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1. Introduction

Rhinosinusitis is a significant health problem which seems to
mirror the increasing frequency of allergic rhinitis and which
results in a large financial burden on society .

The last decade has seen the development of a number of
guidelines, consensus documents and position papers on the
epidemiology, diagnosis and treatment of rhinosinusitis and
nasal polyposis ©9. In 2005 the first European Position Paper on
Rhinosinusitis and Nasal Polyps (EP*0S) was published “7. This
first evidence based position paper was initiated by the European
Academy of Allergology and Clinical Immunology (EAACI) to
consider what was known about rhinosinusitis and nasal polyps,
to offer evidence based recommendations on diagnosis and
treatment, and to consider how we could make progress with
research in this area. The paper was endorsed by the European
Rhinologic Society. Such was the interest in the topic and

the increasing number of publications that by 2007 we felt it
necessary to update the document: EP30S2007 %), These new
publications included some important randomized controlled
trials and filled in some of the gaps in our knowledge, which

has significantly altered our approach. In particular it has played
an important role in the understanding of the management of
ARS and has helped to minimize unnecessary use of radiological
investigations, overuse of antibiotics, and improve the under
utilisation of nasal corticosteroids ®. EP*0S2007 has had a
considerable impact all over the world but as expected with time,
many people have requested that we revise it, as once again

a wealth of new data has become available in the intervening
period. Indeed one of its most important roles has been in

the identification of the gaps in the evidence and stimulating
colleagues to fill these with high quality studies.

The methodology for EPOS2012 has been the same as for the
other two productions. Leaders in the field were invited to
critically appraise the literature and write a report on a subject
assigned to them. All contributions were distributed before

the meeting in November when the group came together in
Amsterdam and during the 4 days of the meeting every report
was discussed in detail. In addition general discussions on
important dilemmas and controversies took place. Finally the
management schemes were revised significantly in the light of
any new data which was available. Finally we decided to remove
the “3” out of EPOS2012 title (EPOS212 instead of EP*0S2012) to

make it more easy to reproduce.

Evidence based medicine is an important method of preparing
guidelines. In 1998 the Centre for Evidence Based Medicine
(CEBM) published its levels of evidence, which were designed to
help clinicians and decision makers to make the most out of the
available literature. Recently the levels of evidence were revised
in the light of new concepts and data (Table 1). Moreover a
number of other systems which grade the quality of evidence
and strength of recommendation have been proposed. The
most important of these is probably the GRADE initiative ©. For
the EPOS2012 we have chosen to collect the evidence using
the orginal CEBM format but we plan to update the EPOS2012
clinical recommendations subsequently, following the approach
suggested by the GRADE working group.

Table 1.1. Category of evidence 2.

la Evidence from meta-analysis of randomised controlled trials

Ib Evidence from at least one randomised controlled trial

lla Evidence from at least one controlled study without ran-
domisation

Ilb Evidence from at least one other type of quasi-experimental
study

1] Evidence from non-experimental descriptive studies, such
as comparative studies, correlation studies, and case-control
studies

\% Evidence from expert committee reports or opinions or clini-

cal experience of respected authorities, or both

Table 1.2. Strength of recommendation.
A Directly based on category | evidence
B Directly based on category Il evidence or extrapolated rec-
ommendation from category | evidence
C Directly based on category Il evidence or extrapolated
recommendation from category | or Il evidence
D Directly based on category IV evidence or extrapolated

recommendation from category |, Il or Il evidence
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This EPOS 2012 revision is intended to be a state-of-the art

review for the specialist as well as for the general practitioner:

« to update their knowledge of rhinosinusitis and nasal
poly-posis;

+ to provide an evidence based review of the diagnostic
methods;

« to provide an evidence-based review of the available
treatments;

+ to propose a stepwise approach to the management of the
disease;

« to propose guidance for definitions and outcome
measurements in research in different settings.

Overall the document has been made more consistent, some
chapters are significantly extended and others are added. Last
but not least contributions from many other part of the world
have increased our knowledge and understanding.

One of the important new data acquired in the last year is
that on the prevalence of CRS in Europe. Previously we had
relied on estimates from the USA pointing at a prevalence of
14%. Firstly the EPOS epidemiological criteria for CRS from the
2007 document were validated. We have shown that the EPOS
symptom-based definition of CRS for epidemiological research
has a moderate reliability over time, is stable between study
centres, is not influenced by the presence of allergic rhinitis,
and is suitable for the assessment of geographic variation in

prevalence of CRS ", Secondly, a large epidemiological study
was performed within the GA(2)LEN network of excellence in
19 centres in 12 countries, encompassing more than 50.000
respondents, in which the EPOS criteria were applied to
estimate variation in the prevalence of Chronic rhinosinusitis for
Europe. The overall prevalence of CRS was 10.9% with marked
geographical variation (range 6.9-27.1) "2, There was a strong
association of asthma with CRS at all ages and this association
with asthma was stronger in those reporting both CRS and
allergic rhinitis (adjusted OR: 11.85). CRS in the absence of nasal
allergies was positively associated with late-onset asthma 3.

In the EPOS2012 we have made a stricter division between CRS
with (CRSWNP) and without nasal polyps (CRSsNP) (%, Although
there is a considerable overlap between these two forms of

CRS in inflammatory profile, clinical presentation and effect of
treatment 0529 there are recent papers pointing to differences
in the respective inflammatory profiles -2 and treatment
outcome @, For that reason management chapters are now
divided in ARS, CRSsNP and CRSwNP. In addition the chapters
on acute and chronic paediatric rhinosinusitis are totally revised
and all the new evidence is implemented.

We sincerely hope that EPOS will continue to act as a stimulus
for continued high quality clinical management and research in
this common but difficult range of inflammatory conditions.



2. CLASSIFICATION AND DEFINITION OF RHINOSINUSITIS

2.1. Introduction

Rhinitis and sinusitis usually coexist and are concurrent in most
individuals; thus, the correct terminology is now rhinosinusitis.
Most guidelines and expert panel documents now have adopted
the term rhinosinusitis instead of sinusitis 1:>% 229 The diagnosis
of rhinosinusitis is made by a wide variety of practitioners,
including allergologists, otolaryngologists, pulmonologists,
primary care physicians, paediatricians, and many others.
Therefore, an accurate, efficient, and accessible definition of
rhinosinusitis is required.

Due to the large differences in technical possibilities to diagnose
and treat rhinosinusitis with or withouw nasal polyps by various
disciplines, the need to differentiate between subgroups

varies. On the one hand the epidemiologist wants a workable
definition that does not impose too many restrictions to study
larger populations. On the other hand researchers in a clinical
setting are in need of a set of clearly defined items that describes
their patient population (phenotypes) accurately and avoids

the comparison of ‘apples and oranges’in studies that relate to
diagnosis and treatment. The taskforce tried to accommodate
these different needs by offering definitions that can be applied
in different circumstances. In this way the taskforce hopes

to improve the comparability of studies, thereby enhancing

the evidence based diagnosis and treatment of patients with
rhinosinusitis and nasal polyps.

2.2. Clinical definition of rhinosinusitis

2.2.1. Clinical definition of rhinosinusitis in adults

Rhinosinusitis in adults is defined as:

« inflammation of the nose and the paranasal sinuses
characterised by two or more symptoms, one of which should
be either nasal blockage/obstruction/congestion or nasal
discharge (anterior/posterior nasal drip):

- *facial pain/pressure
- xreduction or loss of smell

and either
«  endoscopic signs of:
- nasal polyps, and/or
- mucopurulent discharge primarily from middle meatus
and/or
- oedema/mucosal obstruction primarily in middle meatus

and/or
+ (T changes:
- mucosal changes within the ostiomeatal complex and/
or sinuses

2.2.2. Clinical definition of rhinosinusitis in
children
Paediatric rhinosinusitis is defined as:
inflammation of the nose and the paranasal sinuses characterised
by two or more symptoms one of which should be either nasal
blockage/obstruction/congestion or nasal discharge (anterior/
posterior nasal drip):

- xfacial pain/pressure

- tcough
and either
- endoscopic signs of:

- nasal polyps, and/or

- mucopurulent discharge primarily from middle meatus

and/or
- oedema/mucosal obstruction primarily in middle meatus

and/or
+ (T changes:
- mucosal changes within the ostiomeatal complex and/
or sinuses

2.2.3. Severity of the disease in adult and children*
The disease can be divided into MILD, MODERATE and SEVERE
based on total severity visual analogue scale (VAS) score (0 10

cm):
- MILD = VAS 0-3
- MODERATE = VAS >3-7
- SEVERE = VAS >7-10

To evaluate the total severity, the patient is asked to indicate on a
VAS the answer to the question:

AVAS > 5 affects the patient QOL

« onlyvalidated in adult CRS to date

How troublesome are your symptoms of rhinosinusitis?

| |
I 10cm !
Worst thinkable troublesome

Not troublesome
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2.2.4. Duration of the disease in adults and
children

Acute:

< 12 weeks

complete resolution of symptoms.

Chronic:

=12 weeks symptoms

without complete resolution of symptoms.

Chronic rhinosinusitis may also be subject to exacerbations

2.2.5. Control of disease

The goal of CRS treatment is to achieve and maintain clinical
control. Control is defined as a disease state in which the
patients do not have symptoms or the symptoms are not
bothersome, if possible combined with a healthy or almost
healthy mucosa and only the need for local medication. We do
not know what percentage of patients with CRS actually can
achieve control of disease and further studies are necessary. We
here propose an assessment of current clinical control of CRS
(see Table 2.1.). Further validation of this table is necessary.

2.2.6. Definition of difficult-to-treat rhinosinusitis
Patients who have persistent symptoms of rhinosinusitis despite
appropriate treatment (recommended medication and surgery).
Although the majority of CRS patients can obtain control, some
patients will not do so even with the maximal medical therapy
and surgery.

Patients who do not reach an acceptable level of control despite
adequate surgery, intranasal corticosteroid treatment and up to 2
short courses of antibiotics or systemic corticosteroids in the last
year can be considered to have difficult-to-treat rhinosinusitis.

Table 2.1. Assessment of current clinical control of CRS.

2.3. Definition for use in epidemiology
studies/General Practice

For epidemiological studies the definition is based on
symptomatology without ENT examination or radiology.

2.3.1. Definition of acute rhinosinusitis
2.3.1.1. Acute rhinosinusitis (ARS) in adults
Acute rhinosinusitis in adults is defined as:
sudden onset of two or more symptoms, one of which should
be either nasal blockage/obstruction/congestion or nasal
discharge (anterior/posterior nasal drip):

- zfacial pain/pressure,

- xreduction or loss of smell
for <12 weeks;
with symptom free intervals if the problem is recurrent,
with validation by telephone or interview.

2.3.1.2. Acute rhinosinusitis in children
Acute rhinosinusitis in children is defined as:
sudden onset of two or more of the symptoms:
- nasal blockage/obstruction/congestion
- ordiscoloured nasal discharge
- orcough (daytime and night-time)
for < 12 weeks;
with symptom free intervals if the problem is recurrent;
with validation by telephone or interview.

Questions on allergic symptoms (i.e. sneezing, watery
rhinorrhea, nasal itching, and itchy watery eyes) should be
included.

ARS can occur once or more than once in a defined time period.
This is usually expressed as episodes/year but there must be

Assessment of current clinical control of CRS ( in the last month)

Characteristic

Controlled (all of the following)

Partly Controlled Uncontrolled

Nasal blockage Not present or not bothersome

Rhinorrhea/ Little and mucous
Postnasal drip

Facial pain/headachec Not present or not bothersome
Smell Normal or only slightly impaired
Sleep disturbance or fatigue Not impaired
Nasal endoscopy Healthy or almost healthy mucosa
(if available)

Systemic medication needed Not needed

to control disease

(at least one present)

Three or more features of partly
controlled CRS

Present on most days of the week

Mucopurulent on most days of
the week

Present

Impaired

Impaired

Diseased mucosa (nasal pol-

yps, mucopurulent secretions,
inflamed mucosa)

Need of a course of antibiotics or Need of long term antibiotics or
systemic corticosteroids in the systemic corticosteroids in the

last three months last month



complete resolution of symptoms between episodes for it to
constitute genuine recurrent ARS.

We recognise that in general acute rhinosinusitis will usually
last a maximum of a few weeks. In the literature a number of
different classifications have been proposed. In the past the
term ‘subacute’ was sometimes used to fill the gap between
acute and chronic rhinosinusitis. However the EPOS group
felt that a separate term to describe patients with prolonged
acute rhinosinusitis was not necessary because the number
of patients who have such a prolonged course is small and
there are very little data on which to offer evidence based
recommendations on how to manage these patients.

Also in the literature the term ‘acute on chronic’ can be found.
The EPOS group felt that the term ‘exacerbation of CRS' was
more appropriate and also consistent with the term used in
other respiratory diseases such as asthma.

2.3.1.3. Classification of ARS in adults and children
ARS comprises of viral ARS (common cold) and post-viral

ARS. In the EPOS 2007 the term non-viral ARS was chosen to
indicate that most cases of ARS are not bacterial. However this
term apparently led to confusion and for that reason we have
decided to choose the term post-viral ARS to express the same
phenomenon. A small percentage of the patients with post-
viral ARS will have bacterial ARS.

Common cold/ acute viral rhinosinusits is defined as: duration of
symptoms for less than 10 days.

Acute post-viral rhinosinusitis is defined as:
increase of symptoms after 5 days or persistent symptoms after
10 days with less than 12 weeks duration.

Acute bacterial rhinosinusitis (ABRS)
Acute bacterial rhinosinusitis is suggested by the presence of at
least 3 symptoms/signs of (236.247):
- Discoloured discharge (with unilateral predominance)
and purulent secretion in cavum nasi,
- Severe local pain (with unilateral predominance)
- Fever (>38°Q)
- Elevated ESR/CRP
- ‘Double sickening’ (i.e. a deterioration after an initial
milder phase of iliness). (for more details see chapter
3.3.2.1.5)
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Common Cold

ABRS

Figure 2.1. Acute rhinosinusitis can be divided into Common Cold
and post- viral rhinosinusitis. A small subgroup of the post-viral

rhinosinusitis is caused by bacteria (ABRS).

2.3.2. Definition of Chronic rhinosinusitis
2.3.2.1. Definition of Chronic rhinosinusitis in adults
Chronic rhinosinusitis (with or without nasal polyps) in adults is
defined as:
presence of two or more symptoms one of which should
be either nasal blockage/obstruction/congestion or nasal
discharge (anterior/posterior nasal drip):

- *facial pain/pressure;

- zreduction or loss of smell;
for =12 weeks;
with validation by telephone or interview.

Questions on allergic symptoms (i.e. sneezing, watery

rhinorrhea, nasal itching, and itchy watery eyes) should be
included (see Figure 2.2).

Figure 2.2 Definition of ARS
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2.3.2.2. Definition of Chronic rhinosinusitis in children
Chronic rhinosinusitis (with or without nasal polyps) in children
is defined as:
presence of two or more symptoms one of which should
be either nasal blockage/obstruction/congestion or nasal
discharge (anterior/posterior nasal drip):

- *facial pain/pressure;

- £cough;
for =12 weeks;
with validation by telephone or interview.

2.4, Definition for research

For research purposes acute rhinosinusitis is defined as

above. Bacteriology (antral tap, middle meatal culture) and/or
radiology (X-ray, CT) are advised, but not obligatory.

For research purposes chronic rhinosinusitis (CRS) is defined

as per the clinical definition. For the purpose of a study, the
differentiation between CRSsNP and CRSWNP must be based on
endoscopy.

2.4.1. Definition of chronic rhinosinusitis when
no earlier sinus surgery has been performed
Chronic rhinosinusitis with nasal polyps (CRSwNP): bilateral,
endoscopically visualised in middle meatus.

Chronic rhinosinusitis without nasal polyps (CRSsNP): no visible
polyps in middle meatus, if necessary following decongestant.

This definition accepts that there is a spectrum of disease

in CRS which includes polypoid change in the sinuses and/
or middle meatus but excludes those with polypoid disease
presenting in the nasal cavity to avoid overlap.

2.4.2. Definition of chronic rhinosinusitis when
sinus surgery has been performed

Once surgery has altered the anatomy of the lateral wall, the
presence of polyps is defined as bilateral pedunculated lesions
as opposed to cobblestoned mucosa > 6 months after surgery
on endoscopic examination. Any mucosal disease without overt
polyps should be regarded as CRS.

2.4.3. Conditions for sub-analysis

The following conditions should be considered for sub-analysis:

1. aspirin sensitivity based on positive oral, bronchial, or
nasal provocation or an obvious history;

2. asthma / bronchial hyper-reactivity / COPD /
bronchiectasies based on symptoms, respiratory function
tests;

3. allergy based on specific serum specific IgE or Skin Prick
Test (SPT).

4. total IgE in serum (treatment effects may be influenced by
IgE level)

2.4.4. Exclusion from general studies

Patients with the following diseases should be excluded from
general studies, but may be the subject of a specific study on
chronic rhinosinusitis with or without nasal polyps:

1. cystic fibrosis based on positive sweat test or DNA alleles;
2. gross immunodeficiency (congenital or acquired);

3. congenital mucociliary problems (eg. primary ciliary
dyskinesia (PCD));

non-invasive fungal balls and invasive fungal disease;
systemic vasculitis and granulomatous diseases;

cocaine abuse;

N o u ok

neoplasia.



3. Acute Rhinosinusitis

3.1. Epidemiology and predisposing factors
of ARS

Summary

ARS is a very common condition that is primarily managed in
primary care. Prevalence rates vary from 6-15% depending on
the study parameters, although studies specifying ARS report
6-12%, with a prevalence of recurrent ARS estimated at 0.035%.
The primary cause of ARS are viruses with 0.5-2.0% of patients
developing acute bacterial rhinosinusitis secondary to a viral
infection. Prevalence of ARS varies with season (higher in the
winter months) and climatic variations, and increasing with a
damp environment and air pollution.

There appears to be overwhelming bodies of evidence to
support the hypotheses that on-going allergic inflammation and
cigarette smoke exposure predispose patients to ARS possibly
via changes to ciliary motility and function. However, the role of
laryngopharyngeal reflux in ARS is unclear. Chronic concomitant
disease in children, poor mental health, and anatomical
variations have been associated with an increased likelihood

of ARS. Although ciliary function is altered in ARS, there is little
evidence to support a role for ARS in primary cilia dyskinesia
progression.

Further research is required to elucidate the underlying
mechanisms by which on-going allergy and cigarette smoke
exposure increases susceptibility to ARS is urgently needed. This
review found that there is a paucity of studies characterising
patients with ARS and concomitant diseases. Characterisation
studies are required to identify possible co-existing or
predisposing diseases beyond allergy, smoking, and possibly
laryngopharyngeal reflux.

3.1.1. Epidemiology of ARS

ARS is highly prevalent,
affecting 6-15% of the population.

The incidence of acute sinusitis or rhinosinusitis (ARS) is very
high, as previously described ® and as summarised in Table
3.1.1. 1t has been estimated that adults suffer two to five
episodes of viral ARS (or colds) per year and school children may

suffer seven to ten colds per year @39 Approximately 0.5-2%

of viral upper respiratory tract infections are complicated by
bacteria infection ®3". In a recent analysis of ENT problems in
children using data from Dutch general practices participating
in the Netherlands Information Network of General Practice
from 2002 to 2008, Uijen et al. 2 reported stable incident rates
of 18 cases of sinusitis per 1000 children aged 12-17 years per
year and 2 cases per 1000 children in those aged 0-4 years. In
children aged 5-11, Uijen et al. observed a decreasing incidence
from 7 cases per 1000 children in 2002 down to 4/1000 in 2008
(p<0.001). In contrast, using the data for 240,447 consultations
for a respiratory tract infection obtained from the EPR system
Swedestar database, Neumark et al. ® reported only a 2.5%
decrease in consultations for sinusitis over the period from 1999
to 2005. In a small study, Oskarsson and Halldorsson ¥ reported
an incidence of 3.4 cases per 100 inhabitants per year of acute
sinusitis across a population derived from three health care
centres in Iceland.

In Germany, from July 2000 to June 2001, 6.3 million separate
diagnoses of ARS were identified resulting in 8.3 million
prescriptions 2. In a three-year case-control study of the Dutch
population, van Gageldonk-Lafeber estimated that annually,
900,000 individual patients consulted their primary care
physician for acute respiratory tract infection .

In the USA, upper respiratory tract infection is the third most
common reason for a primary care provider consultation, with
approximately a third of these attributed to ARS ©9. Reported

in 2009 and using data from the US National Health Interview
Survey for years 1997 through to 2006, Bhattacharyya reported
a 1-year disease prevalence of 15.2%, although the author
discusses that this is likely to include both ARS and CRS. USA
guidelines suggest that rhinosinusitis affects a reported 1in 7
adults ¢7%9, Specifically focusing on ARS, an average of 8.4% of
the Dutch population reported at least one episode of ARS per
year in 1999 ®, while during January to March 2002, 9% (23 of
266 patients) of previously healthy patients presented with ARS
at a Medical Centre Clinic in San Francisco, USA “9. In the Finnish
MIKSTRA study conducted during 1998 and 1999, 12% (1601 of
13740) of patients were diagnosed with acute maxillary sinusitis
“1, Using the same database, Rautakorpi “? reported that 12%
of consultations for infection were attributed to sinusitis. In Asia,
an estimated 6-10% of patients seen at GP, otolaryngologist, and
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paediatrician outpatient practices present with ARS ©.
Recurrent ARS may be considered distinct from ARS and CRS.
Using data from a medical claims database for 13.1 million
patients from 2003 to 2008, the point prevalence of recurrent
ARS has been reported to be 0.035%, and considerably

lower than that of ARS “3. Whether recurrent ARS should be
considered a form of acute or CRS requires further discussion.

A number of studies have described patients attending
secondary care facilities for acute rhinosinusitis as summarised
in Table 3.1.2. In North-western Nigeria, 195 of 1661 patients
seen in a secondary care ENT facility presented with
rhinosinusitis, of which 16.4% had ARS “%, The proportion of
patients with acute rhinitis was considerably higher than had

been previously reported by Ogunleye et al.in 1999 “.In a
retrospective review of 90 patients attending a secondary care
clinic in Ibadan, Nigeria, they reported that only 7% of the 90
patients were identified as having ARS “%. A prevalence of ARS
of 1.4% was reported in a 292 patient study of upper respiratory
tract infections presenting at Siriraj Hospital, Thailand, between
April and October 2004 “9. This low prevalence may be due to
the majority of patients with ARS presenting to their primary
care provider rather than hospital. An increasing prevalence of
sinusitis has been reported in Turku in south-western Finland, in
which a 3.14 fold increase in the number of patients presenting
with acute frontal sinusitis at a secondary care facility was
observed between 1977-81 (134 patients) and 1982-1986 (421
patients) “”. While this may be as a result of increasing diagnosis

Table 3.1.1. Acute Rhinosinusitis (ARS) incidence and prevalence primary care studies.

Evidence

Author, year, ref.

Type of study

Uijen 2011 &2

Oskarsson 2011 4

Wang 2011 ©

Bhattacharyya 2011 ®

Meltzer, Kaliner, Kaliner 2011,
1997, 1997 @3839

Neumark 2009 ©3

Bhattacharyya 2009 ¢7:4®
Fokkens 2007 ©

van Gageldonk-Lafeber 2005 ©9

Cherry 2005 ©9

Louie 2005 “9

Varonen, Rautakorpi 2004,
2001 “4

Bachert 2003 &%

Incidence of ARS during 2002 to 2008:

0-4 years: 2/1000 per year in all years

5-14 years: 7/1000 in 2002 reducing to 4/1000 in 2008 (p<0.001

12-17 years: 18/1000 per year in all years.

Incidence of ARS is 3.4 cases per 100 inhabitants per year, or 1in 29.4
patients visits their GP due to ARS.

6-10% of patients present at GP, otolaryngologist or paediatric out-

patient practices with ARS

Point prevalence of 0.035% for recurrent ARS during 2003-2008.

1 in 7 adults affected by rhinosinusitis in USA

7.5% of consultations for respiratory tract infections (or 1 in every 13.3)
were attributable to sinusitis. Expanding to all primary care consulta-
tions, 19.3 consultations/1000 patients were attributable to sinusitis.

For 1997-2006, 1 year prevalence of sinusitis (all forms) was 15.2%
For 1999, 8.4% of the Dutch population reported at least one episode
of ARS

Incidence of acute respiratory tract infection (including ARS) during
2000-2003 was 54.5 cases /1000 patient-years, or 1 in every 18.3 consul-
tations

In the USA, upper respiratory tract infection is third most common
cause of a primary care consultation, of which a third is attributable to
ARS.

In US study conducted during January to March 2002, 9% of previously
healthy patients presented with ARS.

During 1998-1999, 12% of patients were diagnosed with ARS. 12% of
consultations for infection (all cause) over this time period were attribut-
able to ARS

Between July 2000 and June 2001 6.3 million separate diagnoses of

ARS were identified in Germany, resulting in 8.3 million prescription

10

Retrospective, population study

Retrospective population study

Multi-national questionnaire
survey

Retrospective cohort study

Guidelines

Prospective population study

Retrospective cohort study

Guideline

Prospective case-control study

National Survey

Prospective study

Cross-sectional multi-centre

epidemiological survey

Review



and willingness to refer to secondary care, Suonpaa and Antila
“7 suggest that increasing air pollution in the city area of Turku
may be partly responsible.

3.1.2. Factors associated with ARS
Identifying factors predictive of ARS and/or acute respiratory
tract infections could aid resource availability.

3.1.2.1. Environmental Exposures

Using a matched case control study design conducted in

a Dutch population over the period of 2000 to 2003, van
Gageldonk-Lafeber et al.® reported that exposure to an
individual(s) with respiratory complaints, inside or outside of
the immediate household was an independent risk factor for
attending their GP with an acute respiratory tract infection
(adjusted OR = 1.9 and adjusted OR = 3.7, respectively). In
contrast, patients with children in secondary education, who
had dampness or mould at home, or had exposure to passive
smoking were less likely to visit their GP compared to those
without children, mould or dampness or passive smoking
exposure respectively. Increased levels of dampness, but not
mould, in the home has been associated with sinusitis ©7.

Seasonal trends in occurrences of ARS have been reported. In a
study of respiratory tract infections, Neumark et al. ©* reported
seasonal variable in the incidence rate of sinusitis from 1999
through to 2005, with increased incidence in the first quarter
of each year. For acute respiratory illnesses in 2000 to 2003,

van Gageldonk-Lafeber et al. ®® reported similar seasonal
trends to those of Neumark. Compared to July to September,
van Gageldonk-Lafeber et al reported that the relative risk of
acquiring an acute respiratory illness was 2.9 (95% Cl: 2.8-

3.0) in January to March, 1.8 (95% Cl: 1.7-1.9) in October to
December and 1.4 (95% Cl: 1.3-1.5) in April to June. In an audit
of complications of ARS, Babar-Craig et al. ®? reported that
69% of patients were admitted during the winter months of
November to April. Similar patterns have been reported in acute
exacerbations of CRS ¥ and upper respiratory tract infections 4.

Table 3.1.2. ARS incidence and prevalence in secondary care studies.

Author, year, ref. Evidence
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Climate variations have been reported to induce facial pain
similar to ARS. Chinook, or fohn, is a weather event in which

a rapidly moving warm, high-pressurised wind enters into

a specific location. The pressure changes that occur during

the Chinook induce facial pain similar to that experienced in
sinusitis pain. Rudmik et al. ®* report that compared to controls,
the presence of concha bullosa and spheno ethmoidal cell
(Onodi cell; p=0.004), and larger maxillary sinus size (right,
p=0.015; left, p=0.002) are all associated with complaints of
Chinook headache.

However, as the Lund-Mackay score was higher in the control
group, the authors conclude that CRS is unlikely to be associated
with the Chinook induced facial pain.

Exposure to air pollution #7859 jrritants used in the preparation
of pharmaceutical products ©”, during photocopying ©“® and
forest fire smoke © have all been associated with an increase in
the prevalence of symptoms of ARS.

3.1.2.2. Anatomical factors

Anatomical factors including Haller cells, concha bullosa, septal
deviation, choanal atresia, nasal polyps and hypoplasia of
sinuses have all been associated with ARS. In a sinus computed
tomography study of recurrent ARS versus non rhinosinusitis
controls, Alkire and Bhattacharyya ©® reported significantly
higher Lund score (2.25 versus 1.27; p<0.001), higher frequency
of Haller cells on radiograph (39.9% versus 11.9%; p=0.006)
and smaller mean infundibular widths (0.591 mm versus 0.823
mm; p<0.001) compared to controls. They also reported a
higher frequency of concha bullosa (41.7% versus 28.6%) and
impinging septal spurs (27.8% versus 19.0%) than controls,
although neither reached statistically significance.

Suonpaa and Antila “” reported an increase in the occurrence
of nasal polyps in their study of ARS between 1977-1981 and
1982-1986.

Type of study

Iseh 2010 “

Treebupachatsakul 2006 “

Ogunleye 1999 “

Suonpaa 1990 47

In north western Nigeria, 16.4% of 1661 patients seen in ENT facility had
ARS

In Thailand, 1.4% of 292 patients attending Siriraj Hospital between
April and October 2004 had ARS

In Ibadan, Nigeria, 7% of 90 patients attending a secondary care clinic
had ARS

Proportion of patients presenting with acute frontal sinusitis at a sec-

ondary care facility in Turku, South-western Finland increased by 3.14
fold between years of 1977-1981 and 1982-1986.

11

Retrospective case note review

Prospective cohort study

Retrospective case note review.

Retrospective case note review.
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In patients with recurrent ARS, anatomical
variations including Haller cells and septal
deviation, nasal polyps, septal deviation, and
choanal obstruction by benign adenoid tissue, or
odontogenic sources of infections should
be considered.

Odontogenic infections, or infections arising from dental
sources, causing acute maxillary sinusitis have been reported
in the literature. Bomeli et al. ©" reported that oroantral fistula
and periodontal disease plus either a projecting tooth root
or periapical abscess were significantly identified as sources
of acute maxillary sinusitis. Furthermore they demonstrated
that the greater the extent of fluid opacification and mucosal
thickening, the greater the likelihood of an identifiable dental
infective source. In a computed tomography (CT) radiological
study of the maxillary sinus in elderly dentate and edentulous
patients, Mathew et al. ©? reported an increased prevalence
of mucosal thickenings (74.3 versus 25.6; p<0.05) and mucous
cysts (2.1% versus 0) in dentate patients compared to edentate
controls.
In a study of 76 children presenting with ARS, Eyigor and Basak
©3) reported that 16 (21.1%) had septal deviation, and 25 (32.9%)
had choanal obstruction by benign adenoid tissue.

3.1.2.3. Allergy

The role of allergy in ARS is the subject of much debate with
literature both supporting and disputing a role for allergy

in predisposing for ARS, as summarised in Table 3.1.3.In

1989, Savolainen ©¥ reported that 25% of 224 patients with
acute maxillary sinusitis had allergy, as verified by allergy
questionnaire, skin testing and nasal smears, with a further 6.5%
of patients having probable allergy. However, upon comparison
of those with and without allergy, no differences were found in
the number of previous episodes of ARS, or bacteriological and
radiological findings suggesting that the presence of allergy
maybe incidental. In 1993, Ciprandi et al. ®® demonstrated that
expression of the inflammatory adhesion molecule, ICAM-1,

is elevated in patients with AR exposed to allergen challenge.
As ICAM-1 has been shown to be a receptor molecule for
rhinovirus, the authors hypothesise that increased expression
of ICAM-1 maybe responsible for increased susceptibility to
respiratory infections in patients with allergy ©®- More recently
Melvin et al. © demonstrated that patients with AR and
recurrent episodes of ARS had elevated expression of the toll-
like receptor 9 (TLR9) in the sinonasal epithelium compared

to patients with only AR, suggesting that TLR9 may be up-
regulated in response to repeated microbial insults. The authors
theorise that impairment of innate immune gene expression
may predispose some patients with AR to subsequent
development of recurrent ARS. In a mouse model of AR, An et
al. ®® reported that mice with significant mucosal oedema and

dilate venules due to ovalbumin induced AR (and sensitisation)
had significantly higher polymorphonuclear neutrophils (PMN)
and eosinophils following exposure to

S. pneumoniae than mice with induced AR exposed to saline.
Furthermore, mice without induced AR, but sensitised to
ovalbumin and exposed to S. pneumoniae, had significantly
lower PMN but comparable eosinophils and IL-5 levels to those
sensitised and with AR, suggesting that an on-going allergic
response, but not sensitisation, increases the likelihood of S
pneumoniae sinus infection. Naclerio et al. ®® and Blair et al. 7
reported comparable results.

Clinically, ARS has been associated with atopy and AR. In a
cross-sectional cohort study of 100 children presenting with
recurrent upper respiratory tract infections compared to

164 healthy controls, Mbarek et al. “" reported a significant
association between allergy and rhinosinusitis (p=0.001), as
well as recurrent upper respiratory tract infections (p=0.01),
rhinopharyngitis (p=0.02) and acute otitis media (p=0.01). In

a comparative case - control study of Israeli air force pilots,
Ulanovski 7 reported that 33% of pilots with a history of AR
and 21% of the control group had one or more episodes of ARS
(p=0.09). Restricting to those pilots aged <26 years of age, the
resultant findings were 57% and 29% (p<0.001), respectively.
Stratification of pilots with a history of AR by pilot type showed
that 54% of transport pilots, 34% of fighter pilot and 13% of
helicopter pilots has also had one or more episodes of ARS,
compared to the 28%, 15% and 15% of pilots in the control
group. The authors theorise that the lower prevalence of ARS

in the fighter pilot group as compared to the transport pilots
with a history of AR may be attributable to vasoconstriction
due to psychological and physiological stress exhibited during
flight missions. In a retrospective analysis of patients presenting
with frontal ARS between 1981 and 1990 at a secondary care
facility in Kuopio, Ruoppi et al.” reported that 22 of the 91
(24%) patients identified had concomitant AR. Schatz et al. 7
reported that the odds of developing an episode of ARS was 4.4
times higher in patients with rhinitis than in healthy controls.
Symptomatically, Eccles considered the association of sneezing
in AR and also in ARS to indicate a potential link between the
two conditions via stimulation of the nasal trigeminal nerves 73,
Indeed, symptom scores for ‘sneeze’ were higher in children with
atopy and ARS than those with rhinosinusitis alone 79, while
ARS has been shown to produce bilaterial large myelinated fibre
hypersensitivity of the trigeminal nerves compared to healthy
controls 77

Evidence also suggests that AR is associated with impaired
mucociliary clearance “®. In a prospective study of 125 patients
with AR, using the saccharine test, Vlastos et al. "® reported that
23 patients with AR who were sinusitis prone had a significantly
greater mucociliary clearance time as compared to 102 control
patients with AR but not sinusitis prone (12 and 15 minutes,



respectively; p=0.02). Further research is required to explore this
predisposition for rhinosinusitis in AR.

In 2009, Pant et al. " undertook a review of allergy in
rhinosinusitis. In contrast to the above literature, Pant et al
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concluded that insufficient evidence exists to confirm seasonal
or perennial AR as a significant predisposing factor for ARS.
However, they do confirm that an association between IgE, mast
cell, and eosinophil infiltration exists in some subtypes of CRS,

Table 3.1.3. Evidences in favour and against of allergy being a predisposing factor for Acute Rhinosinusitis (ARS).

Author, year, ref. Evidence in favour

Type of study

Lin 2011 79

Eccles 2011 7

Melvin 2010 ©7

Vlastos 2009 7®

Ulanovski 2008 72

Mbarek 2008 7"

Schatz 2008 7

Ciprandi 2006 ©©

An 2007 ©8
Naclerio 2006 ©*
Blair 2001 7
Alho 2004 €

Kirtsreesakul 2004 ©"

Ciprandi 1999 ©2

Braun 1997 3

Ciprandi 1993 ©

Ruoppi 1993 73

Savolainen 1989 ¢4

Study, Author, year
Iseh 2010 “

Pant 2009 79

Savolainen 1989 ¢4

Atopic children with ARS have significantly higher levels of dizziness,
sneeze, snore, itchy or burning eyes, eye congestion, tearing, anxiety,
dyspnoea and chest tightness; and lower nasal peak inspiratory flow than
non-atopic children with ARS

Sneezing in AR and in ARS is mediated via stimulation of the nasal
trigeminal nerves

Elevated levels of toll-like receptor 9 (TLR9) found in patients with AR and
recurrent episodes of ARS compared to AR only patients

Patients with AR who are sinusitis prone shown to have increased muco-
ciliary clearance time compared to AR patients not sinusitis prone

Pilots with a history of AR had more episodes of ARS than those who did
not have a history of AR

Significant association between allergy and rhinosinusitis in a study of
children with recurrent upper respiratory infection compared to health
controls

Patients with AR are 4.4 times more likely to have an episode of ARS than
healthy controls

Children with allergies have more frequent and severe respiratory infec-
tions than children without allergies

In mouse models, an on-going local allergic response in the sinuses aug-
ments bacterial sinus infection

Abnormal nasal airflow and mucociliary clearance rates were more com-
mon in patients with AR than in patients with a history of recurrent ARS
or health controls

In mouse models, bacterial sinus infection in mice with an on-going
local allergic response could be partially inhibited by the H,-antagonist
desloratadine

The antihistamine, terfenadine, down-regulates ICAM-1 expression and
reduces rhinoconjunctivitis symptoms in children

Adjunct loratadine therapy to standard therapy improved control of some
symptoms of ARS in patients with concomitant ARS compared to patients
with AR and ARS given placebo

Allergic children express the inflammatory adhesion molecule ICAM-1
which is a receptor for rhinovirus

24% of patients attending a secondary care facility for acute frontal sinusi-
tis had concomitant AR

25% of 224 patients with ARS had positive allergy skin test and allergy
symptoms with a further 6.5% having probable allergy

Evidence against

Only patients with CRS, not ARS, were found to have an allergic compo-
nent to their disease.

Insufficient evidence to confirm involvement of seasonal or perennial
rhinitis in ARS. IgE, mast cell and eosinophil infiltration exists in some
subtypes of CRS but not ARS

No difference in rates of sinus infections or bacterial or radiological find-
ings between allergic and non-allergic patients.
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but not ARS. In contrast to this review, Lin and cols. recently
reported that children with atopy were more likely to develop
ARS 9. They reported that atopic children with ARS reported
significantly higher symptoms (including dizziness, sneeze,
snore, itchy or burning eyes, eye congestion and tearing) as

well as significantly higher levels of anxiety, dyspnoea, chest
tightness, and lower nasal peak inspiratory flow than non-atopic
children with ARS. Alho ©? reported that during viral ARS (or
cold), a greater proportion of patients with concomitant AR

had abnormal nasal airflow, mucociliary clearance and higher
ipsilaterial paranasal sinus CT scores than patients with a history
of recurrent ARS or healthy controls.

3.1.2.4. Ciliary impairment

Ciliary impairment has been demonstrated to be a feature of
both viral and bacterial rhinosinusitis ©. This includes both the
loss of cilia and ciliated cells as well as a disruption of normal
mucociliary flow. Smoking and allergy have been implicated

in the disruption of cilia function. Indeed impaired mucociliary
clearance in AR patients predisposes patients to ARS 78,

Ciliary function is diminished during viral
and bacterial rhinosinusitis. Exposure to cigarette
smoke and allergic inflammation has also
been shown to impair ciliary function,
although research is required to understand
these processes further.

Ciliary impairment has also been associated with cigarette
smoking. In vitro studies have demonstrated that cigarette
smoke condensate and cigarette smoke extract impairs
ciliogenesis in a dose-dependent manner 4. Clinical studies
have also reported that exposure to passive smoking increases
the levels of matrix metalloproteinase 9 (MMP-9), a gelatinase
associated with tissue modelling is significantly increased in
nasal secretions of children ®% exposed to passive smoking. As
increased production of MMP-9 has been found in the acute
allergic response in the nose and lungs, the implications for the
involvement of MMP-9, ciliary function, allergic response, and
smoking in ARS needs further exploration.

3.1.2.5. Primary Cilia Dyskinesia

Primary cilia dyskinesia (PCD) is a rare autosomal recessive
disorder in which cilia are either immotile, or beat in such a
pattern that there is failure to transport the airway mucous.

PCD is associated with chronic upper airway symptoms
including nasal discharge (episodic facial pain and anosmia) and
bronchiectasis ©9, with neonates presenting with continuous
rhinorrhoea from the first day of life €79, Limited information

is available on the prevalence of PCD. In a Norwegian study
conducted in 1947 and 1949, prevalence of PCD was estimated

at 1:40,000 ®°, However, this radiological study was likely to

be an underestimate due to limitations of standard chest
radiographs in detecting bronchiectasis and that bronchiectasis
may not have developed in the younger study patients. Using
data from 1976 - 1990, the prevalence of PCD in Sweden has
been estimated to range from 1:22,000 to 1:10,000 ©", the
difference in prevalence due to the likely under-diagnosis of
the condition. The highest prevalence, 1:4,100, was reported in
a study of the impact of the Hiroshima and Nagasaki delayed
atomic bombs ©2, The frequency of episodes of ARS in these
patients groups is not reported.

In a study of 38 bronchiectasis patients, PCD was reported to

be responsible for 13% of cases, and was more common in
North African patients than European 3. Barbato et al. ©¥, for
the European Respiratory Society Task Force on PCD, report that
recurrent ARS in PCD patients is rare, although episodes should
be treated with ‘adequate and prolonged antibiotic(s)' ®>*”. In
agreement with the ERS Task Force, Bush et al. report that upper
(and lower) airway infections should be treated aggressively,
and that lung disease is usually stabilised once treatment is
initiated. Although evidence exists to suggest that treating

ARS will prevent recurrence or chronicity “?, whether this can
applied to the PCD population is unknown. In the absence of
lower airway infection, the impact of acute or recurrent ARS on
the progression of PCD related bronchiectatic lung disease is
unknown.

3.1.2.6. Smoking

Limited research exists on the impact of smoking on ARS. Using
data from the 1970 National Health Interview Survey, and after
excluding families with children with chronic respiratory illness,
Bonham and Wilson ©® reported that children from households
with one or more adult cigarette smokers had significantly more
restricted activity and bed-disability days than did children
from families with non-smoking adults. This difference was
found to be due to children from families with active smokers
having more episodes of acute respiratory illness (including
ARS). Comparable significant results were found when families
in which 45 cigarettes or more were consumed per day were
compared to families with non-smoking adults. The authors
concluded that higher cigarette consumption was associated
with increased predisposition for acute respiratory illness. In

a paediatric characterisation study of 76 patients with acute
rhinosinusitis aged 4-18 years, Eyigor and Basak © reported
that 51.3% (39 patients) were exposed to second hand smoke
and 2.6% (2 patients) were active smokers. Based on their
population, the authors concluded that exposure to primary or
second hand smoke were predisposing factors for ARS.

In a study characterising the respiratory symptoms of adult
postal workers in Zagreb, Croatia, the prevalence of sinusitis in



active smokers was 53.1% compared to 26.4% in non-smokers,
although no information was available on whether the sinusitis
was recurrent acute or chronic in nature ©?,

Active smokers with on-going allergic
inflammation have an increased susceptibility
to ARS compared to non-smokers with on-going
allergic inflammation, suggesting that exposure
to cigarette smoke and allergic inflammation is
mediated via different and possibly synergistic
mechanisms. Research to elucidate these
mechanisms is needed.

The impact of second-hand tobacco smoke on symptoms of
rhinosinusitis has also been evaluated in patients with AR 19,
This study reported that patients with AR exposed to second
hand smoke had more symptoms consistent with rhinosinusitis
including facial pain and facial congestion or fullness, and a
greater proportion had received medication for rhinosinusitis
including antibiotics for respiratory problems in the previous

12 weeks compared to disease specific controls. Although the
authors did not evaluate the occurrences of ARS, the greater
proportion of patients requiring antibiotics for respiratory
problems would suggest that patients exposed to second-hand
tobacco smoke may have had more episodes of ARS or recurrent
ARS, although the authors do not delineate between antibiotics
for upper or lower airway respiratory problems.

Active and passive smoking has been shown to alter the normal
bacterial flora present in the nasopharyngeal spaces, resulting
in the colonisation of more potential pathogens than found in
non-smokers 1%, Following smoking cessation, the microbial
population has been shown to revert back to that found in non-
smokers 192, The impact of smoking cessation programmes on
the incidence and prevalence of ARS is unknown.

In vitro and in vivo studies have recently shown to increased
MMP-9 production in children exposed to passive smokers ©
and increased complement activation in human respiratory
epithelial cells and mice exposed to cigarette smoke extract
(193, Whether increased MMP-9 production or complement
activation due to exposure to cigarette smoke predisposes to
ARS is unknown and requires further investigation.

3.1.2.7. Laryngopharyngeal reflux

Little is known about the association of ARS and
laryngopharyngeal reflux. As reviewed by Pacheco-Galvan et
al. 1%, epidemiological studies conducted between 1997 and
2006 have shown significant associations between GERD and
sinusitis. However, in a recent systematic review, Flook and
Kumar showed only a poor association between acid reflux,
nasal symptoms, and ARS (%%,
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3.1.2.8. Anxiety and depression

Poor mental health or anxiety and depression have been
significantly associated with ARS (%9 In a study of 47,202 college
students aged 18 to 24 years, Adams et al. "% reported that the
prevalence of acute infectious illness, which included bronchitis,
ear infection, sinusitis, and strep throat, ranged from 8% to 29%,
while the prevalence of anxiety and depression ranged were
12% to 20%, respectively.

Poor mental health, anxiety, or depression is
associated with susceptibility to ARS, although the
underlying mechanisms are unclear.

3.1.2.9. Drug resistance

The most common bacterial pathogens causing acute bacterial
rhinosinusitis include S. pneumoniae, H. influenzae, S. pyrogenes
M. Catarrhalis, and S aureus ®. Amoxicillin/clavulanate is the
principal antibiotic for the treatment of mild ARS. Despite
resistance to amoxicillin, it is estimated that approximately 80%
of cases of mild ARS respond to amoxicillin, at a dose of 70-90
mg/kg/day. Indeed, Principi and Esposito report that most cases
of H. influenzae and M. catharralis and approximately 15% of S.
pneumoniae resolve spontaneously %7,

Amoxicillin is the most commonly used antibiotic
for mild ARS. However, increasing resistance
to amoxicillin, particularly in S. pneumoniae
and H. influenzae infections need to be reviewed
with caution. Furthermore, changes in bacterial
pathogenicity in acute bacterial rhinosinusitis
require consideration for antibiotic therapy.

The introduction of the Pneumococcal conjugate vaccine has
led to changes in the pathogen profile of ARS. Brook and Gober
(199 reported a reduction in the incidence of S. pneumoniae from
44% to 27%, and an increase in the incidence of H. influenzae
from 37% to 44%, S. pyrogenes from 7% to 12% and S. aureus
from 4% to 8% with no change in M. catarrhalis (from 13% to
14%).

Since the introduction of the Pneumococcal conjugate vaccine
(PCV7), reductions in the frequency of S. pneumoniae, overall
resistance and high level bacterial resistance have been coupled
with indications for increasing levels of B-lactamase-producing
H. influenza "%, However, evidence of increasing antibiotic
resistance in non-PCV7 serotypes of S. pneumoniae is emerging
19 Rybak """ reported for the US element of the PROTEKT
longitudinal global surveillance study on antibiotic resistance,
that for 2000-2001, S. pneumoniae resistance to beta-lactams,
macrolides and fluoroquinolone, but not to telithromycin.
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In 2004, Huang et al. reported that 72.4% S. pneumonia, 60.5%
H. influenzae, and 58.3% M. catarrhalis resistance to first-line
antibiotics. Sahm et al. 2 report that 40% of 847 sinus isolates
were resistant to two or more of the antibiotics tested, and a
doubling of the resistance to amoxicillin/clavulanate. In 2011,
Lin et al. "® report that 70% of isolates of S. pneumoniae and
71.4% of H. influenzae isolates from 69 children were resistant to
amoxicillin/clavulanate.

Changes in bacterial pathogenicity in acute bacterial
rhinosinusitis require consideration for antibiotic therapy.

Children with chronic disease who develop
influenza-like symptoms should be monitored
for bacterial ARS. The impact of chronic
disease on the likelihood to develop ARS in adults
is unknown.

3.1.2.10. Concomitant Chronic Disease

Concomitant chronic disease (bronchitis, asthma, cardiovascular
disease, diabetes mellitus, or malignant cancer) in children

has been associated with an increased risk of developing ARS
secondary to influenza.

Loughlin et al. "3 reported that the overall incidence rate of
developing ARS following influenza ranged from 0.9 to 1.3

in children aged 0 to 14 years. While the incidence of ARS
subsequent to influenza in healthy children aged 5-14 years was
1.2 (95% Cl: 0.9 - 1.5), this increased to 3.1 (95% Cl: 1.5 - 5.8) in
children with chronic disease (rate ratio: 2.7 (95% Cl: 1.5 - 5.4).
Increased monitoring of children with chronic disease who
develop influenza maybe necessary.

3.2. Pathophysiology of ARS

Summary

Acute rhinosinusitis is a common disorder and it could be
divided into acute viral rhinosinusitis and acute bacterial
rhinosinusitis and is often preceded by a viral rhinitis or
common cold. This study reviews the inflammatory mechanisms
underlying viral rhinitis, acute viral rhinosinusitis and acute
bacterial rhinosinusitis. First of all, the host needs to recognize
the presence of microorganisms through ‘pattern recognition;
initiating the host defense mechanisms through activation of
multiple signal pathways. Host defense mechanisms consist

of both cellular immune responses and release of soluble
chemical factors, which operate in the body through a complex
interaction with cytokines and other mediators.

3.2.1. Viral ARS (common cold), post-viral ARS,
and bacterial ARS: a continuum?

ARS could be divided theoretically into viral (common cold),
post-viral and bacterial ARS (ABRS) and they usually appear in
this consecutive order. However, viral, post-viral, and bacterial
ARS show a considerable overlap both in their inflammatory
mechanism as in their clinical presentation. Viral infection of the
nose and sinuses induces multiple changes, including post-viral
inflammation, which increase the risk of bacterial superinfection.
These changes include epithelial damage and mechanical,
humoral, and cellular defences.

ARS can be induced by viral and by bacterial
infections.

3.2.2. Microbiology of viral (common cold), post-
viral, and bacterial ARS

Viruses.
The most common viruses isolated in adult viral rhinitis and
rhinosinusitis, are rhinoviruses and coronaviruses. Rhinoviruses
are thought to account for approximately 50% of all colds.
Other viruses isolated in the common cold are influenza viruses,
parainfluenza viruses, adenovirus, respiratory syncytial virus
(RSV), and enterovirus 4,

Acute bacterial rhinosinusitis (ABRS) is
generally preceded by a viral and or
post-viral ARS.

Bacteria.
The most common bacteria in ABRS are those belonging to
the ‘infernal trio’ (S. pneumoniae, Haemophilus influenza, and
M. catarrhalis) and S. aureus. Also other streptococcal species
and anaerobic bacteria are seen in ABRS ("*"7), Payne and
Benninger performed a meta-analysis of 25 studies concerning
the microbiology of ABRS, analysing the prevalence of the most
common bacteria in the middle nasal meatus and the maxillary
sinus. The maxillary sinuses contained 26% S. pneumoniae,
28% H. influenza, 6% M. catarrhalis, and 8% S. aureus. These
findings correlated with those in the middle meatus, being
respectively 34%, 29%, 11% and 14% . In a study comparing
nasopharyngeal cultures from children pre and post the
introduction of the Pneumococcal conjugate vaccine, Brook
and Gober ® reported a reduction in the incidence of S.
pneumoniae from 44% to 27%, and an increase in the incidence
of H. influenzae from 37% to 44%, S. pyrogenes from 7% to 12%,
and S. aureus from 4% to 8% with no change in M. catarrhalis
(from 13% to 14%).



3.2.3. Inflammatory mechanisms in viral
(common cold), post-viral, and bacterial ARS
3.2.3.1. Invasion of microorganisms into the host

A variety of physical and biochemical barriers prevent entry
from infectious agents into the body. First of all, the human
body contains a variety of physical barriers against entry of
microorganisms. Most important are the skin and airway
mucosa. Epithelial cells are the first barrier in contact with
viruses or bacteria. These release and express mediators and
receptors to initiate elimination mechanisms. Mucus secretion
by goblet cells prevents adherence of micro-organisms to

the epithelial cells, thus preventing their entrance into the
body. Microorganisms become trapped in the mucus and are
mechanically removed from the airway by ciliary movements of
ciliated cells 19

Second, the human ecosystem performs a selection of potential
microorganisms. The ecosystem is determined by multiple
parameters such as temperature, pH, or O, tension. Only
microorganisms that require an ecosystem that is similar to
that of the internal environment of the human body are able to
survive and infect human %),

«  \Viruses

Viruses are necessary intracellular microorganisms, which
require host cells for their replication. They attach to host cells,
using a relatively specific intermolecular interaction between
their nucleocapsid (in naked viruses) or viral membrane (in
enveloped viruses) and molecules of the host cell membrane,
which act as a receptor. This specific intermolecular interaction
declares the observed specificity between certain types of
viruses and specific organ systems "9,

Viral infection of the nose and sinuses induces
multiple changes, which increase the risk of
bacterial superinfection.

Rhinoviruses, for example, infect airway epithelial cells through
binding on ICAM-1 receptors on de cell surface 212V, This is
followed by penetration of the virus into the cell and replication
of the viral RNA 1122123, The expression of ICAM-1 is upregulated
by the rhinoviruses itself, via IL-1beta and nuclear factor (NF)-KB-
dependent mechanisms, thereby enhancing its own infectivity
and promoting inflammatory cell infiltration 12%122 124 Bjanco

et al. showed that ICAM-1 expression is enhanced by the Th2
cytokine IL-13 in the atopic airway ?*. Whereas in rhinovirus
infection down regulates ICAM-1 levels on the infected

cells, decreasing the available cellular binding sites for viral
attachment and limiting host infectivity 2",
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- Bacteria.

Bacterial superinfection depends on both host factors and
bacterial factors .

A normal anatomical, histological and functional state of the
host tissues usually prevents bacterial infection 9. Factors
that are shown to be associated with ABRS include pathogens,
ciliary impairment, allergy (see further), Helicobacter pylori

and laryngopharyngeal reflux and naso-tracheal intubation or
presence of a naso-gastric tube ©®. Due to viral infection, allergy
or other factors, multiple changes may occur in the nasal and
paranasal tissue. Viral infection induces epithelial disruption,
increases the number of goblet cells and decreases the number
of ciliated cells 29, Eventually, these changes contribute to the
obstruction of the sinus ostia in the nasal cavity ?”. A transient
increase in pressure develops in the sinus cavity due to mucus
accumulation. Quickly followed by development of negative
pressure in the sinus cavity, due to impaired sinus aeration with
rapid absorption of the oxygen that is left into the sinus cavity
128 Subsequently, this worsens local congestion, promotes
further mucus retention, impairs normal gas exchange within
the integrated airspace, decreases both the oxygen and

pH content, impedes clearance of infectious material and
inflammatory debris, and increases the risk for second bacterial
infection (126:127.129,130_ A|| these local changes in the nasal

and paranasal space form an ideal environment for bacterial
colonization and growth 3",

ABRS is mainly caused by: Streptococcus
pneumoniae, Haemophilus influenza, Moraxella
catarrhalis, and Staphylococcus aureus.

Viral infection of the nasal tissue may also directly increase
bacterial adhesion to the nasal epithelial cells. Wang et al.
noticed a significant increased adhesion of S. aureus,

S. pneumoniae, and H. influenza on rhinovirus-infected cells

132, They postulated that the increased expression of host cell
adhesion molecules in the nasal epithelial cells, after rhinovirus
infection, may be the mechanism for the increased susceptibility
to ABRS associated with rhinovirus-induced upper respiratory
infections (132,

Other studies confirmed preferential association and
cooperation between viruses and bacteria, for example
Influenza A virus and Streptococcal infection, and Human
Rhinovirus 14 and S. pneumoniae "*¥. The mechanism of this
superinfection may be in relation to viral replication, which
increases bacterial adhesion.
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A variety of physical and biochemical barriers
prevent entry from infectious agents into the noses
and sinuses.

Next to host factors, also bacterial factors are involved in
bacterial superinfection. S. pneumoniae and H. influenza are
pathogenic because of the structure of their capsule, which
gives them an invasive activity. Other bacteria, for example
Streptococci, Staphylococci and Gram-negative bacteria,
produce toxins directed against the defence system, leukocytes

or epithelial cells, which allows easier invasion and development
(119)

3.2.3.2. Defence systems of the host, after penetration
of microorganisms into the body

3.2.3.2.1. General principles

If microorganisms succeed to enter the body, two main
defensive strategies against the infection come into play. First

a non-specific phase where the mucus and its contents (for
example lysozyme, lactoferrin, and defensin) play a major role
(innate immunity). The second including the immune response
and inflammatory reaction (addaptive immunity).

+  Viruses.

After penetration of the virus into the host cells, defence
systems of the host are activated. Cells who carry viral
pathogens inside need to be eliminated, in order to eliminate
the virus from the body. It is thought that the innate immune
system is sufficient to clear viral infection from the body 8.

+  Bacteria.

Also in case of bacterial infection, the host immunity is required
to eliminate the bacteria from the body. However, activation

of the adaptive immune system is thought to be required to

eliminate the bacteria and to clear the associated inflammation
(134).

3.2.3.2.2, Pattern recognition and Toll-like receptors.

In order to work properly, the immune system must be able

to recognize microbial patterns and differentiate these from
molecular structures present on host cells. Specific pathogen
classes express class specific molecules, the pathogen
associated molecular patterns (PAMP). Activation of PAMP
receptors, for example Toll-like receptors (TLR), induces multiple
signal cascades, involving complement activation, haemostasis,
phagocytosis, inflammation, and apoptosis, in response to
pathogens. For example, activation of TLR-dependent signalling
pathways contributes to activation of the adaptive immune
response, through the expression of effector molecules such as
inflammatory cytokines, chemokines, and other co-stimulatory
molecules (135137,

In human, ten distinct TLRs have been described. These are
expressed in various combinations in cells of the immune
system, as well as in other cell types *®. mRNA of all ten TLRs
has been described in human nasal airway tissue. Protein
verification however, is still lacking for most TLRs in the nose 3%,
Corresponding proteins have been documented for TLR-2, TLR-
3,TLR-4 and TLR-5 1149,

+  Viruses.

Kunzelmann et al. postulated that TLR-4 is involved in inhibition
of ion-transport in response to viral respiratory infections.

They studied the effect of RSV on ion-transport in tracheal
epithelia in mice and showed that RSV inhibits Na+ transport

in the epithelia in a few minutes after binding on the apical
membrane. They also confirmed that this inhibition is mediated
by protein kinase C (PKC) and toll-like receptor 4 (TLR-4) and
attributes to the fluid accumulation seen after RSV infection 4",
Previous, inhibition of epithelial Na+ transport was also seen
after infection with influenza virus of Para influenza virus 42143

«  Bacteria.

Bacteria can be recognized by the innate immune system
through expression of unmethylated CpG motifs in their

DNA, inducing activation of TLR-9 144145 The TLR-9 pathway is
known for its ability to induce a Th1 immune response, thereby
suppressing Th2-driven allergic responses (146:147),

Mansson et al. showed that CpG administration in the human
nose, increases nasal airway resistance, nasal nitric oxide
production and secretion of IL-1beta, IL-6 and IL-8. The later,
reflects the ability of CpG to induce a pro-inflammatory Th1-like
immune response 148,

Another well-known PAMP in bacteria is lipopolysaccharide
(LPS), which is part of the outer membrane of Gram-negative
bacteria. LPS induced activation of TLR-4 pathways, causing
increased transcription of nuclear factor-NF-KB genes, which
regulated genes like those encoding cytokines and chemokines.
(149151 This enhances the microbicidal activity of phagocytic
cells and stimulates maturation and migration of dendritic
cells. These mature dendritic cells show an increased antigen-
presenting capacity and are involved in the activation of the
adaptive immune response by stimulation of T lymphocytes.
Thus, the TLR-4 signalling pathway forms a critical link between
innate and adaptive immune responses 152153,

In S. pneumoniae infection, also lipoteichoic acid and
pneumolysin have been shown to initiate inflammatory
responses. This occurs through activation of the TLR-2 pathway.
The TLR-2 pathway is shown to contribute to the adaptive,
rather than the innate immune responses, by expression of
co-stimulatory molecules and molecules such as MHC-Il which
are necessary to present bacterial antigens to Th cells. Cytokines



that result from the TLR-2 pathway, stimulate a Th1 response,
which is very important to clear pneumococcal colonization
154157 |t has been suggested that pneumolysin can also interact
with TLR-4, inducing innate immune responses to pneumococci.
However, Van Rossum et al found no confirmation of a role of
TLR-4 in the clearance of pneumococcal colonization in their
murine mode] (156158,

3.2.3.2.3. Soluble chemical factors

3.2.3.2.3.1. Defensin, lysozyme, C-reactive protein and the
complement system

As mentioned above, the first defensive strategy of the host
against infection consists of a non-specific phase, where the
mucus and its contents (for example defensin and lysozyme)
play a major role. Other important soluble chemical factors
are acute phase proteins such as C-reactive protein, interferon,
lactoferrin, slgA, and the complement system (5%,

«  Viruses.

Defensin plays an important role in defence against both
enveloped and non-enveloped viruses. This protein is present
in immune cells, to assists in the killing of phagocytized
pathogens. Defensins can bind to the microbial cell membrane,
forming pore-like membrane defects that allow efflux of
essential ions and nutrients 15

Igarashi et al. analysed nasal lavage fluids for proteins and mast
cell mediators after inoculation with rhinovirus. They found an
increased secretion of total protein and both plasma proteins
(albumin and 1gG) and glandular proteins (lactoferrin, lysozyme
and secretory IgA). They also showed that the nasal secretions
during the initial response to the rhinovirus infection were
predominantly due to increased vascular permeability ¢,

- Bacteria.

In bacterial infection both lysozyme and defensin play an
important role. Lysozyme is present in a number of secretions
(saliva, tears and mucus) and exerts its defensive function

by splitting the proteoglycan cell wall of bacteria. C-reactive
protein (CRP), the best-known acute phase protein, has the
capacity to react specifically against a part of the pneumococcal
capsule. However, it also acts against a variety of other bacteria.
Also the complement system is involved in host defence against
bacteria, involving both the innate and adaptive immune
system (118),

3.2.3.2.3.2. Kinins

+  Viruses.

Bradykinin and lysylbradykinin are significantly elevated in nasal
lavages of infected and symptomatic volunteers exposed to
rhinovirus " ¢2_Generation of kinins however, is also confirmed
in other viral infections. Kinin generation is associated with
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increased neutrophil infiltration and correlates with increased
production of the proinflammatory cytokine IL-1 (1163 They
can stimulate glandular secretion of mucus, increase ciliary
beat frequency, stimulate sensory nerves endings and elevate
vascular permeability 16+ 16%- Bradykinin-induced vascular
permeability, however, has been reported to be mediated, at
least in part, by nitric oxide (%9,

«  Bacteria.

Bradykinin release has also been demonstrated in response

to bacterial infection. Bacterial proteases can activate the
‘Hageman factor-kallikrein-kinin’ cascade, leading to production
of bradykinin. As mentioned above, bradykinin is an important
factor in the enhancement of vascular permeability and can
stimulate sensory nerves. Thereby explaining most of the
inflammatory reaction, including oedema and pain €7,
Bradykinin generation has also been shown to result in
activation of NOS, confirming the potential role of NO in this
pathophysiological process 1167

3.2.3.2.3.3. Nitric oxide (NO)

NO is a gaseous molecule, synthesized by NO synthase

(NOS), an enzyme that catalyses the oxidation of L-arginine

to NO and L-citrulline. At least two types of NOS can be
reported, constitutive NOS (cNOS) and inducible NOS (iNOS)
(168 cNOS is produced by many cells in the upper and lower
respiratory system, such as parasympathetic vasodilator
nerves, endothelial cells and ciliated mucosa cells %, iNOS is
described in epithelium, macrophages, fibroblasts, neutrophils,
endothelium and vascular smooth muscle, and is activated

by proinflammatory cytokines and endotoxins (68170171 NQO

is involved in many physiological and pathological processes
in human, by exerting a role as cellular signalling molecule.

Its actions in the body include vasoregulation, haemostasis,
neurotransmission, immune defence, and respiration %, In the
respiratory airway, it causes smooth muscle relaxation, affects
ciliary beat frequency, mucus secretion and plasma exudation,
and it is involved in neurotransmission, inflammation and cell-
mediated immunity 72,

«  Viruses.

NO concentrations are shown to be increased in asthma, allergic
rhinitis (AR) and viral respiratory infections "%. NO is generated
in large amounts during infections, because of its antiviral and
antimicrobial activity and through its upregulation of the ciliary
motility 17317,

In patients with rhinosinusitis, on the contrary, the levels of
nasal NO (nNO) are significantly decreased. These reduced levels
of nNO are likely because of reduced NO flow into the nasal
lumen due to mucosal swelling and draining ostia obstruction,
and removal of NO by reactive oxygen species 19176177 |t js
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thought that the lack of NO may contribute to the pathogenesis
of sinusitis.

«  Bacteria.

During pneumococcal infection, NO is produced by iNOS
in human and rodent macrophages. This might contribute
to the intracellular killing of pneumococci, following their
phagocytosis 179,

3.2.3.2.4. Nerve stimulation and neuromediators
Sympathetic nerve stimulation induces vasoconstriction and
consequent decreases nasal airway resistance. Parasympathetic
nerve stimulation on the other hand, promotes secretion from
nasal airway glands and nasal congestion. The nasal mucosa also
contains nerves of the non-adrenergic, non-cholinergic (NANC)-
system. Neuropeptides from the latter nerves (substance P,
neurokinin A and K, and calcitonin gene-related peptide) are
suspected to play a role in vasodilatation, mucus secretion,
plasma extravasation, neurogenic inflammation, and mast

cell nerve interactions. However, the magnitude of their role is
uncertain "7, Further investigations concerning the role of the
nervous system in ARS are required.

3.2.3.2.5. Cell-mediated immune response

In addition to the non-specific defence consisting of barriers and
soluble chemical factors, a cell-mediated immune response is
activated.

3.2.3.2.5.1. Phagocytosis - neutrophils, monocytes and
macrophages

The innate immune system operates through phagocytosis
of the microorganisms. Cells with phagocytic capacity are
neutrophils, monocytes, and macrophages.

+  Viruses.

Because of its intracellular nature, cell-mediated immune
responses are essential to eradicate viral infection. This
inflammatory cell reaction, consists mainly of neutrophils,
monocytes, and macrophages. Increased neutrophil counts
are seen in the nasal mucosa, nasal secretions, and peripheral
blood, within 24 hours after inoculation. A couple of days later,
recruitment of monocytes occurs. These monocytes become

tissue macrophages, after they have crossed the endothelium
(180).

- Bacteria.

Macrophages and neutrophils are also stimulated in bacterial
infection. Gabr et al. investigated the immune response to acute
infection with S. pneumoniae. The naive host responded by
activating the innate immune system. Polymorphonuclear cells
and macrophages were recruited to the site of infection 18"

Neutrophils recruitment occurs due to release of chemotactic
factors. Pneumolysin, the polysaccharide capsule, and
lipoteichoic acid, may act as initiating factors for neutrophil
recruitment during acute infection. Further, also complement
factor C5a, high-molecular-weight neutrophil chemotactic
factor, platelet-activating factor, IL-1 and IL-8, and leukotrienes,
such as leukotriene B,, may act as chemoattractants to
neutrophils, independent of T helper cells 8",

3.2.3.2.5.2. Antigen presentation - Dendritic cells

The adaptive immune system becomes activated in specific
stimulus. Specific antigens are presented to T lymphocytes
(cytotoxic T cells, as well as T helper cells) by antigen-presenting
cells, such as monocytes, macrophages, B-lymphocytes, and
dendritic cells.

In the peripheral blood, two major subtypes of dendritic cells
are identified, myeloid dendritic cells (MDC), and plasmacytoid
dendritic cells (PDC) "82. Hartmann et al. demonstrated the
presence of PDC and MDC in the healthy nasal epithelium and
in nasal epithelia from patients with different pathological
conditions (183,

Antigen-presenting cells need to process the complex protein
antigens into ‘minimal antigenic peptides, which are presented
to T cells on appropriate MHC molecules. Binding of this
complex (antigenic peptide and MHC molecule) on the antigen-
specific T cell receptor, initiates activation of the adaptive
immunity (84,

+  Viruses.

PDC play a key role in the detection and defence against viruses
in the nasal epithelium. After recognizing viruses they start
producing large amounts of IFN-alpha. Hartmann et al. showed
that the healthy nasal epithelium contains relatively high
numbers of PDC and MDC. Whereas PDC levels are decreased

in asymptomatic patients with chronic nasal allergy and
increased during infectious inflammation. These results indicate
the importance of PDC against viral invaders, because of the
presence of high numbers of PDC in the healthy nasal mucosa.
This also explains why patients with allergy are more susceptible
to a more severe course of viral infection (183,

«  Bacteria.

PDC are also able to recognize CpG motifs within microbial
DNA, resulting in activation of TLR-9 and production of large
amounts of IFN-alpha and IFN-gamma. Thereby stimulating a
Th1 response and counteracting a Th2 response 83,

Gabr et al. confirmed the role of macrophages in antigen
presentation, and in the processing, recognition and
presentation of the foreign antigens to other immune cells,
particularly T helper cells 18",



The adaptive immune system generates an
adequate immune response to a specific stimulus
(antigen-presenting cells, T lymphocytes,

B lymphocytes, and plasma cells).

3.2.3.2.5.3. Specificimmunity - T lymphocytes and B
lymphocytes

The adaptive immunity reacts on antigen presentation through
formation of immune products (effector T lymphocytes and
antibodies), which can generate a specific interaction with the
stimulus.

+  Viruses.

Interferon is a protein produced and released by infected cells.
Both IFN-alpha and IFN-gamma have been recovered in nasal
secretions and lavage fluids at the time of acute viral upper
respiratory illnesses 18188 The type | interferon, IFN-alpha,
induces a antiviral state in surrounding cells, and modulates
the activity of other immune cells, such as T cells, NK cells, and
myeloid dendritic cells 83,

Whilst the Th1 related IFN-gamma, a type Il interferon,
stimulates macrophage accumulation and activation, cytokine

production, NK cells, and antigen specific B cell proliferation 89,

The immediate antiviral response of the host epithelial cells
induces cytotoxic T lymphocyte recruitment, which is thought
to be predominantly a Th1 cell mediated response 9, Infected
cells can be recognized and killed by these CTL lymphocytes,
through the expression of proteins on their cell surface. Next,
cell death can also be induced by Natural Killer (NK) cells,
another type of cytotoxic lymphocytes "9,

«  Bacteria.

In the defence against bacterial infection also T lymphocytes
(especially Th1 cells) and antibodies play a major role. T
lymphocytes recognizing the bacteria can release cytokines,
which enhance the killing capacity of the phagocytes. They are
also able to activate the specificimmunity, thereby stimulating
B-lymphocytes to produce specific antibodies.

Epithelial cells are thought to interact directly with T cells and
to regulate their function. In addition to direct physical contact
between the T cells and epithelial cells, there are several ligand/
receptor molecules expressed on airway epithelial cells, which
can bind to respective receptor/ligand complements on T

cells 199, The mechanisms underlying the capacity of epithelial
cells to present antigens to and to stimulate T cells are unclear.
Airway epithelial cells express homologues of B7 cosimulatory
ligands 19192,

Heinecke et al. demonstrated that the proinflammatory
cytokines TNF-alfa and IFN-gamma or IFN-gamma alone,
selectively increased B7-H1 and B7-DC, but not B7-H2 and
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B7-H3.The inhibition of B7-H1 and B7-DC resulted in
enhancement of IFN-gamma expression from T cells. Thus,
B7-H1 and B7-DC on airway epithelial cells functioned to
regulate T cell activation by inhibiting T-cell production of IFN-
gamma (1%,

Van Rossum et al. showed that mice, deficient in Th cells, did not
clear pneumococcal colonization during a prolonged follow-up
period 159, Possibly due to lack of induction of a Th1 response,
which has previously been shown to play a protective role in
the host response to pneumococcal disease "%, Further it is
shown that the Th cell mediated acquired immune response

is independent of the presence of antibodies. Thus indicating
that the role of antibodies is limited in the clearance of
pneumococcal colonization (1199,

Antibodies are produces against proteins and polysaccharides
in the cellular membrane and its possible annexes, such as
fimbriae and flagellae. Together with complement factor C3,
the antibodies promote opsonisation and facilitate intracellular
destruction of bacteria. The host can also generate antibodies
against proteins in the cell wall or proteins, which inhibit the
phagocytosis of bacteria. Finally, antibodies may also be formed
against toxins produced by the bacteria 9.

3.2.3.2.6. Cytokines and other mediators

Multiple mediators and cytokines orchestrate the migration

and activation of immune effector cells in response to infection.
These proteins regulate chemotaxis, cellular differentiation and
activation, by induction of adhesion molecule expression and by
release of cytokines 89,

«  Viruses.

Next to IFN-alpha and IFN-gamma, high levels of
proinflammatory and anti-inflammatory cytokines including
IL-1beta, IL-6, IL-8, IL-10, and TNF-alpha have been recovered

in nasal secretions and nasal lavage fluids at the time of acute
viral upper respiratory ilinesses caused by RSV, parainfluenza
virus, rhinovirus, influenza virus, and infections of unspecified
aetiology (185188 196-199)

IL-1beta has a dual effect. It increases rhinovirus spread via
ICAM-1 upregulation and initiates the host response to infection
by enhancing the recruitment of immune effector cells into the
inflammation site. It also induces the release of proinflammatory
cytokines such as platelet activating factor and |L-8 (179.200-202),

IL-6 is a proinflammatory cytokine, which has activating and
proliferating effects on lymphocytes. IL-8, on the other hand, is
a strong chemo-attractant for neutrophils (124189,

IL-10 is a regulatory cytokine with anti-inflammatory and Th2
stimulating properties. It can regulate immune responses by
either preventing an inflammatory response or by limiting
excessive ongoing inflammation, though inhibition of
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production of a wide range of other cytokines. For example,
Th1-related cytokines (TNF-alpha, IFN-gamma, IL-2, and IL-12),
proinflammatory cytokine IL-18, and Th2-related cytokine IL-5

(203).

TNF-alpha is also a Th1-related cytokines. It induces activation

of the antiviral host immune response through the stimulation
of functional activities of cytotoxic T lymphocytes, NK cells and
macrophages, and through the recruitment of inflammatory
cells to the site of infection. Moreover, together with IL-12, it can
promote the development of Th1 lymphocytes 23,

In allergic individuals, experimental rhinovirus infection also
induces increase of granulocyte colony-stimulating factor
(G-CSF) in nasal secretions and serum. G-CSF and IL-8 were
rapidly induced in the nose after viral inoculation, and appeared
to be related to neutrophil trafficking in the airway. Concerning
G-CSF, it is suggested that either G-CSF contributes to neutrophil
recruitment to the airway, or that airway neutrophils are a
source of G-CSF during viral infection. Increases in nasal G-CSF
also correlated with increases in blood neutrophils, suggesting
that G-CSF produced in the nose enters the systemic circulation
and acts on the bone marrow to increase neutrophilia in the
blood @%4205 However, Linden et al. confirmed that G-CSF is only
elevated in virus-infected patients with concomitant allergic
rhinitis and not in non-allergic individuals 2%,

+  Bacteria.

Riechelmann et al. evaluated the nasal biomarker profile in
acute and chronic rhinosinusitis. They determined cellular
secretory products (inflammatory cell granule-derived
proteins), IgE and cytokines in nasal secretions. They found high
concentrations of IL-2, IL-4, IL-10, IL-12, IL-13, TNFq, and IFNy

in patients with ARS, compared to subjects with CRS with or
without nasal polyps ©°7).

Van Rossum et al. studies the role of cytokines in the

clearance of nasal pneumococcal colonization. First of all,

they investigated the role of IL-12, a potent inducer of Th1

type response. IL-12, however, was not found to contribute

to the clearance of the pneumococcal colonization in this
study. Neither IL-4, a cytokine important in stimulation of a

Th2 type response, was found to have a role in the clearance

of colonization. However, these results do not exclude that
clearance of colonization is Th1 dependent, since IL-12 is not the
only inducer of a Th1 response (156 208.209),

IFN-gamma is also capable of directing the Th cells towards
aTh1 response and has previously been shown to play an
important role in the host defence against pulmonary infection
with S. pneumoniae (156:208.209:

Next to IFN-gamma, also IL-17A has a role in the clearance

of colonization. IL-17A is released by Th17 cells and induces
mobilization of neutrophils, through induction of granulopoiesis

and chemokines. In this pathway also IL-23, produced by
dendritic cells, is involved 194219,

3.2.4. Allergy and ARS
As mentioned above, there exists a pathophysiological link
between AR and rhinosinusitis 3%.

+  Viruses.

Avila et al. studied the effects of allergic inflammation of the
nasal mucosa on the severity of rhinovirus colds. They found
that the severity of cold symptoms was highly similar. However,
the onset of cold symptoms was significantly delayed and the
duration of cold symptoms was significantly shorter in the
allergen group. There was no significant difference between
the two groups in the increase of total cells and percentage

of neutrophils in nasal lavage fluid. However, these changes
paralleled the changes in symptoms, that is, they were delayed
in the allergen group but of similar magnitude in both groups.
Also the percentage of eosinophils did not increase in either
group during cold. Cytokine measurement in nasal lavage

fluid showed increases in IL-8 and IL-6 concentrations during
common cold in both groups. Again, those changes were
delayed in the allergen group but were of similar magnitude to
those seen in the placebo group @',

Skoner et al. compared the systemic cellular immune responses
to experimental rhinovirus challenge in AR and non-AR subjects
@12-They found that rhinovirus infection induced significant
acute increases in serum IgE, leucocyte histamine release and
platelet aggregation, but caused no changes in serum IgE,
serum IgA, serum IgM, and plasma histamine. This change was
confined to the AR subjects, but there was no evidence that the
acute rise in total serum IgE was due to an elevation of a pre-
existing, pollen-specific serum IgE antibody @'

Alho et al. studied the cellular and structural changes in the
nasal mucosa during natural colds in subjects with AR and
susceptibility to recurrent sinusitis, compared to healthy
controls. They demonstrated that allergic subjects had

elevated levels of eosinophils in the acute phase compared

to the control group. The allergic and sinusitis-prone subjects
also had elevated levels of epithelial T cells and low levels

of mast cells in convalescence compared to the control

group. In convalescence, the allergic subjects also had the
highest numbers of intraepithelial cytotoxic lymphocytes,
while such cells were absent in the sinusitis-prone subjects.
The delayed accumulation of intraepithelial T cells could
indicate a prolonged inflammatory reaction in the allergic and
sinusitis-prone subjects, compared to the control subjects.
They hypothesized that this late response of T cells consists of
virus-specific T cells. The higher level of cytotoxic lymphocytes
in allergic subjects during convalescence may be related to the
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more severe mucosal changes in the paranasal sinuses that have  colds, compared to healthy controls ?'9. The latter, leading to

previously been shown in subjects with AR during viral colds %, impaired sinus functioning, could explain how allergy increases
the risk of bacterial ARS.

- Bacteria.

Alho et al. showed that subjects with allergic IgE-mediated

rhinitis had more severe paranasal sinus changes on CT during

viral colds, than non-allergic subjects @', The same investigators

also found a higher proportion of abnormal nasal airflow and

mucociliary clearance values in allergic subjects during viral

Table 3.2.1. Inflammatory cells and mediators in Acute Rhinosinusitis (ARS).

Mediators Conclusions

Author, year,

Tissue/patients Technique

ref.

Melvin Nasal epithelial cells of  Epithelial cells TLR-9 Flow cytometry TLR-9 is increased in allergic
2010 7 allergic ARS patients ARS patients versus allergic
patients without ARS
Wang Nasal epithelial cells, Epithelial cells Adhesion molecules  gPCR, confocal Adhesion molecules are
20091132 Rhinovirus infection microscopy increased after rhinovirus
infection and facilitate bac-
terial infection
Heinecke Epithelial cells, rhino-  Epithelial cells B7-H1 and B7-DC gPCR Flow cytom- Induction of B7-H1 and B7-
2008 (199 virus infection DC expression on airway epi-
etry, - L
thelial cells after rhinovirus
infection
Carraro Children with ARS Nitric Oxide Exhaled and nasal Nasal NO is decreased in ARS
2007 79 and CRS NO and CRS and increases after
antibiotic treatment
Klemens Nasal secretion, aller- IL-1B3, IL-4, IL-5, IL-6, ELISA Increased IL-1B, IL-6, IL-7, IL-
2007 @7 gic and viral rhinitis IL-7, IL-8, IL-10, IL-17, 17, IFN-y, TNF-q, IL-8, G-CSF
ECP, GCSF, GM-CSF and GM-CSF and elastase in
viral rhinitis.
Khoury Sinonasal mucosa T cells, eosinophils Nasal lavage Bacte- Increased bacterial counts
2006 @'® mice, S. pneumoniae rial counts when sensitisation is present
Hartmann Nasal tissue in mDC and pDC CD1a,CD11c,CD14,  gPCR, flow cytometry  pDC are higher after upper
2006 (183 controls, viral rhinitis, CD16, CD19, CD20, respiratory tract infections.
rhinosinusitis CD56, CD80, CD86, pDC and mDC are almost
CD123, and HLA-DR absent after treatment with
glucocorticoids
Passariello Cell culture epithelial IL-6, IL-8, ICAM-1 ELISA HRV promotes internalisa-
2006 133 tion of S. aureus due to the
action of cytokines and
ICAM-1
Riechelman Nasal secretion / hu- IL-12, IL-4, IL-10, IHC Differential profile between
2005 @7 man ARS IL-13 ARS and CRS
Perloff Maxillary mucosa Infection with No Electron microscopy Presence of biofilm on maxil-
2005 @19 rabbits pseudomonas lary sinus mucosa
Van Benten RSV infection in atopic IL-2, IL-4, IL-5, IL-8, cytometric bead Reduced nasal IL-10 and
2005 % vs. non atopic children IL-10, IL-12, IL-18, array enhanced TNF-a after rhino-
IFN-y TNF-a virus and RSV infection
Yu Mice: S.Pneumonia Eosinophils, Histology Interference of TH2 cells
2004 @20 induced ARS and al- polymorph-nuclear with immune response in
lergic sensitisation cells experimental ARS
Ramadan Virus-induced ARS B cells T Cells No Histology B and T cells interactions are
2002 @20 (reovirus) still present after D14 and
D21 confirming delayed im-
mune response
Rudack Sinus mucosa ARS No IL-8, IL-1B, IL-6, IL-5 ELISA Increase IL-8, IL-1B, IL-6 dur-
1998 222 surgical cases ing ARS

RSV, respiratory syncytial virus.

23
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3.3. Diagnosis and Differential Diagnosis of
ARS

Summary

ARS is a common condition that is often self-managed by
patients without medical care being sought, and will usually
improve spontaneously or with treatment. When patients do
consult, this is usually to generalist primary care clinicians. The
diagnosis is clinical and relies on the presence and duration of
typical symptoms, particularly nasal blockage, discharge, facial
pain or pressure and reduction in smell. ARS usually occurs as a
complication of a viral acute upper respiratory tract infection,
with persistence of symptoms beyond 10 days or worsening

of symptoms after 5 days. Persistence of symptoms beyond

12 weeks signifies chronic rather than acute rhinosinusitis.
Differentiation from other conditions such as viral URTI,
allergic rhinitis, oro-dental disease and facial pain syndromes
should be possible in most cases on clinical grounds, although
investigations may be needed when diagnostic doubt remains.
Septic complications are rare but serious, and all primary

care clinicians should be aware of ‘red flag’ symptoms such as
periorbital oedema and visual symptoms, which require urgent
specialist assessment. Although antibiotics are commonly
prescribed in community practice, ARS the symptoms of

ARS often relate more to inflammation and disruption of

sinus drainage mechanisms, and in most cases antibiotics is
not required. Imaging, haematological and microbiological
investigations and endoscopy are not routinely required in the
diagnosis of ARS, but may be needed in particular settings, such
as research studies or in high-risk patients.

3.3.1. Introduction

Post-viral ARS is a common condition in the
community, usually following viral URTI.

ARS is a common condition, and is usually self-limiting. Many
patients will self-manage or use over the counter remedies, so
will not seek medical care or have a formal diagnosis made.
When medical care is sought, most patients will consult with

a primary care physician, although in some health systems
may directly access specialist services. Although educational
efforts have been made to familiarize General Practitioners
(GPs) with the concepts of rhinosinusitis and the diagnostic
criteria for the diagnosis of ARS @23, ‘sinusitis’is commonly used
as a diagnostic label, and as this is frequently considered by
GPs an acute bacterial rather than inflammatory condition 224,
antibiotics are extensively prescribed #2522, The dissemination
of the EP30S ® and other recent guidelines @ 22" emphasizing
the inflammatory nature of ARS and providing standardization
of diagnostic criteria and use of investigations has lead to more

rational diagnosis and management in some 26228 byt not all
(229,230 settings. In addition to misunderstandings concerning the
inflammatory nature of ARS #?, concern over the risk of septic
complications from untreated bacterial disease may be a factor
in the ongoing high use of antibiotics in ARS. Observational
evidence indicates, however, that complications are rare 3232
usually manifest early in the course of the iliness with severe
symptoms 33234 and that antibiotic treatment of ARS in general
practice does not prevent complications ©%232, Guidelines

agree that in uncomplicated cases, ARS is diagnosed on clinical
criteria and supplementary investigations are not required @. In
particular patient groups and in those with severe or atypical
symptoms, additional diagnostic procedures may be needed,

as discussed below. ARS is frequently an isolated clinical event
and a self-limiting condition, although may be recurrent in some

cases. There may be an association with dental disease in some
61)

3.3.2. Clinical Diagnosis in Primary Care

ARS is diagnosed by the acute onset of typical
symptoms that include nasal blockage, discharge,
facial pain or pressure and reduction in smell.

In primary care setting (and for epidemiological research), ARS is
defined by symptomatology without detailed ENT examination
or imaging. ARS is defined in section 2 of this guideline by the
presence of major and minor symptoms for up to 12 weeks.

ARS is sub-divided into ‘acute viral rhinosinusitis’ (synonymous
with the ‘common cold’), in which the duration of symptoms

is less than 10 days, usually a self-limiting condition that
frequently does not present to clinicians, and ‘acute post-viral
rhinosinusitis, defined by an increase in symptoms after 5 days
or persistence beyond 10 days ©-

3.3.2.1. Assessment of ARS symptoms

Most acute viral URTI infections are self-limiting,
and post-viral ARS should not diagnosed before 10
days duration of symptoms unless there is a clear
worsening of symptoms after 5 days.

3.3.2.1.1. Symptoms of ARS

The subjective assessment of ARS is based on the presence and
severity of symptoms.

«  Nasal blockage, congestion or stuffiness

«  Nasal discharge or postnasal drip, often mucopurulent

«  Facial pain or pressure, headache, and

«  Reduction/loss of smell



Besides these local symptoms, distant and systemic symptoms
may occur.

Distant symptoms are pharyngeal, laryngeal, and tracheal
irritation causing sore throat, dysphonia, and cough, and
general symptoms including drowsiness, malaise, and fever.
There is little reliable evidence of the relative frequency of
different symptoms in ARS in community practice. Individual
variations of these general symptom patterns are many @35239),
Only a small proportion of patients with purulent rhinosinusitis,
without coexisting chest disease, complain of cough 9. In
patients with a suspicion of infection, facial or dental pain
(especially if unilateral) have been found to be predictors of
acute maxillary sinusitis, when validated by maxillary antral
aspiration ¢ or paranasal sinus radiographs 23 The symptoms
of ARS occur abruptly without a history of recent nasal or

sinus symptoms. A history of sudden worsening of pre-

existing symptoms suggests an acute exacerbation of chronic
rhinosinusitis, which should be diagnosed by similar criteria and
treated in a similar way to ARS.

3.3.2.1.2. Subjective assessment of symptoms: severity
Subjective assessment should address the severity and the
duration of symptoms. The recommended method of assessing
severity of symptoms is with the use of a visual analogue scale
(VAS) recorded by the patient on a 10cm line giving a score on
a measurable continuum of 1 to 10 (see chapter 2.2.3.). Disease-
specific questionnaires measuring quality of life impairment are
available 2424) but not commonly used in clinical practice; a
good clinician will, however, informally assess the impact of ARS
on their patient as part of a full clinical assessment. The VAS can
be used to assess overall symptom severity and the severity of
individual symptoms (see below). Asking patients to rate their
symptoms as absent, mild, moderate or severe, may also assess
symptom severity.

3.3.2.1.3. Subjective assessment of symptoms: duration
The sudden onset of symptoms of nasal blockage, obstruction,
congestion and discharge is usually due to a self limiting viral
infection, and ARS should not be considered in patients who
have experience symptoms for less than 5 days unless they are
unusually severe. Post-viral ARS should not be diagnosed in
patients with symptoms for less than 10 days unless a marked
worsening of symptoms occurs after 5 days, and features of
severe pain and a pyrexia of >38°C are present. Symptoms
occurring for longer than 12 weeks indicate the presence of
chronic rhinosinusitis.

3.3.2.1.4. Assessment of specific individual symptoms
3.3.2.1.4.1. Individual symptoms
Nasal obstruction. Although nasal obstruction can be assessed
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objectively with techniques such as rhinomanometry, nasal
peak inspiratory flow and acoustic rhinometry, these are rarely
used in the diagnosis and assessment of ARS, which relies on
patient report of obstruction and subjective assessment of
severity, either by VAS score or by assessing obstruction as
absent, mild, moderate or severe.

3.3.2.1.4.2. Individual symptoms: Nasal discharge

The presence and severity of nasal discharge (anterior or
posterior nasal drip) is assessed by subjective report, and graded
by VAS score or by patient subjective assessment as absent,
mild, moderate or severe. Patient reported purulence of nasal
discharge has been recommended as a diagnostic criterion for
acute bacterial rhinosinusitis "), and is prioritized by GPs as

a feature indicating the need for antibiotics ®, with limited
evidence to support this. Purulent nasal secretions have been
reported to increase the likelihood ratio of radiological sinus
opacity ®7, and of obtaining a positive bacterial culture 242,
although purulent rhinorrhoea with a unilateral predominance
has a positive predictive value (PPV) of only 50%, and pus in the
nasal cavity a PPV of only 17%, in the prediction of a positive
bacterial culture of an aspirate of the maxillary sinus %%, so
cannot be relied upon to accurately identify bacterial infection.

3.3.2.1.4.3. Individual symptoms: Smell abnormalities

Reduction of smell can be rated by patient subjective report as
a VAS score or assessed as absent, mild, moderate, or severe.
Subjective report of olfaction correlates well with objective tests
@43245) and loss of olfaction is commonly associated with ARS.

3.3.2.1.4.4. Individual symptoms: Facial pain and pressure

Facial pain and pressure commonly occur in ARS, although may
also occur transiently in self-limiting viral upper respiratory
tract infection (URTI). Facial or dental pain, especially when
unilateral, has been found to be a predictor of acute maxillary
sinusitis with fluid retention in patients with suspected bacterial
infection when confirmed by maxillary antral aspiration @39

or paranasal sinus radiographs ®*”. Pain on bending forwards
and maxillary toothache, particularly when unilateral, are often
interpreted by GPs as indicative of more severe disease and

the need for antibiotics ®9, with limited supportive evidence.
Maxillary toothache is reported to increase the likelihood ratio
of radiological sinus opacity to 2.5 @37, although the PPV of local
unilateral pain for bacterial infection was only 41% in another
study @9, A further study reported that maxillary toothache
was significantly associated with the presence of a positive
bacteriological culture, predominantly of S. pneumoniae or

H. influenzae, obtained by sinus aspiration or lavage #%. The
severity of pain can be rated subjectively by patients as a VAS
score or as absent, mild, moderate, or severe.
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Bacterial infection may occur in ARS, but in
most cases antibiotics have little effect on
the course of the illness.

3.3.2.1.5. Clinical rules for the prediction of bacterial disease
A number of studies have attempted to provide clinicians with
combinations of symptoms and signs predicting more severe
disease, particularly in the prediction of a bacterial infection and
the likelihood of a response to antibiotics. In a study of primary
care patients aged 15 years or older with a clinical diagnosis

of ARS which assessed the likelihood of specific symptoms

and tests in predicting a fluid level or total opacity of any sinus
on CT (as a gold standard of sinusitis), Lindbaek %" reported
four factors having a high likelihood ratio and independently
associated with ARS. These were purulent rhinorrhoea, purulent
secretion in cavum nasi, a raised ESR (>10), and ‘double
sickening' (i.e. a deterioration after an initial milder phase of
iliness). A combination of at least three of these four symptoms
and signs gave a specificity of 0.81 and a sensitivity of 0.66 for
ARS.

Berg % reported that 2 or more positive findings (from
purulent rhinorrhoea with unilateral predominance, local

pain with unilateral predominance, pus in the nasal cavity

and bilateral purulent rhinorrhoea) provided 95% sensitivity
and 77% specificity for ABRS. Williams 237 reported that fewer
than 2 symptoms (from maxillary toothache, poor response

to antihistamines or decongestants, purulent nasal secretions,
abnormal transillumination and coloured nasal discharge) ruled
out ABRS with a positive predictive value (PPV) of <40%, and 4
or more symptoms ruled in ABRS (PPV, 81%).

3.3.2.2. Clinical examination

3.3.2.2.1. Anterior rhinoscopy

Although anterior rhinoscopy alone is a very limited
investigation, it should be performed in primary care setting
as part of the clinical assessment of suspected ARS. It may
reveal supportive findings such as nasal inflammation, mucosal
oedema and purulent nasal discharge, and can sometimes
reveal previously unsuspected findings such as polyps or
anatomical abnormalities.

3.3.2.2.2. Temperature

The presence of a fever of >38°C indicates the presence of

a more severe illness and the possible need for more active
treatment, particularly in conjunction with more severe
symptomes. A fever of >38°C is significantly associated with the
presence of a positive bacteriologic culture, predominantly

S. pneumoniae and H. influenzae, obtained by sinus aspiration or
lavage ),

3.3.2.2.3. Inspection and palpation of sinuses

Inspection and palpation of the maxillofacial area can reveal
swelling and tenderness, which are commonly interpreted as
indicating more severe disease ?* and the need for antibiotics,
although the sensitivity and specificity of this symptom in the
identification of ABRS is not established.

3.3.2.2.4. Nasal endoscopy

Nasal endoscopy is not generally available in routine primary
care settings, and is not required in the clinical diagnosis of ARS,
although may be required in research settings, and is discussed
below.

3.3.2.3. Additional Investigations

3.3.2.3.1. Bacteriology

Microbiological investigations are not required for the diagnosis
of ARS in routine practice, although may be required in

research settings, or in atypical or recurrent disease. There is

a reasonable correlation between specimens taken from the
middle meatus under endoscopic control and sinus taps 4,
and microbiological sampling may be indicated in more severe,
recurrent or complicated presentations.

3.3.2.3.2. Imaging

Imaging studies and not required in the diagnosis of ARS in
routine practice, although may be required to confirm the
diagnosis in research settings, and are discussed further below.

3.3.2.3.3. C-Reactive Protein (CRP)

CRP is a haematological biomarker (available as rapid assay
near-patient testing kits) and is raised in bacterial infection.

Its use has been advocated in respiratory tract infection @47

as an aid to targeting bacterial infection and so in limiting
unnecessary antibiotic use. Recent studies %> 2% have
suggested that in ARS, a low or normal CRP may identify
patients with a low likelihood of positive bacterial infection who
are unlikely to need or benefit from antibiotics, and CRP guided
treatment has been associated with a reduction in antibiotic use
without any impairment of outcomes. This can be regarded as
an interesting but preliminary observation, and more research is
needed before this test can be recommended as routine in the
diagnosis of ARS and in the targeting of therapy. However, CRP
levels are significantly correlated with changes in CT scans ©*V
and a raised CRP is predictive of a positive bacterial culture on
sinus puncture or lavage 4252,

3.3.2.3.4. Procalcitonin

Procalcitonin has also been advocated as a potential
haematological biomarker indicating more severe bacterial
infection, and investigated as a tool for guiding antibiotic
prescribing in respiratory tract infections in the community 3.



It is available as a near-patient manual assay that can provide
results in 30 minutes, but with limited performance results 254,
or as a laboratory test. At present, however, there is no evidence
of its effectiveness as a biomarker in ARS.

3.3.2.3.5. Erythrocyte Sedimentation Rate (ESR) and plasma
viscosity

Markers of inflammation such as ESR and plasma viscosity are
raised in ARS, may reflect disease severity and can indicate the
need for more aggressive treatment in a similar way to CRP. ERS
levels are correlated with CT changes in ARS " and an ESR of
>10 is predictive of sinus fluid levels or sinus opacity on CT scans
@52 A raised ESR is predictive of a positive bacterial culture on
sinus puncture or lavage 246252,

3.3.2.3.6. Nasal Nitric Oxide (NO)

This gaseous metabolite is found in the upper and lower
respiratory tract and is a sensitive indicator of the presence of
inflammation and ciliary dysfunction. Measurement of nasal
NO is relatively simple, requires simple patient co-operation
by exhaling into the analyser, and is quick and easy to perform
using chemiluminescence assay equipment. Measurement

is feasible in routine clinical settings, and as the technology
improves and cost of measurement apparatus reduces, may
be practicable as a clinical tool. Preliminary evidence exists of
feasibility of using exhaled NO measurement in primary care
in asthma diagnosis and monitoring ?>%, but the feasibility of
use of nasal NO in routine care has not been assessed. Very
low levels of nasal NO may indicate primary ciliary dyskinesia,
but may also occur insignificant sinus obstruction ?*¢, Elevated
levels may suggest the presence of inflammation provided
ostiomeatal patency is maintained. A recent pilot study %7 has
suggested that monitoring of nasal NO levels may be useful in
the diagnosis and management of ARS, but further research is
needed.

3.3.2.3.7. Other investigations

Detailed tests of nasal airway function such as tests of
mucociliary function, nasal patency, and olfaction are rarely
performed in the diagnosis of ARS other than in specific
research settings.

3.3.2.4. Differential Diagnosis of ARS in clinical practice
The symptoms of ARS are non-specific and may overlap with a
number of other conditions, which should be differentiated.

3.3.2.4.1. Viral Upper Respiratory Tract Infection (URTI)
The symptoms of the common cold and of self-limiting viral
URTIs overlap with those of post-viral ARS. Indeed, most
episodes of ARS will start as a viral URTI, but with a prolonged
iliness beyond 10 days or with worsening symptoms after
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5 days. Most common colds are associated with rhinovirus
infection with symptoms peaking by 3 days “*¥, and the majority
of patients do not seek medical care. The diagnosis is clinical

and supportive advice, symptomatic treatment and reassurance
are generally the only interventions required.

3.3.2.4.2. Allergic rhinitis

Allergic rhinitis (AR) is a common global condition affecting
10-20% of the adult population . Allergic rhinitis is the most
common form of non-infectious rhinitis and is associated with
an IgE-mediated immune response against allergens, and is
often associated with ocular symptoms. Since the nasal mucosa
is continuous with that of the paranasal sinuses, congestion of
the ostia may result in sinusitis, which does not exist without
rhinitis, so AR may be part of an allergic rhinosinusitis with
similar symptoms to those of ARS (and CRS). Symptoms of AR
include rhinorrhoea (non-purulent), nasal obstruction, nasal
itching, and sneezing, which are reversible spontaneously

or with treatment. AR is subdivided into “intermittent” or
“persistent” disease. Intermittent rhinitis may occur suddenly

in response to exposure to a specific allergen, and so cause
diagnostic confusion between AR and ARS. Seasonal AR is
related to a wide variety of outdoor allergens such as pollens or
molds, and sudden exposure to such aeroallergens or to others
(e.g. cat and dog dander in sensitized individuals) can cause
acute onset of symptoms. In AR, there will usually be a history
of similar symptoms in response to similar exposures, often with
a seasonal pattern. Non-specific irritants such as air pollution
and viral infection may aggravate symptoms in symptomatic AR
patients and induce symptoms in asymptomatic patients with
subclinical nasal inflammation.

The diagnosis of AR and differentiation from ARS is made
mainly on the basis of a prior history of allergy and atopy, and
exposure to an allergen (usually an aeroallergen) to which the
patient is sensitized. Ocular symptoms are common in AR, in
particular in patients allergic to outdoor allergens, but not in
ARS. Mucopurulent rhinorrhoea, pain, nasal obstruction without
other symptoms and anosmia are uncommon in AR. Diagnostic
tests for AR are based on the demonstration of allergen-specific
IgE in the skin (skin tests) or the blood (specific IgE), and may
be considered to clarify the diagnosis, particularly in those with
severe or persistent symptoms.

3.3.2.4.3. Orodontal disease

Patients with orodontal disease may present to primary care
physicians with ill-defined facial pain, with or without fever and
toothache. The absence of other ARS-associated symptoms such
as rhinorrhoea, nasal discharge and smell disturbance will make
ARS a less likely diagnosis, although in some cases doubt may
persist. A dental assessment and dental radiography may be
required to clarify the diagnosis. ARS may occur more frequently
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and have overlapping symptoms in patients with orodental
disease ©".

3.3.2.4.4. Rare diseases
A number of less common conditions may occasionally present
acutely with similar symptoms to ARS.

3.3.2.4.4.1. Intracranial sepsis

Intracranial sepsis is uncommon but it is crucial that primary
care practitioners are aware of the warning signs of complicated
and severe iliness and refer promptly when the diagnosis is
possible. Symptoms such as periorbital oedema, displaced
globe, diplopia, ophtalmoplegia, reduced visual acuity, severe
unilateral or bilateral frontal headache, frontal headache, focal
neurological signs or meningism point to complications such as
intracranial sepsis, or an alternative diagnosis and requite urgent
diagnosis and appropriate management. (See Table 3.3.1).

3.3.2.4.4.2. Facial pain syndromes

A number of conditions can present acutely with facial pain and
nasal symptoms, including migraine and cluster headaches.

The differential diagnosis of facial pain is discussed in section 4.
Bilateral pressure sensations without other nasal symptoms may
be caused by tension headaches and mid facial segmental pain.

3.3.2.4.4.3. Vasculitis

Autoimmune vasculitides such as Wegener’s granulomatosis
and Churg-Strauss syndrome or sarcoidosis may involve the
nose and sinuses and on rare occasions may present acutely. The
presence of other suggestive symptoms and an atypical clinical
course can alert the clinician to alternative diagnoses.

3.3.2.4.4.4. Acute invasive fungal rhinosinusitis

In immunosuppressed patients and in (uncontrolled) diabetics,
acute invasive fungal rhinosinusitis may present in a similar
way to ARS, but with severe and rapidly progressive symptoms
260,261 When this diagnosis is suspected, a more aggressive
diagnostic approach is required as a delay in diagnosis worsens
the prognosis.

3.3.2.4.4.5. CSF leak
Unilateral watery rhinorrhoea is uncommon and should raise
suspicion of cerebrospinal fluid leakage %2,

3.3.3. Warning signs of complications of ARS
Septic complications of ARS represent a medical emergency
and require prompt recognition by generalists and immediate
referral to secondary care for assessment (Table 3.3.1).

Observational surveys suggest that these complications occur
rarely but early in the course of the disease, and that outcomes

Table 3.3.1. Warning symptoms of complications in ARS requiring imme-
diate referral / hospitalization.

Periorbital oedema/erythema

Displaced globe

Double vision

Ophtalmoplegia

Reduced visual acuity

Severe unilateral or bilateral frontal headache

Frontal swelling
Signs of meningitis
neurological signs

Reduced consciousness

are not influenced by the use or non-use of antibiotics in
primary care 3234,

Septic complications of ARS are uncommon,
but vital to identify early. They occur early in the
course of the illness and primary care
clinicians need to be vigilant for danger signs and
symptomes, such as high fever, systemic illness,
periorbital oedema and reduced vision

3.3.4. Enhanced Diagnosis in specialist care
Although uncomplicated ARS is more likely to present to
primary care physicians, in some health systems patients may
present acutely to specialists or may be referred early for a
specialist assessment, usually to a rhinologist or ENT specialist.
Generally the diagnosis may be made clinically using the same
clinical criteria outlined above, but sometimes more detailed
diagnostic investigations may be applied. Immediate referral
and/or hospitalization are indicated for any of the symptoms
listed in table 3.1.1.

3.3.4.1. Nasal endoscopy

Nasal endoscopy may be used to visualize nasal and sinus
anatomy and to provide biopsy and microbiological samples.
Several microbiology studies 232" (Evidence Level lIb) have
shown a reasonable correlation between specimens taken
from the middle meatus under endoscopic control and

proof puncture leading to the possibility of microbiological
confirmation of both the pathogen and its response to
therapy (Table 3.3.2). A meta-analysis showed an accuracy

of 87% with a lower end confidence level of 81.3% for the
endoscopically directed middle meatal culture when compared
with maxillary sinus taps in acute maxillary sinus infection
248)_ Some authorities recommend that a clinical diagnosis of
acute bacterial rhinosinusitis should always be confirmed by
endoscopy and culture #%, as many patients with clinical or
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Table 3.3.2. Bacteriology of rhinosinusitis. Correlation of middle meatus versus maxillary sinus.

Author, year, ref.

Number of Samples

Type of Rhinosinusitis

Technique Concordance

Joniau 2005 67 26 ARS

Casiano 2001 69 29 ARS (intensive care)

Talbot 2001 @7V 46 ARS
Vogan 2000 ? 16 ARS
Gold & Tami 1997 2 21 CRS
Klossek 1996 263 65 CRS

ARS: acute rhinosinusitis; CRS: chronic rhinosinusitis

MM: middle meatus; ESS: endoscopic sinus surgery

radiological evidence of ARS do not have positive bacterial
microbiology; since this guideline favours the term ‘acute post-
viral rhinosinusitis;, and favours anti-inflammatory rather than
anti-infective therapy as first-line management, it is debatable
how valid this advice is, particularly in settings where access to
endoscopy is limited. Nasal endoscopy is possible in patients
of all ages, including children, although does not provide
additional information in most 26%270,

3.3.4.2.Imaging
A number of different imaging modalities are possible in the
diagnosis of ARS.

3.3.4.2.1. CT scanning

CT scanning is the imaging modality of choice to confirm the
extent of pathology and the anatomy. However, it should not be
regarded as the primary step in the diagnosis of the condition,
except where there are unilateral signs and symptoms or other
sinister signs, but rather corroborates history and endoscopic
examination after failure of medical therapy. CT may be
considered in very severe disease, in immuno-compromised
patients, when there is suspicion of complications. A recent
study suggests that routine CT scanning in ARS adds little useful
information ®", The demonstration of the complex sinonasal
anatomy has however, been regarded as at least as important
as confirmation of inflammatory change 22274, Considerable
ethnic as well as individual differences may be encountered #7),
Many protocols have been described and interest has recently
centered on improving definition whilst reducing radiation dose
@278, Incidental abnormalities have been reported on scanning

in up to a fifth of the ‘normal’ population 7, although more
recent data have suggested that healthy normal people should
not have unexpected abnormal sinus scans 8. In children, in
whom plain radiographs are technically difficult, sinus scans are
technically possible and are the imaging investigation of choice
but similarly are only indicated if complications are suspected or

Endoscopic swab (MM) vs. maxillary sinus tap 88.5%
Endoscopic tissue culture (MM) vs. maxillary sinus 60.0%
tap
Endoscopic swab (MM) vs. maxillary sinus tap 90.6%
Endoscopic swab (MM) vs. maxillary sinus tap 93.0%
Endoscopic tap (MM) vs. maxillary aspiration during  85.7%
ESS
Endoscopic swab (MM) vs. maxillary aspiration 73.8%
during ESS

if a lack of response to treatment occurs @7,

3.3.4.2.2, Plain sinus X Rays and transillumination

Plain sinus x-rays are insensitive and of limited usefulness

for the diagnosis of rhinosinusitis due to the number of false
positive and negative results 28282 Nevertheless it can be
useful to prove ARS in research studies. Transillumination was
advocated in the 1970's as an inexpensive and efficacious
screening modality for sinus pathology #%3. The insensitivity
and unspecificity makes it unreliable for the diagnosis of
rhinosinusitis 4.

3.3.4.2.3. Ultrasound

Sinus ultrasound is insensitive and of limited usefulness for
the diagnosis of ARS due to the number of false positive and
negative results. However, the results in well-trained hands are
comparable to X-ray in the diagnostics of ARS, and so it may be
a useful investigation in some settings 285287,

3.3.5. ARS diagnosis specific settings

3.3.5.1. Diagnosis for research

In research settings, a more formal diagnosis may be required.
In such settings, a variable combination of symptoms, imaging
findings, examination findings, and bacteriology samples
(obtained from middle meatus or from sinus puncture) may be
required for confirmation of the diagnosis as specified in the
study protocol. The diagnostic criteria used must be specified in
research studies to allow comparison of results between studies.

3.3.5.2. Diagnosis in the intensive care unit

ARS is common in ICU (with risk factors including naso-gastric
tubes, mechanical ventilation, failure of defence mechanisms
and pronged supine posture), and is associated with poor
outcomes. Sepsis may involve multiple sinuses 2%, As a
consequence, more aggressive diagnostic processes may be
appropriate to confirm the diagnosis and to guide treatment. CT
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scanning may confirm the diagnosis ?*, and sinus puncture is
safe in skilled hands and can provide important microbiological
information to confirm the diagnosis and guide therapy 2%,

3.3.5.3. Diagnosis in immunosuppressed patients
Immunosuppressed patients are much more vulnerable to
complications of ARS, and a more aggressive diagnostic
approach is required. Acute invasive fungal rhinosinusitis ®*% is a
serious disease with high mortality and morbidity and requires
prompt diagnosis and treatment with open or endoscopic sinus
surgery.

The diagnosis is histopathological, so early endoscopic
evaluations indicated, with open biopsy if doubt remains 260261,

3.3.6. Recurrent ARS

The differentiation between CRS and recurrent ARS can be
difficult, but relies on complete resolution of symptoms and
signs between episodes. Some patients do have recurrent
episodes of ARS, and may represent a distinct phenotype 2°".
Such patients should be assessed for underlying risk factor, such
as allergy and anatomical abnormalities ©®, with consideration
of imaging or endoscopic evaluation. Occult immunodeficiency
may rarely occur in such patients, but routine screening has a
low yield @92,

3.4. Management of ARS

Summary

The introduction of evidence-based management of ARS

has a major impact on the physician’s management of ARS
patients. It has been proven clearly in many clinical studies
that ARS resolves without antibiotic treatment in most cases.
Symptomatic treatment and reassurance is the preferred

initial management strategy for patients with mild symptoms.
Intranasal corticosteroids in monotherapy or in adjuvant
therapy to oral antibiotics are proven to be effective; however,
in patients with severe ARS, oral corticosteroids can be used
for short-term relief of headache, facial pain and other acute
symptoms. Antibiotic therapy should be reserved for patients
with high fever or severe (unilateral) facial pain. For initial
treatment, the most narrow-spectrum agent active against

the likely pathogens should be used. Herbal compounds have
been commonly used in treatment of ARS, but only a few DBPC
randomized studies have shown their efficacy. Hence, the
benefit of herbal compounds in treatment of ARS need to be
confirmed by more well designed and randomized clinical trials
in future.

3.4.1. Introduction
ARS is a common disease that is managed in both primary
care and specialized clinics, and by general practitioners (GPs),

Table 3.4.1. Evidence from systemic review or meta-analysis for antibiotics in treatment of Acute Rhinosinusitis (ARS).

Conclusion

Authors, year, ref. Inclusion criteria Number of
Studies Patients/
placebo

Falagas, et al. 2009 @%® RCTs 12 4,430

Falagas, et al. 2008 &4 RCTs 17 2,648

Burton, et al. 2008 49 Extracts from the NA NA
Cochrane library

Ahovuo-Saloranta, et al. RCTs 5 631

2008 (297)

Young, et al. 2008 2% RCTs 9 2,547

Williams JW Jr, et al. RCTs 49 13,660

2008 (299)

Rosenfeld, et al. DBPC randomized 13 NA

2007 G4 trials

Arroll B. 2005 ©4® Review of the Co- 4 NA
chrane reviews

Stalman, et al. 1997 49 DBPC randomized 3 NA

trials

Short-course antibiotic treatment had comparable effectiveness
to a longer course of therapy

Antibiotics should be reserved for carefully selected patients
with a higher probability for bacterial disease

A small treatment efficacy in patients with uncomplicated ARS

Antibiotics have a small treatment efficacy in patients with
uncomplicated ARS. 80%patients improve within two weeks
without antibiotics

Antibiotics are not justified even if a patient reports symptoms
for longer than 7-10 days

For acute maxillary sinusitis confirmed radio-graphically or by
aspiration, current evidence is limited but supports the use of
penicillin for 7 to 14 days

Over 70% of patients with ARS are improved after 7 days, with or
without antimicrobial therapy

The use of antibiotics for acute purulent rhinitis and acute maxil-
lary sinusitis seems to be discretionary rather than prohibited or
mandatory, at least for non-severe cases

The effectiveness of antibiotic treatment in acute maxillary si-
nusitis in a general practice population is not based sufficiently
on evidence

RCTs: randomized controlled trials; DBPC: double-blind, placebo-controlled; NA: not applicable
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otolaryngologists and paediatricians. Therefore, consensus in
the management of ARS amongst GPs and different specialists
who commonly treat ARS is very important. However, it needs to
be noticed that when analysing studies for scientific evidences
in the treatment of ARS (no matter of the investigated drug)
several of them present a mixture of patients with common cold
and either post-viral or bacterial ARS (i.e. corticosteroids and
antibiotics in ARS, Williamson 1G 2007 ©'2).

ARS resolves without antibiotic treatment in
most cases. Symptomatic treatment and reassu-
rance is the preferred initial management strategy
for patients with mild symptoms.

It has been stated clearly in position papers and various meta-
analyses that ARS resolves without antibiotic treatment in most
cases ®232%)_ Symptomatic treatment and reassurance is the
preferred initial management strategy for patients with mild
symptoms. Antibiotic therapy should be reserved for patients
with high fever or severe (unilateral) facial pain. For initial
treatment, the most narrow-spectrum agent active against the
likely pathogens (Streptococcus pneumoniae and Haemophilus
influenzae) should be used, rather than a general broad-
spectrum agent 3,

3.4.2. Treatment of ARS with antibiotics

According to data from a National Ambulatory Medical Care
Survey (NAMCS) in the USA, rhinosinusitis is the fifth most
common diagnosis for which an antibiotic is prescribed. In
2002, rhinosinusitis accounted for 9% and 21% of all paediatric
and adult antibiotic prescriptions respectively ®9, although
the usage of antibiotics in the treatment of mild, moderate

or uncomplicated ARS has been shown to be not useful by
most randomized controlled studies (Table 3.4.1) and is not
recommended by almost all clinical guidelines ©2°3-2%), A recent
multi-nations study in Asia showed that overuse of antibiotics
is still an alarming problem among GPs, otolaryngologists, and
paediatricians ©.

A recent Cochrane study was performed to compare antibiotics
against placebo, or between antibiotics from different classes in
the treatment of acute maxillary sinusitis in adults ?°”. A total of
59 studies were included in this review; six placebo-controlled
studies and 53 studies comparing different classes of antibiotics
or comparing different dosing regimens of the same antibiotic.
Among them, 5 studies involving 631 patients provided data for
comparison of antibiotics to placebo, where clinical failure was
defined as a lack of cure or improvement at 7 to 15 days follow
up. These studies found a slight statistical difference in favour of
antibiotics, compared to placebo, with a pooled risk factor (RR)
of 0.66 (95% confidence interval (Cl) 0.44 to 0.98). However, the
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clinical significance of the result is equivocal, also considering
that cure or improvement rate was high in both the placebo
group (80%) and the antibiotic group (90%).

Based on six studies, where clinical failure was defined as a
lack of total cure, there was significant difference in favour of
antibiotics compared to placebo with a pooled RR of 0.74 (95%
Cl 0.65 to 0.84) at 7 to 15 days follow up. None of the antibiotic
preparations was superior to another. This study concluded
that antibiotics have a small treatment effect in patients with
uncomplicated ARS in a primary care setting with symptoms
for more than seven days. Eighty percent of patients treated
without antibiotics improve within two weeks. Clinicians need
to weigh the small benefits of antibiotic treatment against the
potential for adverse effects at both the individual and general
population level ?°7),

Although antibiotics for ARS should be reserved for selected
patients with substantial probability of bacterial disease,
accurate clinical diagnosis is often difficult to attain. Short-
course antibiotic treatment had comparable effectiveness

to a longer course of therapy for ARS. Shortened treatment,
particularly for patients without severe disease and
complicating factors, might lead to fewer adverse events, better
patient compliance, lower rates of resistance development and
fewer costs %),

In an earlier Cochrane study ®, the authors aimed to examine
whether antibiotics are indicated for ARS, and if so, which
antibiotic classes are most effective. Primary outcomes were:
a) clinical cure, and b) clinical cure or improvement. Secondary
outcomes were radiographic improvement, relapse rates, and
dropouts due to adverse effects.

A total of 49 trials, involving 13,660 participants, were evaluated
with antibiotic treatment for acute maxillary sinusitis. Compared
to controls (5 studies), penicillin improved clinical cures (relative
risk (RR) 1.72; 95% Cl 1.00 to 2.96). Treatment with amoxicillin
did not significantly improve cure rates (RR 2.06; 95% Cl 0.65

to 6.53) but there was significant variability between studies.
Radiographic outcomes were improved by antibiotic treatment.
Comparisons between classes of antibiotics (10 studies) showed
no significant differences between newer non-penicillins
(cephalosporins, macrolides, minocycline) versus penicillins
(@amoxicillin, penicillin V) with RR for cure 1.07 (95% Cl 0.99 to
1.17); and newer non-penicillins versus amoxicillin-clavulanate
(RR for cure 1.03; 95% C1 0.96 to 1.11). Compared to amoxicillin-
clavulanate (17 studies), dropouts due to adverse effects were
significantly lower for cephalosporin antibiotics (RR 0.47; 95%
Cl10.30 to 0.73). Relapse rates within one month of successful
therapy were 7.7%. The authors conclude that, for acute
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maxillary sinusitis confirmed radiographically or by aspiration,
current evidence is limited but supports the use of penicillin
or amoxicillin for 7 to 14 days. Clinicians should weigh the
moderate benefits of antibiotic treatment against the potential
for adverse effects ?*9.
Antibiotic therapy should be reserved for
patients with severe ARS, especially with the
presence of high fever or severe (unilateral) facial
pain. Clinicians should weigh the moderate
benefits of antibiotic treatment against the
potential for adverse effects.

Comparison between various antibiotics in term of their

dose and duration, efficacy and side-effect of treatments are
summarized in three tables, where a total of 42 prospective,
randomized, double-blind, placebo controlled (n=9, Table
3.4.2), or comparisons between antibiotics (n=25, Table 3.4.3),
or comparisons of different dosages (n=5) or durations (n=3)
of treatment (Table 3.4.4) are listed. In general, a short-course
treatment, particularly for patients without severe disease and
complicating factors, might lead to fewer adverse events, better
patient compliance, lower rate of resistance development and
fewer costs %),

Table 3.4.2. Studies on “short-term” antibiotics, compared to placebo, used in the treatment of Acute Rhinosinusitis (ARS). Only studies with a design

of prospective, randomized, double-blind, and placebo-controlled (Ib) were selected.

Dose / Duration

Author, year, ref.

Number of
patients

Side effects % Level of
evidence

Effects

Outcomes

Hadley 2010 59 Moxifloxacin 5 days 73
Placebo 45
Wald 2009 ¢V Amoxicillin/ 90mg/kg + 6.4mg/ 28
potassium clavu- kg for 14 days
lanate
Placebo 28

Kristo 2005 ¢ Cefuroxime axetil ~ 125mg BD/10 days

Bucher 2003 ¢ Amoxicillin/cla- 875/125mg BD /6 252

vulanic acid days

Placebo 6 days

Varonen 2003 Antibiotics
(amoxicillin,
doxycycline or

penicillin V)

750 mg, 100mg, 146
1500 mg BD/7 days

Placebo BD/7 days
Hansen 2000 5% Penicillin V 133
Placebo

Stalman 1997 &4 Doxycycline

Placebo

Lindbaek 1996 ¢*9  Penicillin V and 83

amoxicillin

Placebo 44

Wald 1986 57 Amoxicillin 30
Amoxicillin- 28
clavulanate

potassium

Placebo 35

BD: twice daily; CRP: C-Reactive Protein; ESR: Erythrocyte Sedimentation Rate

Clinical success 78.1 38.2 Ib

rates 66.7 407

Cure 50 Ib
14

Complete Differ- Ib

cure, absence ence of

of prolonged 6%

symptoms/com-

plications

Time to cure, Adjusted b

number of days of  hazard

activity restric- ratio =

tion, frequency of  0.99
adverse effects

Clinical curerates 80 Ib
at test-of-cure
visit

66
Pain score, illness 71 b
score, CRP/ESR

37
Resolution of Adjusted 17% Ib
facial pain and hazard
resumption of ratio of
daily activities 1.17,1.31
Subjective status, 86 b
difference in clini-
cal severity score

57
Clinical assess- 67 b
mentat3and 10
days 64

43
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Table 3.4.3. Studies on “short-term” antibiotics, compared to other antibiotics, used in the treatment of ARS. Only studies with a design of prospective,

randomized, double-blind (Ib) were selected.

Author, year, ref. Dose/Duration Number of Effects Side-Effects % Level of
Patients Evidence
Outcomes
Marple, et al. Azithromycin ER Single 2g dose 270 Resolution of > or 326 233 Ib
(358) — f . cen
2007 Levofloxacin 500 mg QD/10days 261 e e R 15.3
symptoms
Upchurch, et al. Faropenem medox- 300mg BD/10 days 861 Clinical response 81.8 similar Ib
2006 9 omil
Cefuroxime axetil 250mg BD/10 days 74.5
Tellier, et al. Telithromycin 800mg OD/5 days Clinical cure and 80.9% Similar, mostly  |b
(360) a 0 .
2005 Amoxicillin - clavu-  500/125mg TDS/10 PREETERE Re o e @
cation rates
lanate days
Cefuroxime axetil 250mg BD/10 days
Murray, et al. Azithromycin micro-  Single 2g dose 256 Clinical efficacy at 94.5 Ib
2005 ©6» sphere the test-of-cure visit
Levofloxacin 500mg OD/10days 251 92.8
Henry, et al. Cefdinir 600mg OD/10days 123 Clinical and radio- 83 8 Ib
(362) "
2004 Levofloxacin 500mg OD/10days 118 lEglle G @k o 1
Test-of-cure visit
Gehanno, et al. Pristinamycin 1g bid/4 days 220 Clinical cure rates 914 Ib
(363
200455 Cefuroxime axetil 250mg bid/5 days 214 91.1
Ferguson, et al. Telithromycin 800mg OD/5 days 349 Clinical cureratesat ~ 87.4 Ib
2004 &9 . . test-of-cure visit
Moxifloxacin 400mg OD/10 days 86.9
Buchanan, et al. Telithromycin 800mg OD/5 days 593 Clinical cureratesat ~ 85.2 Ib
2003 (365) Cefuroxime axetil 250mg BD/10 days LB ARTIUE 82
Luterman, et al. Telithromycin 800mg OD/5 days 434 Clinical cure ratesat ~ ~75 Similar fre- b
366) v .
2003 Telithromycin 800mg OD/10 days RN ~75 eI, et
Amoxicillin/clavu- 500/125mg TDS/10 ~75
lanic acid days
Henry, et al. Azithromycin 500mg OD/3 days 312 NA 88.8 Azithromycin Ib
2003 ©67 . . was better
Azithromycin 500mg OD/6 days 311 NA 89.3 tolerated than
Amoxicillin/clavu- 500/125mg TDS/10 313 NA 84.9 amoxicillin/
lanic acid days clavulanic
acid
Siegert, et al. Faropenem 300mg BD/7 days 452 Clinical cureratesat 89 2.2 (diar- Ib
2003 @68 daloxate test-of-cure visit rhoea)
Cefuroxime axetil 250mg BD/7 days 88.4 29
Klossek, et al. Moxifloxacin 400mg OD/7 days 452 Clinical cureratesat ~ 96.9 16.9 Ib
(369) L2, P
2003 trovafloxacin 200mg OD/10 days s el 92.1 223
Siegert, et al. Moxifloxacin 400mg OD/10days 242 Clinical cureratesat ~ 96.7 57 Ib
(370) L2, Py
2000 Cefuroxime axetii  250mgBD/10days 251 LB AT 90,7 44
Burke, et al. Moxifloxacin 400mg OD/10 days 223 Clinical cure ratesat 90 37 Ib
1999 67 test-of-cure visit
Cefuroxime axetil 250mg BD/10 days 234 89 26
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Author, year, ref.

Dose/Duration

Number of
Patients

Outcomes

Side-Effects %

Level of
Evidence

Henry, et al.
1999 672

Clifford, et al.
1999 (374)

Henry, et al.
]999 (375)

Lasko, et al.
1998 672

Hayle, et al.
1996 670

Gehanno, et al.

19967

Von Sydow, et al.

‘I 995 (378)

Kohler, et al.
1995 (379)

Unknown author,
1993 (380)

Husfeldt, et al.
1993 GV

Scheld, et al.
1986 (%2

Cefuroxime axetil

Amoxicillin/clavu-
lanate

Ciprofloxacin

Clarithromycin

Sparfloxacin

Clarithromycin

Levofloxacin
Clarithromycin
Azithromycin

Phenoxymethyl-
penicillin

Sparfloxacin

Cefuroxime axetil

Cefpodoxime prox-
etil

Amoxicillin
Cefcanel daloxate

Cefaclor

Loracarbef

Doxycycline

Ofloxacin

Erythromycin

Cyclacillin

Amoxicillin

Bacampicillin

250mg BD/10 days

500/125mg TDS/10
days

500mg BD/10 days,
placebo 4 days

500mg BD, 14 days

400mg dose on
day 1, 200mg OD/9
days

500mg BD/14 days
500mg OD/10-14
days

500mg BD/10-14
days

500mg OD/3 days
1.3g TDS/10 days

200mg OD/5 days
after 400mg on
day 1

250mg BD/8 days

300mg BD/10 days
250mg TDS/10
days

400mg BD/10 days

200m( first dose,
100mg OD/10 days

400mg OD/7-14
days

500mg BD/7-14
days

500mg TDS/10
days

500mg TDS/10
days

1200mg BD

OD: once daily; BD: twice daily; TDS; three times daily.

Antibiotics overuse has been reported in some European

countries %3 to have directly resulted in an increased

prevalence of antimicrobial resistance in Europe %303,

Although such data is still unavailable in Asia, a recent survey

132
131

236

221

252

252

117

221

221
217

193

189

117

113
229
119

168

164

136

144

26

27

22

study showed that, even for mild ARS (common cold), medical

treatments were still recommended by 87% of GPs, 83.9%

of otolaryngologists, and 70% of paediatricians ©. The top

34

Clinical cure rates at
test-of-cure visit

Clinical success ob-
served 6-10 days
after therapy

Clinical success ob-
served 6-10 days
after therapy

Clinical cure rates at
test-of-cure visit

Clinical success at
the end of therapy
(D25)

Clinical symptoms
+ bacteriological or
radiological data

Clinical cure or
improvement

Clinical cure or
improvement

Clinical cure

Clinical cure

equal

84

91
83.1

83.4

93.9

93.5

79
76

82.6

83.2

96

91
833
89.3

98.2

92.2

94.9

94.4

91

91

86.3

29
17

59.7

484

225

393

33
40.1

26

3.8

20

16
15.7
134

19.5

Infrequent
and similar

three first-line treatments prescribed were antihistamines
(39.2%), nasal decongestants (33.6%), and antibiotics (29.5%).
Antibiotics usage was much more often used as the first line
treatment of moderate (45.9%) and severe (60.3%) ARS. Even
more alarmingly, 13.6% of the participants used a combination

of more than two antibiotics classes for treatment of even mild

ARS.

The global threat posed by resistant microorganisms has
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Table 3.4.4. Studies on “short-term” antibiotics, comparing different duration and dosages, used in the treatment of Acute Rhinosinusitis (ARS). Only

studies with a design of prospective, randomized, double-blind (Ib) were selected.

Author, year, ref.

Drug

Dose / Duration

Number of
patients

Effects Side effects % Level of

evidence
Outcomes %

Poole, et al.
2006 (383)

Gehanno, et al.
2004 69

Ferguson, et al.
2002 (385)

Roos, et al.
2002 %)

Murray, et al.
2000 6#7

Seggey, et al.
1998 (388)

Zeckel, et al.
'| 995 (389)

Sorri, et al.
198" (390)

Levofloxacin

Levofloxacin
Cefotiam hexetil
Cefotiam hexetil

Gemifloxacin

Gemifloxacin
Telithromycin

Telithromycin
Clarithromycin
ER
Clarithromycin IR
Amoxicillin/

clavulanate
potassium

Amoxicillin/
clavulanate
potassium

Loracarbef
Loracarbef
Bacampicillin

Bacampicillin

750mg/5 days
500mg/10 days

200mg BD/5 days
200mg BD/10 days

320mg OD/5 days

320mg OD/7 days
800mg OD/5 days
800mg OD/10 days

875/125mg 12
hourly/14 days

500/125mg 8
hourly/14 days

200mg BD/10 days
400mg BD/10 days

400mg TDS

1200mg BD

OD: once daily; BD: twice daily; TDS; three times daily.

become an international health issue, a product of careless
antibiotics abuse. Therefore, for initial treatment, the most
narrow-spectrum agent active against the likely pathogens
(Streptococcus pneumoniae and Haemophilus influenzae)
should be used %3,

152
149

1018

218

203

123

133

122

123

134

106

103

25

22

3.4.3. Treatment with intranasal corticosteroids

3.4.3.1. Treatment with intranasal corticosteroids
In the EP30S 2007 document, intranasal corticosteroids were
recommended for the treatment of ARS, both in moderate

(monotherapy) and severe (with oral antibiotics) disease.

Intranasal corticosteroids are recommended for
the treatment of ARS, both in moderate (monothe-
rapy) and severe (with oral antibiotics) disease.

Most studies on corticosteroids in ARS have determined the

effect of topical corticosteroids when used as adjunct therapy to
antibiotics (Table 3.4.5) ¢°+3%), Recently a double-blind, double-

35

Clinical success  91.4 Similar Ib
88.6
Clinical cure 85.5 Similar, 3.36 Ib
rates
853
Clinical cure Differ- Well toler- Ib
rates at test-of-  ence= ated
cure visit 0.44%
Clinical cure 91.1 Well toler- Ib
rates at test-of- ated
cure visit 91.0
Clinical cure 85 1 Ib
rates at test-of-
cure visit 79 7
Clinical success 93 Similar Ib
at the end of
therapy
88
Favour- 81.1 Similar Ib
able clinical
responses 81.6
Clinical assess- 92 Ib
ment
86.3

dummy, placebo-controlled study was published in which
topical corticosteroid treatment was used as monotherapy and
compared to antibiotics ®'. In this study mometasone furoate
(MF) was used and compared to both amoxicillin and placebo in
ARS. MF 200 pg twice daily was significantly superior to placebo
and amoxicillin in improving the symptom score. Used once
daily MF was also superior to placebo but not to amoxicillin. This
is the first study to show that topical corticosteroids when used
twice daily are effective in treating ARS as monotherapy and is
more effective than amoxicillin when used twice daily. Data of
this study are also supported by two other studies with a similar
design (Table 3.4.5) 81367 However, in another study, neither
antibiotics nor topical corticosteroids alone or in combination
were effective in altering the symptom severity or the duration
of bacterial ARS ©'2. However, this study has included patients
with 4 days of symptoms, which only satisfy the inclusion criteria
of common cold but not ARS.

In a recent Cochrane analysis, the results of four DBPC studies
with a total of 1945 patients support the use of intranasal
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Table 3.4.5. Treatment with nasal corticosteroids in Acute Rhinosinusitis (ARS), either in monotherapy or as adjunct therapy to oral antibiotics.

Antibiotic

Author, year, ref.

Drug
patients

1. Cochrane database systemic review

Zalmanovici Intranasal corti-  No 1,943
2009 @13 costeroids (four
studies)

Number of Effect

Level of
evidence

ARS confirmed
by radiological
evidence or by
nasal endoscopy

Higher doses of intranasal corticos- la
teroids (mometasone furoate 400

mcg versus 200 mcg) had a stronger
effect on improvement or complete

relief of symptoms

2. Monotherapy

Keith 2012 (1367 Fluticasone No 737
furoate

Williamson Budesonide No 240

2007 (312)

Bachert 2007 ¢ Mometasone No 340
furoate

Meltzer 2005 610 Mometasone No 981
furoate

Significant effect on total symptoms  Not done 1b
score, nasal congestion/stuffiness,

and postnasal drip

Neither an antibiotic (amoxicillin) Not done b
nor a topical steroid alone or in com-
bination was effective as a treatment
for acute sinusitis in the primary care

setting

Significant improvement in mean Not done Ib
total symptom score and in all SNOT-

20 items compared with placebo

Significant effect on total symptoms ~ Not done Ib
sinus headache. significantly supe-

rior to placebo and amoxicillin

3. Adjunct therapy with antibiotics

Nayak 2002 %4 Mometasone Amox/clav. 967
furoate

Dolor 2001 ¢ Fluticasone Cefuroxime axetil 95
propionate

Meltzer 2000 % Mometasone Amox/clav 407
furoate

Barlan 1997 ©7 Budesonide Amox/clav 89 (chil-

dren)

Meltzer 1993 %9 Flunisolide Amox/clav 180

Qvarnberg Budesonide Erythromycin 20

1992 (309)

CT: Computed Tomography.

corticosteroids as a monotherapy or as an adjuvant therapy to
antibiotics (evidence level la) '3, Higher doses of intranasal
corticosteroids had a stronger effect on improvement or
complete relief of symptoms; for mometasone furoate 400 pg
versus 200 pg, (RR 1.10; 95% Cl 1.02 to 1.18 versus RR 1.04; 95%
Cl10.98 to 1.11). No significant adverse events were reported
and there was no significant difference in the drop-out and
recurrence rate for the two treatment groups and for groups

Total symptom score (TSS) was im- No statistical Ib
proved (nasal congestion, facial pain,  difference in CT
rhinorrhoea and postnasal drip) outcome

Significant effect. effect measured Not done Ib
as clinical success depending on pa-

tients self-judgment of symptomatic

improvement

Significant effect in congestion, fa- No statistical dif- b
cial Pain, headache and rhinorrhoea.  ference

No significant effect in postnasal in CT outcome

drip

Improvement in cough and nasal Not done Ib
secretion seen at the end of the

second week of treatment in the

BUD group

Significant effect: overall score for No effectonx-ray Ib
global assessment of efficacy was

greater in the group with flunisolide

Significant effect on nasal symp- Mucosal thicken-  ‘lb

toms, facial pain and sensitivity; final
clinical outcome did not differ

ing =no effect

receiving higher doses of intranasal corticosteroids. In the
future, further randomized clinical studies are needed to study
the efficacy and appropriate use of antibiotics and intranasal
corticosteroids as mono- or combined therapy in the treatment
of ARS with different severities.

3.4.3.2. Oral corticosteroids adjunct therapy
The result of a recent Cochrane analysis suggests that oral



corticosteroids as an adjunctive therapy to oral antibiotics are
effective for short-term relief of symptoms (e.g., headache, facial
pain, nasal decongestion and etc.) in ARS (evidence level la) ®'.

Gehanno et al. ' tried 8 mg methylprednisolone three times
daily for 5 days as adjunctive therapy to 10 days treatment

with amoxicillin clavulanate potassium in patients with ARS
(criteria: symptoms < 10 days, craniofacial pain, purulent nasal
discharge with purulent drainage from the middle meatus,
opacities of the sinuses in x-ray or CT scan) in a placebo
controlled study. No difference was seen in therapeutic outcome
at day 14 between the groups (n=417) but at day 4 there was a
significant reduction of headache and facial pain in the steroid
group (Table 3.4.6). In a multicentre study Klossek et al. ©'9
assessed in a double blind, randomised study in parallel groups
the efficacy and tolerance to prednisone administered for 3
days in addition to cefpodoxime in adult patients presenting
with an ABRS (proven by culture) with severe pain. The
assessments made during the first 3 days of treatment showed
a statistically significant difference in favour of the prednisone
group regarding pain, nasal obstruction and consumption of
paracetamol (Table 3.4.6). There was no difference between

the two groups after the end of the antibiotic treatment. The
tolerance measured throughout the study was comparable
between the two groups. Pain is significantly relieved during
treatment with prednisone but after 10 days on antibiotics there
was no difference between the two groups.

The long-term use of systemic steroids bears the well-
recognized risk of these drugs. Since evidence on the use of
corticosteroids in patients with ARS is scarce, high-quality
trials assessing the efficacy of systemic corticosteroids both
as an adjuvant and a monotherapy in the primary care setting
should be initiated to provide a more definite answer on their
use. These trials should report both short-term (< two weeks)
and long-term (> two weeks) effects as well as information on
relapse rates and adverse events ¢4,

3.4.3.3. Prophylactic treatment of recurrent episodes
In a study by Puhakka et al. ®'”, fluticasone propionate (FP,

200 pg four times daily) or placebo were used for 6 days in 199
subjects with an acute common cold, 24-48 hours after onset
of symptoms, to study the preventive effects of FP on risk for
development of ARS. Frequency of sinusitis at day 7 in subjects
with a positive culture of rhinovirus in nasopharyngeal aspirates,
based on x-ray, was 18.4% and 34.9% in FP and placebo group
respectively (p=0.07) thus indicating a non-significant effect of
FP. Indeed, there is very low evidence for a prophylactic effect
of nasal corticosteroids in prevention of recurrence of ARS
episodes.
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3.4.4. Other treatments

A large number of trials and Cochrane reviews are performed
in viral rhinosinusitis. In general the studies are of low quality
making clear recommendations difficult.

3.4.4.1. Oral antihistamines

There is no indication for the use of antihistamines
(both intranasal and oral) in the treatment of post
viral ARS, except in co-existing allergic rhinitis.

Oral antihistamines are frequently prescribed drugs especially
for mild ARS ©. Antihistamines are standard treatment for
IgE-mediated allergic diseases such as allergic rhinitis, where
histamine (released by mast cells and basophils) is one of the
major effectors of allergic reaction ©'¢3'9, The pathophysiology
of ARS is felt to be secondary bacterial infection due to the
impairment of mechanical, humoral and cellular defences
and epithelial damage caused by viral infection (common
cold) ®. Antihistamines may be marginally more effective at
reducing symptoms of runny nose and sneezing at 2 days in
viral rhinosinusitis 3¢, There is no indication for the use of
antihistamines (both intranasal and oral) in the treatment of
postviral ARS, except in co-existing allergic rhinitis.

3.4.4.2. Nasal decongestants

Nasal decongestants are commonly applied in the treatment

of ARS in order to decrease congestion and in the hope of
improving better sinus ventilation and drainage, as well as to
provide symptomatic relief of nasal congestion. Experimental
trials on the effect of topical decongestants by CT 22 and MRI
scans 2" on ostial and ostiomeatal complex patency have
confirmed marked effect on reducing congestion of inferior and
middle turbinates and infundibular mucosa, but no effect on
ethmoidal and maxillary sinus mucosa. Experimental studies
suggest beneficial anti-inflammatory effect of xylometazoline
and oxymetazoline by decreasing nitric oxide synthetase ©22 and
their anti-oxidant action 62

In contrast to previous in vitro trials on the effect of
decongestants on mucociliary transport, a controlled clinical
trial (evidence level Il) by Inanli et al. suggested improvement

in mucociliary clearance in vivo, after 2 weeks of oxymetazoline
application in acute bacterial rhinosinusitis, compared to
fluticasone, hypertonic saline and saline, but it did not show
significant improvement compared to the group where no
topical nasal treatment was given. Also, the clinical course of the
disease between the groups was not significantly different ¢2*-
This is in concordance with previous randomized controlled trial
in adult acute maxillary sinusitis (evidence level Ib), which did
not prove any significant impact of decongestants when added
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to a penicillin treatment regime in terms of daily symptoms
scores of headache and obstruction and sinus x-ray scores ¢,
Therefore, the results of this study suggest that decongestion of
the sinus ostia is not of primary importance during the course of
healing of ARS.

A single dose of a decongestant (oral norephedrine, topical
oxymetazoline, oral pseudoephedrine, nasal xylometazoline

may be marginally more effective than placebo at reducing
congestion at 3 to 10 hours in patients with viral rhinosinusitis'36%),
Decongestant treatment did not prove superior to saline,

when added to antibiotic and antihistamine treatmentin a
randomized double-blind placebo-controlled trial for acute
paediatric rhinosinusitis (evidence level Ib) 29, However,

a double blind, randomized, placebo controlled trial
demonstrated a significant protective effect of a 14-day course
of nasal decongestant (combined with topical budesonide after
7 days) in the prevention of the development of nosocomial
maxillary sinusitis in mechanically ventilated patients in the
intensive care unit. . Radiologically confirmed maxillary
sinusitis was observed in 54% of patients in the active treatment
group and in the 82% of the controls, respectively, while
infective maxillary sinusitis was observed in 8% and 20% of the
groups, respectively 2, Clinical experience, however, supports
the use of the topical application of decongestants to the
middle meatus in ARS but not by nasal spray or nasal drops
(Evidence level IV).

Recently, a systematically review (Cochrane analysis) of the
efficacy of decongestants, antihistamines and nasal irrigation

in children with clinically diagnosed ARS was reported 2%, Of
the 402 studies found through the electronic searches and
handsearching, none met all the inclusion criteria (any one of
these drugs versus placebo or no medication). It concludes that
no evidence to determine whether the use of antihistamines,
decongestants or nasal irrigation is efficacious in children with
ARS.

In another Cochrane review the effectiveness of antihistamine-
decongestant-analgesic combinations in reducing the duration
and alleviating the symptoms of the common cold in adults
and children was assessed. The authors included 27 trials (5117
participants) of randomised controlled trials investigating

the effectiveness of common cold treatments. Fourteen trials
studied antihistamine-decongestant combinations. The authors
conclude that current evidence suggests that antihistamine-
analgesic-decongestant combinations have some general
benefitin adults and older children (recommendation A). They
recommend to weighed the benefits against the risk of adverse
effects. They found is no evidence of effectiveness in young
children (1363,

3.4.4.3. Nasal or antral irrigation

Nasal irrigation with saline solution has a limited
effect in adults with ARS.

Nasal irrigation is a procedure that rinses the nasal cavity with
water, isotonic or hypertonic saline solutions. Other synonyms
have also been used in the literature such as nasal douche, wash,
or lavage. A number of randomized controlled trials have tested
nasal and antral irrigation with isotonic or hypertonic saline in
the treatment of ARS and CRS. Although saline is considered as
a control treatment itself, patients in these randomized trials
were assigned to different modalities of application of saline or
hypertonic saline, or hypertonic compared to isotonic saline.
The results between the groups were compared. Most of them
offer evidence that nasal washouts or irrigations with isotonic
or hypertonic saline are beneficial in terms of alleviation of
symptoms. Hypertonic saline is preferred to isotonic saline in
the treatment of rhinosinusitis by some authors in the USA,
mostly based on a paper indicating that it significantly improves
nasal mucociliary clearance measured by saccharine testing in
healthy volunteers ©29,

A randomized trial (Ib) by Adam et al. 3% with two controls
compared hypertonic nasal saline to isotonic saline and no
treatment in 119 patients with common cold and ARS (which
were the majority). Outcome measures were subjective nasal
symptoms scores (congestion, secretion, headache) at day-3,
day-8/-10 and the day of symptom resolution. Rhinosinusitis
patients (98%) were also treated with antibiotics. There was no
difference between the groups and only 44% of the patients
would use the hypertonic saline spray again. Thirty-two percent
noted burning, compared with 13% of the normal saline group.

Antral irrigation did not offer significant benefit when added

to standard 10-day antibiotic treatment in (4 antibiotics+
decongestants vs. antral washouts; 50 patients per group) ARS,
demonstrating approximately 5% better cure rate in each group

for washouts than for decongestants, which was not significant
(331)

More recently, a review of the Cochrane data from randomised
controlled trials (3 RCTs with 618 participants) comparing
topical nasal saline treatment to other interventions in adults
and children with clinically diagnosed acute URTIs (common
cold and rhinosinusitis) has been reported. Most results showed
no difference between nasal saline treatment and control.
However, there was limited evidence of benefit with nasal saline
irrigation in adults. One study showed a mean difference of 0.3
day (out of eight days) for symptom resolution, but this was not



significant. Nasal saline irrigation was associated with less time
off work in one study. Minor discomfort was not uncommon and
40% of babies did not tolerate nasal saline drops 32,

Another systematic review of literature was performed to
determine whether nasal douching is effective in the treatment
of ARS and in preventing recurrent upper respiratory tract
infections. The results showed that nasal douching with saline
solution has a limited effect in adults with ARS (level of evidence
la). It is effective in children with ARS in addition to the standard
medication (level of evidence Ib) and can prevent recurrent
infections (level of evidence llb) 33

3.4.4.4. Heated, humidified air

Heated, humidified air has long been used by sufferers of the
common cold. The theoretical basis is that steam may help
congested mucus drain better and heat may destroy the
cold virus as it does in vitro. Six trials (394 trial participants)
were included. Three trials in which patient data could be
pooled found benefits of steam for symptom relief for the
common cold (odds ratio (OR) 0.31; 95% confidence interval
(CI) 0.16 to 0.60). However, results on symptom indices were
equivocal. In conclusion steam inhalation has not shown

any consistent benefits in the treatment of the common
cold, hence is not recommended in the routine treatment of
common cold symptoms until more double-blind, randomized
trials with a standardised treatment modality are conducted
(recommendation A(-)) (1364,

3.4.4.5. Physical interventions to interrupt or reduce
the spread of respiratory viruses in viral rhinosinusitis
A cochrane review was performed to systematically review the
effectiveness of physical interventions to interrupt or reduce the
spread of respiratory viruses. The randomized studies suggest
respiratory virus spread can be prevented by hygienic measures,
such as handwashing, especially around younger children. The
incremental effect of adding virucidals or antiseptics to normal
handwashing to decrease respiratory disease remains uncertain.
Case-control studies suggested that implementing barriers to
transmission, isolation, and hygienic measures are effective

at containing respiratory virus epidemics. There was limited
evidence that social distancing was effective especially if related
to the risk of exposure (recommendation A)(3%9),

3.4.4.6. Ipratropium bromide

A Cochrane review was performed to determine the effect of
ipratropium bromide versus placebo or no treatment on severity
of rhinorrhoea and nasal congestion in children and adults with
the common cold. Seven trials (2144 participants). Four studies
(1959 participants) addressed subjective change in severity of
rhinorrhoea. All studies were consistent in reporting statistically
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significant changes in favour of IB. Nasal congestion was
reported in four studies and was found to have no significant
change between the two groups. The authors conclude that
for people with common cold, the existing evidence, which has
some limitations, suggests that Ipratropium bromide is likely to
be effective in ameliorating rhinorrhoea. Ipratropium bromide
had no effect on nasal congestion and its use was associated
with more side effects compared to placebo or no treatment
although these appeared to be well-tolerated and self-limiting
(recommendation A)/136Y,

3.4.4.7. Probiotics

A Cochrane review was performed to assess the effectiveness
and safety of probiotics for preventing acute URTIs. The authors
included 14 RCTs, but only available data to meta-analyse could
be extracted from 10 trials (3451 participants). Probiotics were
better than placebo in reducing the number of participants
experiencing episodes of acute URTIs, the rate ratio of episodes

of acute URTI and reducing antibiotic use (recommendation A)
(1362)

3.4.4.8.Vaccination

Vaccination has no direct effect in treatment of ARS. However,
routine childhood vaccination has affected frequency and
bacteriology of acute otitis media (AOM) and acute bacterial
rhinosinusitis ®*V. It was found that immunization leads to
increase of host's resistance capabilities, decrease of acute
respiratory disease incidence and changes in structure of
complications due to infection #42. In another study, a significant
shift occurred in the causative pathogens of acute maxillary
sinusitis in children in the 5 years after the introduction of
vaccination of children with the 7-valent pneumococcal
vaccine (PCV7) as compared to the previous 5 years. While the
proportion of S. pneumoniae declined by 18%, the proportion
of H. influenzae increased by 8% (%9,

3.4.4.9. NSAID’s, Aspirin or acetominophen

In a multicentre, randomized, double-blind, double-dummy,
placebo-controlled study, 392 patients with URTI received a
single dose of aspirin 500 or 1,000 mg, acetaminophen 500 or
1,000 mg, or matching placebo #4. Significant reductions were
seen in the mean intensity of headache, achiness, and feverish
discomfort with all active treatments (P < 0.001), but not in sinus
sensitivity to percussion or sore throat (evidence level Ib).

A Cochrane review was performed to determine the effects
and adverse effects of NSAID’s versus placebo and other
treatments on the signs and symptoms of the common cold.
The review included nine RCTs, describing 37 comparisons: six
were NSAID's versus placebo, and three were NSAID's versus
NSAID’s (1064 patients with common cold). NSAID’s did not
significantly reduce the total symptom score, or duration of
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colds. However, for outcomes related to the analgesic effects

of NSAID’s (headache, ear pain, and muscle and joint pain)
NSAID’s produced significant benefits. There was no evidence
of increased frequency of adverse effects in the NSAID’s
treatment groups. The authors recommend NSAID’s for relieving
discomfort or pain caused by the common cold 357,

3.4.4.10. Zinc

The Cochrane review Zinc and the common cold included 15
randomized controlled double-blind trials. It was concluded,
that zinc would shorten the duration of the episode of common
cold and also could be used as a prevention so that the risk of
developing an episode of common cold would be decreased. It
is too early to give general recommendations for the use of zinc
as we do not have sufficient knowledge about the optimal dose,
formulation and duration of treatment. Further research should
focus on the effect of zinc in patients who are at increased risk of

developing complications after common cold (recommendation

C) (1352,1356)

3.4.4.11. VitaminC

The role of vitamin C (ascorbic acid) in the prevention

and treatment of the common cold has been a subject of
controversy for many years, but is widely sold and used as
both a preventive and therapeutic agent. A Cochrane study
was performed encompassing thirty trials involving 11,350
study participants in the meta-analysis on the relative risk (RR)
of developing a cold whilst taking prophylactic vitamin C. The
failure of vitamin C supplementation to reduce the incidence of
colds in the normal population indicates that routine mega-
dose prophylaxis is not rationally justified for community

use. But evidence suggests that it could be justified in people
exposed to brief periods of severe physical exercise or cold
environments 3% (Level of evidence la, recommendation C).

3.4.4.12. Mucolytics

Mucolytics are used as adjuncts to antibiotic and/or
decongestant treatment in ARS in order to reduce the viscosity
of sinus secretion. From a recent survey study in France, 45%
patients with acute maxillary sinusitis were prescribed with
mucolytics @, Although some drugs have been shown to
have mucolytic effect and were recommended as adjunct
treatment for ARS, the benefit of such treatment is not clear
due to the lack of standardization in pharmacodynamic and
pharmacokinetic properties of these drugs, and also double-
blinded, placebo-controlled (DBPC) randomized studies to
prove their efficacy.

There is an early RCT study (report in Italian) suggests that
bromhexine is superior to placebo ®*%.n a recent randomized
and DBPC study, the use of erdosteine as a mucolytic agent

in children with ARS does not directly affect the success of
treatment ©3%). In future, more standardization of mucolytics and
larger scale DBPC randomized studies still need to be done in
order to fully assess the efficacy of mucolytics in the treatment
of ARS.

3.4.4.13. Herbal compounds

There are only a few DBPC randomized studies
performed in order to assess the efficacy of
herbal compounds in treatment of ARS, which is
not representative of the full spectrum of herbal
remedies used in the treatment of ARS. More
such studies and meta-analysis are needed in
order to understanding the pharmacodynamic
and pharmacokinetic properties of the active
compound from the herbs and their mechanisms
in treatment of ARS.

Complementary/alternative medicines are extensively used

in the treatment of both ARS and CRS, but evidence-based
recommendations are difficult to propose due to the lack of
randomized controlled trials and methodological problems in
many clinical studies or trials. To date, there are only a few DBPC
randomized studies performed in order to assess the efficacy
of herbal compounds in treatment of ARS (Table 3.4.7), which
is not representative of the full spectrum of herbal remedies
used in the treatment of ARS. Also, the active compounds of
the herbal compounds have not been discovered, purified
and standardized yet. More such studies and meta-analysis
are needed in order to understanding the pharmacodynamic
and pharmacokinetic properties of the active compound from
the herbs and their mechanisms in treatment of ARS. All this
information is necessary to allow us to make an evidence-
based recommendation, and thus we are unable to accept

or reject herbal medicines in the treatment of ARS at present
(recommendation C).

In a Cochrane study, the effect of pelargonium sidoides

(P. sidoides) extract in treatment of acute respiratory tract
infections has been reviewed 3¢, There was only one study

in patients with ARS and another one with the common

cold included in analysis based on the RCT criteria ©37:33%), In
conclusion, P. sidoides may be effective in alleviating symptoms
of ARS and the common cold in adults, but doubt exists 3.

In another DBPC, randomized, multi-centre study (evidence
level Ib), the efficacy of Myrtol standardized (4 capsule of 300
mg/day for 6+2 days) in the treatment of ARS (n=331) was
assessed. The results showed a statistically significant difference
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Table 3.4.7. Treatment with herbal compounds or homeopathic in ARS (DBPC studies).

Authour,

year, ref.

Pfaar,
20‘] 2 (392)

Bachert
2009 (337)

Tesche
2008 (393)

Zabolotny
2007 &9

Friese
2007 (395)

Kehrl
2004 %

Gabrielian
2002 (397)

Federspil
1997 %)

in the improvement of total sinusitis symptoms score, which had

Cyclamen euro-
paeum

EPs 7630, from
Pelargonium
sidoides

Placebo

Cineole

Placebo
(Alternative herb-
al preparation
with five different
components)

Sinfrontal

Placebo

(saline inhalation,
paracetamol and
over-the-counter
medications, but
not antibiotics,
were allowed)

Homeopathic

Placebo

Cineole

Placebo

Andrographis
paniculata fixed
combination Kan
Jang

Placebo

Myrtol standard-
ized

Essential oil
(unregistered)

Placebo

Dose / Duration

Spray once daily for

15 days (adjunct to
Amoxicillin 500mg/8h,
8 days)

Placebo (adjunct to
Amoxicillin 500mg/8h,
8 days)

60 drops, 3 daily, for 22
days

matching placebo

2 capsules (200 mg), 3
daily, for 7 days

Alternative herbal
preparation

22 days

22 days

7 days

7 days
2 capsules (200 mg), 3
daily, for 7 days

matching placebo

Andrographis panicu-
lata extract

85 mg and Kan Jang (10
mg/tab) 4 tab, 3 daily,
for 5 days

matching placebo

4 capsule of 300 mg
daily, for 6£2 days

4 capsule of 300 mg
daily, for 6+2 days

matching placebo

Number

of

patients

48

51

51

52

75

75

57

56

72

72

76

76

95

920

109

110

111

changed by 10.5 and 9.2 points for the treatment with Myrtol

standardized and placebo, respectively 3. A need for antibiotic

treatment after Myrtol was 23%, compared to 40% for placebo.

This drug has been recommended for treatment of ARS and

11

Side effects % Level of

evidence

Effects

Outcomes Data

Change in mean 32423 Nasal burn- Ib
total (better improve ing and mild
ARS symptom pain and endo- epistaxis
scores on Day 7 scopic findings

on Days 7 and

15 as compared

to placebo)

2.7 £2.2
Mean changesin 5.5 Well toler- Ib
sinusitis severity ated
score after 7 days

25
Reduction of Day 4:6.7+3.4 Well toler- Ib
symptom-sum- Day 7: 11£3.0 ated
Srdndy days  Dv4:36:28

:8.0+

of treatment RapEol g
(a) Reduction of (a): 5.8+2.3 Well toler- Ib
sinusitis severity (b): 68.4% ated in both
score at Day 7 e groups
(b) Complete (Z)'. 2'6;1 =
remission at (bi:8Sv
Day 21
Reduction of si- 6.2 Well toler- Ib
nusitis sum score ated in both
atDay 7 0.7 groups
Reduction of si- 12.6 Mild, heart- Ib
nusitis sum score burn and
at Day 7 6.4 exanthema
Reduction in 0.55 Well toler- Ib
individual mean ated
symptom score

0.20
Difference in 10.5 Similar Ib
symptoms score distribution
(the correspond- of undesired
. 10.9 -
ing value) before events in
and after treat- all 3 study
ment 9.2 groups

CRS in the German Society of Oto-Rhino-Laryngology clinical
guidelines 340,

In another Cochrane study the effectiveness and safety of
Chinese herbal medicines for the common cold was evaluated.
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Fourteen studies involving 2440 patients were included. The
methods of all studies were rated of poor quality. Included
studies used “effective drugs” as controls; however, the efficacy
of these control drugs was not reported. In six studies, five
herbal preparations were found to be more effective at
enhancing recovery than the control; and in the other eight
studies, five herbal preparations were shown to be equal to the
control. There was a strong probability of different biases in all of
the included studies. Chinese herbal medicines may shorten the
symptomatic phase in patients with the common cold. However,
because of the lack of high quality clinical trials the authors were
unable to recommend any kind of Chinese herbal preparation
for the common cold 33,

Also a Cochrane study was performed to determine whether
garlic (allium sativum) was effective for either the prevention
or treatment of the common cold, when compared to placebo,
no treatment or other treatments. There was only one relevant
trial that suggested that garlic may prevent occurrences of the
common cold, but the authors recommended more studies

to validate this finding. Claims of effectiveness appear to rely
largely on poor quality evidence (recommendation C)13%9.-

3.4.4.14. Cromoglycate

In a randomized double-blind study, comparison was made
between sodium cromoglycate and placebo (saline) given

as nasal sprays, to control symptoms of post-catarrhal
hyperreactive rhinosinusitis 5*%. There was an improvement

in symptoms in about 50% of the patients in each treatment
group, but no significant differences between these two
treatments in rhinopharyngeal symptomes, ultrasonic scanning
of mucosal thickness in the maxillary sinus, or in the patients’
evaluation of rhinitis symptoms (evidence level Ib -).

3.4.4.15. Echinacea

There are 10 RCTs performed on the efficacy on Echinacea

of wich 5 found that echinacea significantly reduced overall
symptom score compared with placebo and 5 RCTs found no
significant difference between groups. The weakness of trial
methods and differences in interventions make it difficult to
draw conclusions about effectiveness (recommendation C)!'36%),

3.4.4.8.4. Other Studies without evidence

The is no evidence from RCTs or DBPC studies for other
treatments such as anti-mycotics, bacterial lysates, capsaicin,
furosemide, proton pump inhibitors, increased fluid intake 1369
and anti-leukotrienes in ARS.

3.5. Complications of ARS

Summary

Orbital, intracranial, and osseous complications of ARS
represent rare but potentially serious clinical events. Periorbital
complications include preseptal cellulitis, orbital cellulitis,
subperiosteal, and intraorbital abscess and their prompt
recognition and management (including i.v. antibiotics and
drainage, as required) is vital in order to avoid long-term
sequelae. Intracranial complications include epidural or
subdural abscesses, brain abscess, meningitis, encephalitis,
and superior sagittal and cavernous sinus thrombosis. They
may present with non specific signs and symptoms and

their diagnosis requires a high index of suspicion. Osseous
complications result from osteomyelitis of the facial skeleton
associated with the progress of inflammation and may present
as Potts Puffy tumour or a frontocutaneous fistula.

3.5.1. Introduction

In the pre-antibiotic era, complications of rhinosinusitis
represented common and dangerous clinical events. Today,
thanks to more reliable diagnostic methods (CT, MRI), improved
surgical techniques and the wide range of available antibiotics,
their incidence and related mortality have dramatically
decreased. In some cases however, if sinus infection is untreated
or inadequately treated, complications can still develop %2,
Complications of rhinosinusitis are classically defined as

orbital, osseous, and endocranial 2 though rarely some unusual
complications can develop (Table 3.5.1) (398402,

3.5.2. Epidemiology of complications

The incidence of ARS complications is approxima-
tely 3 per million of population per year and is not
reduced by antibiotic prescription

Epidemiological data concerning the complications of
rhinosinusitis vary widely and there is no consensus on the
exact prevalence of the different types of complications.
Moreover, the relationship between ARS or CRS and the various
complications is not clearly defined in the literature. In patients
hospitalised with sinusitis, the reported rate of complications
varies from 3.7%8 to 20% 9, although, by selecting for severe
sinus disease, these series clearly overestimate the incidence

of complications. Complications are typically classified as

orbital (60-75%), intracranial (15-20%) and osseous (5-10%)

“03) Qverall, sinus disease is the presumed underlying cause of
about 10% of intracranial suppuration 445 while sinus disease
is related to 10% (preseptal cellulitis) to 90% (orbital cellulitis/
supberiosteal abscess/intraorbital abscess) periorbital infections
“06) What is perhaps more clinically relevant is the incidence of



Table 3.5.1. Epidemiological data of complications in ARS.

Author, year, Country Disease Patients

ref.

Piatt USA —National in-  Children ARS 695
2011 @0 patient database
(1997, 2000, 2001,
2003, 2006)
Hansen Netherlands (Na- Adults / ARS 48
2011 @2 tional database children
-2004)
Babar-Craig UK - national Adults ARS 78
2010 52 questionnaire and Chil-
dren
Stoll France (2001- Adults ARS 43 (30
2006 “14 2003) and ado- in12
lescents months)
Oxford USA Children ARS/ 104
2005 “on CRS
Younis USA Adults ARS/ 82
2002 “o8) and Chil- CRS
dren
Ogunleye Nigeria adults ARS/ 33
2001 @09 CRS
Eufinger Germany adults/ ARS 25
2001 @19 children
Mortimor South Africa Adults / ARS/ 63
1997 1 Children CRS

N/A, not applicable.

complications in patients with acute rhinosinusitis and in the
population as whole (Table 3.5.1).

Four studies (attempted to) collect nationwide or large-scale
data: Hansen et al %32, reported 48 ARS complications in 2004 in
the Netherlands, corresponding to an incidence of 3 per million
of population per year (or approximately 1 per 12,000 ARS
episodes in children and 1 per 36,000 episodes of ARS in adults).
Very similar results were reached by a US study *" which
recorded an annual incidence of intracranial complications in
children between 2.7 and 4.3 per million per year. A French
study with a 12 million catchment area recorded a yearly
incidence of 2.5 ARS complications per million of population,
excluding paediatric patients “'%. In almost all studies males
are significantly more frequently affected than females 23".232
4122 and ARS was more often the precipitating factor in children,
while CRS with or without NP was more important in adults
@11.443) |n all studies, the commonest complications were

orbital appearing at least twice as often as intracranial with
osseous being the least common #2410411) There was a clear
seasonal pattern of complications, mirroring the incidence of
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Incidence of compli- Orbital Intra- Bone  Soft tissue
cations (per million cranial
population per year)

27-43
(48/16.3 million=) 67% 33%
3 (1:12,000 ARS (32) (16)

episodes - children,
1:32,000 - adults)

N/A 76% 9% 5%
(30/12 million=) 35% 37% 18%
25 (15) (16) (8)
N/A 91% 16% 3%
(95) (7 (3)
N/A 53% 46% (38) 3%
(43) (2)
N/A 41% 5% 32% 18%
(13) (2) (11) (6)
N/A 88% 20%
(22) (5)
2 pt. had
both)
N/A 81% 13% 10% 24%

(51) (8) (6) (15)

URTIs and appearing more often during winter months 23",
While orbital complications tend to occur primarily in small
children, intracranial complications can occur in any age,

with predilection for the second and third decade of life ®>
413 It is important to note that both the Dutch study ?*? and
the study by Babar-Craig 2, which was based on returned
questionnaires by members of the British Rhinology Society
and probably underestimated the incidence of complications,
showed that prescribing of antibiotics for ARS does not prevent
the occurrence of complications. These facts, together with
the risk of antibiotic resistance and of masking intracranial
complications argue strongly against the routine use of
antibiotics in ARS.

The commonest complications of ARS are
orbital, appearing approximately twice as often
than intracranial and followed by osseous
involvement.

43
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Table 3.5.2. Orbital complications of ARS.

Subperiosteal/intraorbital abscess 56% (36) Presep-

Preseptal cellulitis 36% (46) Orbital cellulitis 44%

(NB: Classification used makes comparisons prob-

Study author, year N Age Type of complications
Huang 64 Children
2011 “19 tal/orbital cellulitis 44% (28)
Georgakopoulos 83 Children Preseptal cellulitis 83% (69)
2010 “27 Orbital cellulitis 12% (10)
Subperiosteal abscess 5% (4)
Siedek 127 Adults and children
2008 “4 (56)
Subperiosteal abscess 6% (8)
Intraorbital abscess 14% (17)
lematic)
Eviatar 52 Children Preseptal cellulitis 92% (48)
2008 “36) Subperiosteal abscess 8% (4)
Mekhitarian 2007 25 Children Preseptal cellulitis 96% (24)
@17) Subperiosteal abscess 4% (1)
Oxford 2006 “4" 43 Children Subperiosteal abscess 100% (43)
Mortimor 51 Adults and children Preseptal cellulitis 55% (28)
1997 411 Orbital cellulitis 10% (5)

Subperiosteal abscess 33% (17)

Management

IV abx only: 53% (34)
Medical and surgical: 47% (30)

Medical only: 95% (79)
Surgical and medical: 5% (4)

Medical only:51% (65)
Surgical: 49% (62)

Medical : 98% (51)
Surgical: 2% (1)

Medical: 92% (23)
Surgical: 8% (2)

Medical: 42% (18)
Surgical: 58% (25)

Not stated

Intraorbital abscess 2% (1)

3.5.3. Orbital complications of ARS (Table 3.5.2)
3.5.3.1. Classification

The most common complications of rhinosinusitis are orbital,
and they are associated in order of decreasing frequency with
the ethmoid, maxillary, frontal and rarely the sphenoid sinus 3>
410414417 The spread of infection directly via the thin and often
dehiscent lamina papyracea “'% or by veins “'® occurs with
relative ease. It is important to note that orbital complications in
children may occur without pain 49,

According to Chandler’s classification orbital complications may
progress in the following steps “%3):

«  (preseptal cellulitis),

« orbital cellulitis,

«  subperiosteal abscess,

. orbital abscess, and

«  (cavernous sinus thrombosis)

Although this classification is the most commonly used, it does
present some problems: The orbital septum is the anterior limit
of the orbit, hence “preseptal cellulitis” should be classified

as an eyelid, rather than an orbital infection, as suggested by
Velasco e Cruz ¥ and Voegels “*". Indeed, preseptal cellulitis
is infrequently associated with sinusitis and its clinical picture,
its management and its prognosis differentiate it from all
other orbital infections “??. Orbital involvement (“postseptal
cellulitis”) presents with swelling, exophthalmos and impaired,
painful extra-ocular eye movements with diplopia- all (beyond
swelling) features that do not exist in preseptal cellulitis and
differentiate it from true orbital involvement “2),

44

Additionally, cavernous sinus thrombosis as suggested by
Mortimer already in 1997 “'Vis an intracranial complication
and not necessarily the end stage of orbital infection, while it is
more often associated with sphenoid “*¥ rather than ethmoid or
frontal sinus infection, which are the most common sources of
infection in orbital cellulitis.

Periorbital or orbital cellulitis may result from direct or vascular
spread of the sinus infection. As the spread of sinus infection
through the orbit follows a well-described pattern, the initial
manifestations are oedema and erythema of the medial
aspects of the eyelid. Spread of infection from the maxillary or
frontal sinus produces swelling of the lower or upper eyelid,
respectively 42,

The advice of an ophthalmologist should always
be sought and objective assessment of proptosis
(exophthalmometer), orbital pressure (tonometer),
visual acuity, colour vision and eye movements
should always be clearly documented “'7)

3.5.3.2. Preseptal cellulitis

Preseptal cellulitis (inflammation of the eyelid and conjunctiva)
“28involves the tissue anterior to the orbital septum and

is readily seen on CT scan as soft tissue swelling. It occurs

often as a complication of upper respiratory tract infection,
dacryocystitis or skin infection and less often sinusitis #2439

and it presents with orbital pain, eyelid oedema, erythema and
(sometimes) fever. Typically there is no associated proptosis and
no limitation of eye movement, although this may be difficult to



assess especially in small children #32, Preseptal cellulitis usually
responds to an oral antibiotic but if not aggressively treated,
may spread beyond the orbital septum “3". In most cases,
preseptal cellulitis is a clinical diagnosis and does not mandate a
CT scan 422,

3.5.3.3. Orbital cellulitis

Unlike preseptal cellulitis, orbital cellulitis, orbital abscess and
subperiosteal abscess all occur more often as complications

of acute rhinosinusitis “#42%432_As the inflammatory changes
involve the orbit, proptosis develops together with some
limitation of ocular motion, indicating orbital cellulitis. Typical
signs are conjunctival oedema (chemosis), a protruding eyeball
(proptosis), ocular pain and tenderness, as well as restricted and
painful movement of the extraocular muscles “11:433.434),

This complication requires aggressive treatment with
intravenous antibiotics, as well as the exclusion of subperiosteal
or intraorbital abscess.

Any child with proptosis, reduced or painful eye movement
(ophthalmoplegia), or decreased visual acuity (initially
manifesting itself with reduced green/red colour discrimination)
should have a CT scan with i.v. contrast of the sinuses with
orbital detail to distinguish between orbital cellulitis and
intraorbital or subperiosteal abscess. If a concomitant
intracranial complication is suspected or in cases of uncertainty,
MRI can provide valuable additional information “35-437_ All

three conditions (orbital cellulitis, subperiosteal and intraorbital
abscess) cause proptosis and limited ocular movement.
Evidence of an abscess on the CT scan, progressive orbital
findings or vision (especially colour vision) impairment

after initial i.v. antibiotic therapy are indications for orbital
exploration and drainage. Repeated ophthalmologic
examinations of visual acuity should take place and i.v. antibiotic
therapy may be converted into oral when the patient has been
afebrile for 48 hours and the ophthalmological symptoms and

signs are resolving 43,

3.5.3.4. Subperiosteal and orbital abscess

A Subperiosteal abscess forms between the periorbita and the
sinuses and is extraconal - i.e. is located outside the ocular
muscles. The clinical features of a subperiosteal abscess are
oedema, erythema, chemosis and proptosis of the eyelid

with limitation of ocular motility and as a consequence

of extra-ocular muscle paralysis, the globe becomes fixed
(ophthalmoplegia) and visual acuity diminishes. In most series,
high fever and raised leucocyte count as well as left turn were
strongly associated with (subperiosteal or intraorbital) abscess

formation 39,
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An orbital abscess is intraconal (contained within the space
defined by the ocular muscles) and generally results from
diagnostic delay or immunosuppression of the patient “*? with a
frequency of between 13% “'9 and 8.3% “*”) in paediatric studies
of orbital complications.

In case of orbital complications, clinical or
radiological evidence of an abscess or lack of
clinical improvement after 24-48 hours of i.v.

antibiotics are indications for prompt surgical
exploration and drainage, preferably endoscopic.

Investigations. A CT scan of the sinuses with orbital sequences
may help to distinguish between cellulitis and orbital or
subperiosteal abscess. In the case of a subperiosteal abscess
the CT usually reveals oedema of the medial rectus muscle,
lateralization of the periorbita, and displacement of the globe
downward and laterally. When the CT scan shows obliteration
of the detail of the extraocular muscle and the optic nerve

by a confluent mass, the orbital cellulitis has progressed to

an intraorbital abscess, in which there is sometimes air due

to anaerobic bacteria. The predictive accuracy of a clinical
diagnosis has been found to be 82% and the accuracy of CT
91%. MRI may be useful in cases of diagnostic uncertainty or
when intracranial complications are suspected “08 441.442),

Table 3.5.3. Indications for surgical intervention in orbital complications
of ARS

1. Evidence of subperiosteal or intraorbital abscess in CT or MRI
(with potential exceptions stated above).

2. Reduced visual acuity/reduced colour vision/affected afferent
pupillary reflex or inability to assess vision.

3. Progressing or not improving orbital signs (diplopia, oph-
thalmoplegia, proptosis, swelling, chemosis) after 48 hours
intravenous antibiotics .

4.  Progressing or not improving general condition (fever, infection
parameters) after 48 hours of intravenous antibiotics.

Management. Evidence of an abscess on the CT scan or absence
of clinical improvement after 24-48 hours of i.v. antibiotics

are indications for orbital exploration and drainage “3. An
ophthalmologist should check visual acuity from the early
stages of the illness. Intravenous antibiotic therapy should
cover aerobic and anaerobic pathogens. It can be converted to
an oral preparation when the patient has been afebrile for 48
hours “39), Current consensus states that preseptal and orbital
cellulitis should be treated with antibiotics while subperiosteal
and intraorbital abscesses require surgical exploration (which
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should include not just the drainage of the abscess but also

of the paranasal sinuses “*?, In such cases, the consensus is to
attempt to drain the abscess endoscopically by opening the
lamina papyracea and draining the abscess after completing an
endoscopic ethmoidectomy. External approaches to lateral and
medial orbital abscesses are also used if necessary (Table 3.5.3).

However, there have been a number of recent studies showing

good outcomes with i.v. antibiotics in small children with

subperiosteal abscesses #3%44%443) |n such cases, and provided

thereis:

«  clear clinical improvement within 24-48 hours,

«  nodecrease in visual acuity,

«  small (<0.5-1 ml in volume) medially located subperiosteal
abscess,

«  nosignificant systemic involvement,

«  patient’s age is less than 2-4 years,

there can be an argument for withholding surgical drainage “*.

Prognosis — Follow up. Blindness may result from central retinal
artery occlusion, optic neuritis, corneal ulceration, or pan-
ophthalmitis. Sepsis not infrequently can spread intracranially as
well as anteriorly into the orbit 234,

3.5.4. Endocranial complications

Intracranial complications may present with
non-specific symptoms and signs (high fever,
headache, lethargy, reduced consciousness)
or with focal neurologic or increased intracranial
pressure signs

These include epidural or subdural abscesses, brain abscess,
meningitis, cerebritis, and superior sagittal and cavernous sinus
thrombosis (231,404,412,417,435, 444).

The clinical presentation of these complications can be non-
specific, being characterized simply by high fever with severe,
intractable headache, or even be silent ' 442, The majority
however, usually presents with more specific signs and
symptoms that suggest intracranial involvement, such as nausea
and vomiting, neck stiffness and altered mental state @3 41"
412,440,445 |ntracranial abscesses are often heralded by signs of
increased intracranial pressure, meningeal irritation, and focal
neurologic deficits, including third, sixth or seventh cranial
nerve palsies @' 423 440 Although an intracranial abscess can
be relatively asymptomatic, subtle affective and behavioural
changes often occur showing altered neurologic function,
altered consciousness, gait instability, and severe, progressive
headache 31446,

Endocranial complications are most often associated with
frontoethmoidal or sphenoid rhinosinusitis #'?- Infections can
proceed from the paranasal cavities to the endocranial structures
by two different routes: pathogens, starting can pass through
the diploic veins to reach the brain; alternatively, they can
reach the intracranial structures by eroding the sinus bones or
haematologically “4,

All cerebral complications start as encephalitis, but as necrosis
and liquefaction of brain tissue progresses, a capsule develops
resulting in brain abscess. Studies show a high incidence of
anaerobic organisms or mixed aerobic-anaerobic in patients with
CNS complications (Table 3.5.4).

A CT scan with contrast is essential for diagnosis as it allows an
accurate definition of bone involvement. MRl is increasing being
utilised, being more sensitive than CT #¥, as well as have an
additional value in cavernous sinus thrombosis “'%* where an
MRI may be necessary “® or in cases with soft tissue involvement.
Moreover, if meningitis is suspected, a lumbar puncture could
be useful “ but only after the exclusion of an abscess using
imaging.

High dose long-term i.v. antibiotic therapy followed by burr hole
drainage, craniotomy or image guided aspiration as needed,
are usually required for successful treatment “*" 42, Combined
drainage of the paranasal sinuses (often the frontal sinus) can be
performed endoscopically “#" albeit is in no way as a substitute
for the drainage of the intracranial abscess “#. Pathogens
most commonly involved in the pathogenesis of endocranial
complications are Streptococcus and Staphylococcus species
and anaerobes 04451,

3.5.5. Cavernous sinus thrombosis

When the veins surrounding the paranasal sinuses are affected,
further spread can lead to cavernous sinus thrombophlebitis
causing sepsis and multiple cranial nerve involvement “",
Such a complication has been estimated at 9% of intracranial
complications “#4% and is a fortunately rare and dramatic
complication of ethmoidal or sphenoidal sinusitis “5.,

The main symptoms are bilateral lid drop, exophthalmos,
ophthalmic nerve neuralgia, retro-ocular headache with deep
pain behind the orbit, complete ophthalmoplegia, papilloedema
and signs of meningeal irritation associated with spiking fevers
and prostration “*), Full blood count may show increased white
blood cell count with neutrophilia and polymorphotcytosis, while
lumbar puncture may show non specific meningeal inflammation
and blood cultures will help to culture the offending organism

(445)

The cornerstone of diagnosis is MR venogram, demonstrating



Table 3.5.4. Endocranial complications in ARS (studies including more than 10 patients).

Author, year, ref.

Complications

Mortality /
further defects
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Hansen 2011 232

DelGaudio 2010 “47

Bayonne 2009 “12

Germiller 2006 “4®

Quraishi 2006 “4

Oxford 2005 “07)

Younis 2002 “0®

Jones 2002 40

Albu 2001 “49

Gallagher 1998 “4)

Clayman 1991 “13)

absence of venous flow in the affected cavernous sinus.
High-resolution CT scan with contrast can also show filling
defects. A mortality rate of 30% and a morbidity rate of 60%
remain in the adult population. No data are available for the
paediatric population in which the mortality rate for intracranial
complications is 10% to 20% “*¥. The use of anticoagulants in

16

23

25

25
(mean age 13y)

12
(mean age 14y)

18

(mean age 12y)

39

47

16

15

24

9 subdural empyema

3 meningitis

2 epidural abscess

2 intracerebral abscess

1 encephalitis

1 superior sagittal sinus thrombosis

8 epidural

10 subdural

2 intracerebral abscesses
3 meningitis

Epidural abscesses

Subdural abscesses

Meningitis

13 epidural abscesses

9 subdural abscesses

6 meningitis

2 encephalitis

2 intracerebral abscess

2 cavernous sinus thrombophlebitis

2 frontal lobe abscess

8 subdural abscess

1 subdural abscess 1

2 cavernous sinus thrombophlebitis 2

7 epidural abscess

6 subdural abscess

2 intracerebral abscess

2 meningitis

1 cavernous sinus thrombosis

7 epidural abscess

4 subdural abscess

21 meningitis

4 intracerebral abscess

1 superior sagittal sinus thrombosis

Subdural abscess 38%
Meningitis 2%

Epidural abscess 23%
Intracranial abscess 30%

6 meningitis

6 frontal lobe abscess

5 epidural abscess

4 subdural abscess

2 cavernous sinus thrombosis

Meningitis 18%
Cerebral abscess 14%
Epidural abscess 23%

Meningitis 29%

Cerebral abscess 46%

Epidural abscess

Subdural abscess 8%
Cavernous sinus thrombosis 8%
Sagittal vein thrombosis 4%
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Mortality 19%
Morbidity 19%

Mortality 4%
Morbidity 12%

Sequelae 16%
Mortality 0%

Morbidity 8%
Mortality 4%

Mortality 8%
Morbidity 16 %

No mortality
Morbidity 11%

Sequelae 10%
No mortality

Mortality 2%
Morbidity 19%

Mortality 6%
Morbidity 25%

Mortality 7%
Morbidity 13%

Mortality 4%
Morbidity 33%

always the sphenoid) is indicated.

these patients remains controversial “* but is probably indicated
provided imaging shows no evidence of any intracerebral
haemorrhagic changes “%. Steroids may help to reduce
inflammation and are likely to be helpful, administered with
concomitant antibiotics. Drainage of the offending sinus (almost
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3.5.6. Bone complications

Sinus infection can also extend to the bone producing
osteomyelitis and eventually involving the brain and nervous
system. Even if the most frequent intracranial spread is due

to frontal sinusitis, any sinus infection can lead to such a
complication “?*. The most common osseous complications are
osteomyelitis of the maxillary (typically in infancy) or frontal
bones %9,

As vascular necrosis results from frontal sinus osteitis, an
osteomyelitis of the anterior or posterior table of the frontal
sinus is evident. On the anterior wall it presents clinically with
“doughy” oedema of the skin over the frontal bone producing
a mass (Pott’s puffy tumour) whereas from the posterior wall
spread occurs directly or via thrombopbhlebitis of the valveless
diploic veins leading to meningitis, peridural abscess or brain
abscess “?9, The infection can proceed anteriorly by breaching.

In this context, Gallagher “** reviewed the files of 125 patients
with complicated rhinosinusitis and found that osteomyelitis
developed in about 9% of cases. The sinus walls were affected

in 32% of patients in Ogunleye’s data “*. Lang in 2001 recorded
10 cases of subdural empyema in adults and children secondary
to frontal sinus infection: among them four had Pott’s puffy
tumour and one had periorbital abscess “9,

Signs and symptoms of intracranial involvement are soft tissue
oedema (especially of the superior lid), high fever, severe
headache, meningeal irritation, nausea and vomiting, diplopia,
photophobia, papillary oedema, coma and focal neurological
signs. Ocular signs can appear contra laterally. Contrast-
enhanced CT scan confirms the diagnosis. A lumbar puncture,
though contraindicated if intracranial pressure is elevated, can
also be useful.

Therapy includes a combination of i.v. broad-spectrum
Table 3.5.5. Unusual complications of ARS.

Study
Author, Year

Complication

Mirza 2001 ©%
Patel 2003 ¢*?

Park 2010 #57
Gradoni 2010 “®

Lacrimal gland abscess

Orbital hematoma

Nasal septal abscess

Sethi 459
Sibbery 1997 “0 Nasal septal perforation
Wu 2008 “6" Frontocutaneous fistula

Laurens 2008 “? Clival osteomyelitis with VI nerve

palsy

Righini 2009 “63 Acute ischemic stroke

Rimal 2006 “ Septicaemia
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antibiotics administration and surgical debridement of
sequestered bone and drainage “?),

Management of ARS complications is always
multidisciplinary — the advice of an
ophthalmologist in cases of orbital involvement
and of neurologist/neurosurgeon in intracranial
involvement is mandatory

3.5.7. Unusual complications of rhinosinusitis

3.5.8. Follow-up of complications

It is important to note that some complications may
occasionally appear simultaneously (for example Potts Puffy
tumour and intracranial extension, orbital and intracranial
complications). A follow up of such patients for a minimum of 6
months is advised, in order to monitor for complete resolution
of disease as well as exclude disease recurrence or any
complication of treatment.

3.6. Paediatric ARS

Summary

ARS in children is a common entity that usually occurs in the
context of an upper respiratory viral illness. In the children
where this illness is not self-limited and extends beyond

7-10 days, many agree that a bacterial infection is likely. The
diagnosis is mostly based on history of symptoms and their
duration as well as physical findings. In most cases this is a
self-limited process but, treatment with antibiotics seems to
accelerate resolution. Whether this benefit outweighs the risks
associated with frequent antibiotic prescriptions remains to
be clarified. Intranasal steroids might be useful adjuncts to
antibiotics in the treatment of ARS and very limited evidence
in older children suggests that they may be useful as a single
agent in the treatment. Ancillary therapy in the form of nasal
irrigations, antihistamines, decongestants, or mucolytics have
not been shown to be helpful.

3.6.1. Definition of ARS in children

ARS is most often viral in aetiology and
self-limited.

Acute rhinosinusitis in children is defined as the sudden onset
of two or more of the symptoms (discoloured nasal discharge,
nasal blockage/obstruction/ congestion, cough at daytime and
night-time) for less than 12 weeks, with validation by telephone
or interview. Symptom free intervals may exist if the problem is
recurrent.



As in adults, common cold / viral ARS is defined as duration

of symptoms for less than 10 days; post-viral ARS as increase

of symptoms after 5 days or persistent symptoms after 10

days; and suggestive of ABRS when are present at least 3
symptoms/signs among discoloured discharge (with unilateral
predominance) and purulent secretion in cavum nasi, severe
local pain (with unilateral predominance), fever (>38°C),
elevated ESR/CRP, and double sickening (i.e. a deterioration after
an initial milder phase of illness) (see also chapter 2).

3.6.2. Paranasal Sinus Development

Not all sinuses are well developed at birth. The frontal sinuses
are indistinguishable from the anterior ethmoid cells and they
grow slowly after birth so that they are barely seen anatomically
at 1 year of age. After the fourth year, the frontal sinuses begin
to enlarge and can usually be demonstrated radiographically
in around 20-30% of children at age 6 years “%. Their size
continues to increase into the late teens and more than 85% of
children will show pneumatized frontal sinuses on CT scanning
at the age of 12 years (465). When volume estimates are
generated from examining 3D reconstructions of CT scans, the
volume is around 2 ml around age 10 years and reaches adult
size around age 19 with mean volume after full growth being
3.46 m| 160),

At birth, the ethmoid and maxillary sinuses are the only sinuses
that are large enough to be clinically significant as a cause of
rhinosinusitis. In one study, more than 90% of subjects showed
radiographically visible ethmoid sinuses at birth %%, The
ethmoid sinuses rapidly increase in size until 7 years of age and
complete their growth by age 15-16 years with a mean volume
after full growth averaging 4.51 ml “%®, The maxillary sinuses are
usually pneumatized at birth and the volume in patients at 2
years of age is around 2 ml %%, The sinus grows rapidly reaching
around 10 ml in volume around age 9 years and full growth
volume by 15 years averaging 14.8 ml. Much of the growth

that occurs after the twelfth year is in the inferior direction with
pneumatisation of the alveolar process after eruption of the
secondary dentition. By adulthood, the floor of the maxillary
sinus is usually 4-5 mm inferior to the floor of the nasal cavity.

At birth, the size of the sphenoid sinus is small and is little more
than an evagination of the sphenoethmoidal recess. By the

age of 7 years, the sphenoid sinuses have extended posteriorly

to the level of the sella turcica and over 85% of patients have
pneumatized sphenoid sinuses visualized on CT scanning by age
8 years “%, The sphenoid sinuses exhibit a growth spurt between
6-10 years of age and growth is completed by the age of 15 years
with the mean volume after full growth averaging 3.47 ml “%, By
the late teens, most of the sphenoid sinuses have aerated to the
dorsum sellae and some further enlargement may occur in adults.
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3.6.3. Classification and diagnosis

The clinical diagnosis of ARS in children is challenging related
to the overlap of symptoms with other common childhood
nasal diseases such as viral upper respiratory tract infections
and allergic rhinitis as well as the challenges related to physical
examination. The symptoms are often subtle and the history
is limited to the observations and subjective evaluation by

the child’s parent. Because some younger children might not
tolerate nasal endoscopy, clinicians are sometimes hindered in
their physical examination and have to rely on history and or
imaging studies for appropriate diagnosis.

Symptom profiles of ARS in children include fever (50-60%),
rhinorrhoea (71-80%), cough (50-80%), and pain (29-33%) ©.
In a recent study of 69 children between the ages of 3 and 12
years, ARS was diagnosed by purulent nasal drainage for more
than 7 days and abnormal findings in the maxillary sinuses on
Water's projection. In these children, the most troublesome
symptoms were postnasal drip, nasal obstruction, and cough 7®.
In a mail survey of American general pediatricians, symptoms
thought to be very important in the diagnosis of ARS included
prolonged symptom duration, purulent rhinorrhoea, and nasal
congestion 39,

In children, ARS most often presents as either a severe

upper respiratory tract illness with fever >39°C, purulent
rhinorrhoea and facial pain or, more commonly, as a prolonged
URTI with chronic cough and nasal discharge. In a study of

the relationship between symptoms of acute respiratory
infection and objective changes within the sinuses utilizing
MRI scans, 60 children (mean age=5.7 yrs.) were investigated
who had symptoms for an average of 6 days before scanning
467, Approximately 60% of the children had abnormalities

in their maxillary and ethmoid sinuses, 35% in the sphenoid
sinuses, and 18% in the frontal sinuses. In 26 children with
major abnormalities, a follow up MRI scan taken 2 weeks later
showed a significant reduction in the extent of abnormalities
irrespective of resolution of clinical symptoms. This study
reinforces the notion that, like in adults, every upper respiratory
tract infection is essentially an episode of rhinosinusitis with
common involvement of the paranasal sinuses by the viral
process.

Few viral ARS episodes progress to bacterial ARS.

Despite the lack of good studies, most clinicians and
investigators agree that the diagnosis of bacterial ARS can

be made after a viral URTI when children have persistent URI
symptoms for >10 days without improvement (nasal discharge,
daytime cough worsening at night) or an abrupt increase in
severity of symptoms after initial improvement of symptoms of
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a URT], or a URTI that seems more severe than usual (high fever,

copious purulent nasal discharge, periorbital oedema and pain)
(8,96,468)

In a longitudinal study of 112 children aged 6-35 months,

623 URTIs were observed over a 3-year period and episodes

of sinusitis as defined above were documented by the
investigators ©". Eight percent of the URIs were complicated
by sinusitis, with 29% of the episodes diagnosed because

of an increase in the severity of symptoms before 10 days of
iliness and the remaining diagnosed on the basis of persistent
symptoms beyond 10 days. The occurrence of sinusitis in

the context of URIs was 7% in the 6-11 month age group and

in children over 24 months, and 10% in children who were
12-23 months old. In an older, but similar, study, 159 full

term infants were followed prospectively for a 3 year period
and the frequency of URIs and complicating sinusitis were
evaluated “®, The authors calculated the percentage of children
experiencing symptoms beyond 2 standard deviations from
the mean duration of respiratory symptoms (in days) and took
that as an indicator of ARS. This value varied with age and
ranged between 16 and 22 days. The incidence based on these
assumptions ranged between 4 and 7.3% and was highest for
children in their first year of life and in day care. On average, a
child younger than 5 years of age has 2 to 7 episodes of URTI per
year “7%47 and a child attending day care may have up to 14
episodes per year 472, With the incidence rates reported above,
the number of acute sinusitis episodes in children every year is
sizeable.

Distinguishing between ARS and CRS is based on duration of
illness in both children and adults. ARS is defined by symptoms
lasting <12 weeks with complete resolution of symptoms.
Symptoms lasting =12 weeks without complete resolution of
symptoms are consistent with CRS. A very common clinical
scenario in children presenting to the otorhinolaryngologist’s
office is that of CRS with upper respiratory tract infection-
induced acute exacerbations.

3.6.4. Differential diagnosis

When a child presents with symptoms of ARS as listed above,
the differential diagnosis must include intranasal foreign body
and unilateral choanal stenosis. In these entities, the symptoms
are usually unilateral and can be relatively easily differentiated
clinically from ARS by history and physical examination,
including nasal endoscopy. AR will usually not manifest

with purulent drainage as part of the clinical presentation.
Adenoiditis can have a very similar clinical presentation
including anterior and posterior purulent drainage and cough
and is very relevant in the differential diagnosis in the paediatric
age group. In a study of adenoid size evaluated by MRI in a

patient cohort with no symptoms related to the adenoids or
adenoid disease, adenoid size was larger in the paediatric age
group and declined with advancing age “. Peak size was
between 7 and 10 years of age and largest dimensions were

in the 4-15 years age group. In an attempt to differentiate
between adenoiditis and ARS based on endoscopic findings,
Marseglia and colleagues performed a cross sectional study of
287 consecutive children in whom ARS was suspected based on
symptoms lasting for more than 10 days ?7%. Nasal endoscopy
was performed and the diagnosis of ARS was made if purulent
discharge was identified in the ostiomeatal or sphenoethmoidal
areas, and the diagnosis of adenoiditis was made if there was
purulent drainage over the adenoids. Based on those criteria,
rhinosinusitis was confirmed in 89.2% of the patients and

was isolated in 80.8% and coupled with adenoiditis in 19.2%.
Adenoiditis alone was confirmed in 7% of the cohort. Combined
involvement of the sinuses and adenoids was more frequent

in younger patients (2-5 years age group) whereas isolated
rhinosinusitis was more frequent in older children. Although this
study can be criticized by the manner in which the diagnosis
was made as one would expect drainage from the sinuses to
involve the adenoids as it moves posteriorly in the nose, and the
lack of a more objective measure to diagnose rhinosinusitis such
as a CT scan, the data supports the high coexistence of infection
of the adenoids and the paranasal sinuses in the above clinical
context. It is also evident that based on clinical presentation
alone, the differentiation between adenoiditis and ARS in
children is very difficult.

3.6.5. Bacteriology

Wald et al. studied the bacteriology of ARS in 1981 “74,

They obtained cultures from children with maxillary sinus
opacification documented by Water’s X-ray by means of sinus
taps and found that S. pneumoniae, H. influenzae, and

M. catarrhalis were the organisms most frequently isolated
from maxillary sinus aspirates in these children. Several studies
since then have confirmed that the most common organisms
responsible for bacterial ARS in children are S. pneumoniae,

H. influenza, M. catarrhalis, S. pyogenes, and anaerobes ®. Unlike
the visit rate for acute otitis media in children younger than 18
years, which has decreased between 1998 and 2007 following
the introduction of the heptavalent pneumococcal conjugate
vaccine in the United States, the visit rate for ARS has remained
stable at 11-14 visits per 1000 children %7, In a later study,
Hwang et al performed a retrospective review of all paediatric
patients requiring intervention for ARS over a seven-year period
476 They reported that instead of the common bacteria noted
above, S. viridans was the major culprit in sinus cultures. Brook
et al. found anaerobic bacteria in acute infections as well,
however, these organisms are most frequently seen in maxillary
CRS due to odontogenic causes. The predominant anaerobic



bacteria were gram-negative bacilli such as Peptostreptococcus
and Fusobacterium @77:478),

3.6.6. Diagnostic Workup

A complete physical exam should follow a carefully obtained
medical and family history. The nasal exam in children

should begin with anterior rhinoscopy examining the middle
meatus, inferior turbinates, mucosal character, and presence
of purulent drainage. This is often accomplished easily using
the largest speculum of an otoscope, or alternatively, a head
light and nasal speculum. Topical decongestion may be used
to improve visualization. Nasal endoscopy that will allow
superior visualization of the middle meatus, adenoid bed, and
nasopharynx is strongly recommended in children who are able
to tolerate the examination. An oral cavity exam may reveal
purulent postnasal drainage, cobblestoning of the posterior
pharyngeal wall, or tonsillar hypertrophy.

Obtaining a culture is usually not necessary in the context of
uncomplicated ARS. Obtaining a culture might be useful in
patients who have not responded to conventional medical
treatment within 48-72 hours, in immune-compromised patients, in
the presence of complications, and if the child presents with severe
illness and appears toxic &+, Although the golden standard would
be a maxillary sinus tap, this is a relatively invasive procedure, and

is difficult to perform in a child in the office. Middle meatal cultures
under endoscopic visualization have shown promise in correlating
with antral cultures. In children, data regarding the usefulness of
this approach are limited and are mostly based on studies in CRS
and will be discussed in the relevant chapter.

While the diagnosis of ARS in the paediatric population is
generally made on clinical grounds, computed tomography (CT)
is the imaging modality of choice @7,

Table 3.6.1. Antibiotics for Acute Rhinosinusitis (ARS) in children.
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The recommendations of the American Academy of Paediatrics,
published in 2001, state that CT should be reserved for those
patients with symptoms persisting after 10 days of appropriate
therapy and in patients with suspected complications (especially
in the brain and in the orbit) ®®. In children with the clinical
diagnosis of rhinosinusitis, the most commonly involved sinus is
the maxillary sinus (99%) followed by the ethmoid sinus (91%)
“80_ MRI of the sinuses, orbits, and brain should be performed
whenever complications of rhinosinusitis are suspected.

3.6.7. Medical Treatment of Acute Rhinosinusitis

Most episodes of ARS are self-limited and will
resolve spontaneously.

3.6.7.1. Antibiotics

Antibiotics are the most frequently used therapeutic agents in
ARS (Table 3.6.1). Published trials in children and adults were
reviewed in a recent meta-analysis of randomized controlled
trials evaluating antibiotic treatment for ARS in which 3 of the 17
evaluated studies were performed in the paediatric age group
349 In total, 3291 outpatients (2915 adults and 376 children)
were treated in the trials included in the meta-analysis. The
diagnosis of ARS in the trials was based on clinical criteria in
most studies and radiologic and other laboratory criteria in

the rest. In most studies, inclusion of patients with viral upper
respiratory tract infections was avoided by enrolling patients
whose symptoms were of more than 7-10 days duration. The
results suggest that, compared with placebo, antibiotics were
associated with a higher rate of cure or improvement within
7-15 days with the rate of resolution of symptoms being faster
with antibiotics in most randomized controlled trials. The
overall positive effect in favour of antibiotics was significant but
modest. No difference in cure was found when a subgroup

Author, study, ref. Intervention / Outcome Time to effect Level of
disease evidence
Wald 2009 ©5" Amox/clav vs. Significantly higher Faster resolution (NS) with antibiotics (2.26 days) vs. b
Placebo cure rate on antibiotic placebo (2.6 days)
in ABRS (50%) vs. placebo (14%)
(p=0.01).
Falagas 2008 % Antibiotics vs. Significant, but mod- Faster resolution with antibiotics compared to la
Placebo Metanalysis  estly, higher cure rate placebo
in ABRS (improvement) with
antibiotics within 7-15
days
Poachanukoon 2008 “8V  Cefditoren vs. Comparable rates of Time to improvement was 3 days in both groups Ib

Amox/clav in ARS

improvement for Cefdi-

toren (78.8%) and Amox/

clav (84.7%)

NS, non-significant

ABRS, acute bacterial rhinosinusitis

51
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analysis was performed for age. A more recent randomized,
placebo-controlled trial not included in the meta-analysis
evaluated the efficacy of amoxicillin (90 mg/kg) with
potassium clavulanate (6.4 mg/kg) or placebo in children
1-10 years of age with a clinical presentation compatible
with bacterial ARS (persistent symptoms, acutely worsening
symptoms or severe symptoms) ®*V. Symptom scores were
obtained at multiple time points and the children were
evaluated at day 14 from onset of treatment and their
condition rated as cured, improved, or failed. Twenty eight
patients in each group completed the study and their
average age was around 5 years. Children receiving the
antibiotic were more likely to be cured (50% vs. 14%, p=0.01)
and less likely to experience treatment failure (14% vs. 68%,
p<0.001) than children receiving placebo. Similar to other
studies, there were more side effects in the antibiotic treated
group compared to the placebo treatment (44% vs. 14% of
children, p=0.014). In another randomized, controlled study
in patients 1-15 years of age with clinical and radiographic
signs and symptoms of ARS, patients received either a
cephalosporin (cefditoren 8-12 mg/kg daily) or amoxicillin/
clavulanate (80-90 mg/kg amoxicillin daily) for 14 days “&",
The results show comparable, not statistically different,
rates of improvement at 14 days: 78.8% for cefditoren and
84.7% for amoxicillin/clavulanate. The median time to
improvement was 3 days in both groups and the rate of
diarrhoea was significantly higher in the patients treated
with amoxicillin/clavulanate (18%) compared to those
treated with cefditoren (4.5%).

Most of these studies could be criticized for potentially
including patients with ongoing viral URIs and selecting
patients on the basis of clinical symptoms and exam only,
without radiologic documentation. The results, however,
suggest that most cases of uncomplicated acute sinusitis
will improve irrespective of treatment used but will do so
faster, and will have a higher chance of improvement, if
given antibiotics. Based on this evidence, it would seem
reasonable to recommend only symptomatic treatment
for uncomplicated episodes of ARS in children. Antibiotic
therapy would be reserved to children with complications,
or concomitant disease that could be exacerbated by ARS
(asthma, chronic bronchitis). In some situations, children
with purulent rhinorrhoea are prevented from staying

in day-care and thus have created problems for working
parents. Whether an acceleration of improvement of the
symptoms with antibiotics in these children is worth the
increased risk of antimicrobial resistance remains to be
determined. (Strength of recommendation: A).

Antibiotic therapy seems to accelerate resolution
of ARS in children but whether an acceleration of
improvement of the symptoms with antibiotics
in these children is worth the increased risk
of antimicrobial resistance remains to be
determined.

When considering antibiotic choices, uncomplicated ARS

in a child who has not received multiple previous courses

of antibiotics can still be treated with amoxicillin (40 mg/
kg/day or 80 mg/kg/day). Other reasonable and safe
choices are amoxicillin/clavulanate and cephalosporins

that provide good coverage of typical organisms, especially
those producing B-lactamase ®. If hypersensitivity to any
of the above antimicrobials is suspected, alternative choices
include trimethoprim/sulfamethoxasole, azithromycin, or
clarithromycin. Clindamycin is useful if anaerobic organisms
are suspected but provides no coverage against gram-negative
organisms.

3.6.7.2. Intranasal Steroids

Intranasal steroids might have a beneficial ancil-
lary role in the treatment of ARS.

In a paediatric trial, 89 children with ARS received amoxicillin-
clavulanate and were randomized to receive either budesonide
or placebo nasal sprays for 3 weeks %7, There were significant
improvements in the scores of cough and nasal discharge at
the end of the second week in the steroid group compared

to placebo suggesting a benefit of adding intranasal steroids

to antibiotics in the treatment of ARS. Several trials in mixed
adult and paediatric populations (usually 12-14 years and

older) have demonstrated similar benefits of using an intranasal
steroid along with an antibiotic for the treatment of ARS 06482,
Therefore there is reasonable evidence to support the addition
of an intranasal steroid to antibiotics in the treatment of ARS
(Strength of recommendation: A). Finally, in a randomized,
placebo controlled, trial in patients older than 12 years with
ARS, mometasone 200 mcg twice daily (twice the allergic rhinitis
dose) was more effective in controlling symptoms than placebo
and amoxicillin 69, Thus, there is also some evidence that a high
dose of intranasal steroids in older children might be effective
as monotherapy for ARS. However, generalizing to younger
children is not justified in the absence of more studies.



Table 3.6.2. Ancillary therapy for Acute Rhinosinusitis (ARS) in children.

Intervention / Outcome

disease

author

Shaikh 2010 ¢2® Decongestants,
antihistamines,
and nasal irrigation
Systematic review

in ARS

treatments

Unuvar 2010 @39 Erdosteine vs.

placebo

Barlan 1997 ¢ Amox/clav with
Budesonide or

Placebo

No well conducted
studies to address these

No significant difference
between the groups

Significant improve-
ments in cough and
nasal discharge at the
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Level of
evidence

la ()

Age Group

Children (<18 yrs.)

Children b ()
(8.5%3.2 yrs.)
Children Ib

(Budesonide: 7.3+3.4 yrs.; Amox/clav: 6.6£2.9 yrs.)

end of the second week
in the steroid group

(p<0.05)

(-), evidence of negative studies
3.6.7.3. Ancillary therapy

Ancillary therapies have not been shown to be
helpful in ARS.

A systematic review of the literature was undertaken to
evaluate the efficacy of decongestants (oral or intranasal),
antihistamines, and nasal irrigation in children with clinically
diagnosed acute sinusitis 2. Randomized controlled trials
(RCTs) or quasi-RCTs that evaluated children 0-18 years of age
with ARS defined as 10-30 days of rhinorrhoea, congestion or
daytime cough were included. Of 402 articles reviewed 44
references were retrieved and were all excluded because they
did not satisfy the set criteria. The authors conclude that there
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is no evidence to determine whether the use of the above
mentioned agents is efficacious in children with ARS. Ina
more recent publication, erdosteine, a mucolytic agent, was
investigated in a randomized, placebo controlled trial ®3°. Eighty
one patients completed the study and their average age was
8.5 years and they all had symptoms consistent with ARS. They
were randomized to receive either erdosteine or placebo for
14 days and their symptoms recorded. Both treatment groups
had an improvement in symptoms on day 14 but there were
not statistically significant differences between the active and
placebo groups. Therefore, there is really no good evidence

to support the use of ancillary therapies in the treatment of
ARS in children (Table 3.6.2) (Strength of recommendation: A-,
negative).
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4. Chronic Rhinosinusitis with or without nasal polyps

(CRSWNP or CRSsNP)

4.1. Epidemiology and predisposing factors

4.1.1. Summary

The overview of the currently available literature illustrates the
paucity of accurate information on the epidemiology of CRSsNP
and CRSWNP, especially in European countries, and highlights
the need for large-scale epidemiologic research exploring their
prevalence and incidence. Only by the use of well standardized
definitions for CRSs and wNP, and well-defined inclusion criteria
for epidemiologic research, will it be possible to obtain accurate
epidemiologic data on the natural evolution of these diseases,
the influence of ethnic background and genetic factors and the
factors associated with the disease manifestation.

4.1.2. Introduction

Chronic rhinosinusitis with (CRSwNP) and without nasal polyps
(CRSsNP) in its many forms, constitutes one of the commonest
conditions encountered in medicine and may present to a wide
range of clinicians from primary care to accident and emer-
gency, pulmonologists, allergists, otorhinolaryngologists and
even intensivists and neurosurgeons when severe complications
occur “83),

4.1.3. Epidemiology of CRSWNP and CRSsNP.

There is a deficit of epidemiologic studies exploring
the prevalence and incidence of CRSsNP and
CRSwNP especially in European countries.

4.1.3.1. CRSsNP.

The paucity of accurate epidemiologic data on CRS contrasts
with the more abundant information on microbiology, diagnosis
and treatment options for these conditions. When reviewing
the current literature on CRS, it becomes clear that giving an
accurate estimate of the prevalence of CRS remains speculative,
because of the heterogeneity of the disorder and the diagnostic
imprecision often used in publications. In a survey on the
prevalence of chronic conditions, it was estimated that CRS,
defined as having ‘sinus trouble’ for more than 3 months in the
year before the interview, affects 15.5% of the total population
in the United States “¥ ranking this condition second in

prevalence among all chronic conditions. Subsequently the
high prevalence of CRS was confirmed by another survey
suggesting that 16% of the adult US population has CRS “&,
However, the prevalence of doctor-diagnosed CRS is much
lower; a prevalence of 2% was found using ICD-9 codes as

an identifier “8, Corroboration of the definitive diagnosis of
CRS should be done with nasal endoscopy “®” or CT “8) As
the diagnosis of CRS has primarily been based on symptoms,
often excluding dysosmia, this means that the diagnosis of
CRS is often overestimated "%, The majority of primary

care physicians do not have the training or equipment to
perform nasal endoscopy, which also leads to overdiagnosis
“8) Interestingly, the prevalence rate of CRS was substantially
higher in females with a female/male ratio of 6/4 “89,

In Canada, the prevalence of CRS, defined as an affirmative
answer to the question ‘Has the patient had sinusitis
diagnosed by a health professional lasting for more than

6 months?’' ranged from 3.4% in male to 5.7% in female
subjects “9, The prevalence increased with age, with a mean
of 2.7% and 6.6% in the age groups of 20-29 and 50 59 years,
respectively. After the age of 60 years, prevalence levels of CRS
levelled off to 4.7% “*°. In a nationwide survey in Korea, the
overall prevalence of CRS, defined as the presence of at least
3 nasal symptoms lasting more than 3 months together with
the endoscopic finding of nasal polyps and/or mucopurulent
discharge within the middle meatus, was 1.01% “°", with no
differences between age groups or gender. By screening a
non-ENT population, which may be considered representative
of the general population in Belgium, Gordts et al. “*? reported
that 6% of subjects suffered from chronic nasal discharge. A
comparative study in the north of Scotland and the Caribbean
found that in ORL clinics in both populations there was a
similar prevalence of CRS (9.6% and 9.3% respectively) “%3.

Recently, a postal questionnaire on the EPOS criteria was
sent to a random sample of adults aged 15-75 years in 19
centres in Europe. The Global Allergy and Asthma Network
of Excellence (GA2LEN) study concluded that the overall
prevalence of CRS by EP30S criteria was 10.9% (range 6.9-
27.1) 02, A very recent study in Sao Paulo using personal
interviews and defining CRS based on the EPOS criteria
found a prevalence of 5.5% (1369,



European Position Paper on Rhinosinusitis and Nasal Polyps 2012.

Recent data have demonstrated that CRS affects

approximately 5-15% of the general population

both in Europe and the USA. The prevalence of
doctor-diagnosed CRS was 2-4%.

4.1.3.2. CRSwWNP

Epidemiologic studies rely on nasal endoscopy and/or
questionnaires to report on the prevalence of nasal polyps.
Large NP can be visualized by anterior rhinoscopy, whereas
nasal endoscopy is warranted for the diagnosis of smaller NP.
Nasal endoscopy is, therefore, a prerequisite for an accurate
estimate of the prevalence of NP, as not all patients that claim
to have NP actually have polyps on nasal endoscopy “*¥. Thus,
surveys based on questionnaires asking for the presence of

NP, may provide us with an overestimation of the self-reported
prevalence of NP. Recently, a French expert panel of ENT
specialists elaborated a diagnostic questionnaire/algorithm with
90% sensitivity and specificity “*. In the light of epidemiologic
research, a distinction needs to be made between clinically
silent NP or preclinical cases, and symptomatic NP.
Asymptomatic polyps may transiently be present or persist,

and hence remain undiagnosed until they are discovered by
clinical examination. On the other hand, polyps that become
symptomatic may remain undiagnosed, either because they

are missed during anterior rhinoscopy and/or because patients
do not see their doctor for this problem. Indeed, one third of
patients with CRSWNP do not seek medical advice for their
sinonasal symptoms “*9. Compared to patients with CRSWNP
not seeking medical attention, those actively seeking medical
care for CRSWNP had more extensive NP with more reduction of
peak nasal inspiratory flow and greater impairment of the sense
of smell 47,

In a population-based study in Skovde, Sweden, Johansson

et al.“*¥ reported a prevalence of nasal polyps of 2.7% of the
total population. In this study, NP were diagnosed by nasal
endoscopy and were more frequent in men (2.2 to 1), the
elderly (5% at 60 years of age and older) and asthmatics. In a
nationwide survey in Korea, the overall prevalence of polyps
diagnosed by nasal endoscopy was 0.5% of the total population
“%8) Based on a postal questionnaire survey in Finland, Hedman
et al. “ found that 4.3% of the adult population answered
positively to the question as to whether polyps had been found
in their nose. Using a disease-specific questionnaire, Klossek

et al. 9 reported a prevalence of NP of 2.1% in France. From
autopsy studies, a prevalence of 2% has been found using
anterior rhinoscopy . In Denmark after removing whole
naso-ethmoidal blocks, nasal polyps were found in 5 of 19
cadavers %, and in 42% of 31 autopsy samples combining
endoscopy with endoscopic sinus surgery 5°2, The median

age of the cases in the 3 autopsy studies by Larsen and Tos

ranged from 70 to 79 years. From these cadaver studies, one
may conclude that a significant number of patients with

NP do not feel the need to seek medical attention or that
the diagnosis of NP is often missed by doctors. It has been
stated that between 0.2% and 1% of people develop NP

at some stage ©%. In a prospective study on the incidence

of symptomatic NP, Larsen and Tos ©% found an estimated
incidence of 0.86 and 0.39 patients per thousand per year for
males and females, respectively. The incidence increased with
age, reaching peaks of 1.68 and 0.82 patients per thousand
per year for males and females respectively in the age group
of 50-59 years. When reviewing data from patient records of
nearly 5,000 patients from hospitals and allergy clinics in the
US in 1977, the prevalence of NP was found to be 4.2% ©%),
with a higher prevalence (6.7%) in the asthmatic patients. In
general, NPs occur in all races and becomes more common
with age #5065 The average age of onset is approximately
42 years, which is 7 years older than the average age of the
onset of asthma ©'%512_NPs are uncommon under the age of
20 '3 and are more frequently found in men than in women
(499,504,514 "axcept in the studies by Settipane “%) and Klossek

(496)

Szczeklik et al. ®'% studied the natural history of asthma and
CRS in 16 clinical centres in 10 European countries. Rhinitis
was the first symptom of the disease. It appeared on average
at an age of 30 yrs. It was perennial, difficult to treat and led
to loss of smell in 55% of patients. In an average patient, 2 yrs
alter commencement of rhinitis, the first symptoms of asthma
appeared. Intolerance to aspirin and/or other NSAIDs became
evident 4 yrs later. Nasal polyps were diagnosed at about

the same time in 60% of subjects. There was a close linear
association between mean age at onset of rhinitis, asthma,
NSAID intolerance and nasal polyps ©'5.

4.1.4. Factors associated with CRSwWNP and
CRSsNP

4.1.4.1. Ciliary impairment

As may be concluded from the section on anatomy and
pathophysiology, ciliary function plays an important role in
the clearance of the sinuses and the prevention of chronic
inflammation. Secondary ciliary dyskinesia is found in patients
with CRS, and is probably reversible, although restoration
takes some time 19, As expected in patients with Kartagener’s
syndrome and primary ciliary dyskinesia, CRS is a common
problem and these patients usually have a long history of
respiratory infections.

In patients with cystic fibrosis (CF), the inability of the cilia to
transport the viscous mucus causes ciliary malfunction and
consequently CRS. NPs are present in about 40% of patients
with CF ©'7, These polyps are generally more neutrophilic than
eosinophilic in nature.



4.1.4.2. Allergy

Review articles on CRS have suggested that atopy predisposes
to its development ©'8:519) |t is tempting to speculate that
allergic inflammation in the nose predisposes the atopic
individual to the development of CRS. Both conditions share the
same trend of increasing prevalence ©2°52V and are frequently
associated. It has been postulated 22 that swelling of the nasal
mucosa in allergic rhinitis at the site of the sinus ostia may
compromise ventilation and even obstruct sinus ostia, leading
to mucus retention and infection. Furthermore, there has been
an increase in the body of opinion that regard the mucosa of the
nasal airway as being in a continuum with the paranasal sinuses
and hence the term ‘rhinosinusitis’ was introduced ©23. However,
critical analysis of the papers linking atopy as a risk factor to

CRS reveal that whilst many of the studies suggest a higher
prevalence of allergy in patients presenting with symptoms
consistent with rhinosinusitis than would be expected in the
general population, there may well have been a significant
selection process, because the doctors involved often had an
interest in allergy 624529,

A number of studies report that markers of atopy are more
prevalent in populations with CRS. Benninger reported that
54% of outpatients with CRS had positive skin prick tests ©2%,
Among CRS patients undergoing sinus surgery, the prevalence
of positive skin prick tests ranges from 50% to 84%, of which
the majority (60%) have multiple sensitivities ©45353", However,
the role of allergy in CRS is questioned by other epidemiologic
studies showing no increase in the incidence of infectious

CRS during the pollen season in pollen-sensitized patients

32 Taken together, epidemiologic data show an increased
prevalence of allergic rhinitis in patients with CRS, but the role
of allergy in CRS remains unclear. Notwithstanding the lack

of hard epidemiologic evidence for a clear causal relationship
between allergy and CRS, it is clear that failure to address allergy
as a contributing factor to CRS diminishes the probability of
success of a surgical intervention 33, Among allergy patients
undergoing immunotherapy, those who felt most helped by
immunotherapy were the subjects with a history of recurrent
rhinosinusitis, and about half of the patients, who had had
sinus surgery before, believed that the surgery alone was

not sufficient to completely resolve the recurrent episodes of
infection 33,

Between 0.5 to 4.5% of subjects with allergic rhinitis have NP
(505,534,535 which compares with the normal population ©3¢. Kern
found NP in 25.6% of patients with allergy compared to 3.9% in
a control population 39, On the other hand, the prevalence of
allergy in patients with NP has been reported as varying from
10% 37, to 54% ©3® and 64% 3. Contrary to reports that have
implicated atopy as being more prevalent in patients with NP,

Supplement 23

others have failed to show this 13535539541 Recently, Bachert
at al. **? found an association between levels of both total and
specific IgE and eosinophilic infiltration in NP. These findings
were unrelated to skin prick test results.

Although intradermal test to food allergens are known to

be unreliable, positive intradermal tests to food allergens
have been reported in 70 % ©4) and 81% ©“*¥ of NP patients
compared to respectively 34% and 11% of controls. Based on
questionnaires, food allergy was reported by 22% “* and 31%
08 of patients with NP, which was significantly higher than

in non-NP controls #9. Pang et al. found a higher prevalence
of positive intradermal food tests (81%) in patients with NP
compared to 11% in a small control group ©*. Further research
is needed to investigate a possible role for food allergy in the
initiation and perpetuation of NP.

Considerable overlap between asthma and
nasal comorbidities confirm a close relationship
between nasal disease and asthma.

4.1.4.3. Asthma

CRSwNP and asthma are also frequently associated in the
same patients, but their inter-relationship is poorly understood
618 Studies on radiographic abnormalities of the sinuses in
asthmatic patients have shown a high prevalence of abnormal
sinus mucosa 454 All patients with steroid-dependant asthma
had abnormal mucosal changes on CT compared to 88% with
mild to moderate asthma ®*. GA2LEN studied over 52,000
adults aged 18-75 years and living in 19 centres in 12 countries
and concluded that there was a strong association of asthma
with CRS. The association with asthma was stronger in those
reporting both CRS and allergic rhinitis 3.

Wheezing and respiratory discomfort are present in 31% and
42% of patients with CRSWNP, and asthma is reported by

26% of patients with CRSWNP, compared to 6% of controls “%
58 Alternatively, 7% of asthmatic patients have NP %), with

a prevalence of 13% in non-atopic asthma and 5% in atopic
asthma ©'3). NP take between 9 and 13 years to develop, but only
two years in aspirin-induced asthma ¢, Ten percent develop
both polyps and asthma simultaneously and the remainder
develop polyps first and asthma later %9, Women that have
nasal polyps are 1.6 times more likely to be asthmatic and

2.7 times to have allergic rhinitis ©*. Asthmatic patients with
CRSwWNP have more nasal symptoms. Alobid et al. ** showed
that patients with CRSWNP have an impaired sense of smell, that
asthma -particularly persistent asthma- has a further impact on
sense of smell, and that loss of smell may be used as a clinical
tool to identify the severity of both NP and asthma.
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4.1.4.4. Aspirin sensitivity

In patients with aspirin sensitivity,
36-96% have CRSWNP.

In patients with aspirin sensitivity 36-96% have CRSWNP ©13.534
551555 and up to 96% have radiographic changes affecting their
paranasal sinuses 59, Patients with aspirin sensitivity, asthma
and NP are usually non-atopic and the prevalence increases
over the age of 40 years. The children of patients with asthma,
NP, and aspirin sensitivity had NP and rhinosinusitis more often
than the children of controls ®57. Concerning hereditary factors,
HLA A1/B8 has been reported as having a higher incidence in
patients with asthma and aspirin sensitivity **® although Klossek
et al. ®® found no difference between gender in 10,033 patients.
Zhang et al. ®> found that IgE antibodies to enterotoxins can be
found in the majority of NP patients who are aspirin sensitive.

4.1.4.5. Immunocompromised state

Among conditions associated with dysfunction of the immune
system, congenital immunodeficiencies manifest themselves
with symptoms early in life. However, dysfunction of the
immune system may occur later in life and present with CRS.

In a retrospective review of refractory sinusitis patients, Chee

et al. 5 found an unexpectedly high incidence of immune
dysfunction. Of the 60 patients with in vitro T-lymphocyte
function testing, 55% showed abnormal proliferation in
response to recall antigens. Low immunoglobulin (lg), IgA
and IgM titres were found in 18%, 17%, and 5%, respectively,
of patients with refractory sinusitis. Common variable
immunodeficiency was diagnosed in 10% and selective

IgA deficiency in 6% of patients. Therefore, immunological
testing should be an integral part of the diagnostic pathway
of patients with CRS. In a cross-sectional study to assess the
overall prevalence of otolaryngologic diseases in patients
with HIV infection, Porter et al. ®¢" reported that rhinosinusitis
was present in more than half of the HIV-positive population,
ranking this condition one of the most prevalent diseases in
HIV-positive individuals. However, the relevance of these data
is questioned as there was no difference in sinonasal symptom
severity between HIV-positive and AIDS patients nor was
there a correlation between CD4+ cell counts and symptom
severity. In a more detailed study, Garcia-Rodrigues et al. 52
reported a lower incidence of CRS (34%), but with a good
correlation between low CD4+ cell count and the probability
of CRS. It should also be mentioned here that atypical
organisms like Aspergillus spp, Pseudomonas aeruginosa and
microsporidia are often isolated from affected sinuses and
that neoplasms such as non-Hodgkin lymphoma and Kaposi’s
sarcoma, may account for sinonasal problems in patients with
AIDS ©63),

4.1.4.6. Genetic factors. (See also section 4.5)

Although CRSsNP has been observed in family members, no
genetic abnormality has been identified linked to CRS. However,
the role of genetic factors in CRS has been implicated in patients
with cystic fibrosis and primary ciliary dyskinesia “*¥ and there is
some evidence in CRSWNP.

4.1.4.7. Pregnancy and endocrine state

During pregnancy, nasal congestion occurs in approximately
one-fifth of women ©%, The pathogenesis of this disorder
remains unexplained, but there have been a number of
proposed theories. Besides direct hormonal effects of oestrogen,
progesterone and placental growth hormone on the nasal
mucosa, indirect hormonal effects such as vascular changes
may be involved. Whether pregnancy rhinitis predisposes to the
development of rhinosinusitis, is not clear. In a small prospective
study, Sobol et al. %% report that 61% of pregnant women had
nasal congestion during the first trimester, whereas only 3%

had sinusitis. In this study, a similar percentage of non-pregnant
women in the control group developed sinusitis during the
period of the study. Also in an earlier report, the incidence of
sinusitis in pregnancy was shown to be quite low, i.e. 1.5% ©¢7),

In addition, thyroid dysfunction has been implicated in CRS, but
there is only limited data on the prevalence of CRS in patients
with hypothyroidism.

4.1.4.8. Local host factors

There is no evidence for a causal correlation
between nasal anatomic variations in general and
the incidence of CRS.

Certain anatomic variations such as concha bullosa, nasal
septal deviation and a displaced uncinate process, have been
suggested as potential risk factors for developing CRS ©%)
However, some of the studies that have made this assertion
have equated mucosal thickening on CT with CRS % when it
has been shown that incidental mucosal thickening occurs in
approximately a third of an asymptomatic population 7. Bolger
et al. ®’" and Nouraei et al. ®”?found no correlation between
CRS and bony anatomic variations in the nose. Holbrook et

al ™ also found no correlation between sinus opacification,
anatomical variations and symptom scores. Nonetheless, one
should mention here that no study has so far investigated
whether a particular anatomic variation can impair drainage

of the ostiomeatal complex per se. Whilst some authors have
postulated that anatomical variations of the paranasal sinuses
can contribute to ostial obstruction 7% there are several
studies that show the prevalence of anatomical variations is no
more common in patients with CRSs or wNP than in a control



population (70.575.576),

One area where conjecture remains is the effect of a deviated
septum. There are a number of studies that show no correlation
between septal deviation and the prevalence of CRS #8577,
Whilst there is no recognised method of objectively defining
the extent of a deviated septum, some studies have found

a deviation of more than 3mm from the midline to be more
prevalent in rhinosinusitis 7857 whilst others have not 7>
577,580 |n spite of the observation that sinonasal complaints
often resolve after surgery, this does not necessarily imply that
anatomic variation is aetiologically involved. CRS of dental origin
should not be overlooked when considering the aetiology of
CRS. Obtaining accurate epidemiologic data on the incidence
of CRS of dental origin is not possible as the literature is limited
to anecdotal reports though there is some evidence that
odontogenic sinusitis may be increasing 8",

Taken together, there is no evidence for a causal correlation
between nasal anatomic variations in general and the incidence
of CRS.

4.1.4.9. Biofilms (See also section 4.2)

Many pathogenic bacteria colonize the surface of the NPs
forming biofilms. They are not a primary etiologic agent in

NP, but a contributor significantly adding more inflammation.
Clinically, cases of NP with presence of biofilms are correlated
with severe forms of the disease and worse postoperative
outcome ©50:582),

Methicillin-resistant Staphylococcus aureus (MRSA) does not
appear to pose a significant risk of morbidity in our patient
population. However, ongoing concern regarding the increasing
prevalence of S. aureus and antimicrobial resistance in chronic
sinonasal disease highlights the importance of using culture-
directed antimicrobial therapy with the goal of minimizing
future resistance patterns ®%¥ Bhattacharyya and Kepnes 89
analyzed 701 bacterial isolates among 392 culture samples from
patients with CRS. They concluded that antibiotic resistance
seems to be emerging for erythromycin at a rate higher than

for other antibiotics like methicillin, clindamycin, gentamicin,
tetracycline, sulphamethoxazole, and levofloxacin. Although not
increasing in prevalence, MRSA maintains a significant presence
in CRS with associated increased levels of antibiotic resistance.
Bachert et al. *® investigated 70 patients and demonstrated
that mucosal inflammation in nasal polyps orchestrated by

Th2 cytokines and amplified by S. aureus enterotoxins is
characterized by an increased eosinophilic inflammation and
formation of IgE antibodies.

4.1.4.10. Environmental factors (See also section 4.2.)
Cigarette smoking was associated with a higher prevalence

of CRS in Canada " and exposure to secondhand smoke is
common and significantly independently associated with
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CRS ©", whereas this observation was not confirmed in a
nationwide survey in Korea “®. GA(2)LEN study demonstrated
that smoking was associated with having CRS in all parts of
Europe (GALEN study) “?, Recently, other lifestyle-related
factors are undoubtedly involved in the chronic inflammatory
processes of CRSsNP. For instance, low income was associated
with a higher prevalence of CRSsNP (", In spite of in vitro

data on the toxicity of pollutants on respiratory epithelium,
there exists no convincing evidence for the aetiologic role of
pollutants and toxins such as ozone in CRSsNP. Koh et al. %62
investigated the relationship between CRS and occupation and
concluded that there were significantly increased prevalence
ratios of CRS in plant and machinery operators and assemblers,
elementary occupations, crafts and related trade workers, and
the unemployed.

The role of environmental factors in the development of
CRSWNP is unclear. No difference in the prevalence of CRSWNP
has been found related to the patient’s habitat or pollution at
work %, One study found that a significantly smaller proportion
of the population with polyps were smokers compared to an
unselected population (15% vs. 35%) %, whereas this was not
confirmed by others #%, One study reports on the association
between the use of a woodstove as a primary source of heating
and the development of NP 89,

4.1.4.11. latrogenic factors

Among risk factors of CRS, iatrogenic factors should not be
forgotten as they may be responsible for the failure of sinus
surgery. The increasing number of sinus mucocoeles seems

to correlate with the increase in endoscopic sinus surgery
procedures. Among a group of 42 patients with mucocoeles,

11 had prior surgery within 2 years prior to presentation 87,
Another reason for failure after surgery can be the recirculation
of mucus out of the natural maxillary ostium and back through a
separate surgically created antrostomy resulting in an increased
risk of persistent sinus infection 88,

4.1.4.12. Helicobacter pylori and laryngopharyngeal
reflux

H. pylori DNA has been detected in between 11% 8 33% of
sinus samples from patients with CRSsNP but not from controls
%) Flook and Kumar 1% reviewed nineteen papers describing
varying studies on CRS and acid reflux. There is not enough
evidence to consider anti-reflux therapy for adult refractory CRS
and there is no evidence that acid reflux is a significant causal
factor in CRSsNP.

4.1.4.13."Osteitis”

This is considered fully in Section 5b but the study by Telmesani
and al-Shawarby ©°" is noteworthy. They studied 50 patients
undergoing FESS for the first time and 32 patients undergoing
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revision surgery. Histopathological examination was performed
for specimens taken from the bony septa of the ethmoid with
the overlying mucosa. Bony changes were seen in only 30% of
primary NP compared to 87.5% in recurrent cases.

4.2. Inflammatory mechanisms in chronic
rhinosinusitis with or without polyps
(CRSWNP or CRSsNP)

4.2.1. Summary: Aetiology and Pathogenesis of
CRS

Historically, idiopathic CRS was attributed to either the end
stage of an incompletely treated case of acute RS (CRSsNP) or
severe atopy (CRSWNP). The limitations of these assessments
were clear to many but relatively few hypotheses have been
proposed as alternatives. The first attempt to address aetiology
and pathogenesis in broad terms was the ‘fungal hypothesis;,
which attributed all CRS to an excessive host response to
Alternaria fungi 253, Although most investigators have
rejected the basic tenets as originally proposed, fungi are still
believed by many to play a role as a disease modifier in at

least some forms of CRS. Defects in the eicosanoid pathway,
most closely associated with aspirin intolerance, have also
been proposed as a potential cause of CRSWNP in general
(594,5%) Specifically, increased synthesis of pro-inflammatory
leukotrienes and decreased synthesis of anti-inflammatory
prostaglandins (PGE2) have been proposed as a mechanism not
just for aspirin-sensitive nasal polyps but also aspirin-tolerant
CRSWNP. While some theoretical evidence supports this line of
thought in CRSWNP, enthusiasm is muted by the limited clinical
efficacy of leukotriene pathway inhibitors. The ‘staphylococcal
superantigen hypothesis’ proposed that exotoxins foster nasal
polyposis via effects on multiple cell types 4*>%, The net
effect is Th2 skewing, Treg inhibition, accentuated eosinophil
and mast cell activity and heightened tissue damage and
remodeling. It remains unclear why superantigen effects can be
demonstrated in only approximately half of CRSWNP patients;
hence, staphylococcal superantigens are generally seen by
many as disease modifiers, rather than discrete aetiologic
agents ®*?,. The immune barrier hypothesis’ proposed that
defects in the co-ordinated mechanical barrier and/or the innate
immune response of the sinonasal epithelium manifests as
CRS ®. These defects theoretically lead to increased microbial
colonization with a panoply of microbial agents, accentuated
barrier damage and a compensatory adaptive immune response
97, One potential molecular mechanism for this hypothesis
would include local defects in the STAT 3 pathway, which has
been identified in some forms of CRS &%, Systemic defects in
STAT 3 have been identified in Job's disease, a disorder with
some striking similarities to CRSWNP °9, The ‘immune barrier

hypothesis’ does not specifically address the Th subset skewing
observed in many CRS subtypes, including the Th2 pattern

and B cell infiltrate observed in Western CRSWNP patients. This
implies additional, as yet undetermined, mechanisms or defects
that foster an inappropriate local, adaptive response in the
sinonasal mucosa. Genes that may be involved in Th2 skewing
include TSLP, IL-33, IL-25 and genes in the strong B cell response
include BAFF, CXCL12 and CXCL13 (600602 An excessive and/or
inappropriate Th2 adaptive response in this setting may further
compromise barrier function and diminish innate immunity,
thereby creating a self-perpetuating cycle of disease. In the
most severe forms of CRSWNP, new evidence supports the
generation of local autoantibodies further accentuating tissue
damage @, Lastly, biofilms have been suggested as a potential
entity that can cause CRS ©%, |t can be speculated that a defect
in the immune barrier might facilitate formation of biofilms. The
mechanism of biofilm formation and worsening of CRS remain
unclear but biofilms on the sinus mucosa have been likened to
those mediating periodontal disease 4,

Epithelial damage and/or host barrier dysfunction results

in colonization with S. aureus. Subsequent secretion of
superantigenic toxins has effects on multiple cell types
including epithelial cells, lymphocytes, eosinophils, fibroblasts
and mast cells. Locally, the net effect is to help the organism
evade the host immune response. The primary host effects are
a skewing of the inflammatory response in the Th2 direction,
generation of local polyclonal IgE, promotion of eosinophil
survival and mast cell degranulation and alteration of
eicosanoid metabolism. The sum of these local tissue effects is
believed to foster polyp formation. The capability of S. aureus
to reside within airway epithelial cells likely only augments this
process.

CRS can be typically described as a
dysfunctional host-environment interaction
at the site of interface, which occurs in the
nose and paranasal sinuses

The current hypotheses that discuss CRS aetiology and
pathogenesis are less in conflict than might appear.
Superantigens for example, have been shown to modulate
eicosanoid metabolism ©%5 ¢ syggesting a link between
two of the proposed theories. Furthermore, the presence of
intracellular S. aureus in epithelial cells from CRSWNP but not
CRSsNP or controls, suggests defective local immune and/or
barrier function ©7:6%_ One mechanism may be the induction
of M2 macrophages, which have diminished phagocytic
properties, by enhanced local Th2 immunity induced by
superantigens 9469619 |t has been suggested that S. aureus



biofilms have the ability to skew the cytokine milieu in the Th2
direction independently of superantigens €3, Lastly, fungi have
substantial intrinsic protease activities, which may degrade
tight junctions accentuating host barrier compromise @57,

The interplay between exogenous agents and host defects
conceptually links the theories although the relative importance
and validity of various components remains in flux.

Host factors that determine susceptibility to CRS depend, in
part, on genetic variation across key pathways governing the
immunobiology of the nasal mucosa @ Cystic fibrosis (CF) is
the prototypic case of ‘genetic’ CRS wherein dysfunction of

the CFTR gene triggers defective innate immune and barrier
functions ©'". In the case of CF, simple Mendelian genetics apply
but a wide variation of sinus disease expression is nevertheless
observed, despite identical mutations in the CFTR gene ©'2,
Consequently even in CF, the most straightforward case of
genetic CRS, multiple genes are involved in an individual
patient determining clinical phenotype ©'3. Early attempts to
identify additional genetic loci important in CRS have been
undertaken and this is a work in progress ©'%, Comprehensive
genome wide association studies (GWAS) studies have yet to
been performed in CRS, but multiple studies have been done
in related chronic inflammatory disorders including asthma ©'%,

Figure 4.2.1.: Overview of the ‘superantigen hypothesis’ of CRS..
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In terms of aetiology and pathogenesis, these studies as well as
others, suggest the involvement of not only multiple genetic
loci but also the importance of environmentally-determined
epigenetic changes ©'¢%'%, Hence, host susceptibility to complex
diseases such as CRS likely reflects the combined effects of
variation in not only the DNA base sequence but also the DNA
methylation and histone modification patterns caused by past
environmental exposures. Ongoing environmental stresses
confront the susceptible host, which may lead to development
of the chronically inflamed state known as CRS.

The model of CRS, in which interplay between multiple host
factors and environmental stressors takes centre-stage, makes
the observed variability in inflammatory tissue infiltrates and
clinical phenotype readily explicable. At the time of the last
EPOS review, CRS was divided into CRSsNP, a Th1 disorder,
and CRSWNP, a Th2 disorder ©2%. More recent studies have
demonstrated that this paradigm does not apply worldwide,
in particular for CRSWNP, as some Asian polyps exhibit Th1,
Th17 and KCN cytokine profiles €2V, A new hypothesis has been
proposed suggesting that CRSsNP is characterized by fibrosis,
high levels of TGF-f and increased Treg activity while CRSWNP
exhibits oedema, low TGF-{ levels and low Treg activity ®**
622, Further studies will be necessary to test the validity of this

(2061)
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revised proposal. Nevertheless, racial and cultural differences
across the globe almost assuredly modulate susceptibility
and response patterns of the host. Variations in the nasal
bacterial colonization patterns observed worldwide ©2
indirectly supports this concept and further suggests that
ongoing environmental stressors likely also vary with culture
and geography.

Since the last EPOS document there has been significant
progress toward understanding the aetiology and
pathogenesis of CRS. CRS is still described as ‘multifactorial’
and there is no clearly delineated single molecular pathway
that explains the journey from injury to tissue change @2,

Figure 4.2.2: Overview of the immune barrier hypothesis’ of CRS.

There is however, an emerging consensus that the persistent
inflammation that defines CRS results from a dysfunctional
host-environment interaction involving various exogenous
agents and changes in the sinonasal mucosa. In concert with
the definition of CRS as an inflammatory disorder, there has
been movement away from pathogen-driven hypotheses.
This overall concept is in agreement with the current
understanding of the aetiology and pathogenesis of chronic
mucosal inflammatory disorders in general, which describe a
balance of interactions between the host, commensal flora,
potential pathogens and exogenous stresses ©24-

1: Intrinsic host deficits in nasal epithelium results in reduced production of innate immune anti-microbial molecules.

2: Local immune deficits permit the colonization and overgrowth of microbial agents.

3:Intrinsic patterns within microbial agents are capable of activating epithelial cells through pre-programmed pathways. The integrity of the epithe-

lial barrier is disrupted secondary to epithelial activation allowing increased direct stimulation of T and B-cells through antigen or epithelial mediated

pathways.

4:These pro-inflammatory factors lead to dysregulation of the local inflammatory microenvironment leading to local pseudofollicle formation and

site-specific immunoglobulin production. Local antibody mediated effects degranulate eosinophils and basophils releasing cytotoxic and vasoactive

mediators into the nasal mucosa..



4.2.2. Introduction

Chronic rhinosinusitis (CRS) is a clinical syndrome characterized
by persistent symptomatic, inflammation of the mucosa of the
nose and paranasal sinuses. The inflammation that defines this
disorder occurs at the interface with the external environment,
suggesting the still unproven hypothesis that CRS results from
an inappropriate or excessive immune response to foreign
agents resulting in persistent mucosal inflammation, cellular
influx, radiographic changes and clinical disease @%. The
widespread adoption of the term ‘rhinosinusitis’in preference
to‘sinusitis’indirectly supports the perspective that foreign
material brought in through the airway, or perhaps from the
nasopharynx, acts on the nasal mucosa first, with secondary
effects-direct and indirect-on the sinus mucosa "**.In a very
small percentage of cases such as dental or iatrogenic sinusitis,
this pathway is reversed with processes in the sinus cavity
leading to secondary nasal inflammation. CRS may also, in rare
cases, develop secondary to inflammatory processes intrinsic
to the mucosa in the presumed absence of exogenous stimuli
(e.g. Wegener's granulomatosis, sarcoidosis). Lastly, CRS may
occur in association with distinct host genetic factors (cystic
fibrosis) or systemic immunodeficiency. In the overwhelming
majority of CRS cases however, the etiology and pathogenesis
remains unclear. This section will focus on idiopathic CRS, with
references to other better-defined inflammatory disorders only
as they reveal general principles of the immune response of the
sinonasal mucosa.

Idiopathic CRS has been typically divided into CRSsNP and
CRSwWNP based on endoscopic findings. In terms of aetiology
and pathogenesis, CRSsNP is more tightly linked to mechanical
obstruction of the ostio-meatal complex (OMC) while CRSWNP
is generally attributed to a more diffuse mucosal response

625 A minority of investigators still hold that the distinction
between the two groups is primarily one of disease-intensity
and duration @%526.527 The weight of current research however,
would suggest separate, but likely overlapping inflammatory
mechanisms and for research purposes this separation facilitates
data analysis and determination of molecular pathways of
disease ©®. Most investigators, and most lines of research
however, assume that the inflammation seen in idiopathic
CRS results primarily from a dysfunctional host-environment
interaction @, Identification of the exogenous agents, which
drive the secondary inflammatory mechanisms, has been a
major research focus for many years.

This section will provide an overview of currently proposed
environmental inflammatory triggers followed by a review of
the literature concerning the host mucosal response in CRS,
separating out specific agents and mechanisms based on
disease phenotype to the extent currently possible.
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4.2 3. Inflammatory triggers

4.2.3.1. Bacteria

Bacteria have an established role in the aetiology of acute
rhinosinusitis (ARS) and it has long been speculated that
incompletely treated bacterial ARS leads to the development
of CRS. While bacteria may well trigger acute infectious
exacerbations, the role of bacteria in the initial establishment
of CRS remains unclear. This section will provide an overview
of evidence for and against bacteria as aetiologic agents in CRS
with emphasis on recent data.

The nasal microbiota is complex and multiple methods, with
varying degrees of sensitivity and specificity, have been utilized
to determine the bacterial density and composition in health
and disease ©*, Analysis of samples obtained from the vestibule,
measured using molecular techniques, demonstrate multiple
bacterial species but a preponderance of the staphylococci

and corynebacterium €363, An inverse correlation between
the two families was observed, suggesting an antagonistic
relationship ©2, In addition, the presence of S. epidermidis
appears to compete with S. aureus ©3¥. The normal microbiota
of the middle meatus may, of course, be quite different than the
anterior nostril but these principles likely apply. Healthy sinus
cavities, studied using conventional techniques only, appear

to have substantially less bacterial colonization than the nasal
airway ©*, Although not yet tested, more sensitive techniques
would likely reveal the presence of a significant bacterial load
in the sinuses, given the documented colonization of the lower
airway even in healthy individuals ©*%. Colonizing commensal
bacteria in the nose and possibly the sinuses may be important
not only in interfering with the growth of pathogens, but also
modulating the host immune response ©3%). This latter effect has
been studied in the mouse airway. Animals reared in germ-free
environments and lacking commensals, generated accentuated
Th2 responses to ovalbumin challenge . This effect was
reversed when the commensals were replaced. In the human
gut, commensals induce Treg responses ©+537 but whether
similar effects occur in the human airway remains unclear.
Nevertheless, these findings suggest that commensal bacteria,
interacting through the innate immune system, may play a

major role in physiologic immune regulation in the upper airway
(638)

The nasal and sinus microbiota in CRS has thus far been studied
primarily only using conventional techniques. Higher rates

of Staphylococcus epidermidis were seen in controls when
compared to CRS®*. When ARS and CRS are compared, the
majority of reports demonstrate increased rates of S. aureus,
gram negative rods and anaerobes in CRS © 64647 Other
investigators however, have demonstrated no differences
between the nasal bacteriology of CRS and normal controls ©*
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49, In cases of unilateral CRS, similar microbiological floras were
demonstrated in both diseased and non-diseased sides ©*% and
culture results did not change after clinically successful sinus
surgery ©". Overall, these studies have challenged the role of
bacteria in CRS aetiology and pathogenesis, although some

of the disparities are likely due to variations in methodology

), concomitant allergic rhinitis ©52, prior antibiotic treatment
and source of material for analysis (nasal or sinus). Some
investigators have discounted any pathologic role for S.
epidermidis, while others do not. The presence of organisms
within epithelial cells ©53¢% or in biofilm quora, likely also
produces variation in the rate of bacterial identification using
conventional techniques. Application of molecular techniques
may begin the process of fully defining the nasal microbiota in
CRS. Recently, a prospective study of samples obtained from
the middle meatus, using the 16S ribosomal DNA technique,
revealed a polymicrobial flora in CRS that was distinct from
controls ©, Results indicated a preponderance of anaerobes

in CRS. Larger studies using metagenomic techniques ©>¢ are
likely needed to fully address this issue as the density and
composition of the microbial community may play a significant
role in regulating host response ©24657.5%)_Specifically, the lower
airway microbiota is disordered in asthma and this has been
proposed to play a role in disease pathogenesis ©%. Whether
effects are seen in CRS remains uncertain. Lastly, it should be
kept in mind that the vast majority of data has been collected
on Caucasian patients in western countries and the bacterial
colonization rates in other races and geographic regions may be
vastly different in both health and disease ©>9.

S. aureus is the most common traditional bacterial pathogen
identified in CRS patients in western countries ¢, The
incidence of staphylococcus is much lower in Asian CRSWNP
623 but the presence or absence of bacteria, or any microbial
agent, does not mandate or eliminate a role in disease
causation. Host evidence of bacteria specific effects does

exist for Staphylococcus aureus however, suggesting a role in
pathogenesis if not aetiology in at least a subset of CRSWNP
patients. Substantial evidence implicating this organism in
CRSwWNP has accumulated over the last decade, giving rise to
the “Staphylococcal Superantigen Hypothesis’, which proposes
that colonizing S. aureus secretes superantigenic toxins (SAgs)
that amplify local eosinophilic inflammation and foster polyp
formation %425 _|n support of this hypothesis, culture studies
have indicated a high correlation between the presence of
staphylococcus and nasal polyposis ©". These results were
supported by the recent demonstration of intracellular S. aureus
in CRSWNP, but not in CRSsNP or control patients ©°7:6%) |n
addition, approximately 50% of CRSWNP patients demonstrate
B and T cells responses in the tissue consistent with prior local
staphylococcal superantigen exposure 42662660 These include

specific IgE against SAgs as well as clonal proliferation of
polyp T cells indicative of local SAg exposure. In addition, SAg
toxins have been detected in a portion of CRSWNP patients

but not controls ©¢”. These in vivo findings are immunologic
‘footprints’ of a staphylococcal superantigen effect, which can
be demonstrated in approximately 50% of Caucasian nasal
polyps as well as a lower percentage of Asian polyps. From

a mechanistic standpoint, in vitro studies indicate that SAg-
induced cytokine release tends to be pro-inflammatory and Th2
skewed, promoting IL-4 and IL-5 but down regulating TGF-f3
and IL-10 ©%8679 SAgs also manipulate eicosanoid metabolism
in a pro-inflammatory fashion ©°%% augment granulocyte
migration and survival ©’" and furthermore, another
staphylococcal toxin (SpA) fosters mast cell degranulation
©68)_Staphylococcus increased cytokine and MMP expression

in polyp and inferior turbinate organ cultures, presumably
through a superantigen effect 2. It has also recently been
suggested that staphylococcal superantigens may induce
glucocorticoid insufficiency through induction of the 3 isoform
of the glucocorticoid receptor ©73. Overall, these studies indicate
that SAgs have the capacity to foster the Th2 cytokine and
remodeling profile observed in Western nasal polyps. Moreover,
the demonstration of a local SAg effect correlates with the
severity of the eosinophilic inflammation 3. Thus far, there is
no evidence of a role for superantigens in CRSsNP, suggesting a
distinct aetiology and pathogenesis.

Biofilms and/or intracellular residence of
bacteria may increase resistance to
standard therapy

In summary, while staphylococcal superantigens appear

to amplify and modulate inflammation in nasal polyposis,
evidence for a direct aetiologic role is lacking ©*?. The relatively
common intranasal presence of toxigenic staphylococci
suggests that unknown host factors likely determine disease
expression 74, In addition, approximately 50% of Western polyp
patients studied have no evidence of SAg responses yet have

a similar phenotypic picture, suggesting that superantigens

are not necessary for the typical inflammatory response seen

in CRSWNP. Lastly, cystic fibrosis patients exhibit a high rate

of staphylococcal colonization and polyp formation yet no
evidence of a SAg effect and a strikingly distinct histology and
cytokine profile ®. These considerations lead most investigators
to view S. aureus as a disease modifier rather than a discrete
aetiologic agent but these findings are, nevertheless, molecular
evidence indicating staph specific effects €75 679,

Bacterial biofilms have also been implicated in CRS aetiology
and pathogenesis. Biofilms are highly organized structures
composed of communities of bacteria encased within a



protective extracellular matrix. The formation of bacterial
biofilms on surfaces such as the sinonasal mucosa reflects a
universal strategy for survival in conditions less than optimal

for growth ©77:678) Biofilms serve to protect bacteria from both
host defenses and antibiotics “’® and are believed to be a
source of recurrent exacerbations in CRS through the periodic
release of free-floating bacteria . Biofilms are largely absent
from controls but have been recovered from both CRSsNP and
CRSWNP patients. Reported rates of biofilms in CRS populations
vary from 30-100%, likely due to differences in detection
methodology ©&'%%, Multiple bacterial species have been
associated with CRS biofilms including H. influenza, S. aureus,

S. pneumonia, P. aeruginosa and M. catarrhalis (¢77:678 684 687.689),
The presence of S. aureus and P. aeruginosa biofilms has been
associated with an unfavorable outcome post surgery (869,
while the presence of H. influenza biofilms was associated with a
favorable outcome and milder disease ©2. In particular, S. aureus
has been associated with a particularly poor prognosis %, It
has been suggested that S. aureus biofilms foster a Th2 adaptive
immune response independent of any staph superantigen
effect %3, In contrast, an earlier report demonstrated a shift
toward Th1 inflammation in CRS biofilm patients ©*¥. This study
was not limited to Staphylococcal biofilms, however. In addition,
the differing results may reflect different patient populations in
each study, specifically the presence or absence of nasal polyps,
rather than intrinsic capabilities of the biofilm to skew the host
response. Very recent studies suggest that disruption of the host
epithelium may permit biofilm mediated inflammatory effects
on the sinonasal tissues ©, Overall, it is widely accepted that
biofilms are a bacterial adaptation facilitating resistance to host
defenses and antibiotics, helping to foster recalcitrant disease.
Moreover, it is also possible that biofilm directed therapies will
prove useful in the management of CRS. However, it remains
much less clear whether biofilms have any role in the initial
establishment of CRS ©%),

4.2.3.2. Fungi

The role of fungi in CRS has generated much controversy in the
last decade 7%, The use of sensitive detection techniques
has indicated that fungi are a ubiquitous intranasal presence,
identified in close to 100% of both CRS patients and controls
(592,699) As opposed to controls however, patients with CRS also
exhibited eosinophils in the nasal tissues and lumen, with no
increase in IgE mediated mould allergy “°2. These observations
formed the basis of the “Fungal Hypothesis of CRS’", which
proposed that an excessive, non-IgE mediated host response
to common airborne fungi is the primary pathogenic trigger in
most forms of CRS, both polypoid and non-polypoid, varying
only in intensity ©979.700 The primary evidence cited to support
this theory was the relative hyper reactivity of peripheral blood
mononuclear cells (PBMC) from CRS patients in response to
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stimulation with supra-physiologic doses of Alternaria antigen
in vitro 7%, PBMCs from CRS patients expressed significantly
higher levels of Th1 and Th2 cytokines upon exposure to
Alternaria extract and this heightened response was presumed
to reflect an immunologic sensitization of T cells to Alternaria,
suggesting it was particularly important in inciting the CRS
inflammatory response. As further evidence, nasal mucus or
tissue from CRS patients triggered eosinophil migration 7%

and a 60-kDa component of the Alternaria fungus was later
shown to trigger eosinophil de-granulation via PAR receptor
activation in vitro 7®, These data were interpreted to suggest
that Alternaria served a dual role: first, Alternaria proteins are
presented to sensitized T cells inducing a cytokine response that
serves to attract and activate eosinophils. Second, Alternaria
serves as the target of the eosinophils, triggering de-granulation
through a surface PAR receptor, with subsequent mucosal
damage. This effector role for eosinophils against fungi was
proposed despite the fact that eosinophils do not normally
participate to a significant degree in the host defense response
targeting fungal organisms 7%, Further challenges to the
“Fungal Hypothesis” included the observation that the majority
of patients in these studies 7°27% had concomitant asthma,

and the heightened cytokine responses from PBMCs as well as
the eosinophil migration may reflect priming from this asthma
rather than CRS #5798 Fyrthermore, attempts to replicate

the fungal-induced cytokine responses from PBMCs by other
investigators failed, clearly indicating the absence of a universal
hyper-responsiveness to fungal antigens in CRS patients 7%

797, Nevertheless, interest in fungi spawned a series of drug
trials using topical intranasal anti-fungal agents that initially
provided mixed support for the overall hypothesis 77", An
extensive, multi-centre, blinded, randomized trial using intra
nasal amphotericin failed to show any evidence of efficacy,
however 712, More significantly, a follow up study indicated that
amphotericin had no significant effect on any pro-inflammatory
chemokine, cytokine or growth factor in the CRS lavage samples
713, Qverall, the current literature does not support the routine
use of topical anti-fungals for CRS 7™ and support for the fungal
hypothesis as originally proposed is scant.

Evidence for a fungal-specific role in the aetiology
of most CRS cases is lacking

The view of fungi as the universal or even primary antigenic
stimulus in CRS, has largely faded 7'>7'9), but this does not
eliminate fungi as a factor in CRS aetiology or pathogenesis for
at least three reasons.

a. Fungi, particularly Alternaria, contain intrinsic proteases
that can non-specifically activate protease-activated receptors
(PAR) present on the apical surface of nasal epithelial cells

with secondary effects on eosinophils and neutrophils 717:718),
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Non-specific effects of a protease may be significant, given that
epithelial-based protease activated receptors (PAR) are known
to be up-regulated in CRS and this signaling may result in
significant inflammation in the presence of high levels of fungal
OrganiSmS (25,719, 720).

b. Fungi may play a role in the aetiology and pathogenesis of
allergic fungal rhinosinusitis (AFRS), classically defined as:
nasal polyposis "4 characteristic thick eosinophilic mucin and
594 characteristic CT scan findings 2%, type 1 hypersensitivity to
fungal antigens by serology or skin tests and ©* fungal elements
in the mucin detected by culture or histology 72722, AFRS has
been proposed to be an immunologically distinct subset of
CRS 723, In support of this, peripheral blood mononuclear cells
(PBMCs) from AFRS patients were demonstrated to secrete Th2
cytokines in response to fungal antigens 724, In addition to this
systemic sensitization, AFRS patients also demonstrate fungal-
specific IgE in the eosinophilic mucin 725 and the mucosa 729,
The implications of these observations remain far from clear
however, as CRSWNP patients with similar, thick eosinophilic
mucin but without fungal allergy or gross fungi on histology
clearly exist . Significantly, the presence or absence of fungal
allergy or gross fungi in the eosinophilic mucin had no effect
on histology, inflammatory cell infiltrate, tissue eosinophilia

or fungal-specific PMBC proliferation 727729, A small microarray
study also showed very few differences in gene expression
profiles in the absence of fungi in the mucin 73%. The similarities
among the groups irrespective of the presence of fungi or
fungal allergy have been interpreted by some investigators

to indicate that allergy to fungus cannot be the primary
pathophysiologic force driving the inflammation in AFRS 72737,
Further studies will be necessary to resolve the issue 7?2,

c. The cell walls of fungi contain the polysaccharide polymer
chitin, which is recognized by pattern recognition receptor(s)
in airway epithelial cells triggering innate immune responses
732, Chitin induces a local Th2 immune response in vivo mouse
studies, with mucosal infiltration by eosinophils, basophils

and Th2 lymphocytes 733, Chitin also induces the enzyme

acid mammalian chitinase (AMCase), which acts to degrade
the chitin apparently as a defense mechanism, in turn, down
regulating the Th2 inflammation 732. AMCase can also be
elevated in asthmatic inflammation independent of chitin and
in this setting it actually drives Th2 inflammation 732734, |n the
upper airway, epithelial cells also express AMCase and levels
are significantly higher in nasal polyps 73>738, Similarly, chitin
stimulates AMCase expression by sinonasal epithelial cells

in culture 73, While these results are interesting, the clinical
significance of chitin or AMCase in lower airway disease remains
uncertain, and any role for AMCase or chitin in the etiology or
pathogenesis of CRS is even more speculative.

In summary, while high levels of fungi may theoretically have
direct immuno-stimulatory effects, with the possible exception

of AFRS, we lack any consistent in vitro or in vivo evidence
demonstrating that fungal antigens are the primary targets of
the mucosal T cell or B cell responses observed in CRS. Therefore,
despite initial enthusiasm for the fungal hypothesis as the

basis for all chronic sinus disease, the current state of basic
science evidence coupled with the failure of clinical trials with
amphotericin “'¥, indicates that a central role for fungi in CRS is
unlikely.

4.2.3.3. Allergens

The potential role of inhaled allergens in the aetiology and
pathogenesis of CRS is controversial, much of which stems
from the lack of uniform definitions of both CRS and atopy,
variability in allergy testing methodologies and potential
referral bias in patients receiving allergy testing 7> 74%. From

a pathophysiological standpoint, allergic rhinitis (AR) occurs
through host sensitization to antigenic foreign protein across a
mucosal barrier via dendritic cells and naive CD4+ lymphocytes,
with the generation of antigen specific Th2 lymphocytes and
IgE secreting plasma cells. Subsequent antigenic challenge
across the mucosa results in cross linking of IgE bound to

the surface of mast cells and subsequent de-granulation as
well as the release of additional Th2 cytokines leading to
recruitment of inflammatory cells including eosinophils. The
pathogenesis of CRS is much less clear but at least some of
these mechanisms are operative. Clinically, the symptoms of
AR also overlap with CRS to a substantial degree 2 but are
generally less severe than those present in most forms of CRS.
Studies in CRS indicate that inflammation in the sinus mucosa
and nasal mucosa are similar in profile if not disease intensity
establishing the term ‘rhinosinusitis’ ¥, Recent studies have
indicated that nasal challenge with allergen leads to secondary
maxillary sinus inflammation 74", This is in accordance with
reports demonstrating CT changes induced in ragweed allergic
rhinitis 74, Technically speaking then, AR could actually be
termed allergic rhinosinusitis exhibiting not only nasal, but also
chronic sinus mucosal inflammation, at least in more severe
circumstances such as perennial AR, which has a markedly
more intense inflammatory profile than intermittent AR 743,
Hence, perennial AR could be included under the CRS definition:
inflammation of the nasal and sinus mucosa of over 12 weeks
duration. From this perspective, much of the confusion in regard
the role of AR in CRS becomes clear. AR can be viewed as just
one mechanism of sinonasal mucosal inflammation, that is
comparatively well understood from a molecular perspective,
sharing the same effector cells, cytokines and inflammatory
mediators active in many forms of CRS. The contribution of AR
to the total inflammatory picture in CRS is typically relatively
mild however, since the presence of allergic rhinitis (as defined
by positive RAST or skin testing) did not influence symptom
severity, extent of disease on CT scan or likelihood of surgical



failure when compared to non-allergic CRS 7474, Furthermore,
avoidance and immunotherapy relieved some associated rhinitis
symptoms but did not reverse sinonasal disease 7.

In summary then, while more severe, perennial forms of allergic
rhinitis might technically fulfill the definition of CRS, evidence

is weak in support of a role for AR in the aetiology of the typical
case of CRS. The most reasonable conclusion appears to be that
AR should generally be considered a superimposed problem,
which contributes in a variable but relatively mild way to the
sinonasal inflammation seen in most CRS patients. Notable
potential exceptions may be the patients with severe CRSWNP
associated with @ multiple positive skin tests, suggesting a
generalized barrier failure 29 allergic fungal rhinosinusitis 22
as discussed above and ®*¥ patients with local polyclonal IgE

in the absence of systemic atopy #*»5%). It has been suggested
that this subgroup of patients manifests a superantigen driven
local polyclonal IgE response to a diffuse array of environmental
agents with resultant massive chronic mast cell stimulation 747,

4.2.3.4.Viruses

The defense against respiratory viruses involves both innate
and adaptive immunity 7#®. These protective responses trigger
sinus inflammation demonstrable on CT scans but the effects
are presumed to be transient 7* and despite the frequency of
viral upper respiratory infections (URIs), relatively little attention
has been paid to any association with CRS. In assessing a role for
viruses in the aetiology and pathogenesis of CRS, the topic will
be divided into 3 hypotheses:

1. viruses are a chronic source of mucosal inflammation,

2. viruses trigger the initial insult that pre-disposes to CRS and
3. viruses trigger acute exacerbations of CRS 759,

Evidence that viruses can be a chronic source of sinonasal
inflammation triggering CRS is relatively scant. Viruses have

the capacity to incorporate into host DNA and theoretically
establish latent infections in the upper respiratory mucosa. A
recent study demonstrated rhinovirus in 21% of epithelial cell
samples from the inferior turbinates of CRS patients and 0% in
controls V. A follow up study testing for a wide array of upper
respiratory viruses failed to confirm this however, demonstrating
0% in both patients and controls 759, Taken together, these
studies do not suggest a significant role for viruses in the
stimulation of chronic inflammation in CRS. A role for viruses in
triggering the initial event that predisposes to the development
of CRS is also lacking. Although this hypothesis has not been
tested in CRS, early childhood viral infections have been linked
to the subsequent development of asthma years later 7>2, The
mechanism remains unclear but may relate to virally-induced
durable epigenetic changes in host tissues that manifest as
disease when challenged later in life 753,

With regard to exacerbations of airway disease, viral infections
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have been clearly implicated in exacerbations of asthma and
COPD 7>#+757 Viiral URIs are also presumed to precede most
episodes of acute bacterial rhinosinusitis. With regard to CRS
exacerbations, in vivo data is lacking but it has been proposed
that viral infection in combination with cigarette smoke fosters
epithelial activation contributing to acute exacerbations of
CRS 78, These in vitro studies using double stranded RNA plus
cigarette smoke triggered increased RANTES expression in nasal
epithelial cells, which should foster an eosinophilic response

in vivo. In summary, the potential relationship between viral
infection and CRS is relatively unstudied. Nevertheless, given
the documented ability of viral upper respiratory infections

to disrupt the upper airway epithelial barrier 7>, it is clearly
possible they play a role in the aetiology and pathogenesis of
CRS.

4.2.3.5. Environmental Toxins

Exposure to toxins such as tobacco smoke, ozone, sulphur
dioxide, nitrogen dioxide and particulate air pollutants (e.g.
diesel exhaust fumes) have the potential to trigger damage

to the epithelium and, in principle, accentuate airway
inflammation. These agents induce oxidative and nitrosative
stress with production of reactive oxygen species (ROS) and
reactive nitrogen species (RNS) that have the capacity to cause
tissue damage ">%. The significance of most toxin exposures in
CRS is unclear, although a number of studies have focussed on
the effects of tobacco smoke. The prevalence of CRS has been
reported to be higher in smokers 7¢% 76V and smokers have a less
favorable response to surgery 762763, The deleterious effects of
cigarette smoke relevant to CRS include alterations in secretion
and ciliary beat frequency 7% as well the induction of bacterial
biofilms 765, Based on in vitro data, it has been proposed that
cigarette smoke in combination with viral infection contributes
to acute exacerbations and eosinophilic inflammation in CRS
patients 78, ROS and RNS from tobacco smoke induces pro-
inflammatory cytokine secretion 7%, epithelial apoptosis 766767
and diminished airway epithelial barrier function 7. Overall,
data suggest that cigarette smoke likely can contribute to the
inflammation in CRS in exposed individuals, but evidence for
arole in the initial establishment of the disorder is lacking. In
particular, a recent study has suggested that in contrast to the
lower airways, the pro-inflammatory effects of tobacco smoke
in the upper airway appear to be down-regulated over time
769 Qutcome studies have also failed to show a strong negative
effect from smoking “7%. These findings would argue against a
significant role for tobacco smoke in CRS aetiology.

4.2.4. Host Inflammatory Pathways in CRS
Sinonasal mucosa serves as the site of interface with inhaled
irritants, aero-allergens, commensal organisms and pathogens.
Mucociliary clearance, physical exclusion, and the innate and
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adaptive immune responses all serve as a barrier, protecting
host from environment. The major environmental agents thus
far implicated in CRS were discussed in the preceeding segment
but their pathophysiologic importance remains unclear. In the
normal patient, these common entities are cleared without
tissue damage or the establishment of a chronic process. It

has been proposed that alterations in the host mucosal innate
immune response may predispose to the development of CRS
@559 This hypothesis shifts emphasis away from identifying
singular environmental or microbial agents and implicates
host susceptibility as the major factor in CRS pathogenesis. A
recent expert panel has gone further, proposing the question
whether all CRS patients may be immunodeficient in some
fashion ©®, If correct, it should be kept in mind that the
majority of idiopathic CRS patients do not suffer from chronic
inflammatory pathology outside of the airway. The association
of asthma and CRS is well established, but the prevalence of
other chronic inflammatory disorders in the CRS population
was not found to be significantly above background 77",

These observations suggest the corollary hypothesis: immune
abnormalities, if present in CRS, will be mediated by processes
centred in the airway mucosa. Regardless of the ultimate
validity of these concepts, the mucosal inflammation in CRS is
highly variable in character, an observation predictable given
the broad definition of this entity. Currently, the most widely
accepted sub types of idiopathic CRS are the forms with and
without nasal polyps, as the gross finding of ballooned mucosa
suggests a distinct pathway or pathways in this subset of
patients. These two groups are themselves heterogeneous,
however, and incompletely characterized from a standpoint

of pathogenesis. Distinguishing the molecular pathways that
characterise or underlie CRS inflammation should be of value
in determining pathophysiology, further defining sub types of
CRS and ultimately, guiding new therapeutic approaches (628).
The following segment will review the current literature on the
various components of the sinonasal mucosal defense system,
with emphasis on areas relevant to CRS.

4.2.4.1. Mechanical Barrier

The mechanical barrier of the sinonasal mucosa consists of

the mucus, motile cilia and respiratory epithelial cells linked

by adhesion complexes that include apical tight junctions.
Mucociliary transport is the first line of defense, trapping foreign
material in the mucus blanket and moving it out of the sinuses
and nasal cavity towards the nasopharynx. The source of nasal
secretions includes submucosal glands, goblet cells, epithelial
cell proteins, lacrimal secretion and vascular transudate.
Respiratory mucus includes a low viscosity inner sol layer and a
high viscosity outer gel layer, which rides along the tips of the
extended cilia. The major protein components of respiratory
secretions are the mucin glycoproteins with peptide backbones

and oligosaccharide side chains; these glycoproteins likely play a
significant role in organizing the mucus, secondarily influencing
host-microbial interactions 772. In addition, mucins bind surface
adhesins on microorganisms limiting their ability to access the
epithelium and facilitating mucociliary transport out of the nasal
cavity 7)., The relevance of this process to CRS is underscored

by the high prevalence of sinonasal inflammation observed in
patients with gene defects affecting mucociliary flow such as
cystic fibrosis (chloride transport) and Kartagener’s syndrome
(ciliary dyskinesia) 7. Individuals that are heterozygous for
CFTR mutations are also more likely to suffer from CRS 774,
Furthermore, in idiopathic CRS there is evidence for ciliary
dysfunction in explanted epithelial cells 7. Clinically, increased
mucus viscosity correlates with disease severity in CRS”’9 and
drugs that reduce viscosity have been proposed as therapeutic
agents (777-779)

Host defects in the mechanical barrier,
mucociliary flow and the innate immunity
(e.g. lactoferrin and S100 proteins) have been
associated with CRS

Breakdown of the mechanical components of an epithelial barrier
can play an important role in permitting foreign proteins to
stimulate an immune response and this has been proposed as a
major factor in the aetiology of asthma ®. Airway epithelial cells
are linked by an apical intercellular adhesion complex composed
of tight junctions, intermediate junctions, desmosomes and
hemidesmisomes. In CRSwWNP, significantly decreased levels of
the desmosomal proteins DSG2 and DSG3 7® and tight junction
proteins claudin and occludin 78" have been reported. Expression
of the epithelial protein LEKT1 is also significantly decreased

in CRSWNP 782, This protein, encoded by the gene SPINKS5, acts

as a protease inhibitor involved in regulating the processing of
the tight junction proteins critical to epithelial barrier function

in the skin. Interestingly, mutations in SPINK5 are shown to be
responsible for Netherton syndrome- a rare autosomal recessive
condition that results in flaky skin, fragile hair and severe

atopy 783, Lower levels of protease inhibitors like LEKT1 in CRS
epithelium may result in increased susceptibility to endogenous
and exogenous protease activity *°”. Fungi, bacteria and many
allergens all possess significant intrinsic protease activity, which,
in the presence of deficient endogenous protease inhibitors such
as LEKT1, may render the mechanical barrier more vulnerable

to protease attack and greater mucosal penetration of foreign
proteins. Further functional evidence for barrier dysfunction

in CRS is demonstrated by higher rates of ion permeability in
cultured epithelial monolayers derived from CRS patients when
compared with normal controls 784, Increased ion transport has
been proposed as a mechanism for tissue oedema seen in nasal
polyps 78786,



Taken together, these studies suggest that defective mucociliary
function may play a role in the pathogenesis of CRS broadly,
while mechanical barrier disruption has been more closely
linked to CRSWNP.

4.2.4.2. Epithelial Cells

4.2.4.2.1. Receptors

In addition to the physical barrier, sinonasal epithelial cells
(ECs) play an active role in both the innate and acquired
immune response 7%:78) Membrane bound and cytoplasmic
pattern recognition receptors (PRRs) that recognize pathogen
associated molecular patterns (PAMPs) have been identified
on airway epithelial cells (3% 15278790 PAMPs are conserved
molecular patterns found in parasites, viruses, yeasts, bacteria
and mycobacteria; recognition by host epithelial cells through
PRRs results in the release of innate protective agents as

well as chemokines and cytokines that attract innate cellular
defenses (e.g. neutrophils). In addition to PAMPs, cells also
sense cellular damage through damage-associated molecular
patterns (DAMPs) (5%792 The combined signal of foreign
material plus cellular damage triggers an innate response and
sets in motion, and ultimately helps determine the nature of,
the adaptive immune response %3,

Prominent amongst the PRRs are the Toll-like receptors
(TLRs), currently a family of 10 integral membrane
glycoproteins that recognize extracellular or intracellular
PAMPs such as bacterial cell-surface lipopolysaccharides
(LPS) or unmethylated CpG islands found in pathogen DNA.
Engagement of the TLRs by a PAMP triggers intracellular
signaling through adapter proteins like MyD88 or TRIF that
in turn can effect pro-inflammatory gene expression through
the activation of nuclear transcription factors such as NF-kB,
AP-1 and IRF3 7*¥, Given that TLR2, TLR3, TLR4 and TLR9 in
particular are expressed on airway epithelium, it is likely they
play an important role in mediating host inflammation, with
potential derangements contributing to the development
of CRS 7?9, This hypothesis is supported by the quantitative
increase in TLR2 mRNA seen in cystic fibrosis polyps and in
some studies of CRSsNP, 7%6.79) as well as reported decreases
in mucosal TLR2 and TLR9 mRNA in samples from CRSWNP
(791.798) These results have not been confirmed at the protein
level nor is there data demonstrating a functional deficit of
TLR signaling in CRS patients. Nevertheless, this remains a
theoretical mechanism that can account for chronic mucosal
inflammation and merits further exploration. Data regarding
dysregulation of other PRRs in CRS is sparse, although
NOD-like receptors (NLRs) are expressed in nasal and sinus
epithelial cells 7. A single study indicated that levels were
increased in CRSWNP epithelium and this level was decreased
after nasal steroid use ©%),

In addition to PRRs, sinonasal epithelial cells also express
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protease-activated receptors (PAR) 729, Although not
classically considered host defense molecules, these receptors
are activated by a variety of endogenous and exogenous
proteases, including those associated with bacteria, fungi and
allergens ©°Y, Triggering of PAR receptors invokes the NFkf3
signaling pathway that results in cytokine and chemokine
production, cellular recruitment and potentially, skewing of
the both the innate and acquired immune response 794802,

In vitro studies on the nasal epithelium have indicated that
PAR-2 activation triggers IL-8 release and this response can

be elicited by Staphylococcus aureus-derived proteases 72*
803, Other investigators have suggested that fungal proteases
may act on PAR receptors to drive both a neutrophilic and
eosinophilic response 7®, As mentioned earlier LEKT1 protein,
a natural anti-protease, is reduced in CRSWNP epithelium

782 In addition to protecting tight junctions discussed

above, this protein should also serve to shield epithelial-
based PAR receptors. In a model of skin disease, a recent
study demonstrated that the absence of LEKT1 leads to the
expression of the Th2 skewing molecule TSLP via activation

of PAR-2 ®%_|t has been suggested that LEKT deficiency may
contribute to the pathogenesis of CRS via inappropriate PAR
stimulation as well (597). This may be of particular significance
given that CRSsNP and CRSWNP both express higher levels of
PAR2 in comparison to normal ECs 729,

4.2.4.2.2. Epithelial Cell Response: Host defense molecules
Epithelial cells secrete a vast arsenal of antimicrobial
molecules in several classes including enzymes (lysozyme,
chitinases and peroxidases), opsonins (complement

and pentraxin-3), permeabilizing proteins (A defensins,

B defensins and cathelicidins such as LL-37), collectins
(surfactant protein-A, surfactant protein-D and mannose-
binding lectin) and binding proteins (lactoferrin and mucins)
(611,805,806 Studies of CRS patients have not demonstrated

a universal trend in the expression of these antimicrobial
molecules. Levels for complement components, LL-37,
surfactant protein A (SP-A) and Acid Mammalian Chitinase
demonstrated increases, presumably compensatory, in

CRS patients 735807811 | actoferrin and the S100 group of
antimicrobials were decreased in CRS, however (©86.812.813),
The S100 proteins are products of a multi-gene family
widely expressed in epithelial cells. In addition to direct
anti-microbial effects, these have diverse effects on cell
differentiation and wound healing, linking the mechanical
barrier and classic anti-microbial properties ©4. PLUNC
(Palate Lung Nasal Epithelial Clone), another secreted
antimicrobial protein, is decreased in CRSWNP @3, PLUNC is
secreted by glandular rather than surface epithelium and this
protein may have particular relevance for CRS as it possesses
anti-biofilm properties.
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Sinonasal epithelial cells (ECs) play
an active role in both the innate and
acquired immune response

Presence of diminished host defense molecules in CRS suggests
the hypothesis that a primary sinonasal innate immune

defect may contribute to local microbial proliferation and the
development of CRS in a subset of patients ®*”. There is some
evidence however that Th2 cytokines can cause nasal epithelial
cells to down regulate the production of innate immune
molecules such as human beta-defensin 2 and surfactant
protein A ©19 This suggests the alternative hypothesis that an
inappropriate Th2 effector response at the mucosal surface
may account for the observed innate immune deficiencies.
Mechanistic studies to uncover whether diminished EC innate
immune responses in CRS are constitutive and pre-exist the
onset of CRS or are inducible responses to Th2 inflammation
are stillincomplete. Nevertheless, innate immune responses

in ECs can be induced by the T cell cytokine IL-22, which

works through its receptor IL-22R ©'7:8'®) Binding of IL-22 to

its receptor activates the transcription factor STAT 3, which
mediates mucosal host defense and epithelial repair %829, |n
airway ECs, the STAT 3 pathway regulates production of host
defense molecules including the S100 family ©2V. Studies in

the gut and lung indicate that this pathway is critical in the
regulation of inflammatory responses at the epithelial surface
in general 22, In CRSWNP, diminished expression of IL-22R has
been reported #2* and separate studies have indicated that the
STAT 3 pathway is blunted in CRSWNP &% Interestingly, STAT 3
mutations have been indentified in Hyper IgE syndrome (HIES
or Job's syndrome), which is associated with eosinophilia, high
IgE, staph abscesses and recurrent sino-pulmonary infections
699 The similarities between CRSWNP and some aspects of Job's
syndrome suggest the hypothesis that nasal polyposis may

result from local (sinonasal) impairment of the STAT 3 pathway
(598).

4.2.4.2.3. Epithelial Cell Response: Cytokines and
Chemokines

Airway epithelial cells produce a variety of inflammatory
cytokines, typically in response to PRR and PAR receptor
stimulation 74, A partial list includes IL-1, TNF-a, IFNa/3,
GM-CSF, eotaxins, RANTES, IP-10, IL-6, IL-8, GRO-a, MDC, SCF,
TARC, MCP-4, BAFF, osteopontin, IL-25, IL-32, IL-33 and TSLP
(24,600,805,824-826) |y addition to driving pain, swelling, vascular
dilation and leak and other hallmarks of inflammation, many of
these cytokines have chemokine properties attracting various
leukocytes including eosinophils, mast cells, neutrophils,
dendritic cells and lymphocytes. EC cytokines are also believed

to play a key role in dendritic cell polarization, shaping the
nature of the T cell response to antigens €27,

Given the important role of ECs in mucosal immunity, altered
nasal EC cytokine release may play a role in CRS pathogenesis.
The contribution of EC gene expression to the overall mucosal
cytokine milieu can be difficult to determine. Quantitative
cytokine studies in CRS have been done on whole tissue
biopsies for the most part, as the techniques needed to

analyze isolated nasal EC secretion are more problematic. In
vivo epithelial scrapings and in vitro EC cultures both have
limitations: the former is generally limited to mRNA analysis as
adequate protein samples are difficult to obtain while the latter
is technically difficult and prone to potential cell culture effects.
In vitro studies have most commonly demonstrated elevated
EC cytokine secretion from CRS patients as opposed to normals,
presumably reflecting their activated state 7'7-828839) |nterest
has centered on potential effects on eosinophils; elevated
GM-CSF, eotaxins and RANTES from ECs likely contributes to the
recruitment and survival of these cells in CRSWNP. One study did
demonstrate decreased IL-8 in cultures from CRSsNP patients
suggesting that diminished neutrophil recruitment may play a
role in pathogenesis V. Recent in vivo studies demonstrated
elevated EC expression of IL-32 in CRSsNP @32, |n CRSwWNP,
elevated secretion of IL-6 *°® and BAFF © were observed, and
this was at least in part from EC activity. BAFF (also called BLys
or TNFSF13B) triggers B-cell proliferation and class switching,
and these processes may have particular significance in CRS
pathophysiology ©%. BAFF is secreted by multiple cell types and
will be discussed more extensively in the section on B cells.

EC cytokines have established effects on multiple cell types,
including not only effector cells but also dendritic cells.
Relevant to CRS, in vitro studies indicate that ECs from nasal
polyps have the capacity to skew dendritic cell polarization in
the Th2 direction ®33. Mechanistically, it has been suggested
that a subset of EC cytokines (IL-25, IL-33 and TSLP) are key
determinants of dendritic cell polarization and subsequent T
cell differentiation in response to mucosal antigens (0! 787.788.

84, Specifically, these cytokines have the capacity to skew T

cell differentiation in the Th2 direction, the pattern observed in
Western CRSWNP patients. TSLP, in particular, has the ability to
act directly on dendritic cells, shaping the T cell profile as well as
directly and indirectly (through mast cells) recruiting eosinophils
601.827) \Whether TSLP is relevant to CRS pathogenesis is unclear,
however a recent paper demonstrated elevated TSLP activity
using a bioassay of supernatant from nasal polyp explants @,

These results were independent of allergic status. Subsequent
papers have also implicated TSLP in polyposis ©3¢%3#), | evels of
other epithelial cytokines with Th2 properties, such as IL-33,
have been reported as higher in recalcitrant CRSWNP ©3% and
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Table 4.2.1. Inflammatory cells in Chronic Rhinosinusitis with nasal polyps (IHC; immunohistochemistry; RT-PCR; reverse-transcriptase protein chain

reaction; ELISA: enzymo-linked immunosorbent assay).

Author, year, ref.

Tissue, Patients

Cell type

Technique

Conclusion

Fokkens, 1990 2062

Jankowski, 1996 (1477

Drake-Lee, 1997 2049

Haas, 1997 ©56)

Jahnsen, 1997 2040

Loesel, 2001 2047

Seong, 2002 2048

Sobol, 2002 ©2

Wittekindt, 2002 (107

Shin, 2003 717

Chen, 2004 049

Claeys, 2004 &3

Watanabe, 2004 €28

Gosepath, 2005 @050

Kowalski, 2005 @24

Conley, 2006 ©53

Hao, 2006 %

Schaefer, 2006 ©2?

nasal polyps healthy
nasal mucosa allergic
rhinitis nasal mucosa

nasal polyps
sinonasal mucosa (CRS

nasal polyps
inferior turbinate

nasal polyps
healthy nasal mucosa

nasal polyps

nasal polyps
healthy nasal mucosa

nasal polyps

nasal polyp from cystic
fibrosis (CF)
NP from non-CF

nasal polyps
healthy nasal mucosa

eosinophils from
healthy volunteers in-
cubated with CRS with
NP polyp epithelial cell

nasal polyps
healthy nasal mucosa

nasal polyps
sinonasal mucosa (CRS)
healthy nasal mucosa

nasal polyps

nasal polyps
healthy nasal mucosa

nasal polyps

nasal polyps
antrochoanal polyp

nasal polyps
healthy nasal mucosa

nasal polyps
sinonasal mucosa (CRS)
healthy nasal mucosa

T lymphocytes B Lym-
phocytes eosinophils

neutrophils dendritic cells

Ig+ cells

eosinophils

mast cells

dendritic cell

endothelial cells

mast cells

epithelial cells

neutrophils

endothelial cells

epithelial cells

epithelial cells

macrophages

epithelial cells

endothelial cells

epithelial cells, stem
cell factor (SCF)

S. aureus superantigens
of the T-cell receptor

T lymphocytes

epithelial cells

IHC

IHC

IHC

IHC

flow
cytometry
RT-PCR

fluores-
cence
microscopy

ELISA
RT-PCR

IHC

IHC

ELISA

IHC
RT-PCR

real-time
RT-PCR

IHC

IHC

ELISA
RT-PCR

flow cy-
tometry

IHC

IHC
ELISA

CRS with NP: more than 10% eosinophils
compared to CRS without NP

Greater mast cell degranulation in CRS
with NP compared to healthy inferior
turbinate

Dendritic cells are present in NP

Endothelial cells express VCAM-1, induced
by IL-4 and IL-13, with a role in eosinophils
and T lymphocyte recruitment

Number of mast cells is not different
between controls and CRS with NP

In CRS with NP: inflammatory mediators
may over-express MUC8 mRNA in NP and
downregulate MUC5AC

There is a neutrophil massive activation in
CF-NP compared to non CF-NP

VPF/VEGF expression was higher in NP
than in healthy nasal mucosa

Eosinophils in nasal secretions are activated
by GM-CSF, which is produced by nasal
epithelial cells

CRS with NP epithelial cells express
increased amounts of LL-37, an
antimicrobial peptide

CRS with NP: MMR has a higher
expression than in CRS without NP and
controls

Clinical efficacy of glucocorticoids on NP
epithelial GM-CSF production, which
prolongs eosinophil survival.

VPF/VEGF are increased in NP compared
to healthy nasal mucosa, suggesting a role
in both the formation of NP and induction
of tissue edema

Epithelial cells release stem cell factor (SCF)

S .aureus SAg-T-cell interactions in 35% of
CRS with NP lymphocytes

Inverse median ratio of CD4+/CD8+ T
cells as compared to the middle turbinate

NP endothelial and epithelial cells are the
main source of CC chemokine eotaxin-2
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Author, year, ref. Tissue, Patients Cell type Technique  Conclusion
Van Zele, 2006 ©29 nasal polyps T lymphocytes IHC CRS with NP:increase in T lymphocytes
sinonasal mucosa (CRS)  plasma cells numbers and activated T-lymphocytes,
healthy nasal mucosa eosinophils CD4+/CD8+ T cells, and eosinophils than
neutrophils CRS without NP and controls.
CRS with NP: increased number of neu-
trophils and more MPO compared to
healthy controls but not to CRS without NP
Ramanathan, 2007 *®  nasal polyps epithelial cells flow TLR9 is down-regulated in NP epithelial
healthy nasal mucosa cytometry cells and involved in innate immunity
RT-PCR functions
Sachse 2010 (©°® CRSWNP, CRSsNP and Epithelial cells PNA-FISH; Staph invasion of sinonasal epithelial cells
control tissue EM; ELISA occurs in CRSWNP
Ayers 2011 €0 AFS, CRSsNP and con- Dendritic cells IHC Dendritic cells are increased in CRSWNP and
trol sinus tissue AFS vs. controls and CRSsNP
Kirsche 2010 CRSWNP, CRSsNP and Dendritic cells Flow Low myeloid dendritic cells may be present
control tissue cytometry in CRSWNP
Krysko 2011 ©%9 CRSWNP and control macrophages IHC M2 macrophages increased in CRSWNP;
phagocytosis impaired
Mjoesberg 2011 ©73 Nasal polyps Innate type Il ymphocytes flow Innate type Il ymphocytes are present in
cytometry high levels in nasal polyps
Payne 2011 ©27 Nasal polyps Inflammatory cell types IHC; PCR; Polyps can be divided in eosinophilic and
ELISA non-eosinophilic (NE). NE polyps demon-

genetic studies also suggest that variation near the IL-33 gene
is associated with CRSWNP 49, |n regard to IL-25, there is no
current evidence for elevated expression or activity of this
cytokine in CRS. Overall, crosstalk between ECs and dendritic
cells remains an active area of CRS research.

ECs likely play a significant role in mediating not only the
innate response, but also shaping the subsequent adaptive
immune response. Whether primary variations in ECs
responses underlie CRS aetiology and pathogenesis is unclear
but interfering with EC cytokine expression for therapeutic
purposes is an area of active research ©4:842, Furthermore,

in contrast to the up-regulation of antimicrobials in EC,
corticosteroids down regulate EC cytokine secretion 28843
844, This bimodal effect of corticosteroids on ECs may be a key
mechanism accounting for their efficacy in CRS.

4.2.4.2.4. Epithelial Cell Response: Co-stimulatory
molecules

In addition to cytokine mediated regulation of T-cells
mentioned above, airway epithelial cells also express
homologues of the B7 co-stimulatory family 792, Expression
of these cell surface ligands, which have the ability to down
regulate T-cell responses, are increased in CRS patients and
induced by TNF-a and IFN-y ", Induction of B7 molecules also
occurs via viral infection %, The clinical significance of this
down regulation of T-cells and its possible relevance to viral
exacerbations of CRS remains unclear.

strate glandular hypertrophy and dense
collagen deposition.

4.2.4.2.5. Epithelial Cell Response: Inflammatory Enzymes,
ROS and RNS

Enzymes involved in the generation of reactive oxygen species
(ROS) are important in multiple epithelial processes including
mucin production, epithelial repair, innate immunity and
response to environmental toxins . Oxidative enzymes are
important in the generation of hypothiocyanite, an important
antimicrobial that selectively kills microorganisms and

spares host cells; this pathway is defective in cystic fibrosis

®05) Environmental toxins induce ROS production, which is
counteracted by various scavenger enzymes and anti-oxidants
in airway epithelial cells. If these protective mechanisms

are overwhelmed, pro-inflammatory cytokines are induced;
additional oxidative stress can lead to cell death ©4),

Reactive nitrogen species (RNS) also play a significant role in
several biologic processes and RNS can also interact with ROS
in disease causing tissue damage 7>, In particular, there has
been a great deal of interest in a potential role for nitric oxide
in CRS. Nitric oxide (NO) is produced by nitric oxide synthase
(NOS) and there are 3 relevant enzymes in the airway: inducible
NOS (iNOS), and endothelial and neural NOS (eNOS and nNOS),
which are constitutive. A variety of cells types possess iNOS,
including epithelial cells and macrophages. Stimuli for induction
of iNOS include various chemokines, cytokines, allergens,
viruses, pollutants, hypoxia, bacterial toxins and viruses €%,

In general, constitutive NO acts as an intracellular messenger
and neurotransmitter, induced NO mediates inflammatory



and antimicrobial effects and can also regulate apoptosis.

The sinuses produce very high amounts of NO and it has

been proposed that this limits bacterial colonization of these
structures given the proximity of the nasal and oral cavity ©*.
NO also regulates ciliary beat frequency ®#” and studies have
indicated low levels of nasal NO in CRSsNP % The lowest levels
of NO have been reported in CRSWNP, and levels increase with
treatment ©#:89, These reports have generated a large number
of studies on the topic of nitric oxide and CRS, but the role of
nasal NO in health and disease has not been clarified, in part due
to variations in methodology. No study to date has correlated
nNO levels with any clinical, molecular or pathological measure
of sinus mucosal inflammation ©", In terms of aetiology and
pathogenesis of CRS, it has been suggested that metabolic
pathways are abnormal in nasal polyposis 2 and that high NO
levels are important in keeping microbial colonization levels
low within the paranasal sinuses ©3, In particular, high levels of
NO have inhibitory effects of S. aureus biofilm growth ©% but
these levels may actually promote growth of other bacteria. The
clinical relevance also remains unclear since ESS, which has a
high success rate in most studies, reduces the NO concentration
in operated sinuses ®. Moreover, a fundamental criticism of
existing work on the topic is that all studies measure NO in

the sinus lumen, rather than at the mucosal surface and in the
respiratory mucus where innate defenses operate @,

4.2.4.3. Dendritic Cells and Macrophages

Dendritic cells (DCs) activate both innate and adaptive
immunity via antigen capture, presentation of antigen to
immature T cells and secretion of soluble inflammatory
mediators. Crosstalk between epithelial cells and DCs (see
discussion above) is believed crucial to the determination of any
subsequent T cell response to mucosal antigen and these cells
serve as a bridge between the innate and adaptive response ©"-
DCs have been described in the nasal mucosa ®° and a recent
study indicates that multiple subsets are present ©. Studies

in CRS have been limited but functional DCs are present in
polyp mucosa ©®. It has been suggested that myeloid dendritic
cells are decreased in the polyps when compared to CRSsNP

or control nasal tissues and this accounts for the observed

Th2 skewing ©5%. Other investigators demonstrated increased
DCs in CRSWNP vs. either CRSsNP or control mucosa ©. In this
study, elevated DC chemoattractants CCL2 and CCL20 were
present in polyp mucosa suggesting recruitment of immature
DCs to the sinonasal mucosa. DCs were increased in CRSsNP vs.
control mucosa but the difference was not significant. Levels of
Vitamin D3, an immunoregulatory molecule with known effects
on DCs, were low in CRSWNP suggesting a potential role for
replacement therapy ©33. More broadly, the key role of DCs in
the mucosal immune response makes them attractive targets for
the management of chronic airway inflammation; in particular,
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modulating epithelial/DC crosstalk may have therapeutic value
(601)

Macrophages are innate immune cells with diverse roles:
removal of particulates, primary response to pathogens; tissue
homeostasis; coordination of the adaptive immune response;
inflammation; tissue repair ®¢". The classical macrophage
activation pathway (M1) is driven by Th1 cytokines that trigger

a pro-inflammatory response necessary to kill intracellular
pathogens. The alternative pathway is driven by Th2 cytokines
in the local milieu leading to M2 macrophages; this process is
important in the defense against helminthes, humoral immunity
and tissue repair ©". Macrophages (presumably mostly M1) are
elevated in the sinonasal mucosa of cystic fibrosis (CF) patients
in comparison to controls and CRS ©%2, M2 macrophages,

which express elevated levels of the macrophage mannose
receptor (MMR), are present in high levels of CRSWNP patients
as opposed to CRSsNP, CF and controls ©°797:863) Eosinophils,

via CCL23, may be key to the recruitment of macrophages in
CRSWNP, which then convert to the M2 type in the Th2 milieu
610 These polyp-derived macrophages appear to have an
impaired ability to phagocytose S. aureus, which may contribute
to the pathophysiology of CRSWNP ©%, In addition, M2
macrophages derived from nasal polyps secrete high levels of
CCL18, a cytokine known to be chemotactic for DCs, naive t cells
and Th2 cells all of which may contribute to the pathogenesis of
CRSWNP (832).

4.2.4.4. Eosinophils

Eosinophils are circulating granulocytes whose function

at mucosal surfaces is immune defense, primarily against
multi-cellular parasites. In addition, it has been suggested

that eosinophils play a significant role in tissue remodeling
and repair in both health and disease ©¢. Their presence in
high numbers in the respiratory mucosa however, has long
been associated with disease, most prominently asthma and
allergic rhinitis. Eosinophils are also an important cell type in
chronic rhinosinusitis, and CRS was at one time considered

by many to be a purely eosinophilic disease. Eosinophilic
damage to the sinonasal mucosa was believed to be the
central pathophysiologic mechanism of CRS and the hallmark
of the disorder &%), Significantly, the degree of eosinophilia
in CRS was independent of the concomitant presence of
allergic rhinitis, suggesting distinct but possibly overlapping
pathophysiologic processes 7489 |n addition, the degree of
tissue eosinophilia in CRS correlates with objective disease
severity and co-morbid asthma ©4287-870 The introduction of the
‘fungal hypothesis’ (see section on fungi) further enhanced the
role of the eosinophil; toxic mediators released by eosinophils
targeting fungi were proposed as the common upstream
pathway for all forms of CRS ®%6%), Variation in the degree of
tissue eosinophilia in surgical specimens was believed to reflect
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the presence or absence of allergic rhinitis, prior corticosteroid
use or simply disease-intensity. It was always clear however,
that non-eosinophilic forms of nasal polyposis existed, most
obviously in cases of cystic fibrosis " but this was considered
an exception. The concept of tissue eosinophilia is relative
however, and some cases of CRS demonstrated relatively
minimal eosinophilia and the predominant influx of other

cell types. Notably, separation of CRS tissue specimens into
CRSsNP and CRSWNP demonstrated that tissue eosinophilia
was much higher in the polypoid form (620866872874 Thjs close
association, independent of atopy, suggested that eosinophils
may be critical to polyp formation but the relationship between
CRSWNP and mucosal eosinophilia is not maintained in Asian
polyps % as well as a demonstrable minority of Western/
Caucasian polyps ©2, While approximately 80% of Caucasian
polyps are eosinophilic, less than 50% of Asian polyps
demonstrate tissue eosinophilia above that seen in control
tissues ®7>#77) |n addition, the majority of CRSsNP worldwide
appears to be relatively non-eosinophilic, at least in comparison
to Caucasian polyps. Taken together, these studies indicate that
eosinophils are not absolutely necessary for nasal polyposis

or CRS to be present. Although this might appear to diminish
the importance of these cells in CRS, a recent longitudinal
study demonstrated that high tissue eosinophilia correlated
directly with the need for revision surgery ©7®. A second well
done prospective study divided patients by polyp status and
tissue eosinophilia. Results indicated that CRSsNP patients
with high tissue eosinophilia, while less common, nevertheless
demonstrated the least improvement of the four groups with
surgical therapy ®7?. Consequently, while eosinophils are not
essential for CRS to exist, they appear to be a biomarker for
severe, recalcitrant disease, at least in Caucasians, and may still
be the cell that mediates this relatively poor prognosis €&,

Eosinophil levels and Th2 cytokine skewing
are most closely associated with Western
CRSwWNP.

The mechanism of recruitment and activation of eosinophils in
CRS involves 3 main processes:

1 the local expression of eosinophil-attracting chemokines by
the epithelium and other cell types

2 priming and survival promoting effects of cytokines such as
GM-CSF and IL-5 and

3 the expression of adhesion molecules by endothelium
especially VCAM-1.

The relevant chemokines are RANTES, Eotaxin 1-3, MCP 1-4, all
primarily secreted by nasal epithelial cells and all of which work
through CCR3 ®41-881-89) | allergic inflammation, other cellular
sources, such as dendritic cells and macrophages, may be the
most important sources of eotaxin and other CCR3 ligands.

The regulation of epithelial chemokine expression is complex,
but the Th2 cytokines IL-4 and IL-13 play a key role working
through STAT6 and NF-kf3 ©92893) Qther stimuli such as chitin
(see above) may play a role as well 739, In addition, eosinophils
secrete eotaxin 1-3 as well as RANTES, suggesting a possible
amplifying effect enhancing local eosinophil recruitment (891,
894). The relevant cytokines GM-CSF and IL-5 induce increased
migration, adhesion and survival of eosinophils in nasal polyp
tissue. GM-CSF was identified first, and is produced in particular,
by epithelial cells 248589 |L-5 js also an important priming and
survival factor for eosinophils in nasal polyps %03, Initially,
IL-5 levels in nasal polyp tissue were believed to correlate

with atopic status 2 but multiple follow up studies indicated
that IL-5 status-and hence any effect on eosinophils-was
independent of systemic allergy 42 9% %4905 The most relevant
adhesion molecule appears to be VCAM-1, which mediates
rolling, adhesion and transendothelial migration of eosinophils
in vitro. Several groups have demonstrated increased expression
in nasal polyps and levels correlate with the presence of
eosinophils ©8396919 A recent study indicated high VCAM-

1 levels correlated with risk of post surgical recurrence ©'%,
P-selectin is an additional adhesion molecule that may also

play a role in eosinophil accumulation within nasal polyps ©'"
while L-selectin appears to regulate eosinophil accumulation in
CRSSNP (18,912).

Asian polyps are less eosinophilic than
Western CRSWNP, exhibitinga Th1/17
cytokine skewing

The overall process of eosinophil recruitment, activation and
survival in CRS, when present, is likely driven primarily by Th2
cytokines via the mechanisms discussed above. The critical
upstream cellular sources of these Th2 cytokines in eosinophilic
CRS remain unclear, but presumably include Th2 helper T-cells.
In CRSWNP, substantial evidence exists that staphylococcal
superantigens promote mucosal eosinophilia primarily by
accentuating local Th2 cytokine release via actions on these
T-cells, although other mechanisms may also be relevant %4262,
Very recent evidence has further suggested that staphylococcal
biofilms may play an additional role driving eosinophilia in
CRS, independent of polyp status or superantigens ©*, The
mechanism for this potential effect is uncertain and further
studies will be necessary to validate this hypothesis. As
mentioned earlier, based primarily on in vitro data, the ‘fungal
hypothesis’ proposed that Alternaria fostered tissue eosinophilia
via accentuation of Th2 cytokine release from sensitized T-cells
(593,702 Two follow up studies failed to confirm these in vitro
observations however 7% 707 and the weight of evidence does
not support a major role for fungi in most forms of CRS at this
time @567.713.913) Qther factors including IL-33, TSLP, IL-25, PAR



receptors, complement proteins, eicosanoids and Stem Cell
Factor may play an upstream role in CRS tissue eosinophilia but
evidence is currently very limited (0718 809, 824,835,840,914,915),

Once present and activated, eosinophils are believed to

damage the mucosa through degranulation and release of toxic
mediators with resulting epithelial sloughing and tissue oedema
865,916,917) | addition to direct toxic effects, eosinophils in nasal
polyps express CCL23, which acts to recruit macrophages

and monocytes, whose products may also contribute to the
inflammation in CRSWNP ©'9.The mechanism for eosinophil
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de-granulation in CRS is unclear but data from other tissues
suggests that crosslinking of receptors for IgA is an important
trigger ©'8°19, Effects on eosinophils by IgA can occur even in
the absence of antigen binding ®*. High levels of IgA have been
identified in nasal polyps suggesting that this immunoglobulin
may play a key role in vivo ©2"-°2) | astly, it has been proposed
that the epithelial barrier in CRS is already weakened 2782, thus
eosinophilic degranulation should only accentuate the process.
In addition to the above noted pathologic effects, eosinophils in
lower airway disease foster fibrotic changes of the sub epithelial

Table 4.2.2. Inflammatory mediatos (cytokines, chemokines, adhesion molecules, eicosanoids, and matrix metalloproteinases) in Chronic

Rhinosinusitis without nasal polyps (IHC: immunohistochemistry; RT-PCR: reverse-transcriptase protein chain reaction; ELISA: enzymo-linked immu-

nosorbent assay; CRS; chronic rhinosinusitis without nasal polyps; NP: chronic rhinosinusitis with nasal polyps; FESS: functional endoscopic sinus

surgery).

Author, year, ref.

Hamilos, 1993 20

Xaubet, 1994 ©%

Mullol, 1995 (1643

Bartels, 1997 (€80

Bachert, 1997 ©%

Ming, 1997 2063

Simon, 1997 "

Bachert, 1998 ©%4

Bachert, 2001%42

Gevaert, 2003 ©29

Wallwork, 2004 (1708)

Watelet, 2004 @051

Watelet, 2004 (104

Tissue, Patients

nasal polyps sinonasal
mucosa (biopsies

nasal polyps
sinonasal mucosa

nasal polyps
sinonasal mucosa

nasal polyps
sinonasal mucosat

nasal polyps
sinonasal mucosa

nasal polyps

healthy sinonasal
mucosa

allergic rhinitis mucosa

nasal polyps

nasal polyps

nasal polyps
sinonasal mucosa

nasal polyps
sinonasal mucosa

CRS nasal mucosa
(in vivo & in vitro)

sinonasal mucosa
(FESS)

sinonasal mucosa
(FESS)

Marker

GM-CSF, IL-3

GM-CSF

IL-8, GM-CSF, IL-1,
IL-6, IL-8, TNF-a

CC-chemokines
eotaxin, RANTES
and MCP-3

IL-1, IL-3, IL-4, IL-5, IL-6, IL-8,
IL-10, TNF-a, GM-CSF,

IL-1RA, RANTES, GRO-a

IL-4, IL-5, IFN-y
mRNA

IL-5

Th1, Th2 cytokines

IL-5, IL-4, eotaxin,
LTC4/D4/E4, sCD23,
histamine, ECP,
tryptase, total and
specific IgE for
allergens and

S. aureus enterotoxins

Soluble IL-5R

TGFB-1, NF-kB

MMP-9, TGFB-1

TGFp-1

Technique

IHC

IHC

ELISA
RT-PC

ELISA

ELISA

RT-PCR
Southern
blot

ELISA
RT-PCR

Elispot

ELISA
Immuno-
CAP

RT-PCR

IHC

IHC
ELISA

IHC
ELISA

Conclusion

Cellular sources of GM-CSF and IL-3 in NP
remain to be determined

Eosinophil infiltration into the respiratory
mucosa (allergic reaction, CRS with nasal
polyps) is modulated by epithelial cell GM-
CSF

Nasal Polyps may represent a more active
inflammatory tissue (more cytokines) than
healthy nasal mucosa

Expression of eotaxin and RANTES but no
MCP-3 is elevated in atopic and non-atopic
NP compared to normal mucosa

IL-5 plays a key role in eosinophil
pathophysiology of nasal polyps and may
be produced by eosinophils.

CRSWNP and allergic rhinitis may differ in
the

mechanism by which IL-4 and IL-5 are
increased

IL-5 is an important cytokine that may
delay the death process in NP eosinophils

Th1 and Th2 type cytokines are
upregulated in NP, irrespective of allergen
skin test results.

association between increased levels of
total IgE, specific IgE, and eosinophilic
inflammation in NP

antagonistic soluble isoform is upregulated,
the signal transducing transmembrane
isoform is down-regulated in nasal polyps,
mainly in asthma.

clarythromycin inhibites TGF3-1 and NF-kB
only in vitro

correlation with the tissue healing quality

CRS without NP: increased expression of
TGFB-1 compared to NP
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Author, year, ref.

Elhini,2005 2052

Pérez-Novo, 2005 (140

Toppila-Salmi, 2005
©12)

Lane, 2006 720

Lee, 2006 @

Olze, 2006 9

Pérez-Novo, 2006 ©'

Rudack, 2006 @053

Watelet, 2006 @054

Van Zele 2006 ©29

Douglas 2007 7%

Ahmed 2008 (°'®

Kato 2008 (6%

Lu 2008 ©2¢)

Patou 2008 (68

Ramanathan 2008 ©'9

Van Bruaene 2008 ©84

Zhang 2008 @

Allakhverdi 2009 ©3

Ahn 2009 729

Cao 2009 €77

Gevaert 2009 ©30

Lalaker 2009 739

Lee 2009 (1

Tissue, Patients

ethmoidal sinus
mucosa

sinonasal mucosa

maxillary sinus mucosa
(surgery)

ethmoidal mucosa
(surgery)

sinonasal mucosa

nasal polyps
turbinate mucosa

nasal mucosa

sinonasal mucosa

sinonasal mucosa
(FESS)

CRSsNP; CRSWNP and
control sinus tissue

PBMC from CRS and
controls

Polyp and control
tissue

CRSwWNP, CRS and
controls

CRSWNP, CRSsNP and
controls

Nasal poly tissue and
controls

SNEC from CRS and
controls

Sinus tissue from
CRSWNP, CRSsNP and
c ontrol

Belgian and Asian
CRSwWNP and control
tissues

Nasal polyps

AFS, CRSsNP and con-
trol sinus tissue and IT

Asian CRSWNP, CRSsNP
and control tissue

CRSWNP and control
sinus tissue; peripheral
blood eosiinophils

SNEC from CRSWNP
and controls

Nasal lavage and
polyps

Marker

CCR4+, CCR5+

COX-2
PGE2

L-selectin ligands
TLR2, RANTES,

GM-CSF
CCL-20

eotaxin, eotaxin-2,
and -3

CysLT receptors
EP Receptors

GRO-a, GCP-2, IL-8,
ENA-78
MMP-9

Inflammatory cytokines

cytokines

Capillary density

BAFF, IgA, B cells

Osteopontin (OPN)

cytokines

TLR-9; beta defensins; spA

FOX3P; GATA-3; T-bet; RORc;
cytokines

T cell cytokines

TSLP

IgE in tissue

Th cytokines; TGF;

Soluble and TM IL-5R alpha

AMCase; eotaxin 3

VEGF

Technique

IHC
real time
PCR

real time
PCR
ELISA

IHC

real time
PCR

IHC
real time
PCRS

ELISA

real time
PCR

HPLC +
bioassay

IHC

PCR; ELISA

PCR

Confocal
microscopy

PCR, ELISA,
IHC

ELISA; IHC

ELISA;
tissue
explants

SNEC cul-
ture; PCR

PCR; ELISA;
IHC

PCR and
ELISA

Functional
assay

IHC, ELISA

PCR;ELISA;
IHC

PCR, Flow,
ELISA

PCR

PCR; ELISA;
IHC Flow

Conclusion

CRS patients: increase of CCR4+ in atopics
and decrease of CCR5+ in non-atopics

CRS: COX-2 and PGE2 are more expressed
than in NP

Increased expression in CRS endothelial
cells

CRS: increase compared to healthy controls

Increased expression of CCL 20 in CR

Eotaxin is expressed in CRS

CRS: CysLT and EP receptors are more
expressed than in NP

Expression of GRO- and GCP-2 in CRS

Correlation between MMP-9 expression and
tissue healing quality

CRSWNP is Th2 skewed; CRSsNP is Th1
skewed

Staph SA but not Alt extracts stimulated
cytokine response; no difference between
patients and controls

No active angiogenesis in polyps

BAFF expression is higher in polyps and
correlates with IgA and B cells

OPN is unregulated in CRS vs. controls, with
highest levels in CRSWNP

SEB staph toxin triggers Th2 skewed
inflammation; staph protein A triggers mast
cell degranuation

Th2 cytokines down regulate some SNEC
antimicrobial factors

Low FOX3P and TGF@3, High T-beta and
GATA-3 in CRSWNP vs. CRSsNP and controls

Th2 cytokines elevated in Belgian polyps;
Th1/Th17 cytokines elevated in Asian
polyps. Both have decreased FOX3P and
TGF B vs. control tissue

Elevated TSLP activity in nasal polyps

More fungal and non fungal IgE is ex-
pressed in AFS vs. CRSsNP and control

Asian polyps have Th1,Th17 and Th2
response patterns; CRSsNP is Th1

TM IL-5 alpha is down regulated in polyps
while SOL-IL-5 alpha is u -regulated

Chitin stimulates AMCase and eotaxin 3

VEGF is elevated in CRSWNP tissue and
lavages



Author, year, ref.

Orlandi 2009 707

Park 2009 739

Patou 2009 ¢4

Van Bruaene 2009 (1%

Van Zele 2009 €%

Bachert 2010 &)

Ebbens 2010 (®

Lee 2010 &'V

Li2010 ©©

Patadia 2010 (%2

Perez-Novo 2010 (152

Peters 2010 %)
Reh 2010 ©3
Schlosser 2010 ©19
Tieu 2010 ©'3

Van Crombruggen
2010049

Ba 2011 ©23

Erbek 2010 205
Foreman 2011 ©%3
Kimura 2011 ©39®

Li 2011 ©&®

Mansson 2011 %

Mulligan 2011 ©33)

Tissue, Patients

PBMC from CRS and
controls

Nasal polyp and IT

Nasal polyps and IT

Sinus tissue from CRS
and controls

Nasal secretions and
tissue from CRSWNP
and controls

Belgian and Asian
CRSWNP patients

CF, antrochoanal and
CRSWNP polyps

Maxillary sinus lavage

CRSWNP, CRSsNP and
controls from Asian
patients

CRSwNP, CRS and
controls

CRSWNP

CRS and control tissue

SNEC culture CRSWNP

AFS, CRSWNP and
control tissue

Tissue and lavages in
CRS and controls

Ethmoid sinus and IT
from CRS and controls

Nasal polyp and
turbinate

CRSwWNP and control
tissue

CRS and control sinus
tissue

CRSwWNP, AR and NAR
mucosa

Nasal polyps

CRSwWNP and control
tissue

SNECs from CRSWNP,
CRSsNP and controls

Marker

Cytokines and fungal spe-
cific IgE

AMCase; ChT

Histamine; leuokotrienes;
PGD2

TGF-3; TGF- receptor; col-
lagen

C3a; C5a; ECP; MPO; mac-
roglobulin

T cell cytokines; IgE

L-selectin

Anti-microbial lipids

TGF, MMPs, TIMPs; collagen;
FOX3P

B-cell chemokines and their
receptors

CRTH2; PGD2

IL-6; IL-6r; STAT3

IL-33

Complement proteins: C3,
C5,C7, factor B

S100 proteins A7, A8 and A9
Various cytokines
Inflammatory cytokines
ADAM-33

SA igE and Th2 cytokines
TSLP

P63; p73

NOD

cytokines

Technique

ELISA

PCR;
westerns
and IHC

Tissue
explants

PCR; IHC;
ELISA

ELISA; IHC

PCR; ELSIA

IHC

Westerns;
chromatog-

raphy
IHC; ELISA;
PCR

ELISA and
PCR
Tissue
explants
Western;
ELISA;IHC
PCR

PCR; IHC
ELISA; IHC
ELISA
ELISA

IHC

Elisa

PCR; IHC
PCR; IHC

PCR and IHC

Tissue cul-
ture, Flow,
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Conclusion

IL-5 responses to alternaria extract were not
predictive of CRS

Polyps have elevated levels of Chitinases

Enhanced mediator release from Mast cells
in polyps vs. inferior turbinates

High collagen, TGF, TGF receptor in CRSsNP;
less collagen, low TGF, TGF receptor in
CRSwWNP

Complement system is activated in CRSWNP

Th2 inflammation, IgE to staph and asthma
more common in Belgian CRSWNP; Th17
more common in Asian polyps

L- selectins ligand are elevated in CF and
CRSWNP polyps

CRS patients had increased anti-microbial
lipids

TGF, TIMPs , FOX3P and collagen lower in
Asian polyps vs. CRSsNP ;

BCA-1 and SDF-1alpha elevated in polyps

PGD2 from mast cells recruits Th2 cells in
polyps

IL-6 levels are high in polyps but STAT3
pathway may be defective

Increased IL-33 may be associated with
severe CRSWNP

Complement proteins are increased in
CRSWNP and AFS vs. controls

$100 proteins are decreased in nasal lavages
and epithelium of CRS patients.

Similar mediator profiles seen in ethmoid
and IT tissue in CRS

Cytokine pattern may correlate with type of
colonized bacteria

ADAM-33 is elevated in polyps

Presence of staph biofilm skewed Th2
inflammation independent of SA

TSLP levels higher in polyps vs. AR and NAR;

Nasal polyps express higher levels of p63,
possibly important in remodeling

NODs mRNA expression is increased in
polyps

Polyp SNECs trigger dendritic cell matura-
tion and skew toward Th2 polarization
independent of antigen exposure
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Author, year, ref. Tissue, patients Marker Technique Conclusion
Okano 2011 @058 Dispersed polyps cytokines ELISA Fungal extracts produced less cytokine
response than Staph SA
Peterson 2011 @32 CRS and control tissue CCL18 ELISA; West-  CCL18 increased in CRSWNP; co-localized
erns; IHC with M2 macrophages
Poposki 2011 ©10 Sinus tissue from CCL23 ELISA; CCL23 is secreted by eosinophils; may
controls, CRSsNP and IHC,PCR recruit Macs and dendritic cells
CRSWNP
Roca-Ferrer 2011 ©% Fibroblasts from PGE2; COX-1; COX-2 ELISA; west-  COX and PGE2 levels are reduced in nasal
CRSWNP, Samter’s and erns polyps with an without ASA intolerance
and controls
Rogers 201108V CRSWNP and control Tight junction proteins Confocal TJ proteins occludin and claudin-1were
mucosa microscopy  reduced in polyp epithelium
Sejima 2011 192D Sinus tissue from Fibrinolytic components ELISA uPA was increased in both CRSWNP and
CRSWNP, CRSsNP and CRSsNP vs. controls; Inhibitor (PAI-1) is over
control expressed in CRSsNP only
Shun 20110016 Polyp fibroblasts VEGF; IL-8 Westerns Hypoxia induces Cyr61 which stimulates
VEGF and IL-8
Tan 2011 @ CRS and control tissue Anti-nuclear autoantibodies  ELISA; West-  Anti-nuclear IgA and IgG autoantibodies
erns; IHC are present in NP
Van Bruaene 2011 Sinus and nasal tis- TGF-B; inflammatory ELISA Elevations in TGF-B may pre-date changes
(e sue from early stage cytokines in inflammatory cytokines; remodeling and
CRSsNP and controls inflammation may be distinct processes in
CRS
Wood 2011 €% Sinus mucosa from CRS  Respiratory viruses PCR No evidence for chronic viral infection in
and controls CRS mucosa
Zhang 2011 74 AR and nasal polyp Mast cell mediators ELISA polyclonal IgE in nasal polyps is functional
tissue
Keswani 2011 @4 SNEC and tissue from IL-32 PCR; Elevated IL-32 may play distinct roles in
CRS and controls ELISA;IHC CRSsNP vs. CRSWNP

tissues with the laying down of extracellular proteins 922923,
Eosinophil production of PDGF as well as TGFa and -1 may alter
the structure of affected nasal mucosa ©*+°%, Ultrastructural
studies on nasal polyps treated with anti-IL-5 will be required

to more definitively address the role of eosinophils in the
remodeling of CRS sinonasal tissue (see below).

The association of eosinophilia with refractory disease makes
this cell a potentially important target in CRS. Eosinophils are
steroid-responsive ©?” and this likely explains at least some of
the therapeutic effects of glucocorticoids in CRS ©”. A large body
of literature indicates that glucocorticoids can inhibit eosinophil
recruitment, survival and activation in CRS ©. A recent double-
blind trial using oral corticosteroids demonstrated clinical
efficacy as well as reduced IL-5 and ECP in nasal secretions

28 Targeted therapy using anti-IL-5 in CRSWNP has shown
promise as well. IL-5 and its receptor are both elevated in
Caucasian (eosinophilic) nasal polyps ©2%39_ Clinical trials using
anti-IL-5 antibodies demonstrated evidence for reduced polyp
eosinophilia as well as clinical efficacy ®3"932,

4.2.4.5. Neutrophils
Neutrophils are circulating immune effector cells with an
established role in the early phagocytosis and killing of

extracellular microbes. Recruitment to mucosal sites is
typically driven by microbial stimulation of PRRs, with release
of cytokines that trigger endothelial expression of selectins,
integrin ligands and chemokines. The main chemokine
fostering neutrophil recruitment in CRS appears to be IL-8,

in part released by nasal epithelial cells in response to PAR-

2 stimulation 729, The role of the neutrophil in CRS remains
unclear but the highest sinus tissue levels are seen in CF patients
®62) For other forms of CRS, differences appear to depend on
ethnicity as well as the presence or absence of nasal polyps. In
Caucasians, neutrophilic infiltration can be demonstrated in CRS,
with slightly lower levels observed in CRSsNP than in CRSwNP
(620,873,874 |n concert, studies have shown upregulation of IL-8
in both CRSWNP and CRSsNP ©20:933-939 Neutrophils did not
appear to replace eosinophils in CRS mucosa, rather they were
superimposed on the process; hence the term ‘neutrophilic’
rhinosinusitis was not considered completely appropriate for
CRSsNP @74 Nevertheless, the degree of neutrophilic infiltrate
was comparable between CRSsNP and CRSWNP as opposed

to the eosinophilic infiltrate, which was significantly less in
CRSsNP. As a corollary, it has been suggested that CRSsNP is
more distinctly a neutrophilic process, while CRSWNP is more
eosinophilic based on the relative degree of tissue infiltration



936 Furthermore, in the subpopulation of CRSWNP patients with
relatively low eosinophilic infiltration, it has been suggested
that neutrophils may be the major pathologic driver of disease,
analogous to ‘neutrophilic’asthma .

In studies of polyps from Chinese patients, neutrophilic and
eosinophilic infiltration appeared to be less than that seen in
Caucasian polyps but the degree of eosinophilia was much
more reduced, hence these polyps were relatively neutrophilic
22,875 A later study on Chinese patients from a different region
indicated that Asian CRSsNP patients were comparably much
more neutrophilic than Asian CRSWNP patients ©”. In the subset
of Asian polyps that were non-eosinophilic however, significant
neutrophilia was observed suggesting distinct underlying
pathogenic processes within the CRSWNP group ®7. Overall, it
should be kept in mind that Asian polyps may be quite different
in cellular and cytokine profile throughout the continent.
Traditionally, neutrophils have been considered an acute
response cell with a relatively short tissue half-life, therefore
reasons for their accumulation in CRS are not completely clear.
Recent studies have however, expanded the role of neutrophils
beyond phagocytocis of extracellular organisms based in part
on their diverse repertoire of effector molecules, which they
express upon appropriate stimulation. In particular, neutrophils,
may play a significant role in the resolution of inflammation

as well as the pathology of the chronic inflammatory state ©37,
Chronic neutrophilic inflammation is observed in lung disorders
such as COPD and CF, mediating extensive tissue injury and
contributing to organ dysfunction. Neutrophil products include
various proteolytic enzymes, which may alter the protease-
antiprotease balance triggering damage and remodeling.

The excessive accumulation of neutrophils may be driven by
the products derived from the breakdown of extracellular
matrix, namely N-acetyl Pro-Gly-Pro (PGP) ©3®, PGP is normally
metabolized but the process is impeded by cigarette smoke,
with resulting inappropriate neutrophil accumulation in COPD
(939). In CF lungs, low extracellular chloride levels, driven by
the CFTR defect, has been proposed to diminish physiologic
PGP breakdown ©*%, Whether these processes take place in CF
polyps or neutrophilic CRS in general is unknown. Interestingly,
this pathway links smoking with neutrophilic inflammation,

a process suggested by a separate line of research in CRS 759,
Nevertheless, they suggest a significant potential role for
neutrophils in the pathophysiology of CRS and further suggest
a molecular hypothesis for the negative effect of tobacco smoke
on treatment outcomes.

4.2.4.6. Mast Cells

Mast cells are resident cells of the sinonasal mucosa with
physiologic roles in innate immunity and wound healing ©*,
Activation of mast cells results in the release of pre-formed
granules including histamine, serotonin, proteoglycans and
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serine proteases; in addition, de novo synthesis and secretion of
various eicosanoids, chemokines and cytokines also takes place.
Physiologic activation of mast cells in immune defense works
in part through PPR stimulation ©®*9, In nasal disease states,
mast cell de-granulation has been most commonly implicated
in allergic rhinitis via antigen-driven IgE cross-linking. In CRS,
most interest has centered on a role for mast cells in nasal
polyposis, in part due to the potential to induce, augment and
maintain eosinophilic inflammation through IgE-dependent and
IgE-independent processes -4 |n particular, polyp explant
studies have demonstrated that mast cell de-granulation

may be triggered directly by protein A (SpA), a staphylococcal
surface protein ©®, Mast cell prostaglandins have been
implicated in Th2 lymphocyte recruitment and activation in
nasal polyps ©%., These results suggest that mast cells can
activate Th2 lymphocytes independently of T-cell receptor
activation, with attendant secretion of Th2 cytokines ©*3, Stem
cell factor, secreted by epithelial cells, may be important in the
recruitment of mast cells in nasal polyps ©2%, Release of pre-
formed mediators from mast cells should foster tissue oedema
while serine proteases will effect PAR receptors, degrade

the extracellular matrix (ECM) and diminish barrier integrity.
Interestingly, data are mixed as to whether mast cell numbers
are increased in CRSWNP in comparison to either CRSsNP or
even control tissues 542 727.874.944949) Nevertheless, functional
studies suggest that mast cells in nasal polyps are much more
active and may display a heightened sensitivity to external
triggers in vivo ®*, Overall however, the relative importance

of mast cells in the pathogenesis of CRSWNP remains unclear.
Targeted medications designed to inhibit upstream mast cell
functions are an area of active research that may help elucidate
their importance ©>9,

4.2.4.2.7. Cells, Plasma Cells and Imnmunoglobulins
Mucosal immunoglobulin secretion by cells of the B lymphocyte
lineage is an important part of the adaptive immune response.
In the nasal mucosa, B cells undergo proliferation, differentiation
and immunoglobulin class switching to become mature

plasma cells capable of substantial local antibody secretion.

In overview, tonic secretion of slgA works in concert with

other innate protective factors and mucociliary flow to limit
mucosal colonization without tissue-damaging inflammation
©51. In general, this IgA is relatively low affinity, generated via a
T-independent process, and secreted by extrafollicular B cells.

In the case of an active breach of the respiratory mucosa, IgA
secretion increases but it also receives help from IgG and a
robust inflammatory response ensues. In general, this is high
affinity IgA, T-dependent and generated by follicular B cells

and plasma cells. IgM and IgD also play a role. IgD is the least
understood imunoglobulin but interestingly, it is present in
significant amounts in the respiratory mucosa ©>2, Although its
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precise role is still unclear, IgD exerts protective effects not only
through antigen binding, but also its capacity to arm basophils
with IgD highly reactive against respiratory bacteria ©3.
Basophils have recently been discovered to possess the capacity
to function as antigen presenting cells by migrating back to
lymphoid organs to initiate Th2 and B cell responses “*%. Hence,
IgD-activated basophils may initiate or enhance innate and
adaptive responses both systemically and at the mucosa ©%2.
IgE is mostly closely associated with the pathophysiology of
allergic rhinitis but it plays several important physiologic roles
as well including antigen presentation, increased mast cell
survival, defense against viruses, bacteria, fungi and parasites
and mucosal homeostasis 72% 940,

In CRS, polyp homogenates demonstrate high levels of
immunoglobulins, notably IgA, IgE and IgG, in comparison to
CRSsNP and control tissues, apparently in response to bacterial
and fungal antigens (542 600.786,807.921,955-957) | evels in polyp
homogenates do not correlate with levels in serum, suggesting
that significant immunoglobulin synthesis occurs locally in the
nasal mucosa ©®#%9_|n parallel with these findings, high levels
of B cells and plasma cells have been reported in nasal polyps
in comparison to CRSsNP and control tissue 0874921 Evidence
for a dysregulated adaptive B-cell immune response is further
suggested by the presence of germinal center like follicles in
nasal polyps “*® and the entire process is likely orchestrated by
local proliferation and systemic recruitment of B cells ©° 602,

Elevations of tissue B cells, plasma cells
and immunoglobulins are associated
with CRSWNP.

In regard to elevated IgE in nasal polyps, levels have been shown
to be independent of systemic atopy but they do correlate

with the presence of IgE to staphylococcal superantigenic
toxins ©42, Approximately 50% of Caucasian CRSWNP and 20%
of Chinese CRSWNP patients demonstrate local IgE to these
toxins as well as a concomitant polyclonal IgE response to a
diverse array of environmental antigens in polyp homogenates
(542.621) The presence of IgE to these toxins correlated with not
only high levels of polyclonal IgE but also high tissue levels of
ECP (eosinophil cationic protein) and co-morbid asthma ©2",

In regard the mechanism, studies of polyp explants exposed

to staphylococcal superantigens revealed polyclonal T cell
activation with a Th2 cytokine polarization ©¢:679, |n addition

to pro-eosinophilic effects, this cytokine milieu should favour
IgE production indirectly by triggering B cell class switching
towards IgE production %, Furthermore, staphylococcal protein
A (SpA) has direct proliferative effects on B cells in vitro, possibly
further driving the IgE process in nasal polyps ©%. Very recent
studies have demonstrated that the polyclonal IgE in nasal
polyps is functional and can trigger mast cell de-granulation,

suggesting a significant role for IgE in the pathophysiology of
this subset of CRSWNP patients “¢". The therapeutic potential
of anti-IgE for nasal polyposis has been suggested ©%2 but trials
have thus far been equivocal ©3,

In regard to elevated IgA in nasal polyps, recent studies

have implicated BAFF (also called BLyS or TNFSF13B), a

cytokine of the TNF family favoring B cell proliferation and
immunoglobulin class switching ©©. High levels of BAFF are
present in nasal polyp tissue in comparison of controls and
CRSsNP tissue; moreover, the levels of BAFF correlate with

the number of B cells in the nasal polyp ©®. Transgenic BAFF
mice develop autoimmune disorders ©¢4; further studies in
polyp homogenates demonstrated IgA and IgG anti-nuclear
autoantibodies at locally elevated levels in nasal polyp tissue in
the absence of systemic autoimmunity in some patients with
CRSWNP 749, The presence of these autoantibodies was detected
at higher frequency in the most recalcitrant patients who had
undergone multiple revision surgical procedures, suggesting an
autoimmune component in the most severe subset of CRSWNP.

The presence of both abundant class-switched
immunoglobulins and available antigen is likely to play an
important role in propagating the inflammatory response
through antibody-mediated mechanisms ©%%. As noted in other
sections of this review, CRSWNP is associated with increased
infiltration of inflammatory effector cells including eosinophils,
mast cells, macrophages and neutrophils, which de-granulate
or phagocytose in response to immune complexes ©74%5, The
potential impact of IgE and mast cell activation in CRSWNP was
already noted. Similarly, IgA is an extremely potent trigger of
eosinophilic degranulation and hence may be a key to local
mediator release within polyp tissue as well ©, A potential role
for IgD is CRS is thus far speculative, however the capacity to
arm basophils is intriguing and this immunoglobulin may play
a significant upstream role in fostering a Th2 cytokine milieu in
nasal polyposis.

4.2.4.8.T Cells and cytokine patterns

Comparatively few studies have examined the topic of T cell
activity in the nasal mucosa relative to the gut, skin and lower
airways. In addition, many studies have been performed in vitro,
and the in vivo factors mediating T cell responses, in particular
Th polarization across mucosal barriers remains a subject

of active research. In regard to CRS, the absence of a widely
accepted animal model compounds the problem; hence, much
of our understanding of T cell activity in nasal mucosa is based
on extrapolation. In the immune response of the nose, dendritic
cells (DCs) act as the initial antigen presenting cells (APCs)
sampling and then presenting antigens to naive T lymphocytes
in draining lymph nodes or local lymph aggregates. Circulating



basophils may also enter the tissue and serve along side or
instead of resident DCs to function as APCs as well ©), Following
antigen presentation, naive CD4+ lymphocytes will differentiate
into one of several T cell lineages, determining the nature of

the adaptive immune response. The subsets include Th1 and
Th2 as well as the more recently described Th17 and inducible

T regulatory cells; each has distinct molecular, cellular and
functional properties ®7:%%, Other subsets have also been
recently proposed, including Th9 and Th22, and more are likely
to follow. In vitro studies indicate that for the Th1 subset, the key
transcription factor is T-bet, the canonical cytokine is IFN-y and
the classical cellular infiltrate is macrophage-rich. Th1 responses
are particularly effective against viruses and intracellular
bacteria, including mycobacteria. For Th2, the transcription
factor is GATA-3, the associated cytokines are IL-4, IL-5 and IL-13
and the cellular response eosinophilic. Th2 protective responses
are geared against parasites, particularly those too large to
undergo phagocytosis. For Th17, the transcription factor is RORc
and the associated cytokine IL-17A and the cellular response
classically neutrophilic. Extracellular bacteria, particularly
Staphylococcus aureus ®*, are prime targets. T regulatory cells
are characterized by the transcription factor FOXP3 with the
purpose of limiting excessive responses by the other lineage
subsets. These differentiated effector T cells migrate into the
mucosa where they re-encounter the same antigen, this time
likely presented by both macrophages and DCs acting as

APCs. The resultant binding of antigen to the T cell receptor
(TCR) activates the cell, resulting in a cytokine release pattern
characteristic for each Th subtype, mediating the appropriate
effector response.

The in vivo factors that determine T cell differentiation are
obviously critical, but currently somewhat speculative in the
nasal mucosa. In general, the differentiation of naive CD4+ cells
into a particular lineage is the integration of multiple signals,
including T-cell receptor strength, co-stimulatory and innate
immune signals, and cytokine milieu ©®¢7:9%8) This process is
greatly influenced by crosstalk between epithelial cells (ECs) and
the local DCs ©°", ECs, as well as other resident innate cell types
(mast cells, NK cells, macrophages, basophils, eosinophils), sense
exogenous, primarily microbial agents via PAR, Toll receptor,
NLR and other PRR leading to expression of various cytokines
and chemokines as mentioned in the earlier sections. Cellular
damage is also detected via DAMPs. Collectively, these resident
cells are therefore able to sense both damage and danger

and respond with the appropriate cytokine array, secondarily
influencing the correct effector T cell response to address

the particular challenge. In addition to these resident cells
influencing DC polarization, it has recently been recognized that
circulating innate lymphoid cells (ILCs) migrate to the site of
stimulation and also play a role 7, They have been recognized

Supplement 23

separately in a number of tissues and thus have diverse names
including NK cells, LTi cells, nuocytes, innate T cells, natural
helper cells and CD34+ hemopoietic progenitor cells ©35970-973),
These ILCs are presumably responding to chemokine homing
signals emanating from resident mucosal cells including ECs and
are termed innate because they recognize foreign substances
via PPRs rather than through TCRs or immunoglobulin. Capable
of responding rapidly, ILCs function in a transitional effector cell
role, bridging innate and adaptive immunity. Distinct subsets of
ILCs have been proposed and the lineage relationship is not yet
clear. Nevertheless upon stimulation, ILCs release cytokines that,
among other functions, will influence DC polarization. While

Th1 and Th17 ILCs have been described, in the case of CRSWNP,
ILCs thus far identified are Th2 skewed, responding to epithelial
cytokines such as IL-25, IL-33 and TSLP with the production of IL-
4,1L-5 and IL-13 ©0.979 Whether these cells play a role in CRSsNP
is unclear, but earlier results suggest they may have a prominent
role in CRSWNP since exceptionally high numbers of ILCs are
found in nasal polyps ®>°7®, No studies have been done on ILCs
in Asian polyps or CF polyps, which might very well be distinct.

The collective cytokine response from resident cells and
migrating ILCs is believed to be pivotal in shaping T cell
differentiation. The typical in vivo T cell effector responses
are mixed however, and the Th subtypes display some
heterogeneity as well 75978 Nevertheless, the lineage
subsets tend to be mutually inhibitory resulting in a degree
of polarization to particular subsets at a site of action 79,
Under physiologic conditions, the typical adaptive response to
harmless antigens is immunologic tolerance, with generation
of Tregs and a baseline controlled Th2 response. Although
the nasal mucosa has not been studied in vivo, this pattern
presumably results from appropriate levels of TGF-B, IL-2,

IL-4 and TSLP secretion influencing DC polarization ®* 968,
TGF-( fosters Treg differentiation. IL-4 is required for Th2
differentiation in vitro but evidence suggests this restriction
may be circumvented in vivo 7778, Alternatively, IL-4 may be
secreted by resident mast cells or basophils. It is not known
whether circulating innate immune cells play any significant role
in baseline homeostasis. The net effect is a non-inflammatory
response, primarily consisting of IgA secretion, which limits
adherence of microbes to the epithelium ©>V,

Homeostasis across mucosal barriers is geared towards
eliminating microbes and other antigens without tissue-
damaging inflammation ©°". When the mucosal barrier is
breached, an appropriate protective immune response with
some degree of inflammation must be generated, with ECs and
other innate immune cells helping to guide the response. In the
case of a protective Th1 response directed against intracellular
microbes, ECs and other resident and infiltrating cells including
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NK cells, trigger IL-12, IL-18 and IFN-y release, the essential
cytokines fostering Th1 differentiation. When subsequently
challenged by antigen, effector Th1 cells secrete large amounts
of IFN-y, TNF-a and TNF-3 with several key protective effects:

@5 macrophage activation with enhancement of phag