lead to symptoms of rhinorrhea, nasal congestion and post-
nasal discharge.

3. Therapy for Vasomotor Rhinitis

Once the diagnosis of vasomotor rhinitis is made and other medical condi-
tions which can mascarade as vasomotor rhinitis are eliminated, several
treatment options can be explored. If irritant stimuli can be identified by
clinical history, appropriate avoidance techniques should be implemented.
Overall vasomotor rhinitis symptoms can be refractory to treatment efforts,
causing frustration to both the patient and physician and adding substan-
tially to medical costs. The benefits and risks of various treatment options
must be weighed when considering therapy. Chronic nasal obstruction is a
very significant problem for many patients and can lead to infectious
sinusitis and significant morbidity. The following is a review of the current
therapeutic options available for the treatment of vasomotor rhinitis.

3.1. Corticosteroids

Corticosteroids have had a major impact on the treatment of allergic
diseases, including allergic rhinitis and asthma. The introduction of topical
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inhaled corticosteroids has greatly decreased the untoward systemic side
effects without compromising efficacy. Topical nasal steroids have also
been effective in the treatment of nonallergic disorders such as nonallergic
rhinitis and vasomotor rhinitis.

3.1.1. Immunologic effects of corticosteroids: Corticosteroids have several
effects in patients with vasomotor rhinitis. Steroids cause a decrease in
inflammatory mediators and in mucosal edema and help to decrease micro-
vascular permeability. The basic premise for the use of corticosteroids in
rhinitis is for the anti-inflammatory actions. Vasomotor rhinitis, although
considered to be a nonallergic form of rhinitis, may be in part be caused by
inflammatory mediators.

Although systemic steroids may not inhibit the early-phase response,
topical inhaled steroids have been shown to inhibit both early- and late-
phase responses. After antigen challenge, treatment with corticosteroids
decreases mediators such as p-tosyl arginine methyl ester (TAME)-esterase,
histamine and kinins in patients with allergic rhinitis [2].

3.1.2. Role of corticosteroids in nonantigenic, non-IgE-mediated inflam-
mation: Nonantigenic stimuli, such as cold, dry air, can elicit vasomotor
rhinitis symptoms which correlate with a rise in inflammatory mediators
such as histamine, prostaglandin D2, kinins and TAME-esterase. The
release of these mediators is consistent with mast cell activation [3-7].
Nasal challenges with cold, dry air induce both an early- and late-phase
reaction which correlates positively with nasal symptoms and local inflam-
matory mediator release [6]. Cruz et al. showed that 1 week of intranasal
steroids (beclomethasone dipropionate) could inhibit the histamine induc-
ed by cold, dry air challenge but did not alter TAME-esterase levels,
albumin level or symptoms. This suggested that mast cell activation was
not the only mechanism involved in inflammatory mediator release second-
ary to nonantigenic stimulation [7].

3.1.3. Mechanism of action of corticosteroids: The lipophilic structure of
corticosteroids allows rapid absorption across mucosal surfaces. After
intranasal administration, unbound glucocorticoid molecules diffuse into
the cell cytoplasm and bind to class-specific steroid receptors. The steroid
receptor undergoes a conformational change and is translocated into the
cell nucleus. Here this complex binds to a specific site called a glucocorti-
coid response element (GRE) which is located next to a promotor region on
the cell’s DNA. New specific DNA is transcribed, and subsequently new
protein products are translated.

Steroid protein products have various effects, including inhibiting
inflammatory mediators from basophils and mast cells and decreasing the
number of lymphocytes, eosinophils, monocytes and basophils [8]. They
also decrease kinins, prostaglandins and leukotrienes. Corticosteroids also
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decrease the sensitivity of irritant receptors and secretory responses to
muscarinic cholinoceptors [9].

Steroids have also been shown to decrease mediators that cause increas-
ed microvascular permeability, which leads to exudation of protein and
fluid causing nasal congestion and rhinorrhea [10]. This may be accompl-
ished by the ability of steroids to inhibit the response of the endothelial
cells to permeability-increasing mediators seen in vivo [11].

Glucocorticoids are known to have a vasoconstrictor effect. Topically
applied glucocorticoids cause pallor or blanching of the skin. This vaso-
constrictor effect is, however, questionable in patients with vasomotor
rhinitis. A study by Lindqvist et al. showed that topically applied bude-
sonide had no vasoconstrictor effect on nasal capacitance vessels and caus-
ed no change in sensitivity to a- or f-adrenoceptor stimulation [12].

The vasodilating propertics of prostaglandins may also play a role in
nasal congestion. Another mechanism by which corticosteroids may
exert their effect is through inhibition of prostaglandin precursors. Lipo-
cortin is a steroid protein product which inhibits release of arachidonic
acid by inhibiting the enzyme phospholipase A,. A block in the arach-
idonic acid pathway results in a decrease in formation of prostaglandins
and leukotrienes. Recombinant lipocortin has been shown to inhibit
eicosanoid-dependent edema [13, 14]. This reduction in edema may be
the important effector function in relieving the nasal congestion of
rhinitis.

3.1.4. Topical inhaled corticosteroids: Topical dexamethasone, a potent
and long-acting steroid, was the earliest topical steroid used to treat rhini-
tis. Dexamethasone, however, had significant side effects, such as adrenal
suppression and nasal septal perforation [15]. With the development of
newer glucocorticoids (budesonide, triamcinolone, flunisolide, beclome-
thasone dipropionate and fluticasone) side effects have been minimized.
A list of the newer inhaled topical steroids is shown in Table 3. These
agents have a much lower side-effect profile due to a shorter half-life and
rapid first-pass hepatic metabolism. The chemical structures of the topical
steroids are shown in Figure 1.

Table 3. Topical nasal steroids

Generic name Trade name Dose/spray  Dose*
Beclomethasone dipropionate Beconase, Vancenase 42 ng 1—4 sprays/day
Budesonide Rhinocort 32npg 4 sprays/day
Dexamethasone Dexacort 84 pg 4-6 sprays/day
Flunisolide Nasalide 25 pg 46 sprays/day
Triamcinolone Nasacort 55 pg 1—4 sprays/day

* Recommended total daily starting dose based per each nostril.
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Figure 1. Chemical structures of intranasal corticosteroids. Reprinted with permission from [16].

3.1.4.1. Beclomethasone dipropionate. Beclomethasone dipropionate
(9-chloro-11,$,17,21-trihydroxy-16 8-methylprega-1,4-diene-3,20-
dione,17,21-dipropionate) was the earliest of the new synthetic topical
glucocorticoids to be used for the treatment of rhinitis. It has far more
glucocorticoid than mineralocorticoid activity. Two standard preparations
are available, a pressurized nasal spray in a freon-propelled metered dose
inhaler form (Beconase, Vancencase) which delivers 42 pg per spray and
an aqueous suspension of 0.05% (Beconase AQ, Vancencase AQ). A study
on patients with seasonal allergic rhinitis found that both the conventional
pressurized spray and the aqueous spray were equally effective in relieving
symptoms with a similar low incidence of side effects [17]. After intranasal
application, the drug is absorbed rapidly and hydrolyzed to a B17 mono-
propionate moiety. This is further metabolized to free beclomethasone and
finally an inactive metabolite before being excreted into the bile. The eli-
mination half life is approximately 15 hours. Any amount of drug that is
swallowed after administration is metabolized by the liver and excreted in
the bile and urine. When beclomethasone dipropionate or its metabolites do
appear in the systemic circulation, they are highly protein bound and have
minimal systemic effect.
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One of the earlier double-blind crossover studies using intranasal beclo-
methasone dipropionate done on patients with vasomotor rhinitis showed
that 74 % of patients considered themselves free of symptoms or improved
after use of the drug compared with 30 % of placebo users. No significant
side effects such a Candida infection or suppression of the hypothalamic-
pituitary axis were noted [18]. A study by Tarlo et al. showed that in 26 pa-
tients beclomethasone dipropionate was effective in decreasing symptoms
of nasal congestion, sneezing and nasal airway resistance by 53 % after
3 weeks and 73 % after 6 months of therapy. Twenty-three of these patients
had no evidence of allergy [19].

A double-blind trial comparing 200 pg and 400 pg of beclomethasone
dipropionate versus placebo in patients with perennial rhinitis (half with-
out evidence of allergy) after being treated for 12 months showed both
doses to be effective, though some patients showed more improvement
in nasal and conjunctival symptoms with the 400-pg dose. Four of the
108 patients had to reduce the dose of beclomethasone dipropionate due to
epistaxis [20]. Currently, the recommended dose is one spray (42 pg) in
each nostril, up to four times per day.

Overall beclomethasone dipropionate has been shown to be safe. Long-
term studies performed on patients with perennial allergic rhinitis showed
no evidence of mucosal damage on nasal biopsies, no evidence of Candida
infection and only mild epistaxis [21, 22]. Others have shown that there
was no evidence of atrophic rhinitis or squamous metaplasia after 1 year of
therapy [23]. Although adrenal suppression from inhaled steroids has
been reported for beclomethasone dipropionate, these are rare case reports
[24]. Rarely, nasal septal perforation has also been reported [25]. Inhaled
oral beclomethasone was shown to be used safely in the treatment of
45 pregnant asthmatics and is therefore safe for use in pregnant rhinitis
patients [26].

3.1.4.2. Budesonide. Budesonide (16a,17p-butyldiene-dioxypregna-
1,4-diene-11p,21-diol-3,20-dione) is a nonhalogenated corticosteroid that
is metabolized rapidly in the liver after absorption. Approximately 20 %
of the drug reaches the systemic circulation. It is available in a freon-
propelled metered dose inhaler form which delivers 32 pg per spray. The
half-life is 2 h and the recommended dose is two sprays 1-2 times daily.

Pipkorn et al. evaluated 12 patients treated for 12 months with bude-
sonide. They found that all patients ha a significant decrease in symptoms,
no Candida infections and no change in the hypothalamic-pituitary axis by
measuring cortisol levels after adrenal cortisol tropic hormone (ACTH)
stimulation test. There were also no significant morphological changes in
nasal mucosa before and after 1 year of therapy [27]. Twenty-four patients
evaluated for up to 5.5 years showed no significant change in nasal biopsies
and no adrenal suppression, and all had a decrease in symptoms of both
allergic rhinitis and nonallergic rhinitis [28].
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Varying doses of budesonide have been compared, and studies showed
both the 400-pg and 800-pg doses of budesonide to be effective in decreas-
ing nasal obstruction, sneezing and lacrimation, but without a difference
between the doses [29]. Neither dose had a significant effect on postnasal
discharge.

Mucociliary clearance has been assessed using the saccharine test, in
which saccharine particles are placed on the nasal mucosa and the time for
the subject to taste the saccharine is measured. In one study, after 1 week
of therapy with budesonide there was a 30% decrease in mucociliary
activity [30]. A similar study on beclomethasone did not show any decrease
after 1 week of therapy [31].

3.1.4.3. Flunisolide. Flunisolide (6a-fluro-118,16,17,21 tetrahydroxy
pregna-1,4-diene-3,20-dione cyclic, 16,17 acetal) is a flurodinated steroid
preparation in aqueous solution (0.25 %) delivered by a pump spray which
gives 25 pg per spray. It is in a vehicle of 20% propylene glycol and 15%
polyethylene glycol with extensive first-pass hepatic metabolism, and a half-
life of 1 to 2 h [32]. Approximately 20% of the drug reaches the systemic
circulation when given orally. Side effects include mild transient nasal
burning. In one study of nonallergic rhinitis patients no significant
decrease in total symptom score was found, and yet a substantial number of
patients chose to continue flunisolide because of subjective improvement
in nasal symptoms [33]. The recommended dose is two sprays each nostril
up to three times per day.

3.1.4.4. Triamcinolone. Triamcinolone is (9-fluro-118,16a 17,21-tetra-
hydroxypregna-1,4-diene-3,20 dione cyclic 16,17 acetal) a water-soluble
halogenated corticosterioid preparation which is eight times more potent
than prednisone. Peak plasma concentrations occur at 3—4 h and the half-
life is approximately 4 (1—7) h long. Triamcinolone has an efficacy and
side-effect profile similar to those of the other inhaled nasal steroids
mentioned. The starting dose is 220 pg per day up to 440 pg per day.

3.1.5. Complications of topical nasal corticosteroids: Serial examinations
of patients taking nasal steroids chronically are necessary in order to
evaluate for thinning of the nasal mucosa and development of nasal septal
perforation. Although these are rare side effects, Schoelzel and Menzel
reported seeing eight patients within 2 years with perforated nasal septums
[25]. Four patients were using beclomethasone dipropionate, one was using
flunisolide, and one used a decongestant spray. Interestingly, two patients
had no history of using nasal sprays. Nasal septal perforation was also
reported in a 9-year-old girl who had used flunisolide for several months
[34]. The perforation was preceded by crusting and ulcerations of the
septum. Other reports of septal perforation from dexamethasone have
been reported [35]. Our experience is that nasal septal perforation is an
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extremely uncommon complication, usually explained by concomitant
drug abuse such as intranasal cocaine use.

3.2. Anticholinergic Therapy

Patients with vasomotor rhinitis have a hypersecreting nasal mucosa. One
potential explanation is that these patients have an imbalance in their
autonomic innervation of the nasal cavity with a dominance of parasympa-
thetic over sympathetic drive. Theoretically, a drug with anticholinergic
properties would be helpful for alleviating symptoms by blocking the
action of acetylcholine at nerve end terminals.

3.2.1. Muscarinic cholinoceptors: The nasal cavity contains both M1 and
M3 postganglionic muscarinic cholinoceptors. These receptors are respon-
sible for the parasympathetic effects on blood vessels and seromucous
glands which lead to an increase in secretions [36]. Muscarinic cholino-
ceptor antagonists have been beneficial, but mainly as bronchodilators in
the treatment of chronic obstructive pulmonary disease.

3.2.2. Ipratropium bromide: Ipratropium bromide (Atrovent), a parasym-
pathomimetic, is a quaternary ammonium compound derived from, N-iso-
propyl] atropine. Its molecular structure is shown in Figure 2. It is available
as an intranasal spray by a manual pump which delivers 70 pg per spray.
Depending on the concentration 0.03 % and 0.06 %, it delivers 21 or 42 pg
of ipratropium bromide per spray, respectively.

3.2.3. Metabolism of ipratropium bromide: Topical intranasal ipratropium
bromide has limited central nervous system penetration and is poorly

C CH(CH
Hs \ﬁ/ (CHa)2

Br@

| _— ‘Hzo

Figure 2. Chemical structure of ipratropium bromide. Reprinted with permission [37].
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absorbed from the gastrointestinal mucosa. Once absorbed it is rapidly
metabolized by ester hydrolysis to tropic acid and N-isopropylmethyl
nortropium, which are both inactive. Approximately 10% of the drug
reaches the systemic circulation after topical intranasal administration
[37]. In one study, there was a small (10%) decrease in salivation rate, but
this was felt to be of little clinical significance [38].

3.2.4. Methacholine studies: Metacholine, a muscarinic cholinoceptor
agonist, usually induces bronchoconstriction at lower concentrations in
patients with reactive airways disease than in normal patients. In a double-
blind placebo-controlled trial, Borum was the first to show that topically
applied intranasal ipratropium bromide could inhibit methacholine-
induced nasal hypersecretion in normal subjects as well as patients
with perennial rhinitis [39]. This effect occurred without local or systemic
side effects. Serial dilutions of methacholine given by intranasal ad-
ministration to both healthy volunteers and patients with nonallergic
perennial rhinitis produced measurable amounts of increased nasal
secretions in both groups, but significantly more secretions in patients
with perennial nonallergic rhinitis [40]. Others induced increasing
amounts of nasal secretions with incremental doses of intranasal metha-
choline (7.5, 15, 30, 60 and 120 mg/ml). When patients were pretreat-
ed with different doses of ipratropium bromide (40 pg, 100 pg and
200 pg), the volumes of secretions were significantly decreased. Each
dose was effective in decreasing the volumes of secretions but the
200-pg dose was the most effective [41]. In another model of nonallergic
rhinitis, Naclerio et al. showed that ipratropium bromide significantly
reduced the nasal secretions stimulated by cold, dry air challenge by
60 to 70% [42].

Ipratropium bromide as been shown to be more effective than placebo in
reducing the amount of rhinorrhea in patients with perennial rhinitis
compared with controls [43]. Bronsky et al. [44] studied 233 patients with
perennial rhinitis in an 8-week, multicenter, double-blind, randomized con-
trol group study using intranasal ipratropium bromide. They showed a 30%
reduction in rhinorrhea. Ipratropium bromide was well tolerated with no
evidence of nasal rebound with discontinuation of the drug. Epistaxis was
seen in 9.4 % of patients but was mild and did not require stopping therapy.
Five percent of patients had nasal dryness. There was no evidence of an
adverse effect on nasal cytology [44].

A long-term study of 285 patients treated for 1 year with an 0.03 % solu-
tion of ipratropium bromide, two sprays, three times daily showed signi-
ficant improvement in rhinorrhea. Approximately 10% of patients had
adverse side effects of nasal dryness and epistaxis. There was only a 6%
(17 patients) failure rate. There was also significant improvement in quali-
ty-of-life measurements as indicated by changes in physical activity,
mental work, fatigue, irritability, sleeping, reading, depression and
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anxiety. The need for other rhinitis medications was also decreased from
26 to 13% [45].

A similar study using the 0.06% of ipratropium bromide dosage also
provided patients with improvement in rhinorrhea. None of the above-
mentioned studies showed any statistically significant improvement in
other symptoms of rhinitis such as sneezing, postnasal discharge or nasal
congestion [46].

Multiple studies have been conducted to determine the most effective
and safest dose of ipratropium bromide [47—49]. Dolovich et al. studied 25
patients with vasomotor rhinitis treated with 20 pg in each nostril, four
times daily for 3 weeks. Forty percent of patients had a decrease in severity
and duration of nasal discharge. The most common side effects were nasal
dryness, burning and epistaxis. They reported a higher proportion of side
effects (84%) of patients than other authors [50]. In patients with vaso-
motor rhinitis treated with 20 and 40 pg, four times daily, both doses de-
creased rhinorrhea, but the 40 pg group had a slightly higher incidence of
increased nasal congestion. Subsequently, the investigators recommended
ipratropium bromide be given in a dose of 20 g, four times daily [47].

Very high dose ipratropium bromide has also been studied [48]. In a
double-blind crossover design trial, 80 and 400 pg, four times daily, were
compared. Both doses were effective in reducing rhinorrhea, with a slightly
greater effect with the 400 pg dose. Most of the side effects were confined
to the nose and consisted of dryness and epistaxis. A few cases of systemic
reactions occurred with the 400 pg dose. Neither dose had any effect on
the number of times the patients sneezed, on nasal blockage or on nasal
mucociliary transport. In addition, after cessation of therapy, no rebound of
symptoms was observed with either dose.

Druce et al. studied lower dosages of ipratropium bromide. They com-
pared 21 and 42 pg per day in 140 patients. Both doses were effective in
decreasing severity and duration of rhinorrhea with no significant dif-
ference between the two doses, although there was a trend toward more
improvement with the 42 pg dose. There was no change in sneezing, post-
nasal discharge or congestion. Sixty percent of both patients and physicians
Jjudged ipratropium bromide to be either excellent or good at controlling
rhinorrhea. This study reported a higher incidence of headache (23 % of
patients) than did other studies [49].

The effect of ipratropium bromide in elderly patients has also been
evaluated. Patients over age 60 who had watery rhinorrhea and had already
failed to respond to topical nasal steroids and antihistamines were treated
with ipratropium bromide. A significant decrease in the amount of nose
blowing and a decrease in nasal secretions after methacholine challenge in
these patients were seen [51].

Overall, ipratropium bromide is a well-tolerated drug, and is safe and
effective in reducing rhinorrhea but not nasal congestion or sneezing in
patients with nonallergic rhinitis [46, 52]). Side effects are mild and usually
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do not require discontinuation of the drug [46]. No effect on mucociliary
transport has been detected with intranasal use of ipratropium bromide
[53]. Patients can be safely started at a dose of 21 pg, from three to four
times per day, and increased up to 84 pg, four times per day, depending on
symptom control and side effects.

3.3. Decongestants

The nasal mucosa contains a rich vascular supply. Vascular tone and blood
flow is regulated by adrenergic influence via a- and f-adrenoceptors. The
amount of blood flow (from resistance vessels) and subsequent blood con-
tent influences nasal patency and nasal resistance. Decongestants, both oral
and topical forms, have been used to vasoconstrict nasal vessels and
decrease nasal resistance via action on a-adrenoceptors. Decongestants are
used to improve the nasal airway for different types of rhinitis, including
allergic rhinitis and rhinitis secondary to upper respiratory tract infections.
Decongestants have also shown to be effective in decreasing nasal con-
gestion in patients with nonallergic perennial rhinitis [54].

3.3.1. a; Adrenoceptor agonists: There are two types of vasoconstrictors,
a, and o, adrenoceptor agonists.

aj-Receptor agonists are sympathomimetic amines exemplified by
ephedrine sulphate, pseudoephedrine hydrochloride and phenylpropanol-
amine hydrochloride. These sympathomimetic amines have both a; and
a, activity except for phenylpropanolamine hydrochloride, which is «;
selective.

3.3.2. a, Adrenoceptor agonists: Pure a, agonists are imidazole derivati-
ves and include oxymetazoline hydrochloride, xylometazoline hydrochlo-
ride and naphazoline hydrochloride. Although a-adrenoceptor agonist
vasoconstrictors are effective in decreasing nasal congestion, they have
little effect on sneezing and rhinorrhea.

3.3.3. a-Adrenoceptor agonists: p-Adrenoceptors have been found in
nasal mucosa but are not felt to be important in determining nasal vascular
tone. Ephedrine sulphate and pseudoephedrine hydrochloride both have
B, and B, activity, which may influence the physician’s choice in drug
selection when considering patients’ coexisting medial problems and
potential f-agonist side effects. An absolute contraindication to use of
sympathomimetic agents is the concomitant use of monoamine oxidase
inhibitors.

3.3.4. Topical nasal decongestants: In one study, a topically applied o,
agonist (oxymetazoline) caused a rapid decrease in nasal blood flow to the
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nasal mucosa assessed by the xenon-washout technique. A topical o, ago-
nist (phenylephrine), however, did not cause a similar decrease in blood
flow. The investigators concluded that o, agonists were more effective in
regulating resistance vessels, but an «a; agonist preparation may be
preferred to decongest the nose without reduction blood flow [55].

Bende et al. have shown that topical phenylephrine produces a dose-
dependent decongestant effect as measured by rhinometric techniques [56].
A correlation of decrease in nasal airway resistance and decrease in nasal
blood flow which lasted up to 6 h has been demonstrated with topical
oxymetazoline [57].

3.3.5. Rhinitis medicamentosa and other adverse side effects: Topical
decongestants provide excellent initial relief of nasal congestion, but pro-
longed use as early as 4—6 days can cause rebound nasal congestion and
worsening of symptoms. Rebounded nasal congestion causes the patient to
increase the use of the drug to obtain the same decongestion results. One
possibility is that the vasoconstriction caused by a-adrenoceptor stimula-
tion causes nasal mucosa hypoxia and resultant vasodilation. This rebound
effect is known as rhinitis medicamentosa or rhinitis caused by medica-
tions [58].

Topical nasal decongestants also can cause histologically confirmed
damage to the nasal mucosa and decrease in mucociliary clearance. A stu-
dy of 30 patients using topical nasal decongestants for various reasons
including allergic rhinitis, nonallergic rhinitis, upper respiratory tract
infections, deviated septum and hypertrophic rhinitis, revealed histopatho-
logical changes after use ranging from 2 weeks to 10 years. These changes
included increased friability of nasal mucosa with destruction and edema
of epithelial lining, dilated blood vessels, abnormal cilia, hyperplastic
changes in capillaries, and irregular and dystrophic columnar epithelial
cells. After stopping the nasal decongestants and substituting nasal
steroids, the epithelium returned to normal. Mucociliary clearance was
also shown to be decreased by the saccharine test [59].

Treatment for rhinitis medicamentosa due to a-adrenoceptor agonist
exposure consists of discontinuation of the drug and substitution with nasal
steroids. Sometimes, in severe cases, a short course of oral corticosteroids
(20—-30 mg of prednisone daily for 3 days) may be necessary to act as
bridge for the patient until the effects of rebound vasodilation subside and
the effects of the nasal steroid takes effect.

The PB-adrenoceptor agonist-associated side effects of decongestants
(listed in Table 4) must be considered in those patients with other coexist-
ing medical problems such as hypertension, tachyarrythmias and glaucoma
[60]. Horowitz et al. demonstrated the hypertensive effects of a single cap-
sule of phenylpropanolamine in normal subjects. In 37 subjects, all had
some elevation of supine diastolic blood pressure within 1 h of ingestion of
85 mg of the decongestant drug, with a mean rise of 24 mmHg in diastolic
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Table 4. Side effects of decongestants

Bladder outlet obstruction
Glaucoma

Hypertension

Impaired gastrointestinal mobility
Insomnia

Nervousness

Palpitations

Tachycardia

Tremulousness

blood pressure [61]. Severe hypertension following ingestion of 170 mg of
phenylpropanolamine, causing an intracerebral hemorrhage, has also been
reported in one patient [62].

3.4. Antihistamines

Antihistamines (histamine receptor antagonists) have been used for many
years in treating patients with allergic rhinitis, chronic urticaria and atopic
dermatitis. Few studies looked at the role of antihistamines in vasomotor
rhinitis. Antihistamines for nasal therapy are specifically H;-receptor an-
tagonists. Wihl et al. compared the effect of astemizole, a nonsedating
selective H,-receptor antagonist in both patients with allergic and nonal-
lergic rhinitis. He found that astemizole had a statistically significant effect
in decreasing the amount of sneezing and nose blowing with a marginal
effect on nasal blockage in both groups. When a nasal steroid (beclo-
methasone dipropionate) was added to the antihistamine, nasal blockage
improved and the number of sneezes and nose blowing dropped further
[63]. Antihistamines may be helpful in treating patients with vasomotor
rhinitis, especially when rhinorrhea is the predominating symptom secon-
dary to the anticholingergic, drying effect on the nasal mucosa.

3.5. Capsaicin

Capsaicin is a peptide derived from Capsicum plants which has been shown
to decrease symptoms of chronic nonallergic rhinitis. Its molecular struc-
ture is shown in Figure 3. Although capsaicin is not currently marketed for
the treatment of vasomotor rhinitis, its effect on sensory neurones is inte-
resting. The mechanism of action of capsaicin on neurones is believed to be
twofold. First an excitatory phase occurs with depolarization of nerve
endings and transmitter release causing generation of the neural efferent
impulse. Subsequently, the sensory neurone action is blocked, possibly by
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Figure 3. Chemical structure of capsaicin.

neuropeptide depletion, with the nerve terminal becoming refractory to
capsaicin and other stimuli.

In one study of 20 patients with vasomotor rhinitis treated with nine
doses of capsaicin (15 pg per dose) over 3 days, the patients initially com-
plained of painful burning, nasal obstruction and occasional sneezing. By
the ninth application, the patients demonstrated tachyphylaxis with 100%
decrease in rhinorrhea and nasal congestion and 80% decrease in local
pain. All patients showed a 50% decrease in symptom score after 1 month
follow-up. Patients also showed no gross changes on rhinoscopy, and the
drug was well tolerated [64].

Lacroix studied patients with vasomotor rhinitis treated with capsaicin
(25 pg intranasal) weekly for 5 weeks. Symptom scores were recorded, and
nasal biopsies were performed before and 6 months after treatment. Levels
of calcitonin gene-related peptide (CGRP), a neuropeptide with vasodilator
properties present in sensory nerves, were also measured. Patients with
vasomotor rhinitis had more discomfort and vascular responses than did
controls, yet showed marked reduction of symptoms even after 6 months of
follow-up. Radioimmunoassay of nasal biopsies showed a 50% reduction
of CGRP, supporting the hypothesis that capsaicin desesitization is asso-
ciated with depletion of peptides from sensory nerves [65].

4. Rhinitis in Pregnancy

Rhinitis symptoms occur in up to 30% of pregnant women [66]. The dif-
ferential diagnosis of rhinitis includes new onset allergic rhinitis, nasal
polyps, infectious sinusitis and rhinitis of pregnancy. It is not surprising
that patients may present with rhinitis for the first time, as allergic rhinitis
may occur in up to 20% of women of child-bearing age [67].

Rhinitis of pregnancy is a form of rhinitis that usually occurs in the
second trimester and continues until parturition. Symptoms can vary but
usually consist of nasal congestion. Congestion can be severe, causing dis-
turbance in sleep, increased sense of dyspnea and bacterial sinusitis.

The cause of rhinitis during pregnancy is in part secondary to the effects
of increased sex hormones acting locally in the nasal mucosa. The increas-
ed circulating blood volume also contributes to increased vascular pooling
and mucosal edema.
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4.1. Histochemical Changes in the Nasal Mucosa during Pregnancy

Toppozada et al. studied the ultrastructure and histochemical changes seen
in the nasal mucosa in both nonpregnant women receiving estrogen and
in pregnant women [68, 69]. He found that asymptomatic women in
both groups had glandular hyperactivity, increased acid mucopolysac-
charide content of the ground substance and increased phagocytic activity.
Symptomatic women, however, had glandular hyperactivity along with
vascular congestion, dilation and increased extracellular fluid. Evidence of
increased secretory activity of the seromucinous glands was shown by
the increase in succinic dehydrogenase enzyme activity and increased
a-esterase and alkaline phosphatase enzyme activity. These changes were
similar to changes seen in nasal biopsies obtained from patients with
chronic hypertrophic nonallergic rhinitis [70]. In symptomatic pregnant
patients, there was also an increase in choline esterase enzyme activity,
indicating that an increased parasympathetic influence was present causing
an increase in secretions and vasodilation.

4.2. Medications in Pregnancy

The risk and benefits of the various treatment options must be weighed
before deciding on specific medications in any pregnant patient. The bene-
fits of decreasing nasal obstruction to provide improved sleep and prevent
infectious sinusitis must be considered and discussed with the patient and
the patient’s obstetrician. In patients who have worsening of their asthma
symptoms secondary to sinusitis, therapy should be strongly considered.

The use of nasal steroids is first-line therapy for the rhinitis of pregnancy.
Beclomethasone dipropionate has been used safely in preghancy in treat-
ment of pregnant asthmatics [26, 71, 72]. Greenberger et al. reported use
of inhaled beclomethasone during 45 pregnancies without direct evidence
of teratogenic effect or neonatal adrenal insufficiency [26].

Data from the Collaborative Perinatal Project (CPP) of the National
Institute of Neurologic and Communicative Disorders and Stroke showed
that in 3082 mother-child exposures during 4 lunar months of pregnancy
exposed to all sympathomimetic drugs, there were 249 malformed children
with a hospital standardized relative risk of 1.19. There were 39 exposures
to pseudoephedrine with only 1 malformed child and a relative risk of
0.35 [73]. Although many institutions use decongestants, the authors do not
use vasoconstrictors because of the potential vasoconstricting effects on
the uterine vessels. Ipratropium bromide is not currently indicated for the
treatment of rhinitis during pregnancy.
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5. Nonallergic Rhinitis with Eosinophils (NARES)

Nonallergic rhinitis with eosinophils or NARES syndrome includes pa-
tients with vasomotor rhinitis with 25 % nasal eosinophilia on nasal smears.
They are unique in that they have a higher incidence of nasal polyps
and higher response to therapy. Mullarkey et al. compared patients with
NARES to patients with seasonal allergic rhinitis, perennial allergic rhini-
tis and vasomotor rhinitis without eosinophils. NARES patients had the
highest response rate to antihistamines (83 %). In those patients that had
failed antihistamine therapy, 93 % responded to a course of oral followed
by intranasal steroids. Although treatment recommendations are the same
regardless of the presence of eosinophils, the detection of eosinophils may
help predict a patient’s response to therapy [74].

6. Treatment Recommendations

Selecting medications in the treatment of patients with vasomotor rhinitis
depends on the predominant symptom. An initial trial of intranasal steroids
and oral decongestants is safe and effective and reasonable for patients, and
most patients will have satisfactory control. Patients with mixed rhinitis
(both an allergic and nonallergic component) may benefit from nasal
steroids as well as an antihistamine-decongestant combination preparation.
In patients with rhinorrhea as a predominant symptom who have failed
intranasal steroids and oral decongestants, a trial of intranasal ipratropium
bromide should be considered. Chronic use of topical intranasal vasocon-
strictors and oral steroids is not recommended.

7. Anosmia

Special attention should be given to patients who present with olfactory
loss. Patients with anosmia, in the setting of allergic rhinitis, may have
olfactory loss due to inflammatory effects on the olfactory epithelium
[75-76]. Mechanical obstruction from either congestion or nasal polyps
can occur from both allergic or nonallergic rhinitis. When obstruction is the
cause of olfactory loss, a short course of oral corticosteroids is used to
decrease obstruction, followed by intranasal corticosteroids. Olfactory loss
secondary to rhinitis should be reversible. The short course of oral predni-
sone can sometimes serve as both a diagnostic and therapeutic trial. If
olfaction does not return with appropriate treatment for rhinitis, then other
causes of anosmia should be investigated.
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8. Treatment Failures

As mentioned previously, patients with vasomotor rhinitis do not respond
as well as patients with seasonal allergic rhinitis. Patients are often frustrat-
ed because they cannot identify “an allergen” which they can avoid to
relieve their symptoms. Often a combination of nasal steroids and de-
congestants is used to abate symptoms, but patients continue to have
symptoms despite maximal medial therapy.

When patients present with bilateral nasal obstruction, a short course of
prednisone (20—30 mg daily for 3—5 days) can be helpful to relieve
obstruction as topical nasal steroids take effect. Chronic oral steroid use,
however, is not appropriate therapy for a non-life-threatening disorder.

When patients present with refractory symptoms of vasomotor rhinitis,
it is important to reassess the patient for other factors that may be con-
tributing to the symptoms. A thorough history should be obtained inquiring
about any new medications the patient may be taking that may exacerbate
rhinitis, such as certain antihypertensive medications (Table 5). The patient
should be asked if any changes in the environment have occurred. If the
patient has acquired a new pet, consider repeat skin testing to rule out the
possibility of the development an new IgE-mediated allergy.

In patients who complain of a change in their usual symptomatology,
such as foul odor or bloody discharge, the physician is obligated to look for

Table 5. Antihypertensive drugs that cause rhinitis

Trade name Generic name Symptoms

Aldomet Methyldopa Nasal stuffiness

Apresoline Hydralazine Nasal congestion, dyspnea

Catapres Clonidine Dryness of nasal mucosa

Corgard Nadalol Nasal stuffiness, bronchospasm, cough

Harmonyl Deserpidene Bronchospasm in asthmatics,
nasal congestion, dyspnea

Ismelin Guanethidine Dyspnea, asthma in susceptible
individuals, nasal congestion

Minipress Prazosin Nasal congestion

Normodyne Labetalol Nasal stuffiness, wheezing

Raudixin Rauwolfia Serpentina Nasal congestion, dyspnea

Regroton Chlorthalidone and reserpine Nasal congestion, dyspnea

Serpasil Reserpine Nasal congestion, dyspnea

Trandate Labetolol Nasal stuffiness, dyspnea,
bronchospasm

Wytensis Guanabenz acetate Nasal stuffiness, dyspnea

Reprinted with permission from Dr. G. A. Settipane [77].
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a coexisting infection, foreign body (especially in children), a malignant
tumor or the development of obstructing nasal polyps. Diagnostic modali-
ties that may be appropriate in such circumstances include rhinoscopic
exam, biopsy and possible radiographic imaging of the sinuses.

9. Nasal Neurosis

Patients with vasomotor rhinitis often have symptoms refractory to treat-
ment. Unfortunately, in some patients after re-evaluating with a thorough
history (including assessing compliance) and physical examination, no
alternative diagnosis can be given to explain continued symptoms, and the
patient must accept the chronic nature of the disease. Other patients often
are fixated on their nasal symptoms and have subjective complaints out of
proportion to objective findings. We refer to these patients as having a nasal
neurosis. It is important to identify this subpopulation of patients in order
to avoid the prescription of unnecessary medications and diagnostic tests.
Some patients with nasal neurosis may benefit from psychiatric counsel-
ing. Others will totally resist any implications that their problem is not
organic and not due to an allergen in their environment. Limiting therapy
to the use of safe medications, avoidance of unnecessary nasal surgery and
reassurance is the best that can be offered to these patients, but a successful
outcome is not often seen.
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1. Introduction

Little is known about the epidemiology of nonallergic infectious agent-
induced rhinitis. This is not completely surprising, as the diagnosis of
infectious rhinitis relies on the recognition of signs and symptoms of vary-
ing severity, while a doubt about allergic underlying conditions is always
present. In a recent study [1] the estimated minimum prevalence of rhinitis
in the general population was 24 %, of these, 3% had seasonal symptoms
only (of whom 78% were atopic), 13 had perennial symptoms only (of
whom 50% were atopic) and 8% had perennial symptoms with seasonal
exacerbations (of whom 68 % were atopic).

Underestimating the prevalence of rhinitis may also be due to the many
people who do not seek medical attention for mild symptoms. For example,
Sibbald [2] reported that 40% of normal subjects had experienced nasal
symptoms the previous day, although these subjects did not consider that
they were suffering from rhinitis. Sibbald [1] also calculated a minimum

* Address for correspondence: Via G. Mussi 5, 00139 Rome, Italy.
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prevalence of rhinitis in adults (16—-65 years old) in London of 16% of
whom 8% had perennial symptoms, 6% both perennial and seasonal and
2% only seasonal symptoms.

We can of course argue that in all studies a large overlap between allergy-
and infectious-induced symptoms exists, and, as in allergic rhinitis, it is
conceivable that geographic differences due to climate exist, as environ-
mental, socioeconomical and even ethnic factors.

2. Infectious Agent-Induced Rhinitis

Accurate differentiation between infectious agent-induced rhinitis (IAIR)
and allergic rhinitis (AR) is often difficult unless nasal secretions, obtained
by different means such as nasal lavage, are examined for microbial culture,
eosinophil count and for specific allergens. These, supported by history
taking, are performed to confirm an infectious or allergic actiology. This
approach applies most of all to recurrent or seasonal rhinitis; however acute
events may be seen in infectious and in allergic rhinitic patients.

This may explain that although rhinitis is common, most studies have
focussed on AR rather than IAIR, which remains relatively unstudied
epidemiologically.

Finding a common definition of IAIR is still a matter of concern, the
simplest diagnosis being the “common cold”. The common cold is a fre-
quent disease in humans, which many authors have studied experimentally
by inducing it in volunteers [3—8]. The mean frequency of the common
cold in children 2—6 years old is six cases per year [9].

Most information regarding the mechanisms of rhinitis concern al-
lergy, while few studies have focussed on nonallergic aspects. Rhinitis is
characterized by nasal mucosal exudation of bulk blood plasma involving
“flooding™ of the lamina propria with mucosal exudation of plasma-deriv-
ed proteins [6]. Akerlund [4] proposed that the nasal exudation reflects
the degree of subepithelial inflammation and suggested that plasma bulk
exudate may be involved in the resolution of acute viral rhinitis.

2.1. Diagnosis

The differential diagnosis of rhinitis includes nonallergic rhinitis with
cosinophils, vasomotor and hormonal rhinitis, the rebound congestion
associated with overuse of topical adrenergic agents, cold-induced
rhinorrhea, which may affect allergic as well as nonallergic individuals
describing similar degrees of rhinorrhea, and less frequently nasal con-
gestion and sneezing [10].

Diagnostic tools are often misleading since an allergic component
always has to be excluded even in clearly defined infectious aectiologies.
Sneezing, itching and diurnal variation in symptoms [1] as well as a family
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history of atopy, most of all in seasonal symptoms, are likely to point
towards atopy, whereas a personal history of eczema or migraine, past or
current wheezing, and a family history of nose troubles other than hay fever
seems to suggest perennial rhinitis.

The only easily available diagnostic features we have found to differen-
tiate an infectious- from an allergy-induced rhinitis are the reddening of the
mucosa in infectious rhinitis coupled with the presence of bacteria and/or
polymorphonuclear leukocytes in nasal smears. Interestingly, a positive
eosinophil count may be found both in allergic and nonallergic rhinitis with
eosinophilia syndrome [9]. Many tests, such as release of mediators from
peripheral blood cells, nasal secretions or urine, and nasal challenge for
allergens, are research tools only, limited by the potential danger, especial-
ly in asthmatics. This is also true of methacoline and histamine challenges
used to check for enhanced nonspecific reactivity. The latter seem to be
restricted to patients with atopic rhinitis [11].

Among the diagnostic means, other than history taking, used to find pre-
disposing factors (see Section 3) we may underscore the widespread used
total immunoglobulin (Ig)E count, which could be useful in a first screen-
ing for allergy if supported by history, and suggest a wider use of the eva-
luation of nasal mucociliary clearance by saccharin [12] or by a coloured
tracer in younger, noncooperating subjects.

Chronic bacterial [AIR is often associated with sinusitis and otitis. In
fact, once a bacterial infection is established, a middle ear and/or sinus
involvement must always be suspected. An overuse of topical decon-
gestants and steroid sprays seems [13] to be a predisposing factor, while
the commonest bacterial pathogens are Streptococcus pneumoniae, Haemo-
philus influenzae and — in our as well as in the experience of others [14] —
Staphylococcus aureus, which can frequently be isolated in nasal dis-
charge, mainly when sinuses are involved.

There may again be an age discriminant; in a series of 101 patients with
purulent nasal discharge, Yaniv et al. [15] found that the condition was
much more common in children under the age of 6 years. Furthermore,
when patients were treated randomly with either an antihistamine or an
antibiotic, irrespective of the nature of the nasal discharge, different results
were seen according to age: 49 % of children over the age of 6 years showed
a resolution of symptoms, but only 14 % in the group under 6 years did.
Conversely, antibiotic treatment led to a resolution of symptoms in 58 % of
subjects under 6 years compared with 35% of those over 6 years. These
data concur with our epidemiological data [16] where we demonstrated that
skin-negative rhinitis was more frequent during the first years of age (when
normalizing the population for normal values of IgE) and were also more
frequent during winter (when viral infections giving rise to common cold
are more frequent).
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2.2. Chronic Rhinitis

Chronic rhinitis affects about 20 million Americans, and its estimated pre-
valence is as high as 18%. It is extraordinarily common in children of all
ages and is often accompanied by conjunctivitis. A wide variety of condi-
tions may lead to persistent blocked nose or rhinorrhea, although this
symptom is most commonly caused by allergy.

Patient history, physical examination, scores for symptoms, scores for
signs, rhinomanometry, nasal cytology, along with skin tests and other
laboratory tests, can help to differentiate various rhinopathies more pre-
cisely [9]. When symptoms persist, with concomitant sinusitis, a chronic
situation is deemed to exist after 8 to 12 weeks [9]. The symptoms are
mainly cough, nasal congestion, mucopurulent nasal discharge, with facial
pain and pressure and olfactory disturbance, suggesting an involvement of
the sinuses. Chronic purulent rhinitis, often with sinus involvement, may
hide a cell-mediated immunity [17] or severe defects in the mucociliary
system. Fungal infection (see later) has the same suspicion value, while
allergic responses to fungi may be elicited at the same time [18]. In chil-
dren, there is evidence of spontaneous recovery from chronic, therapy-
resistant, purulent rhinitis [19]. In a series of 40 children with 6 years
follow-up, Otten et al. [19] found that the condition resolved spontaneously
in 95% of the children, usually after reaching the age of 7 years.

2.3. Viral Rhinitis

Most cases of IAIR are in fact acute events with a viral actiology. However,
it seems likely that many mechanisms are involved in TAIR. For example,
cytokines such as interleukin (IL)-1 B, IL-6 and IL-8 seem to be involved
in the pathophysiology of common cold [20]. Additionally, interferon
(IFN)y was increased [6] in subjects whose common colds were induced
by corona virus. Secretory leukocyte protease inhibitor of granulocyte
elastase was found in an active form in virus-induced nasal secretions [21].
Impaired olfactory ability often accompanies the common cold, due to
nasal congestion, as is the case with allergic rhinitis [1].

Infectious rhinitis is usually one of the first diseases in life, and it
becomes more frequent with exposure to other children. Recently, Monto
and Sullivan [22] explored the epidemiology of upper respiratory infection
(UR]) in children by examining throat and nasal specimens taken within
2 days of disease onset. Age was found to be a discriminating factor, as
children in the first 6 months of life were relatively spared. The peak
incidence was found in the 1- to 2-year-old group. The mean number of epi-
sodes was 4.9 per year in the 0- to 4-year-old group, dropping down to 2.8
episodes per year in the 5- to 19-year-old group. The recent estimation by
Wald et al. confirms these yearly means [23].
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In the survey cited [22], rhinoviruses were the most frequently isolated
agents (39%) in children 0 to 4 years. Respiratory syncytial virus (RSV)
and parainfluenza virus were the next most common and accounted for
19 and 18 %, respectively. Adenoviruses (11%) and influenza A virus (8 %)
were next in terms of frequency, while other viruses accounted for 4 %.

Many recent studies [4, 6, 7] utilize coronavirus in experimentally induced
rhinitis. As the authors of the cited study [22] suggest, there may have been
an underestimation of this virus because of difficulties in viral isolation.

2.4. Bacterial Rhinitis

Bacterial rhinitis has been poorly studied in recent years. IAIR, primarly
viral in aetiology, may nevertheless be followed by secondary bacterial
infection [15]. The latter is often characterized by purulent nasal discharge
and occurs more frequently in preschool children, in whom it may be the
“cause” of chronic rhinitis and may interfere with antiallergic therapies in
AR. This may explain why preschool children seem to recover more
frequently with antibiotic treatment than do older children [15]. It is dif-
ficult to conceive a bacteria-induced acute rhinitis, i.e. the initial event. It
is more likely that viruses open the way to secondary bacterial infection by
lessening host defences (especially local) and by damaging the mucosa of
the upper respiratory tract. Secondary bacterial rhinitis may prolong an
acute infection from a few days to several weeks.

In children, more than in adults, inflammation of the nasal cavity can
casily produce rhinosinusitis [9]. The ethmoidal sinuses are well developed
at birth, while the maxillary sinuses gradually increase and are well devel-
oped at the age of 3 Frontal sinuses, on the contrary can only be well
visualized, from about 8 up to 14 years.

2.5. Fungal Rhinitis

The reported incidence of fungal infections varies widely and has been
studied mainly in subjects with maxillary sinusitis (81 of 600 cases of this
latter disease were found to have a fungal infection) [24]. Aspergillus
Jfumigatus is the main fungal agent involved. In another study Laskownick
et al. [25] reported 22 fungal and 97 mixed fungal and bacterial infec-
tions among 414 children with maxillary sinusitis, giving an incidence of
about 28%. The most common aectiology was by Penicillium (49 cases),
Aspergillus (30 cases), Candida (20 cases) and Dematium (12 cases).
Factors favouring fungal infection were found to be mainly a history of
diabetes and prolonged antibiotic therapy [26]. A conversion from sapro-
phytic to pathogenic organisms seems [21] to be due to sinus obstruction
(as in chronic rhinitis), with impaired ventilation in both normal indivi-
duals and those with impairment of local or systemic defences. As cited
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previously, climate appears to be a factor influencing the development of
fungal infections, as there are geographic areas such as North India [28],
Sudan [29], the southwestern United States [30] and Hawaii [31] where
fungal sinusitis is endemic.

Allergy may again be considered a predisposing factor by mucosal
thickening [27] and, of course, an immunodeficiency status must always be
suspected, although in this latter case the nasal and sinus fungal infection
cannot reasonably be the most outstanding feature.

In the last decade a new entity allergic fungal sinusitis, has been elucidat-
ed [32, 33], reported to have a wide similarity to allergic bronchopul-
monary aspergillosis. We believe that in the future this field of investiga-
tion exploring allergic entities in the respiratory airways with a sensitiza-
tion to moulds might expand to clarify the relative roles of allergy and
infection to the same agent.

A special consideration is justified for IAIR in the elderly, in whom an
allergic mechanism is very difficult to conceive, although a genuine AR
may occur at any age. Infectious rhinitis in the elderly is often the sequelae
of earlier nasal disorders and their treatment [9]. A physiological impair-
ment of host defences must always be taken in account.

3. Predisposing Factors

In children, (see Figure 1) anatomical features such as narrowing of the
upper respiratory airways [34], increased by physiological hypertrophy of

PREDISPOSING FACTORS

Family history of asthma
or chronic bronchitis
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Mucociliary function Allergy
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Figure 1. Factors that predispose to IAIR.
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the adenoid tissue [35], may be considered as factors that predispose to
IAIR, but functional factors may also be involved, such as rheologic cha-
racteristics of the mucous lining and clearing by ciliary movements. The
latter is maximally compromised in Kartagener’s syndrome [36]. Young’s
syndrome [37] and in cystic fibrosis [9]. While these syndromes represent
the most severe alteration of ciliary function, other transient failures
(secondary to infection) are also important causes whose incidence is
underestimated [38].

Amongst immunological factors, the transient deficit of secretory IgA in
children [39], lowering the surface defence mechanisms, should be con-
sidered, as well as other (congenital or acquired) immune deficiencies.

3.1. Atopy and Environmental Factors

A relationship between AR and URI has not been fully established, and
some authors [40] have reported that allergic individuals do not have more
frequent or more long-lasting URIs than nonallergic subjects. Never-
theless, other groups [41] have demonstrated that children with physician-
diagnosed allergic rhinitis (PDAR) are most likely to have rhinitis as an
early (within the first year of life) manifestation of an atopic predisposition.
We can suggest that first episodes of rhinitis even in allergic subjects are
mostly viral, and no attempt has been made do determine whether there is
an enhanced susceptibility to viral infection in PDAR sufferers who had an
onset of rhinitis in the first year of life. Furthermore, most authors [42—45]
agree that there are many factors such as beginning foods other than breast
milk in the first months of life or being born to “heavy-smoking* mothers
that facilitate the onset of rhinitis. We may add that as the nose is the major
pathway to the lungs, upper airways, sinuses and middle ears, it can react
to all the factors, such as indoor and outdoor pollution, known to affect the
lower respiratory tract.

In fact, in our previous preliminary study [16], the higher incidence of
winter rhinitis in skin-negative subjects, as well as the highest frequency of
epidemic peaks for viruses which can cause a rhinitis, led us to propose the
underlying influence of viral as well as atopic factors. When we further
examined our data, we found that children living in polluted areas or in
indoor pollution environments had an earlier onset of recurrent rhinitis
(unpublished observation).

An impaired function of nasal mucociliary clearance has been detec-
ted [11] in patients with positive skin reactions and positive methacholine
challenge as well as in smokers [46]. Although the cited authors [11]
were unable to show any consistent effect on nasal mucociliary clearance
induced by passive smoking, and we do not know the time course of the
alterations of this defence mechanism in smokers, a relationship between
TAIR and impaired function of the mucociliary mechanism may exist both
in passive and in active smokers.
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3.2. Asthma and Lower Respiratory Tract Infections

While the common cold in normal subjects seems to be a self-limiting
process which has no influence on the overall respiratory airways, most
authors [8, 47, 48] agree that changes may be seen in affected allergic pa-
tients in whom enhanced release of histamine, persistent histamine leak
several hours after the infection and greater recruitment of eosinophils to
the airways can occur [8].

In fact, as reported previously [19, 20], viral respiratory infections are
capable of inducing the release of mediators which can be involved in the
immediate- and late-phase asthmatic reaction. An increased responsiveness
of the nasal mucosa to intranasal histamine and cold air challenge has been
found in both allergic and nonallergic subjects after experimentally induc-
ed rhinovirus infection [5]. Because the nasal response to the challenges
was measured as symptom scores for rhinorrhea and congestion, counts of
sneezing, weight of secretion and inspiratory conductance — all symptoms
and signs common to TAIR - the question can arise whether an altered
response of the nasal mucosa may indicate any variation in the lower respi-
ratory tract in normal subjects as well, as suggested by Martinez et al. [49]
in their study of infants.

The same viruses that precipitate attacks in patients with asthma who
already have hyperresponsive airways may cause otherwise healthy per-
sons to respond abnormally to challenges for several months after infec-
tions [47]. On the other hand, different viruses seems to have different
“asthmogenic” properties, this observation being furthermore complicated
by the influence of age. Duff et al. [50] found viral agents in 70 % of wheez-
ing children less than 2 years of age presenting to an emergency room, but
in only 31% of children older than 2 years. The predominant virus asso-
ciated with wheezing in the first group was RSV, whereas rhinovirus was
the leading wheezing inducer in the older group. These findings have
been confirmed by other groups [51]. Furthermore, and similar to our find-
ings [16], IgE antibodies to inhaled allergens were found in only 9% of
wheezers under the age of 2 years but in 72 % in the older group [52].

These findings suggest that in the very first years of life the relationship
between wheezing and virus infection is more important than allergy even
in subjects who are expected to become openly allergic. Whether the infec-
tion itself and/or the wheezing-inducing properties of the different kinds of
viruses are selected by age or by intrinsic characteristics of the virus in-
volved is still not resolved [52].

The importance of the nose in contributing to the “whole respiratory
problem” has been highlighted by our data (Table 1). In our sample of 2035
schoolchildren we found 261 subjects with respiratory troubles. We report-
ed any “diagnosis” as being an isolated illness. Cases added up in this way
to 530, due to overlapping. In the data presented in Table 1 this overlap is
clearly evident.
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Table 1.
Diagnosis  Asthma Bronchitis Asthma Bronchitis Asthma Total
Otitis Otitis Otitis Otitis
Rhinitis  Rhinitis Rhinitis  Rhinitis Rhinitis Rhinitis
Cases 16 70 49 4 64 44 7 7 261
Prick + 14 22 40 - 44 3 - 5 128
Diagnosis  (530)
Asthma =129
Bronchitis = 74
Otitis =137

Rhinitis =190

Among 190 diagnoses of recurrent rhinitis, only 7 were an isolated ill-
ness (5 being allergic). Most cases of recurrent skin-negative rhinitis were
associated to recurrent otitis alone or found in recurrent bronchitis sub-
jects. Most cases of recurrent skin-positive rhinitis were associated with the
diagnosis of asthma. Our data fit with those of Taussig on PDAR [41] and
add to the-latter on nonallergic recurrent rhinitis occurring mostly in
winter, when the incidence of viral infections is the highest.

On the other hand, we feel our data clarify the view that recurrent IAIRs
are not an isolated problem but only a part of a more generalized respiratory
illness involving the middle ear and/or the bronchi and often the sinuses,
whereas allergic rhinitis is the actual additional symptom in asthma.

Indoor (passive smoking included) and outdoor pollution are factors that
can influence the natural history of these cases, implying an earlier onset
of symptoms [53, 54]. Furthermore, an early onset of rhinitis may be the
marker of furhter respiratory troubles.

4. Therapy

Chronic rhinitis is a frustrating condition for patients and physicians alike. A
comprehensive flow chart about managing the condition can be found in the
International Consensus Report on the Diagnosis and Management of Rhini-
tis published by the International Rhinitis Management Working Group [9].

Few other illnesses can be so poorly altered [56] in their course as the
most ubiquitous of human infection, the common cold.

Regardless of the virus involved (e.g. rhinovirus, coronavirus, RSV) the
symptoms — cough, congestion, sneezing and sore throat — are always the same.

4.1. Cough and Cold Remedies

Use of cough and cold medicines is widespread except in infants under
6 month of age [55] and seems due more to parental pressure than to their
true effectiveness. Scientific review on the efficacy of these remedies over
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40 years (1950—-91) [56] showed poor results in modifying the course of the
common cold. This was particularly true in preschool children. In older
children a combination antihistamine-decongestant medicine that included
an analgesic [57] showed reduction in cough, sore throat and ache. When
adolescents and adults are concerned, antihistamines and perhaps even
better decongestants, produced relief of cold symptoms [56]. Expectorants
were not found to be useful in reducing cough frequency, while cough re-
medies (codeine and dextromethorphan) were useless in controlling cough
associated with URIs in adolescent and adults and in suppressing cough of
acute onset during the night in younger children [58]. Cough seems to
improve along with the nasal symptoms regardless of the therapy used.

4.2. Antihistamines

Because many cases of IAIR can involve allergy, we feel that therapy with
antihistamines (histamine receptor antagonists) could be of value since an
allergic component of the symptoms can be removed, and antihistamines will
reduce symptoms potentiated by concurrent allergy [59]. Although recently
a meta-analysis of studies on antibiotic treatment in children with URIs [60]
showed that neither the course of URIs was shortened nor pneumonia was
prevented, we believe that antibiotic treatment can be useful in preschool
children, according to previously noted experiences [ 14], mostly when a nasal
discharge grey to yellow-green is present in a with fever of at least 3 days’
duration child or a blocked nose with fever, also of at least 3 days’ duration.

4.3. Ipratropium Bromide

Recently, ipratropium bromide, a muscarinic cholinoceptor antagonist has
shown good effectiveness in the management of nonallergic (vasomotor)
rhinitis [61]. It has subsequently been tested in the symptomatic relief of
rhinorrhea in adults with cold with fairly good alleviation of symptoms
compared with placebo [62].

4.4. Corticosteroids

While there is no indication for use of systemic corticosteroids, topical
delivery to the nose of rapidly deactivated forms such as beclomethasone
dipropionate and flunisolide could effectively be used in the same indica-
tions as antihistamines.

4.5. Non-pharmacological Treatments

Among simpler remedies the efficacy of heated vapour on symptoms of
common cold has been tested [63, 64] owing to the known action of high
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temperatures on viruses. Patients with coryza have shown benefit from
steam inhalation. No benefit, however, was demonstrable either in natural-
ly occurring or in experimentally induced rhinovirus infections.

Nevertheless, inhalation of humidified air is in our opinion very useful
during the acute phase to hydrate the nasal secretions, especially in
winter when internal environmental air is hot and dry. Recent work [65] on
circadian rhythms in symptomatology in persons suffering from virus-
induced rhinorrhea suggests, remarkably, that symptoms are more pro-
minent during the daytime, especially during the morning hours after
awakening from sleep. As the treatment for these diseases is normally
scheduled as equal-interval, equal-dose medication, a change in the timing
of therapy according to the temporal pattern of symptoms could optimize
(and better control) doses of drugs given.

4.6. Prophylaxis

Prophylaxis of TAIR is now being attempted in some western countrics by
means of so-called immunostimulating agents [66]. Most of these agents
are a mixture of bacterial extracts that purportedly enhance nonspecific
immunity, acting as nonspecific antigens mainly on secretion of IgAs. We
feel that no convincing evidence exists that significant results have been
obtained with this technique. However, in still-developing immune systems
(i.e. in children under 6 years of age) it is possible that an enhanced, non-
specific immunological “experience” may help the child to boost its
defences. Intranasal IFNa and monoclonal antibodies may be regarded as
future therapies, whereas effective vaccines are still limited by the wide
variety of viral serotypes involved [52].

5. Conclusion

Because the lack of a clear actiology can make the diagnosis of rhinitis,
based on patient history and physical examination difficult, the common
practice in therapy is to try a variety of treatments until one is found
which works. This, incidentally, also assists in making a more definitive
diagnosis.

As noted previously [14], antihistamines and antibiotics are the most
commonly used drugs, as bacterial infection and allergy are the most
common cause of chronic rhinitis in preschool and older subjects, respec-
tively, once a sinusitis has been radiographically excluded and significant
adenoidal obstruction evaluated. Furthermore, a bacterial infection may
complicate allergy in older subjects.

Chronic rhinitis therapy relies on patients understanding that strict
compliance will contribute greatly to overall treatment effectiveness [9].
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This requires more from the clinician, especially understanding the noted
frustrating conditions of the diseases and the need to personalize and self-
manage the therapy than simply prescribing appropriate medication.
Chronic, as well as acute, rhinitis impacts heavily on health-related quality
of life due to its negative impact on everyday activities. The social cost of
rhinitis may be high, although few patients require hospitalization, due to
impaired work ability and the frequency and number of persons affected.
Since the cost of medication may not always be available through national
health or personal insurance schemes, personal income can be negatively
impacted. Ironically, modest disorders such as rhinorrhea require more
prescribing than do life-threatening conditions [67]; the therapeutic con-
tinuum of quality and cost becomes foreshortened, and safety is an
additional concern.

We can conclude by agreeing with Meltzer et al. [67] that “choosing
the appropriate medication for rhinorrhea, can pose a challenge to the
clinician, just as choosing a vital medication can”.
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1. Introduction

Specific immunotherapy (SIT) was introduced in 1911 for the treatment of
pollinosis by Noon and Freeman [1]. Inmunotherapy is still controversial
since many protocols have been devised empirically, some allergens are
still poorly defined, the mechanisms of action are not yet clear, the duration
is poorly characterized and the therapeutic index of SIT has been contested
for many years. In the 1970s, SIT was found to be ineffective, especially in
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asthma [2]. In the 1980s, it was found that SIT was effective under optimal
conditions including a demonstrated immunoglobulin (Ig)E-mediated
disease, a high-quality extract, an optimal allergen dose and a correct indi-
cation [3], but its safety was questioned as systemic reactions that may
exceptionally become life-threatening were noticed [4—7]. It is possible
that the use of potent extracts may have resulted in a greater number of
systemic reactions and possibly of deaths, especially in asthmatics. Thus,
the value of SIT was again contested and its use threatened with some
decline for pneumoallergens. However, SIT is still one of the most common
treatments in children and adolescents in many parts of the world. In
this current decade, pharmacoeconomic considerations may also cause
problems, since the costs for SIT may be greater than that of pharmaco-
therapy. However, SIT is the only treatment that can affect the natural
course of the disease, and it may prevent the onset of asthma. New routes
of administration of SIT are currently being explored, and nasal, sublingual
or oral SIT, using high-allergen doses, may represent interesting ways of
administering allergens. Moreover in the future new technologies and
the improvement of our knowledge of the basic mechanisms of allergic
diseases may completely change the scope of immunotherapy.

2. Mechanisms

The allergic reaction mediated by IgE manifests itself as an inflammation
which develops in several stages. The allergens react with cells present
at the mucosal surfaces via the membrane-bound IgE molecules. Mast
cells are the first cells activated and start a chain reaction resulting in an
allergic inflammation or involving several other cell types and factors
including eosinophils, the vasoactive mediators (histamine, platelet ac-
tivating factor (PAF), leukotrienes (LT), prostaglandins (PG), cytokines
such as interleukin (IL)-3, IL-4, IL-5, granulocyte macrophage colony
stimulating factor (GM-CSF)), adhesion molecules and cytotoxic mediators
derived particularly from eosinophils. The allergic reaction is there-
fore initiated by IgE but rapidly results in a much more widespread in-
flammation which may last for several days following a single allergic
contact. Furthermore, repeated allergic stimulation results in a persistent
inflammation and is the foundation of nonspecific hyperreactivity of the
airways.

Desensitization mechanisms cannot therefore be explained solely on the
basis of a reduction in the synthesis of IgE, as has been proposed by some
researchers, but must involve a number of other factors in which modula-
tion of the synthesis of IgE is perhaps not the major mechanism. It is prob-
able that several mechanisms play a sequential role in the process, these
mechanisms being perhaps different for SIT to pneumoallergens and those
for SIT to Hymenoptera venoms.
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2.1. Reduction of Inflammation in Cells and Tissues

When it is effective, SIT is accompanied by a reduction in cutancous [8, 9],
bronchial [10, 11] nasal [11-13] or ocular [14] reactivity with respect to
the allergen during skin and provocation tests. In nasal provocation tests
not only is the quantity of allergen necessary to provoke a reaction in the
target organ increased, but also mediators of anaphylaxis (such as hista-
mine) are released in lower amounts [15, 16] and there is a reduction in
cellular recruitment during provocation [17, 18]. It is, therefore, a pheno-
menon, involving a hyposensitization of the tissue and is specific to the
allergen. At the end of SIT treatment, after a period of several months or a
few years, particularly for subjects having a perennial allergy, the tissue
reactivity reoccurs, often to the same extent as before, suggesting the
importance of continuing SIT.

Tissue hyposensitization appears rapidly when the dose is sufficient and
does not correlate with levels of immunoglobulins in serum or secreted
which are specific to the allergen (IgE or IgG) [19]. On the other hand, it is
often correlated with clinical improvements [20]. This mechanism seems to
occupy an important place in understanding the efficacy of SIT to pneumo-
allergens.

Moreover, a reduction in cellular reactivity to the allergen has been
shown in studies involving the degrenulation of blood basophils or on
platelet cytotoxicity [21]. Rak et al. have conducted several elegant studies
in which they investigated the activation of eosinophils and measured the
levels of chemotactic factors in serum or in the bronchi during the pollen
season [22, 23]. In patients who have not received SIT, an increase in the
levels of ECP (cosinophil cationic protein) in the serum [24] as well as a
chemotactic activity towards cosinophils is seen [25], these two events
being blocked in desensitized subjects. The same author has also demon-
strated the reduction of pulmonary inflammation during desensitization to
extracts of birch pollen [26]. Therefore, an associated cellular hyposen-
sitization would appear to exist.

The mechanisms underlying this cellular and tissue hyposensitization are
poorly understood at present, but may well involve cytokines and hista-
mine-releasing factors [27], despite the fact that the direct specificity of the
reaction would tend to suggest another mechanism.

2.2. Modification of Serum Immunoglobulins

For a long time, attempts have been made to demonstrate the clinical
advantages of desensitization by measuring the reduction of IgE and the
increase of IgG levels or the variations of subclasses of IgG known as
blocking antibodies [28].

During SIT, one frequently observes an increase in the initial levels of
specific IgE in serum, which, curiously, accompanies a clinical improve-
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ment. After several months or even years of treatment, the levels of IgE
diminish but rarely become lower than their starting value, except in sub-
jects allergic to Hymenoptera venom. In pollen allergy, one observes no
elevation of specific IgE titre in desensitized subjects during the pollen
season [29]. Thus, the variation in the levels of specific IgE certainly does
not explain the benefits of SIT for subjects with allergy to inhaled pneumo-
allergens.

The great theory of SIT mechanisms developed over many years was
based on blocking antibodies [30]. The supporters of this theory explain that
allergens are “captured” by IgG before reaching the mast cell-bound IgE,
hence the name “blocking antibodies”. However, the theory of blocking
antibodies does not seem to have been demonstrated in the case of allergy
to pneumoallergens. This has led to attempts to explain the efficacy of
desensitization by the development of subtypes of IgG [31] or via increases
in IgA or IgG secretion, but to date no precise correlation has been
found [32]. IgG may, however, modulate the immune reaction via an inter-
mediary of the network idiotype-anti-idiotype [33].

2.3. Modulation of the Lymphocyte Subclass

The synthesis of IgE is governed by the powerful action of T lymphocytes
(helper (Th) and suppressor) on the B lymphocytes carrying the membrane
IgE. Over the past few years, studies on cytokines have radically changed
our understanding of the synthesis of IgE. IL-4, IL-13 and IL-5 facilitate
the synthesis of IgE, whilst interferon (IFN)y and IFN-« inhibit it. At the
same time, there is a modulation of proinflammatory cytokines released
by lymphocytes and perhaps also mast cells. At least in mice, two types of
T-lymphocyte ancillary cells exist: Th, and Th,. Of these, Th, favours the
synthesis of IgE (synthesis of 1L-4, IL-13, IL-5, IL-6, IL-3, GM-CSF,
IL-10), whilst Th, (synthesis of IFN-y, IL-2, IL-3) inhibits it. Certainly in
humans, the concept of Th;-Th, is not as simple as in the mouse; the sub-
classes of lymphocytes are relatively differentiated and synthesize proin-
flammatory mediators which modulate the synthesis of IgE and allergic
reactions [34, 35]. The Th, lymphocytes suppress the allergic and inflam-
matory reactions, whilst the Th, lymphocytes increase the synthesis of IgE
(IL-4 and IL-13) and in the inflammatory reaction (IL-5 in particular, an
important cytokine in tissue eosinophilia).

Despite the small number of studies that have been conducted to date, it
seems that specific desensitization is associated with a switch Th,-Th, [36]
or Th,-Th, [37; Péne unpublished results].

Lymphocytes are not the only cells which synthesize cytokines. Macro-
phages and mast cells (at least in animal studies) also exhibit this potential.
It is tempting to suggest a theory to unify the mechanisms of desensitiza-
tion which modulates the reactivity of lymphocytes and that of cells carry-
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ing membrane IgE at both high affinity (mast cells and basophils) and low
affinity (eosinophils, monocyte-macrophage) to account for cellular hypo-
sensitization.

3. General Considerations
3.1. Immunotherapy as a Curative Treatment

The treatment of allergic diseases combines immunological and pharma-
cological treatments. In many patients, drugs can relieve nasal and ocular
symptoms without side effects. In these patients, SIT is not indicated, but
in a subset of patients for whom drugs are not sufficiently effective or
induce side effects, SIT may be started.

However, differences between the pharmacological and immunological
treatments of rhinitis may not be restricted to safety and efficacy. Drugs
only offer symptomatic treatment, whereas SIT is the only treatment that
might cure the disease (if it is shown that the effects of SIT last after its
cessation) [38].

Before starting SIT it is essential to consider several factors to appreciate
the respective value of allergen avoidance, pharmacotherapy and SIT [39]:

® [s the disease due to an IgE-mediated allergy and are high-quality ex-
tracts available?

® Are attempts being made to avoid allergens?

® What is the potential severity of the affection to be treated?

® What is the efficacy of available treatments, including the quality of
allergen extracts that are used?

® What is the cost and duration of each type of treatment?

® What are the risks to the patient both of the allergic disease and of the
treatments?

In patients receiving SIT, both SIT and pharmacotherapy should be used in
combination, since few patients will be completely free of symptoms when
treated with SIT; on the other hand, SIT reduced the need for medication in
severely affected patients. Moreover, allergen avoidance should always be
attempted even if it cannot be complete.

Specific immunotherapy needs to be prescribed by specialists and
carried out by physicians who are trained to use emergency techniques if
anaphylaxis occurs. Before starting SIT, each patient should be carefully
informed of risks, duration and effectiveness of this treatment; coopera-
tion and compliance with treatment are absolute requirements before
starting it.
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3.2. Immunotherapy as a Preventative Treatment

Specific immunotherapy has principally been used for the curative treat-
ment of allergic diseases, but there are some suggestions indicating that
SIT may also have a preventive efficacy. It has been proposed, but not
yet confirmed, that SIT may prevent the onset of asthma in patients with
rhinitis. Recently, it has been shown that about 50% of young children
(age 26 years) sensitized to a single allergen species and who received
SIT did not develop new allergenic sensitivities over a period of 3 years,
whereas all of these who did not receive SIT developed new sensitivities
during the same period of time. This study needs confirmation but suggests
that SIT can alter the natural course of allergy (DesRoches, Bousquet,
unpublished).

3.3. The Need for Beginning SIT in Young Children

Allergic sensitization usually begins early in life, and symptoms often start
within the first decade. It has been shown that SIT was less effective in
older patients than in children and that inflammation and remodelling of
the airways in asthma offer a poor prognosis for an effective SIT. Moreover,
if SIT is used as a preventive treatment, it should be started as soon as
allergy has been diagnosed.

3.4. Compliance with Treatment

Compliance with SIT is rarely optimal [40], and many patients stop SIT
after some months, leading to incomplete effectiveness. Reasons for poor
compliance include the time spent in the physician’s office during the
course of the treatment, the duration of the treatment required to achieve
efficacy and, for young children, the fear of injections.

4. Pollen Allergy
4.1. Subcutaneuous Immunotherapy

4.1.1. Efficacy: The efficacy of pollen-SIT is suggested by the decrease of
target organ sensitivity during nasal and/or conjunctival allergen challenge
[16, 1820, 41—46]. It has been widely documented in optimally designed
double-blind placebo-controlled trials which usually, but not always,
demonstrated efficacy in rhinitis due to grass [16, 20, 41, 48—58], ragweed
[59—73], Parietaria [46, 74], mountain cedar [75] and coconut tree pollen
[76] (Tables 1 and 2). Grass and ragweed pollen extracts are effective in
conjunctivitis [41, 47, 48, 77]. However, although studies comparing the
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efficacy of immunotherapy and pharmacotherapy are urgently required, as
yet only one such study has been performed. Juniper et al. [78] compared
the efficacy of budesonide, a highly effective topical corticosteroid, with
Pollinex in the treatment of ragweed hay fever and observed that the
pharmacological treatment was superior in efficacy and safety. However,
the findings of this study cannot be extended, owing to the known low
efficacy of Pollinex in ragweed pollen allergy [60]. In a recent, elegant
double-blind placebo-controlled study, Varney et al. [57] evaluated the
efficacy and safety of immunotherapy in patients with severe grass pollen
allergy, not controlled by standard antiallergic drugs, and showed that
SIT was effective in reducing symptoms and the need for medication,
including the use of systemic corticosteroids. The efficacy of the treatment
was further found in subsequent years [79]. Double-blind placebo-control-
led trials have not been published yet for other pollen species, and although
it is postulated that SIT is effective [80], proper trials remain to be done.
Moreover, although it is postulated that SIT is effective [80], proper trials
remain to be done. Moreover, although SIT has been shown to be effective
in optimal conditions, this treatment fails completely when inappropriate-
ly used, and SIT is not equally effective in all patients. There are several
parameters which have therefore to be examined, among which the quality
of the extracts used, the SIT schedule, cross-reactivities between and the
sensitization of patients are critical.

4.1.1.1. Extracts used. Standardized extracts are now available for many
pollen species [81] but are still lacking for important regional allergens
such as cypress pollen. Many different extracts have been proposed since
the introduction of SIT. Aqueous extracts are effective, especially when
standardized, but they expose patients to a high rate of systemic reactions,
so attempts have been made to prepare extracts having a decreased aller-
genicity (reduction of side effects) without modification of immunogenicity
(similar efficacy). Among the various preparations, adsorbed extracts on
aluminium, tyrosine or calcium phosphate are commercially available and
have been shown to decrease the incidence of side reactions. However, they
only represent a first attempt, and their efficacy has only been reported
in a placebo-controlled study with unstandardized extracts [56]. Extracts
polymerized by formaldehyde [20, 41, 47, 48, 66], ragweed [59-65,
71-73, 82] or glutaraldehyde [50, 51, 60, 61, 83] are effective, but only
high molecular weight preparations are safer and as effective as the
aqueous extracts or the low molecular weight ones. Polyethyleneglycol
(PEG)-modified extracts represent another interesting approach, but the
high expectations which followed animal studies have, unfortunately not
been realized in humans [84].

4.1.1.2. Maintenance dose. The maintenance dose is critical for the
efficacy of SIT, but it is still a matter of debate. Initially, propositions
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suggested giving a high dose to patients, but owing to severe reactions,
other investigators following the concept of Rinkel [85] proposed low
doses after the so-called skin test titration. However, this technique has
been found ineffective during placebo-controlled studies [62, 68, 86] and
should no longer be used. It was then suggested that patients should be
given the “highest tolerated dose” with potent extracts [87, 88], but again,
severe systemic reactions were observed in many patients. We (Bousquet
et al. [11, 89]) proposed an optimal maintenance dose (a dose inducing
a change in cell reactivity but giving a low and acceptable rate of mild
systemic reactions) and by serially studying skin tests after SIT, defined a
dose inducing a decrease in the skin test end-point in over 80 % of patients
treated. This “optimal” dose was able to increase the provocative allergen
dose during nasal challenge and achieved a significant protection in pa-
tients suffering from grass pollen-induced rhinoconjunctivitis and asthma
[16, 20, 41, 47, 48]. With a ten fold greater dose, the number of systemic
side reactions was increased without major changes in efficacy. However,
although a much greater increase might have enhanced the effectiveness
of SIT, it is likely that side reactions would be greater in number and
unacceptable in severity. Turkeltaub et al. have used a similar approach for
ragweed pollens [90].

4.1.1.3. Cross-reactivities between allergens. Many related or unrelated
allergens share common epitopes leading to cross-reactivities that compli-
cate the diagnosis and the treatment of allergic diseases. Important cross-
reactivities exist among pollens of grasses or Oleaceae or some of the
Ambrosiaceae or deciduous trees or, to a lesser extent, Compositeae [91,
92]. Patients allergic to grass pollens usually have positive skin tests and
serum-specific IgE towards many if not most species. Thus, it should be
determined whether patients need to be treated by all the relevant species
or only a few of them or even only one. During the carly years of SIT in
Europe, timothy (Phleum pratense) was commonly used, as it was suppos-
ed to have a broad allergen content. In the middle of the century it was
proposed that a mixture of five to six common grasses, including timothy,
would improve the efficacy of SIT. During the last decade, the use of a
single allergen species has tended to be favoured in northern Europe; how-
ever, this may not reflect a worldwide trend, since pollens of some species
such as Bermuda grass (Cynodon dactylon) or cereals do not completely
cross-react with timothy. Allergen mixtures present many defects. They
may be less stable in an aqueous extract than single species, since interac-
tions between allergens exist and enzymatic degradation of allergens has
already been demonstrated. It is more difficult to standardize mixtures, and
the dilution of major epitopes in mixtures may lead to a low-dose SIT
regimen. On the other hand, single allergen species may be less effective
because some relevant epitopes may be lacking. Using cross-immuno-
electrophoresis, Lowenstein et al. [93] proposed that perennial rye grass
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possesses epitopes that might be relevant for most other grass pollen
species and that SIT with single allergens may be effective. This was, at
least partly, confirmed by Frostad et al. [94] and Bousquet et al. (unpublish-
ed observations), who observed that SIT with a single allergen species
(perennial rye grass or orchard grass) was as effective as SIT with four or
five species. Similar findings were observed with birch and deciduous tree
pollens [95, 96].

Patients sensitized to birch pollen often present cross-reactive epitopes
with many raw fruits and vegetables. Thus in theory, birch pollen SIT might
reduce fruit allergy. Meller [97] examined the efficacy of birch pollen SIT
in apple sensitivity but failed to observe any efficacy for fruit allergy.
However, a recent study reported a single case where birch-pollen immuno-
therapy induced the loss of oral food allergy syndrome [98].

4.1.1.4. Polysensitized patients. The IgE immune response to environ-
mental allergens depends both on genetic and environmental factors and is
highly heterogeneous. It has been shown that patients allergic only to grass
pollens differ only clinically and immunologically [99, 100] from those
allergic to many pollen species. A controlled study and a double-blind
placebo-controlled study compared the efficacy of SIT in these two groups
of patients [16]. Grass pollen allergic patients were treated with an optimal
maintenance dose of a standardized orchard grass pollen extract, whereas
those allergic to multiple pollen species received the same biologically
equivalent dose of all standardized allergens to which they were sensitized.
The results of the study indicated that grass pollen allergic patients but
not polysensitized patients were significantly protected. Using a higher
allergen dose, it might have been possible to show efficacy in the polysen-
sitized group, but the rate of systemic reactions using standardized extracts
would have been unacceptable.

4.1.1.5. Age of the patients. For theoretical reasons, based on the me-
chanisms of the immune response, it is usually recommended to start SIT
in children and adults and to avoid it in elderly subjects. In a study of rag-
weed pollen allergy, Hedlin et al. [101] compared the results of allergen
immunotherapy in paediatric and adult populations. Biological responses
were measured by nasal challenges, skin tests and the evolution of serum-
specific immunoglobulins. They observed that ragweed immunotherapy
leads to immunological and biological consequences that are comparable
in children and adults. However, this study does not give clear information
on elderly patients, who usually improve spontaneously.

SIT may be started in children under 5 years of age, but it is desirable to
carefully evaluate the benefits, since SIT leads to a greater number of
systemic reactions in this age group. Systemic reactions, especially asthma,
may be more severe, and most young children have not fully developed
their allergenic sensitization. On the other hand, a retrospective study has
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suggested that SIT in pollen-allergic patients may prevent the onset of
asthma.

During pregnancy, when the severity of allergic diseases is often modi-
fied, SIT should not be started, but it may be continued in patients when it
is effective [102].

4.1.2. Safety: Life-threatening reactions are not uncommon, even with
high-quality extracts, and deaths have been reported. The rate of systemic
reactions is greater with standardized pollen extracts than with either non-
standardized extracts or high molecular weight preparations but does not
differ from SIT performed with standardized extracts of other allergen
species [7, 57, 89, 103, 104]. The occurrence of systemic reactions has
been studied in over 500 grass pollen allergic individuals who received the
same rush SIT protocol with the same standardized extracts [89]. It was
observed that the rate of systemic reactions was higher in patients who had
presented asthma (and rhino-conjunctivitis) during the previous pollen
season than in those who had rhinoconjunctivitis alone. The incidence of
generalized urticaria and anaphylaxis was similar in both groups, but
bronchial symptoms occurred mostly in asthmatic patients. This study indi-
cates that asthmatic patients are at higher risk during SIT. Rush immuno-
therapy may expose to a high risk of systemic reactions, and attempts have
been made to reduce the incidence of reactions. With premedication, ex-
clusion of asthmatic patients with FEV, (forced expiratory volume in
1 second) under 70% of predicted values at the time of the injection and
stopping the rush schedule if large local reactions were noticed, systemic
reactions were decreased to an acceptable rate, and the severity of these
reactions was always mild. Step protocols decrease even further the rate
and severity of systemic reactions [7]. Polymerized high molecular weight
preparations have been consistently shown to induce few systemic reac-
tions in grass, ragweed and tree pollen allergy [41, 48, 50, 51, 61, 83].

4.1.3. Duration: Duration of SIT is another matter of debate. In the case
of inhalant allergy in atopic individuals, data are lacking to support any
definite conclusion, but it appears, that long-term treatment, at least
3 years, is required. For nasal symptoms, Mosbech et al. [105] observed in
a retrospective study that the effect of grass pollen SIT lasted several years
after its cessation. Using high molecular weight polymerized extracts,
Grammer et al. reached similar conclusions [106]. However, prospective
controlled studies are lacking, and no definite conclusion can be made.

4.2. Other Routes of Allergen Administration

4.2.1. Efficacy: The usual route of administration of SIT is subcutaneous
injection. However, recent studies have shown that alternative routes may
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be effective in reducing symptoms of rhinitis and medication needs. It must
be stressed that only high-allergen doses should be given (about 500 times
greater than those achieving efficacy with the subcutaneous route).

Nasal immunotherapy was effective in grass, ragweed and Parietaria
pollen allergy in some but not all studies [107—-121].

Oral SIT was ineffective in most trials in grass pollen allergy, possibly
because these allergens can be destroyed by digestive enzymes [122]. In
ragweed and birch pollen allergy, oral SIT was effective if high-allergen
doses were administered [123—127]. Sublingual SIT was effective in grass
and Parietaria pollen allergy [128, 129].

More studies are needed to establish fully the efficacy of local SIT using
high doses of standardized allergen extracts. The magnitude of efficacy of
SIT using local routes also needs to the better studied, and in particular it
should be compared with subcutaneous and local SIT. It may be anticipated
that local SIT will be less effective than subcutaneous SIT for a similar
duration of treatment and a similar cumulative dose of allergen. On the
other hand, the efficacy of prolonged treatment may be similar. The addi-
tion of oral SIT to boost parenteral SIT may be effective, but more data are
required since negative studies have been published {130—132].

4.2.2. Safety: Systemic or focal reactions are uncommon with local ad-
ministration of extracts. During nasal SIT, some patients complain of
rhinitis symptoms during allergen insufflation, but using modified extracts
adverse reactions become rare. High-dose oral SIT is also associated with
focal reactions in the form of gastrointestinal symptoms. Sublingual SIT
has been used in thousands of patients, and it is apparently well tolerated.

4.3. Compliance

The compliance of patients during SIT is a prerequisite for achieving
efficacy. It has been known for years that compliance in subcutaneous SIT
is poor. Compliance in local SIT is still unknown, but physicians who
routinely use sublingual SIT estimate that it is far better than that seen in
subcutaneous SIT.

S. House Dust Mite Allergy

House dust mites of the species Dermatophagoides are among the most
prevalent perennial allergens throughout the world and have been shown
to cause rhinitis and asthma, especially in childhood. Few double-blind
placebo-controlled studies have been performed with house dust mites
that have shown SIT to be effective [133—141], and house dust immuno-
therapy should no longer be used. With mite allergens, the indications of
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SIT are still vague but can be envisaged, especially if the patient presents
asthma. In rhinitis, a course of topical steroids is often required at the
beginning of SIT, since symptoms are due to both allergy and in-
flammation.

Nasal and sublingual SIT have been carried out using high-allergen
doses, and efficacy has been observed [142, 143]. Moreover, two studies
using low-dose sublingual SIT have shown some efficacy. However,
serious flaws in the design of the study and in the interpretation of the data
do not make it possible to conclude that such a regimen is effective [144,
145].

6. Immunotherapy to Animal Proteins

Although it has been recommended by the Position Papers of the European
Academy of Allergy and Clinical Immunology [146] and WHO/TUIS [147]
that allergen avoidance be preferred to SIT in animal dander allergy, SIT
may be envisaged. There are studies showing that SIT is effective in
improving the threshold dose inducing positive bronchial challenges with
cat or dog dander extract in asthmatic subjects, and that in a few studies
asthma symptoms and pulmonary function were improved (for review see
[148]). However, the clinical efficacy of cat or dog SIT remains to be ascer-
tained in rhinitis, since only one study has been carried out [149].

Oral and sublingual SIT have been tried in cat allergic patients [150,
151]. It was claimed that sublingual SIT was not effective because symp-
toms were improved both in the active and placebo groups, although the
improvement was greater in the active group [151]. Moreover, the only
objective parameter of efficacy (nasal blockage index) was highly signi-
ficantly improved in the treated group, whereas it was unchanged in the
placebo group [152].

The cloning and the characterization of the structure of major allergens
made it possible to synthesize peptides having the structure of the native
allergens. Among them, two Felis domesticus (cat) allergen (Fel d1) pep-
tides of 27 amino acids have been synthesized (Allervax Cat) [153].
These peptides stimulated cat-specific T cells in vitro but were unable to
bind to cat allergen-specific IgE. A few clinical trials have been performed,
and these two peptides have been found to protect patients against a cat
room challenge in which nasal and bronchial symptoms were examined
(Norman et al., unpublished data).

7. Immunotherapy to Moulds

Moulds are major allergens in asthma, but they often induce polysensitiza-
tions. The quality of extracts available in the early 80s was far from
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adequate, so that mould SIT was not recommended. However, efforts have
been made to standardize extracts of some molds such as Alternaria and
Cladosporium, and good-quality allergen extracts are now available [154].
SIT with standardized Cladosporium [155-157] and Alternaria extracts
[158] has been attempted, but variable results have been obtained. In
Nordic countries, patients treated with a standardized Cladosporium
extract were polysensitized, and SIT was effective in challenges with the
specific allergen; but symptom-medication scores were only minimally
improved. On the other hand, in the double-blind placebo-controlled study
of Horst et al. [158], performed over 1 year in 24 highly selected patients
allergic only to Alternaria, both nasal challenges and symptom-medication
scores were improved in the treated group and remained unchanged in the
placebo group.

SIT with Cladosporium induced a high number of systemic reactions
[155—157], whereas SIT with Alternaria was better tolerated, possibly
because Horst et al. [158] attempted to define an “optimal maintenance
dose” before starting SIT. Long-term safety of mould SIT has also been
questioned, and type III allergic reactions have been described [159].

These studies suggest that mould SIT may be effective, but they do not
favour SIT with many mould species or with extracts of unknown quality.

8. Immunotherapy with Other Extracts

Although SIT may be administered by oral or sublingual routes, there is
no controlled study showing that it is effective in rhinitis or asthma with
perennial allergens. SIT with extracts of undefined allergens (bacteria,
foods, Candida albicans, insect dusts) should not be used anymore in
clinical practice, but controlled trials may be started [39, 146, 147, 160].

9. Indications for SIT
9.1. General Considerations

Guidelines for the indication of SIT have largely been published within the
past 5 or 6 years. The European Academy of Allergy and Clinical Immuno-
logy and the British Society for Allergy and Clinical Immunology [39, 146,
147, 160, 161] have proposed recommendations for the use of SIT. In
all these recommendations the quality of the extract to be administered
was stressed. Optimally, these extracts should be standardized, using the
most modern techniques [81]. The indication of SIT should be carefully
proposed in highly selected patients [162] and the length and cost of the
treatment should be discussed with patients, since compliance with SIT is
often poor [163].
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Double-blind placebo-controlled studies have confirmed the efficacy of
SIT, but clinical efficacy does not mean clinical indication, especially
since controlled trials of SIT are optimally designed and may not always
be applicable to daily medical practice and a safe and effective pharmaco-
logical treatment is also available for the treatment of allergic diseases.
Thus, before starting SIT it is essential to consider several factors to ap-
preciate the respective value of allergen avoidance, pharmacotherapy
and SIT.

In patients receiving SIT, both SIT and pharmacotherapy should be used
in combination, since very few patients will be completely free of symp-
toms when treated with SIT; on the other hand, SIT does reduce the need
for medication in severely affected patients. Moreover, allergen avoidance
should always be attempted even if it cannot be complete.

Specific immunotherapy needs to be prescribed by specialists and
carried out by physicians who are trained to use emergency techniques if
anaphylaxis occurs. Before starting SIT each patient should be carefully
informed of risks, duration and effectiveness of this treatment; coopera-
tion and compliance with the treatment are absolute requirements before
starting it.

Absolute contraindication to SIT include patients with other serious
immunopathological conditions, malignancies, poor compliance, severe
psychological disorders and/or treatment by f-adrenoceptor antagonists,
even if administered topically.

Before initiating SIT, avoidance of exposure to the provoking allergen(s)
should always be attempted. Except in the case of animal dander, however,
most common aeroallergens cannot be avoided completely, and this is
particularly true for patients allergic to house dust mites and those who are
allergic to multiple allergens.

9.2. Pollen Allergy

It is commonly accepted that SIT is indicated in severe rhinoconjunctivitis
[146, 147] where pharmacotherapy insufficiently controls symptoms or
produces undesirable side effects. On the other hand, SIT should not be
started in mild to moderately severe pollinosis responding favorably to
antihistamines and topical drugs, except if the pollen season is long-
lasting, as is the case in southern Europe, South Africa and California.
Since rhinoconjunctivitis is present in most, if not all, patients suffering
from pollen allergy, and asthma occurs generally in the most severely affec-
ted patients, it is impossible to propose indications without considering all
symptoms. It also appears that SIT is indicated when asthma during the
pollen season complicates rhinoconjunctivitis, although this recommenda-
tion is not accepted by all investigators because of the increased risk of
systemic reactions. British recommendations have proposed that patients
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with asthma should be specifically excluded [164], but this recommenda-
tion appears to be important only if asthma is moderately severe or severe.

9.3. House Dust Mite Allergy

The indication of SIT in mite allergy is not easy to propose, and definite
indications will not be available until the NIH-sponsored study on mite
allergy has been published. From the current studies the following recom-
mendations may be proposed [39]. (/) Only patients with house dust mites
as perennial allergens should be treated. (2) Patients with aspirin in-
tolerance or nonspecific triggers of asthma such as chronic sinusitis should
not receive SIT. (3) The age of the patients should also be considered. On
the one hand, children and young adults usually respond more efficiently to
SIT; on the other hand, children under 5 years of age may not receive SIT
because of an increased risk of systemic reactions, increased severity of the
systemic reactions and also because the sensitivity of young patients may

vary.

9.4. Immunotherapy with Other Allergens

In animal dander allergy allergen avoidance is the best choice, but SIT to
cat or dog allergens may occasionally be an alternative in occupational
allergy and in some children to whom the eviction of the animal may be a
great shock.

In mould allergy, the elimination of indoor allergen is favoured, and SIT
may be restricted to patients allergic only to Alternaria and/or Cladosporium.

10. Monitoring

After the first pollen season or after 6 months for perennial allergens, pa-
tients receiving SIT should be reassessed, and the treatment stopped if
not effective. In vivo and in vitro methods have been proposed to evaluate
the efficacy of SIT. The evolution of IgG, IgG subclasses or IgE against
whole allergens or purified antigens does not give any valuable informa-
tion [20, 165]. Provocation challenges are often correlated with the effi-
cacy of SIT, but only when a group of patients is considered [16, 18—20,
41, 42]. They are less predictive for individual patients and are difficult
to carry out routinely in clinical practice. The evolution of the cutaneous
late-phase reaction may also be considered, since relationships between
late cutaneous responses and specific antibody responses have been posi-
tively correlated with outcome of immunotherapy for seasonal allergic
rhinitis [166].
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1. Introduction

Whilst the treatment of allergic and nonallergic rhinitis is primarily me-
dical (as discussed in the accompanying chapters), a significant number of
patients fail to obtain satisfactory relief from these measures, and surgical
options may become of value.

Arguably, the principal symptom of rhinitis is obstruction to nasal air-
flow. The site of highest resistance of nasal airflow in the respiratory tract
is found in the area of the anterior nasal valve and surgical strategies
designed to relieve nasal airflow obstruction are usually targeted at this site
and, in particular, at the inferior turbinate.

The inferior turbinate is composed of mucosa, cavernous tissue which
possesses erectile properties [1, 2], periosteum and bone. Nasal obstruction
may result as a consequence of engorgement of the erectile tissue, which is
itself subject to autonomic neural influence. Parasympathetic stimulation
leads to engorgement of the turbinate and rhinorrhoea, whereas sympathet-
ic stimulation produces the converse. Surgery to control the influence of
the inferior turbinates upon nasal airflow resistance may therefore be direct-
ed at both the turbinate itself and at its autonomic innervation. The chief



188 J.A. Cook

purpose of this chapter is to evaluate these two approaches. A summary of
the surgical options available for the treatment of atrophic rhinitis will
also be given. For the surgical treatment of rhinosinusitis, the reader is
referred to the milestone text on functional endoscopic sinus surgery by
Stammberger [3].

1.1. Surgery of the Inferior Turbinate

A variety of procedures have been developed to reduce the bulk of the
inferior turbinate or to reduce its ability to enlarge. These vary from
attempts to induce scarring in the submucosal erectile tissue of the tur-
binate to radical amputation. Methods available to reduce the erectile
capacity of the turbinate include injection of submucosal sclerosants [4],
corticosteroids [5], cryosurgery [6] and various forms of cautery.

Surface cautery with a hot wire may be performed as an outpatient pro-
cedure but may result in crusting and incurs a risk of adhesion formation
[7]. Submucosal diathermy (SMD) was initially performed using galvanic
current [8] or hot wires [9]. Nagelschmidt [10] first described surgical
diathermy in 1909, and later unipolar [11] and bipolar [12] techniques
were developed. The beneficial effects of submucosal diathermy were
subsequently described [13—15]. Von Haacke [16] described 204 cases of
SMD to the inferior turbinate, performed over 6 years. Some of the cases
also underwent antral lavage, but none underwent septal surgery. Sym-
ptomatic improvement was recorded in 72 %, though the method of SMD
was not recorded. Jones [17] has described a standardised method of
performing SMD involving three passes of a unipolar electrode through the
inferior turbinate. He also reported that it was possible to predict the out-
come of SMD to the inferior turbinates by assessing the response to pre-
operative decongestion with xylometazoline. Unfortunately, the initial
benefits of SMD do not seem to be maintained in the long term. Jones and
Lancer [18] reported a series of 21 patients in whom a significant improve-
ment in nasal airway resistance was obtained 2 months after the procedure,
but at 15 months nasal airway resistance was not significantly different
from the preoperative resistance. Nevertheless, these patients were still
symptomatically better.

Talaat [19] studied 10 patients with nonallergic rhinitis and 10 patients
with allergic rhinitis and described the mechanism by which SMD appears
to work. At 1 month following SMD, punch biopsies were taken from the
inferior turbinate and subjected to histological examination. Fibrosis was
found which appeared to anchor the mucosa to the periosteum. A reduction
in congestion and the number of tunical blood vessels was also found
which could be expected to result in a reduction in oedema and cellular
infiltration from blood. A reduction in the number of seromicinous glands
was also noted, particularly in the nonallergic group. The latter also showed
a significant improvement in the epithelial lining which returned to a
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pseudo-stratified type with reappearance of cilia and thinning of the base-
ment membrane. Some cavernous sinusoids appeared to be destroyed.
Histocytochemistry revealed no significant changes in the allergic group,
indicating that the allergic process was still present.

1.2. Cryosurgery to the Inferior Turbinate

Cryosurgery as an effective treatment for rhinitis was first reported in 1970
[6]. Initially, freon was used as a coolant, but subsequently nitrous oxide
was employed [20]. A cryoprobe was applied for 3—4 min at each of the
sites indicated (Figure 1). Of 46 patients with nonallergic rhinitis under-
going this treatment, 100 % were said to be relieved of their nasal obstruc-
tions and 92% of their rhinorrhoea. Although the maximum follow-up
period was noted at 15 months, it is not certain how many patients were
seen at this stage. Complications of the treatment included perforations of
the nasal septum, serous otitis media (temporary), acute sinusitis and
delayed healing. Modification of this technique was described in 1984 by
Bumsted [21], who also emphasised the importance of careful patient
selection: the sites of application of the cryoprobe are indicated in Figure 2.
He reported that healing took place in 5—6 weeks and that nasal obstruc-
tions was eliminated in 46 (92 %) of his 50 patients. His minimum follow-

Figure 1. Four sites of application of the cryoprobe to the inferior and middle turbinates.
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Figure 2. Modification of application of the cryoprobe to the inferior middle turbinates (adapt-
ed from Bumsted [21]).

up period was 2 years. Postoperative nasal airway obstruction usually lasted
for up to 3 weeks, although Malony [22] reported nasal obstruction for
only between 5 and 6 days. Principato [23] has emphasised the importance
of removing slough from the nasal cavities at 5—7 days postoperatively.
He also stated it was important to protect septal spurs and perform a septo-
plasty if necessary. Moore and Bicknell [24] compared the results obtained
by cryosurgery with those obtained by SMD. There seemed to be no signi-
ficant differences in effectiveness between the techniques at 2 months or
at 6 months. Given that cryosurgery may be performed on an outpatients
basis, it would seem to be a reasonable therapeutic option.

1.3. Laser Cautery of the Inferior Turbinate

As early as 1979 the use of a laser to decrease the bulk of the inferior tur-
binate was described [25]. The approach was later modified by Fukutake
[26] in an attempt to reduce the erectile properties of the turbinate rather
than decrease is bulk. He reported the effects of application of a CO, laser
beam to the inferior turbinate on 140 patients. Laser surgery was performed
as an outpatient procedure with each patient being treated once a week on
five occasions. This somewhat protracted regimen was employed to avoid
complications such as bleeding and reactive nasal obstruction. The entire
surface of the inferior turbinate was subjected to vapourization by means
of'a defocused beam at 20—30 W for 1 min. Excellent or good results were
achieved in 76 % of patients at 1 month (from 140 cases) and 77 % at 1 year
(from 35 cases). However, selection criteria for the patients were not de-
scribed. Kawamura [25] reported broadly similar results using a defocused
CO, laser in patients with perennial allergic rhinitis caused by house dust.
“Good or excellent” results were reported in 85% at 1 month, 76% at
2 years and 75% at 3 years in his cohort of 75 patients.
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A comparison of CO, laser cautery of the inferior turbinate with sub-
mucosal diathermy [27] revealed that subjective nasal airway resistance
was improved at 6 weeks in both groups but only in the laser group at 3 days
postoperatively. Objective measurement by peak inspiratory nasal airflow
revealed no significant differences. The follow-up of this cohort of 29 pa-
tients by the present author [28] revealed a significant improvement in sub-
jective nasal airflow at 1 year, compared with the preoperative state in the
laser group but not in the SMD group. This paper represented the first
double-blind controlled trial examining the long-term effects of laser
against SMD in the treatment of perennial rhinitis and confirmed that there
was a long-term improvement in the nasal sensation of airflow following
laser treatment. Laser cautery of the inferior turbinate would therefore
appear to offer superior results to SMD, not least because it may be per-
formed as an outpatient procedure. Mittelman [29] has also reported CO,
laser turbinectomy to be superior to surgical reduction of the inferior turbi-
nates since it may be performed on an outpatient basis using only topical
anaesthesia and without the requirement for intranasal packing. It would
also seem probable that the likelihood of postoperative haemorrhage
would be reduced with the laser, though the incidence of postoperative
haemorrhage was not compared with the incidence of bleeding after sur-
gical turbinectomy.

1.4. Surgical Reduction of the Inferior Turbinates

Total turbinectomy was first described in the 19th century [30]. However,
complications such as atrophic rhinitis and paradoxical nasal dyspnoea led
to the procedure falling into disrepute. The development of less radical pro-
cedures led to a resurgence in the popularity of partial turbinectomy [31,
32] and submucosal resection of the inferior turbinate [33]. More recently,
Mucci and Sismanis [34] reported a series of 54 patients in whom par-
tial inferior turbinectomy had been performed with preservation of the
inferior turbinate bone (Figure 3). In their series, 92% of the patients
reported a decrease in nasal obstruction, 86% decrease in rhinorrhoea,
82% a decrease in snoring, 83% a decrease in headaches and 64% a
decrease in “obstructive sleep apnoea”. Average follow-up was for a period
of 18 months (range 12—39 months). Bleeding was observed in 3.7 %.
Meredith [35] compared 100 patients who underwent electrocautery with
100 who underwent inferior partial turbinectomy. They stated 86% were
improved following turbinectomy, but only 69 % following electrocautery.
However, there were no objective measurements and no statistical analyses.
Bhargava [36] has recommended removal of the anterior one-third of each
inferior turbinate under local anaesthesia. He performed this procedure on
a series of 30 patients with allergic or nonallergic rhinitis and reported on
27 of them, though the duration of the follow-up was not mentioned. Eighty-
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Figure 3. Inferior partial turbinectomy.

one percent an improvement in nasal obstruction, 80 % in headaches, 78 %
in sneezing and 67 % in rhinorrhoea. Whilst nothing that anterior turbin-
ectomy should reduce nasal airflow resistance in the area of the anterior
nasal valve, Jones found no evidence to support the subjective efficacy of
this treatment [37]. The effectiveness and safety of reduction of the inferior
turbinates has been assessed in children [38]. In a series of 22 children aged
15 years or younger, 68 % reported a sustained improvement in the nasal
airways with a period of follow-up ranging from 7 to 51 months. No serious
cases of postoperative haemorrhage were encountered, although one child
bled profusely following the removal of an intranasal pack but settled
within a few minutes following the application of an ice-pack.

Whilst surgical reduction of the inferior turbinates is clearly likely to
decrease nasal airway resistance due to purely mechanical factors, there
may be other mechanisms involved. Shone [39] has studied the effect of
reduction of the turbinates on mucociliary clearance and found no chance
in saccharin transport time 3 weeks after turbinate reduction. However, the
long-term effects were not evaluated. Cortes et al. [40] have postulated that
autonomic microganglia in the inferior turbinates may be important in the
pathophysiology of rhinitis. They suggested that vidian neurectomy, com-
bined with reduction of the turbinates, may give a better result than either
procedure performed in isolation, in that the cholinergic parasympathetic
influence upon the nasal mucosa may be reduced at two anatomical sites
by combining these procedures. They supported their data by simulating
intrinsic rhinitis in cats by adminstering neostigmine. Three cats underwent
inferior partial turbinectomy, another three Vidian neurectomy and a
further three a combination of both these procedures. A combination of
procedures was found to be more efficacious than either procedure per-
formed alone in terms of reducing nasal hypersecretion. However, a change
in nasal resistance to airflow was not reported.
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Figure 4. Antroconchopexy. The inferior turbinate is displaced via a large inferior meatal
antrostomy into the maxillary antrum.

Antroconchopexy has been suggested as an alternative to turbinate re-
duction by reducing the impact of enlargement of the inferior turbinate on
nasal airway resistance [41]. The procedure involves lateralicing the inferior
turbinate through a large inferior meatal antrostomy into the maxillary
antrum (Figure 4). The posterior end of the inferior turbinate extends
beyond the limit of the antrostomy, and displacing this posterior end of the
turbinate into the antrum to maintain the inferior turbinate in its lateralised
position. The procedure was initially described by Fateen [42] and later
Legler [43]. Lannigan [41] found significant reduction in nasal airway resis-
tance as assessed by posterior active rhinomanometry 6 weeks after sur-
gery. Reduction in the size of the inferior turbinate by application of silver
nitrate has also been described [44], as has zinc intranasal ionisation [45].

2. Manipulation of Autonomic Innervation

The nasal mucosa receives three sources of innervation: (1) The maxillary
division of the trigeminal nerve subserves sensation. (2) Vasoconstrictor
influence is received from the sympathetic nervous system. Fibres from the
superior cervical ganglion travel along the internal carotid artery, thence to
the deep petrosal nerve where they travel with the parasympathetic fibres
derived from the nervous intermedius. Sympathetic fibres from the deep
petrosal nerve pass through the pterygopalatine ganglion without synapse.
(3) Parasympathetic vasodilatatory and secretomotor influence is received
from the superior salivatory nucleus via the nervus intermedius, thence to
the greater superficial petrosal nerve, which travels with the deep petrosal
nerve in the vidian canal. The parasympathetic fibres synapse in the ptery-
gopalatine ganglion and are thence distributed to the nasal cavum. The
innervation of the nasal mucosa is illustrated in Figure 5.

The predominant autonomic influence upon the nasal mucosa is para-
sympathetic. If both sympathetic and parasympathetic fibres to the nasal
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Figure 5. Sensory and autonomic innovation of the nasal mucosa.

mucosa are sectioned, the overall result is to decrease secretion and nasal
airway resistance. The most common therapeutic methods used to achieve
this are vidian neurectomy and pterygopalatine ganglionectomy.

2.1. Vidian Neurectomy

This procedure was first described by Golding-Wood in 1961 [46]. He
employed a transantral (Cauldwell Luc) approach to the pterypopalatine
fossa. After removal of the anterior bony wall of the pterygopalatine fossa,
fat in the pterygopalatine fossa is dissected to expose the maxillary artery
and its branches. These are clipped. The maxillary nerve is identified as it
passes out of the foramen rotundum, and the vidian nerve sought more
medially (Figure 6). Removal of bone on the medial wall of the antrum may
be necessary to facilitate a view of the vidian nerve. The vidian nerve
is then destroyed by diathermy. Initially, there were occasional cases of
ophthalmoplegia produced by overinsertion of the diathermy probe into the
vidian canal. Golding-Wood subsequently developed a unipolar diathermy
electrode with shoulders such that penetration of the vidian canal beyond
2 mm was not possible (Figure 7). No cases of ophthalmoplegia have
been reported using this modification. His approach allows preservation of
the somatic fibres derived from the maxillary nerve and nasal mucosal
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Figure 6. Transantral approach to the vidian canal. Bone between A and B requires removal to
facilitate a view of the canal.

Figure 7. Unipolar diathermy electrode designed by Golding-Wood to limit penetration into the
vidian canal.

sensation is preserved. Ablation of the pterygopalatine ganglion in contrast
results in a loss of nasal mucosal sensation.

Largely due to the possibility of ophthalmoplegia and also the technical
demands of the transantral route, various other approaches have been
recommended. In 1975, Patel [47] pioneered a transantral approach to the
vidian canal. This was further reported by Portman [48] and Kirtane [49,
50]. Fernandes [51] reported a series of 276 patients who had undergone
transnasal vidian neurectomy. Eighty-two of these patients also underwent
a septoplasty for reasons of access. One hundred and twenty patients also
had a partial inferior turbinectomy. Fernandes performed the procedure
under general anaesthesia. The middle turbinate was fractured medially
and upwards, a long Killian’s nasal speculum inserted and the posterior end
of the middle meatus visualised by means of an operating microscope with
a 300-mm objective lens. A small antrostomy was made into the maxillary
at the posterior end of the middle meatus so that the posterosuperior margin
of the maxillary antrum could be seen. The periosteum of the postero-



196 J.A. Cook

Figure 8. Transnasal approach to the vidian canal. F.R: foramen rotundum; V.C: vidian canal;
S.F: sphenopalatine foramen.

medial margin of the antrostomy was stripped backwards off the lateral
wall of the nose to reveal the sphenopalatine foramen (Figure 8). Bagatella
[52] reported considerable variation in the location of the vidian nerve, and
Fernandes’ approach allows more certain identification of the vidian nerve
and canal by identifying the landmark for the sphenopalatine foramen, the
sphenopalatine artery, which exits from the foramen. The vidian canal has
an anteroposterior orientation with its anterior opening in the posterior wall
of the pterygopalatine fossa, level with the sphenopalatine foramen and
5—6 mm behind and lateral to it. A modified insulated bayonet electrode is
introduced into the sphenopalatine foramen and into the vidian canal. The
electrode is not inserted any further than 5 mm into the canal to avoid
ophthalmoplegia. In Fernandes’ series, 96% of patients with intrinsic
rhinitis reported an improvement in the nasal obstruction, 88% of those
with allergic rhinitis and 88 % of those with nasal polyposis. Chandra [53]
described a transpalatal approach which was subsequently improved by
Mustafa [54], whilst Minnis and Morrison [55] described the trans-septal
approach. El-Guindy developed the trans-septal approach using rigid 0°
and 30° endoscopes [56] (Figure 9). The procedure is similar to the trans-
nasal approach, but since the endoscope is passed into the contralateral
nostril and through the nasal septum following a septoplasty, a more lateral
view of the pterygopalatine fossa may be obtained. The procedure may be
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Figure 9. Transeptal approach to the sphenopalatine foramen. (MA: maxillary antrum; MT:
middle turbinate; SF: sphenopalatine foramen; PF: pterygopalatine fossa).

performed endoscopically without septoplasty by insertion of the endo-
scope into the ipsilateral nostril [57]. Kamel [57] found an improvement in
nasal rhinorrhoea and sneezing in 77 out of 102 patients, the minimum
period of follow-up being 6 months.

The vidian nerve may also be ablated by means of the CO, laser [58].
Using the transantral approach, Williams [58] reported less pain and swel-
ling than when performing a traditional transantral vidian neurectomy
using chisels, rongers, diamond drills and electrocautery.

The biochemical and physical effects of vidian neurectomy have also
been studied. Rucci [59, 60] looked at the nerve’s influence on histamine
turnover and mucosal mast cell function in nonallergic rhinitis. He report-
ed a reduction in mucosal histamine and a reduction in the density and
degranulation index of mast cells. He also found a reduction in histidine
decarboxylase activity, which was interpreted as expressing parasympa-
thetic involvement in the regulation of mast cell histamine.

Greenstone studied the effect of vidian neurectomy on nasal mucociliary
clearance, assessed by saccarine transport time, but did not find any
significant effect [61].

Vidian neurectomy is not commonly believed to provide long-term
relief of nasal obstruction, rhinorrhoea or sneezing. Golding-Wood [62]
has emphasised that patient selection needs to be rigorously maintained.
Where watery rhinorrhoea is the principal complaint, symptoms seem to be
best controlled. Nasal allergy also needs to be excluded. Only those pa-
tients resistant to medical treatment should be selected for surgery. He also
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states that nasal obstruction is best dealt with by means of linear cautery of
the inferior turbinates, repeated three times at weekly intervals. Krant [63]
assessed the amount of rhinorrhoea, nasal obstruction and sneezing
following transantral vidian neurectomy and found that five out of seven
patients with vasomotor rhinitis, symptoms returned within 4 to 12 months.
This may serve to emphasise that patients with intractible watery rhinor-
rhoea may be the best candidates for this procedure. Conversely, Ogale [64]
reported 208 cases undergoing transnasal vidian neurectomy by diathermy
coagulation. One hundred and ninety-six patients had vasomotor rhinitis,
and of these 184 were improved. The maximum follow-up was for a period
of 5 years, but the minimum follow-up was not reported.

3. Atrophic Rhinitis

The aetiology of atrophic rhinitis remains an unsolved problem. The
disease causes great embarrassment due to the formation of crusts and foul
accompanying foetor. Fortunately, the incidence of atrophic rhinitis seems
to be on the decline.

3.1. Surgery of Atrophic Rhinitis

A variety of surgical procedures have been developed. In 1873 Rouge (see
[65]) curetted the whole of the nasal mucosa, hoping for healthy regenera-
tion, but the results were disappointing and the procedure fell into dis-
repute. Extirpation of the sphenopalatine ganglion has been performed to
reduce the sympathetic influence upon the nasal mucosa, but this procedure
also results in disruption of the parasympathetic pathway, adding further to
nasal dryness. A variety of procedures have been designed to reduce the
size of the apparently large nasal cavity and to reduce nasal airflow. For a
historical review the reader is referred to Girgis [65]. This section will con-
centrate on those procedures which still have their advocates.

3.1.1. Closure of the nostril: Young [66] described a procedure to obstruct
the nostril completely by means of raising flaps from the nasal vestibular
skin. An incision is made at the mucocutaneous junction inside the nostril
and skin along with the joining mucosa reflected forwards by scissor dis-
section until adequate flaps are obtained for approximation without ten-
sion. The skin flaps are then <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>