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Abstract: Rhinosinusitis constitutes one of the most common respiratory tract diseases affecting up to 15% of the adult 

population in the Western world.  

Sinusitis is almost always accompained by inflammation of the contiguous nasal mucosa, thus the correct terminology is 

now rhinosinusitis. It can be classified into acute and chronic form by duration, or into acute bacterial rhinosinusitis or vi-

ral rhinosinusitis, by symptoms.  

This paper describes some aspects about epidemiology, pathophysiology, and predisposing factors in rhinosinusitis and 

nasal polyps, offering evidence based recommendations on diagnosis and first line and second line treatment.  

The medical management of rhinosinusitis is related to the duration and severity of symptoms and a variety of general and 

topical pharmacologic interventions are available, for eliminating causative factors and controlling the inflammatory and 

infectious components. The Authors make a review of the literature to describe the most useful anti-allergy and anti-

inflammatory drugs in the management of rhinosinusitis. 
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INTRODUCTION 

 Sinusitis is symptomatic inflammation of the paranasal 
sinuses, which is almost always accompained by inflam-
mation of the contiguous nasal mucosa [1] so it is better to 
use the term rhinosinusitis, as recommended in both the 
European Academy of Allergology and Clinical Immu-
nology position paper on rhinosinusitis and nasal polyps and 
the latest American rhinosinusitis classification [2,3]. 

 Rhinosinusitis constitutes one of the most common respi-
ratory tract diseases affecting up to 15% of the adult popula-
tion in the Western world [4] 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 complica-
tions occur, such as meningitis, brain abscess, orbital cellu-
litis, orbital abscess.  

 The incidence of acute viral rhinosinusitis (common 
cold) is very high. It has been estimated that adults suffer 2 
to 5 colds per year, and school children may suffer 7 to 10 
colds per year but the exact incidence is difficult to measure 
because most patients with common cold do not consult a 
doctor. The annual incidence of rhinosinusitis in the 
European country is about 4 million people in Spain, 5 
million people in Italy, 7 million individuals in France, 8 
million in the United Kingdom, 12 million in Germany [3]. 

 Also in the United States sinusitis is one of the most 
common health care problems, and it is increasing in preva-
lence and incidence [5]. Estimates suggest that sinusitis is 
more widespread than arthritis or hypertension and affects 
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approximately 31 million Americans annually [6] causing 
significant physical symptoms and negatively affecting qual-
ity of life.  

CLASSIFICATION 

 Rhinosinusitis (including nasal polyps) is defined as in-
flammation of the nose and the paranasal sinuses character-
ised by two or more symptoms, one of which should be ei-
ther nasal blockage/obstruction/congestion or nasal discharge 
(anterior/posterior nasal drip), ± facial pain/pressure, ± re-
duction or loss of smell; and either endoscopic signs of pol-
yps and/or mucopurulent discharge primarily from middle 
meatus and/or; oedema/mucosal obstruction primarily in 
middle meatus, and/or CT changes showing mucosal 
changes within the ostiomeatal complex and/or sinuses [3]. 

 Rhinosinusitis can be divided into acute and chronic 
form, the first is a condition in which inflammation and in-
fection of the nasal and sinus mucosa last less than 4 weeks. 
Although these infections can recur, the mucosa does recover 
between episodes with complete resolution of symptoms.  

 In the immunocompetent person living in the general 
community, acute rhinosinusitis is typically believed to be 
induced by viruses and does not require antibiotics for the 
first 10 to 14 days unless complicating features are present, 
at which point bacteria are presumed to be involved and an-
tibiotics are often employed. These complicating features 
include severe headache or facial pain, high fever, and im-
pending or actual complications to the eye, lung, or brain. 
Without any complicating feature present, after 10 to 14 days 
of symptoms consistent with rhinosinusitis and objective 
findings, bacteria are presumed to predominate, and the pa-
tient might benefit from initiating appropriate antibiotic ther-
apy. Patients with acute rhinosinusitis typically present with 
varying degrees of the following symptoms: anterior puru-
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lent drainage, posterior purulent drainage, or both plus nasal 
obstruction, facial pain-pressure-fullness, or both. Relative to 
nasal inflammation, hyposmia can be present. Purulence 
arising from the sinonasal passages must be present to ensure 
this diagnosis. The nature of predominating organisms (vi-
ruses, bacteria, or fungi) in the immunocompromised host 
and intensive care unit patient are considered to be more 
variable, and these patients are not the target population of 
these definitions and clinical trial recommendations [2]. 

 The definition of chronic sinusitis is more nebulous and 
continues to evolve: it lasts longer than 12 weeks and often 
causes residual damage to the sinus mucosa, which can lead 
to long-term symptoms.  

 Chronic rhinosinusitis (CRS) is divided into two sub-
classes: CRS without nasal polyposis (Chronic RhinoSinusi-
tis sine Nasal Polyposis, CRSsNP) and CRS with nasal poly-
posis (CRSwNP). This subclassification is supported by the 
fact that CRSsNP differs from the polypoid form in his-
tologic factors, inflammatory profiles and clinical outcome, 
indicating possible different pathogenic processes involved 
in these subclasses [7]. 

 In the European position paper CRS is considered as a 
major finding and nasal polyposis represents a subgroup of 
this entity [8]. From this definition it follows that nasal poly-
posis does not exist without concurrent chronic inflammation 
in the paranasal sinuses. The American consensus confer-
ence on rhinosinusitis differs from the European version also 
in CRS classification. They suggested a classification 
scheme for CRS based on the presence or absence of three 
distinguishing features: 1) nasal polyps; 2) eosinophilic or 
other inflammatory features; and 3) fungal hyphae in sinus 
mucus [2]. 

 Chronic rhinosinusitis with or without nasal polyps is 
often taken together as one disease entity, because it seems 
impossible to clearly differentiate both entities [9-12]. The 
question remains as to why “ballooning” of mucosa develops 
in polyposis patients and not in all rhinosinusitis patients. 

 Nasal polyps have a strong tendency to recur after sur-
gery even when aeration is improved [13]. This may reflect a 
distinct property of the mucosa of polyp patients which has 
yet to be identified. Some studies have tried to divide chronic 
rhinosinusitis and nasal polyps based on inflammatory mark-
ers [13-18]. 

 Although these studies point to a more pronounced eosi-
nophilia and IL-5 expression in nasal polyps than that found 
in patients with chronic rhinosinusitis, these studies also 
point to a continuum in which differences might be found at 
the ends of the spectrum but at the moment no clear cut divi-
sion can be made. 

 Nasal polyps appear as grape-like structures in the upper 
nasal cavity, originating from within the ostiomeatal com-
plex. They consist of loose connective tissue, oedema, in-
flammatory cells and some glands and capillaries, and are 
covered with varying types of epithelium, mostly respiratory 
pseudostratified epithelium with ciliated cells and goblet 
cells. Eosinophils are the most common inflammatory cells 
in nasal polyps, but neutrophils, mast cells, plasma cells, 
lymphocytes and monocytes are also present, as well as fi-
broblasts. IL-5 is the predominant cytokine in nasal poly-

posis, reflecting activation and prolonged survival of eosino-
phils [19]. 

 The reason why polyps develop in some patients and not 
in others remains unknown. There is a definite relationship 
in patients with “Samter triad”: asthma, NSAID sensitivity 
and nasal polyps. However, not all patients with NSAID 
sensitivity have nasal polyps, and vice-versa. In the general 
population, the prevalence of nasal polyps is 4% [20]. In 
patients with asthma, a prevalence of 7 to 15% has been 
noted whereas, in NSAID sensitivity, nasal polyps are found 
in 36 to 60% of patients [21,22].  

 It had long been assumed that allergy predisposed to na-
sal polyps because it may alter the normal physiology of the 
paranasal sinuses by obstructing the sinus ostia facilitating 
the development of acute bacterial rhinosinusitis.[6,23]. 
However, epidemiological data provide no evidence for this 
relationship: polyps are found in 0.5 to 1.5% of patients with 
positive skin prick tests for common allergens [21,24]. 

 Although its contribution in CRS is controversial, there is 
evidence that allergic rhinitis might be IgE-mediated rhinitis 
patients have been demonstrated to have more severe sinuses 
changes in CT scans during a common cold than non-allergic 
subjects, indicating perhaps a greater risk for development of 
acute bacterial rhinosinusitis [6]. 

 From a symptomatic point of view, we can define acute 
rhinosinusitis as an inflammation of the nose and the sinuses 
characterised by two or more symptoms, one of which 
should be either nasal blockage/obstruction/ congestion or 
nasal discharge (anterior/posterior nasal drip) associated or 
not with facial pain/pressure or with reduction or loss of 
smell. Generally endoscopic signs are mucopurulent dis-
charge primarily from middle meatus and/or edema/mucosal 
obstruction primarily in middle meatus. CT scan shows the 
mucosal changes within the ostiomeatal complex and/or si-
nuses.  

CAUSATIVE FACTORS IN RHINOSINUSITIS 

 Chronic rhinosinusitis is a multifactorial disease [25]. 
Factors contributing can be mucociliairy impairment [26,27], 
(bacterial) infection [28], allergy [29], swelling of the mu-
cosa for another reason, or rarely physical obstructions 
caused by morphological/anatomical variations in the nasal 
cavity or paranasal sinuses [30,31] such as deformities of the 
uncinate process, pneumatization or paradoxal curvature of 
the middle turbinate, bulla ethmoidalis, Haller’s cells and 
agger nasi cells [32]. A role in the pathogenesis of rhinosi-
nusitis is certainly played by the ostiomeatal complex, a 
functional unit that comprises maxillary sinus ostia, anterior 
ethmoid cells and their ostia, ethmoid infundibulum, hiatus 
semilunaris and middle meatus. The gradual obstruction due 
to increased tissue formation in the ostiomeatal complex, 
leading to impaired sinus ventilation and drainage [33]. As a 
consequence the oxygen levels inside the sinus decrease, 
resulting in impaired phagosytosis by decreased opsonization 
of bacteria, which in turn leads to increased virulence of mi-
cro-organisms [34]. Hypoxia can also enhance the produc-
tion of proteolytic enzymes, which in turn decrease the mu-
cociliary. Thus the key element is the maintenance of the 
ostial patency.  
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 Viral infection has been detected in over 80% of patients 
with common cold and radiological abnormalities in the 
paranasal sinuses [35].  

 The role of viral and bacterial infections in the patho-
genesis of rhinosinusitis is not completely clarified and the 
microrganisms of CRS are different from those in acute rhi-
nosinisitis. 

 In immunocompetent patients with the common cold 
rhinovirus has been the major causative viral agent found in 
maxillary sinus aspirates, sinus brushing samples or mucosal 
biopsies in over 50% of patients [36-39]. Other viruses de-
tected from maxillary sinuses include coronavirus, influenza 
virus A and B, parainfluenza virus and adenovirus and in 
children also respiratory syncytial virus (RSV) [39-41].  

 Criteria to define a case of viral rhinosinusitis are lack-
ing. However, attention has been given to trying to define 
situations in which viral agents are not the sole cause; that is, 
the 0.5% to 2% of cases of viral rhinosinusitis that are esti-
mated to be complicated by secondary bacterial infections 
[42,43]. However, it should be recognized that no studies 
have ever been conducted in which the sensitivity and speci-
ficity of various clinical findings have been evaluated and 
the comparison standard is a positive viral or bacterial sinus 
aspirate culture [43]. The current clinical diagnostic criteria 
for a large proportion of the cases of acute community-
acquired bacterial rhinosinusitis and for the use of antimi-
crobial treatment that is the most widely accepted today in-
clude a cold that is no better or worse after 10 to 14 days. 
Conversely, the current clinical diagnostic criteria for viral 
rhinosinusitis include a cold that is beginning to resolve after 
a few days and is better by a week to 10 days after onset. For 
purposes of research, the criteria standards for diagnosis of 
viral rhinosinusitis are a positive virus culture or detection of 
viral nucleic acid in cells of the sinus epithelium, indicating 
active viral replication [44].  

 Further, RSV infection significantly enhances non-
typeable Haemophilus influenzae attachment to respiratory 
epithelial cells, thus providing an example of mechanisms 
other than ostial obstruction by mucosal swelling by which 
viral infection results in secondary bacterial infection in 
acute rhinosinusitis [45]. However, it is estimated that only 
0.5-2% of acute viral rhinosinusitis develops into acute bac-
terial infection [46]. 

 Although the paranasal sinuses are believed to be sterile 
under normal circumstances, the upper respiratory tract, spe-
cifically the nose and nasopharynx, are heavily colonized 
with normal flora [42]. Normal nasal flora in adults and chil-
dren include coagulase-negative staphylococci (CNS), Cory-
nebacterium species, and S. aureus. In children the organ-
isms frequently cultured from the nasal cavity include S. 
pneumoniae, M. catarrhalis, and H. influenzae. Normal na-
sal-sinus flora in patients with CRS and the role of bacterial 
pathogens in CRS are poorly defined. In CRS the mucosal 
response to bacterial colonization or bacterial infection in an 
otherwise normal host is likely to be different than that in 
acute rhinosinusitis. Given this possibility, different criteria 
to define colonization and infection are probably needed but 
have not been established [2]. 

 Recent studies suggest that some bacteria might play an 
important role in the onset of rhinosinusitis trought the pro-
duction of exotoxins that are able to activate T lymphocytes 
by cross-linking the MHC (Major Histocompatibility Com-
plex) II molecule on antigen-presenting cells with the vari-
able beta (Vb) region of the T-cell receptor. These exotoxins 
are termed superantigens because they activate subpopula-
tions representing up to 30% of T lymphocytes in contrast to 
classical antigens, which activate less than 0.01% of T lym-
phocytes. 

 In addition, superantigens can also act as classical anti-
gens, leading to concomitant generation of anti-superantigen 
antibodies. These includes antibodies of the IgE isotypes 
[48,49]. 

 Common microbial superantigens include Staphylo-
coccus aureus enterotoxin and some fungi, such as Alternaria 
and Aspergillus, may have superantigen activity [49- 51]. It 
is hypothesized that CRS patients, especially those with 
nasal polyposis, could have microbial superantigen 
production inside the paranasal sinuses with subsequent 
sinus mucosal immune activation leading to eosinophilic 
inflammation in genetically susceptible hosts [51]. In fact, 
Bachert and colleagues demonstrated specific immuno-
globulin Ig E to Staphylococcus aureus enterotoxins A and B 
in 50% of altogether 20 patients with eosinophilic nasal 
polyposis [52]. Moreover, the presence of Staphylococcus 
aureus enterotoxin specific IgE was associated with higher 
levels of total serum IgE, more severe local disease and 
increased incidence of systemic manifestations such as 
asthma, suggesting a possible role of superantigens as 
disease modifiers. 

 It is important to consider that the majority of bacteria 
live in a biofilm, which is a communicating organizations of 
microbes surrounded by glycocalyx that frequently forms on 
an artificial or damaged biologic surface. Organisms living 
in a biofilm are relatively impervious to host defenses and 
antimicrobial agents. Bacterial biofilms have been demon-
strated in a rabbit model of otitis media and choles-
teatoma.The possibility that a bacterial biofilm could be 
contributing to CRS has not been formally studied. This 
possibility is theoretically attractive and might help to 
explain the clinical situation in which patients frequently 
have negative cultures, improve symptomatically while 
receiving antibiotics, and relapse when antibiotics are 
withdrawn. In a biofilm, planktonic bacteria leave the 
biofilm, cause symptoms, and are susceptible to host 
defenses and antibiotics. However, the biofilm itself is 
relatively impervious to antimicrobial agents and is never 
eradicated. Mechanical debridement appears to be the only 
mechanism resolving biofilm, which may explain the 
improvement of symptoms with surgery and irrigation in 
some refractory patients. 

 Some investigators have argued that bone turnover in 
CRS patients is similar to that in osteomyelitis and trauma. 
Although bacterial organisms have not been identified in the 
bone in either human subjects or animal models of CRS, 
areas of increased bone density and bony thickening are fre-
quently seen on CT scans in areas of chronic inflammation 
and might be a marker of the chronic inflammatory process 
[2]. 
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 Whether bacteria induce bony remodelling because of 
associated inflammation or whether they truly infect bone is 
unknown [53], but it is found that CRS patients have a 
greater bone remodelling activity. In rabbit studies of 
experimentally induced Pseudomonas maxillary sinusitis, 
Perloff et al. [54] demonstrated that not only does the bone 
becomes involved adjacent to the involved maxillary sinus 
but also that the inflammation typically spreads through the 
Haversian canals and might result in bone changes consistent 
with some degree of chronic osteomyelitis at a distance from 
the primary infection. A study by Khalid et al. [53] using 
both Pseudomonas species and S aureus in a rabbit study 
demonstrated similar results. Bone involvement was noted in 
92% of the animals on the ipsilateral side to the infection, 
and in some specimens clear osteonecrosis was identified. 
Inflammatory bone changes were also noted on the 
contralateral side in 52% of the animals. The inflammation 
caused well-defined changes in the bone in rabbits, both 
adjacent to the infection and at a distance from the primary 
site of inflammation, which were compatible with a 
histologic diagnosis of chronic osteomyelitis. The inflam-
matory spread within the bone appears to occur as a result of 
well-defined changes in the Haversian canals, leading first to 
widening of the canals and increased vascularity, then to an 
inflammatory cellular collection within the canals, and later 
to fibrosis in the involved area. It is certainly possible that 
these changes, if further confirmed in patients, might, at least 
in part, explain why CRS is relatively resistant to medical 
therapy [2].  

 Recently a great interest was given to the role that fungi 
may play in the development and perpetuation of the 
inflammation in rhinosinusitis: it is known that fungi are 
capable of invading the paranasal sinuses in both normal and 
diseased states because of the ubiquitous nature of these 
organisms. In some circumstances this leads to macroscopic 
fungal proliferation named fungus balls (formerly referred to 
as mycetomas) or saprophytic growth of fungus. In these 
cases, fungal mycelia accumulate and occupy available 
spaces within the nose and paranasal sinuses in the absence 
of significant mucosal inflammation. Treatment is simply 
directed to extirpation of the offending fungal growth. In 
other forms, however, it is the inflammatory response to the 
fungus, rather than the mere presence of the fungus, that is 
the primary manifestation of disease. In these forms, small 
amounts of fungi result in clinically significant disease, 
demonstrating the ability of fungal exposure to initiate a cas-
cade of inflammatory events [2, 55]. 

 Fungal rhinosinusitis presents in five distinct clinicopa-
thological forms [56-58]. The invasive forms are acute ful-
minant, chronic, and granulomatous (also called primary 
paranasal Aspergillus granuloma) invasive fungal rhinosi-
nusitis. The non-invasive variants of fungal infection are 
sinus mycetoma (fungus ball) and allergic fungal rhinosi-
nusitis (AFRS), in which fungi are found within the sinus 
cavity without penetration of the mucosal barrier. The exact 
diagnosis of fungal rhinosinusitis is difficult to establish be-
cause they have many common signs and symptoms and 
only tissue examination, often with specific fungal stains, 
provides accurate diagnosis and classification [59,60]. The 
role of fungal culture in the diagnosis of fungal rhinosinusitis 
is not determined. Culture is insensitive, as only 20-40% of 

fungal infections are estimated to be culture positive, but it is 
often needed for fungal specification [60]. Accurate classifi-
cation of fungal rhinosinusitis is important, since the treat-
ment and prognosis vary between the disease categories. 

 Classification of invasive fungal rhinosinusitis into three 
subcategories is based on the type and intensity of the infec-
tion estimated by clinical and histopathologic findings [57]. 
Acute fulminant invasive fungal rhinosinusitis is character-
ized by rapid spread of the fungus into the adjacent tissues 
and intracranially often leading to death. Patients are usually 
immunocompromised having malignant disease, other cause 
of neutropenia, diabetes, or taking immunosuppressive drugs 
[61]. They become acutely ill with fever, sinonasal infection, 
pale and ischemic mucosa, and headache/facial pain, which 
is in disproportion to physical findings. Anaesthesia of the 
nasal mucosa and/or facial skin is suggestive of an invasive 
process and does not occur in bacterial infections. Necrotic 
septal ulcers (eschars) are traditionally described as a hall-
mark of invasive fungal rhinosinusitis but they are a late 
finding. Affected tissues are necrotic, and histopathology 
shows fungal invasion to mucosa and blood vessels, haemor-
rhage, vasculitis with thrombosis and extensive tissue necro-
sis with neutrophilic inflammation [57]. The vascular fungal 
invasion is suggested to be responsible for the fulminant 
course. The saprophytic fungi of order Murorales, such as 
Rhizopus, Mucor, Rhizomucor and Absidia, and Aspergillus 
species are the most common fungi involved in acute fulmi-
nant form [57]. The treatment includes wide surgical de-
bridement, intravenous anti-fungal drugs and correction of 
the underlying condition. The prognosis depends upon early 
diagnosis and treatment, and it tends to be poor. The two 
other subgroups of invasive fungal rhinosinusitis have more 
chronic course of the disease, but they as well lead to death if 
left untreated [56,57]. The chronic invasive fungal rhinosi-
nusitis is clinically less aggressive than the acute fulminant 
form. It may present as proptosis or orbital apex syndrome, 
otherwise the clinical features are rather similar to the acute 
fulminant invasive fungal rhinosinusitis. The histopathologic 
studies show penetrating fungal hyphae, tissue necrosis with 
low-grade inflammation. Aspergillus fumigatus is the most 
common offending organism [57]. As in the acute fulminant 
form, patients are usually immunocompromised. The most 
common underlying condition is diabetes. Treatment is the 
same as in acute fulminant fungal rhinosinusitis. However, 
the infection often recurs and the prognosis is poor. Granu-
lomatous invasive fungal rhinosinusitis has mostly been re-
ported in Sudan, but also in Pakistan, India and few sporadic 
cases in the United States [57,62,63]. It is caused by Asper-
gillus flavus in immunocompetent patients. The clinical re-
sult is chronic polypoid rhinosinusitis associated often with 
proptosis. Typically only one sinus is affected. Histopathol-
ogy shows profuse fungal growth with regional, superficial 
micro-invasion of fungal hyphae and noncaseating granu-
loma with giant cells. Eosinophilic inflammation, necrosis 
and vasculitis are sometimes noted [64]. A concomitant 
negative mycobacterial stain must be present [57]. Surgical 
resection followed by oral antimycotic drugs for months is 
needed [65]. Relapse rate as high as 80% and mortality is 
reported in patients treated by surgery alone.  

 The non-invasive forms of fungal rhinosinusitis are more 
common accounting for over 90% of cases [60]. In sinus 
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mycetoma (fungus ball) there is mucopurulent material 
within the sinus and histological examination reveals a dense 
conglomeration of fungal hyphae with a chronic inflamma-
tory response in the adjacent mucosa without tissue necrosis 
or granulomas and no evidence of fungal invasion using spe-
cial fungal stains [58]. Usually only one sinus is affected. 
Patients present clinically with polypotic chronic rhinosi-
nusitis. Patients are usually immunocompetent, but may have 
additional underlying risk factors including previous sinus 
surgery and trauma [61]. The treatment of choice is surgery 
with the removal of all fungal material and also obstructing 
hypertrophic sinus mucosa. The prognosis is excellent and 
usually only one operation is needed. AFRS is the most con-
troversial form of fungal rhinosinusitis. It was first described 
in 1983 and termed allergic Aspergillus sinusitis because of 
its histopathologic resemblance to allergic bronchopulmon-
ary aspergillosis [66]. Moreover, it was considered to be 
caused by a type I immediate hypersensitivity reaction to 
colonizing fungi leading to allergic inflammation of the sinus 
mucosa. Since then many other fungal species than Aspergil-
lus, mostly dematiaceous fungi such as Bipolaris, Curvularia, 
Alternaria and Exserohilum, have been reported in associa-
tion with allergic Aspergillus sinusitis like conditions and 
name was changed to AFRS [67]. As also the IgE-mediated 
mechanism in its pathophysiology is in dispute, the term 
eosinophilic fungal rhinosinusitis is recommended by some 
investigators [68]. In AFRS the characteristic feature is al-
lergic mucin, which is a greyish-green material with the con-
sistency of peanut butter containing eosinophils, Charcot-
Leyden crystals and sparse non-invasive fungal hyphae. The 
consensus view of the criteria are lacking, but the latest 
American rhinosinusitis classification proposed following 
research criteria: CRS; oedema in the middle meatus or eth-
moid area, or nasal polyposis; allergic mucin containing fun-
gal hyphae and no histologic evidence of fungal invasion; 
CT findings of sinus mucosal disease; and evidence of fun-
gal-specific IgE by means of skin testing or blood testing [2]. 
The last criterion was excluded from the earlier classification 
by de Shazo and Swain [69]. The treatment of AFRS is also 
a matter of controversy. Most reports are from the United 
States and no international consensus exits. Surgical resec-
tion of all mucin and polyps is required [61]. Oral corticos-
teroids, most commonly prednisone following the modified 
allergic bronchopulmonary aspergillosis protocol postopera-
tively for up to one year, has been reported to provide clini-
cal improvement and prolong time to subsequent sinus sur-
gery without significant side effects [67,70]. This is often 
followed by topical steroids [70]. The role and efficacy of 
systemic antifungal drugs or antifungal irrigations is also 
unclear [7,70]. An aggressive allergy management is rec-
ommended involving nasal steroid sprays, antihistamines and 
immunotherapy. In a retrospective analysis of 60 AFRS pa-
tients 11.1% of patients receiving immunotherapy were re-
operated compared to 33% of patients not receiving immu-
notherapy, suggesting the potential benefit of immunother-
apy in preventing recurrence of AFRS [31]. However, im-
munotherapy can worsen patients' symptoms if therapy is 
started before surgery [71]. Recurrence is common and close 
follow-up for years is recommended [70]. 

 Perennial allergic rhinitis appears to be a predisposing 
factor for acute bacterial rhinosinusitis as it may alter the 

normal physiology of the paranasal sinuses by obstructing 
the sinus ostia. Although its contribution in CRS is contro-
versial, there is evidence that allergic rhinitis might facilitate 
development of acute bacterial rhinosinusitis [6,23].  

 IgE-mediated rhinitis patients have been demonstrated to 
have more severe paranasal sinus changes in CT scans dur-
ing a common cold than non-allergic subjects, indicating 
perhaps a greater risk for development of acute bacterial 
rhinosinusitis [6]. 

 Several studies have reported an increase in the preva-
lence of atopic markers and allergy in CRS patients [72-74]. 
Approximately half of the CRS patients have associated al-
lergies, and the prevalence of positive skin prick tests in pa-
tients undergoing sinus surgery has been over 80% in some 
studies [74,75]. Controversially, the prevalence of CRSwNP 
was only 0.5% in atopic subjects compared to 4.5% preva-
lence in non-atopic patients [76,77]. Moreover, nasal polyps 
are statistically more common in nonallergic asthma than in 
allergic asthma (13% vs. 5%) [77]. 

 Furthermore, the total IgE levels and concentration of 
eosinophilic cationic protein (ECP) and interleukin (IL-5) in 
CRSwNS do not differ between atopic and nonatopic sub-
jects, indicating that the systemic allergic phenotype does not 
correlate with local inflammatory mechanisms leading to 
eosinophilic inflammation in the sinus mucosa [33,78-80]. In 
CRSsNP the allergic patients have a full T helper cell(Th) 
type 2 cytokine profile compared to mixed Th1/Th2 cytokine 
pattern seen in non-allergic patients [72]. Also the degree of 
eosinophilic infiltration is not markedly different between 
allergic and non–allergic subjects. Thus it seems that local 
immunological responses are more important in the devel-
opment of inflammationin CRS than atopic status.  

 In conclusion, although an attractive hypothesis, we can 
repeat the statement made a decade ago that there are no 
published prospective reports on the incidence of infective 
rhinosinusitis in populations with and without clearly de-
fined allergic rhinosinusitis [81]. 

 CRS is strongly associated with asthma: there is a strong 
interactions between upper and lower respiratory tract. The 
nasal airways, the sinus cavities, and lower airways form a 
continuous structure lined with ciliated columnar epithelium 
and share a common embryologic origin. There are also sev-
eral clinical observations supporting this so called integrated 
airway syndrome model, which has a wide spectrum of se-
verity varying from rhinitis to asthma and possibly rhinosi-
nusitis [82,83]. Both allergic and non-allergic rhinitis are risk 
factors for asthma and also for acute exacerbations of asthma 
[84-86]. Epidemiological studies indicate that rhinitis co-
exists with asthma in 85% to 94% of patients, compared to 
approximately 20% in general population [83,87]. Moreover, 
rhinitis in asthmatic patients is often more severe than in 
non-asthmatic patients. Several studies have demonstrated 
that the severity of asthma correlates with the severity of 
rhinitis, and treatment of allergic rhinitis with topical corti-
costeroids or second generation antihistamines has beneficial 
effects on the outcome of asthma [86,88-90]. 

 Furthermore, the lack of symptoms in the lower airways 
in rhinitis patients or the nasal cavity in asthmatic patients 
does not mean a lack of involvement. Allergic rhinitis pa-
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tients with no history of lower airway symptoms have been 
found to have hyperresponsiveness, inflammation and even 
tissue remodelling in the lower airways [91,92]. And vice 
versa, the nasal mucosa of the asthmatic patients shows signs 
of inflammation even in the absence of nasal symptoms [93]. 

 Approximately 80% of asthmatic patients have allergic 
rhinitis and 60% have rhinosinusitis [94]. Conversely, up to 
over 50% of CRSwNP patients have asthma, of whom 30-
40% have also ASA intolerance [73,77]. 

 The incidence of rhinosinusitis as identified by radiogra-
phy in ASA intolerant asthmatics may be over 95% and the 
frequency of nasal polyps may be as high as 70% [95]. The 
aspirin-exacerbated respiratory disease is a clinical syndrome 
defined as a triad of asthma, nasal polyposis and intolerance 
to ASA and most of the nonsteroidal anti-inflammatory 
drugs [96]. The onset of the disease occurs typically in the 
early adulthood [96]. The mechanism activating the underly-
ing respiratory disease is unknown, but the pathogenesis of 
the respiratory reactions in this disease is in part due to al-
tered archidonate metabolism [97] thus whether the patients 
ingests cyclooxygenase 1 inhibitors (aspirin or nosteroidal 
anti-inflammatorydrugs) it triggers a severe upper and lower 
respiratory tract reaction. 

 Other important factors which are involved in the devel-
opment of rhinosinusitis are humoral immune deficiency 
(congenital or acquired hypogammaglobulinemia) or con-
genital defects in mucociliary clearance (primary ciliary dy-
skinesia or cystic fibrosis) resulting in recurrent or chronic 
respiratory tract infections with mucus retention leading to 
rhinosinusitis, serous otitis media, rhinitis, and bronchitis 
[98]. 

DIAGNOSIS 

 The evaluation of rhinosinusitis is based on history and 
physical exam. The signs and symptoms predicting of 
rhinosinusitis were described above (mucopurulent drainage, 
anterior posterior or both; nasal obstruction; facial pain-
pressure-fullness; decreased sense of smell).  

 Among the physical examinations, the anterior 
rhinoscopy is the first step to determining the existence of 
pathology of paranasal sinuses. It is best to evaluate the 
patient after decongestion with topical decongestants. 
However, even with this method, examination of the nasal 
passages beyond the anterior portion can be limited, so it is 
needed a more accurate assessment: nasal endoscopy helps 
identify erythema, edema, polyps or polypoid swelling, 
crusting, eosinophilic mucin, and mucopus or frank pus deep 
in the nasal cavity. It is most useful in the evaluation and 
treatment of patients with refractory or chronic symptoms 
and in patients who have impending or existing compli-
cations of rhinosinusitis.  

 To avoid an improper diagnosis, together with the nasal 
endoscopy, sinus imaging with CT scan represents a leading 
method of objective assessment necessary to accurately 
determine the presence or absence of rhinosinusitis. Infact 
endoscopy alone cannot be used to determine normalcy 
because rhinosinusitis can occur in sinus areas that 
endoscopy cannot detect. Similarly, abnormalities seen in 
imaging can be present without associated symptoms. 

Therefore both subjective and objective assessments have 
value. 

 CT has two major roles in rhinosinusitis: to define the 
anatomy of the sinuses before surgery and to help in the 
diagnosis and management of recurrent rhinosinusitis or 
CSR. Although MRI does not display the bony anatomy as 
does CT, it does provide an excellent display of the mucosa, 
and it is superior in distinguishing between bacterial-viral 
inflammatory disease and fungal concretions [47]. 

THERAPY 

 A number of general and topical treatment measures are 
disposable in the management of rhinosinusitis for eliminat-
ing causative factors and controlling the inflammatory and 
infectious components. 

 As said above, acute rhinosinusitis (ARS) is character-
ized by 4 weeks of purulent nasal drainage accompanied by 
nasal obstruction, facial pain-pressure or both. It is induced 
by viruses and symptoms resolve within two weeks without 
antibiotics in 70% of cases. Infact only about 0.5% to 2% of 
viral rhinosinusitis are complicated by bacterial infections so 
antibiotics are necessary in those patients with unusually 
extrasinus manifestations or to prevent them.  

 Moreover antibiotics have not been shown to decrease 
the risk of complications or progression to chronic 
rhinosinusitis and their use implies many risks including 
posible allergic reaction, potential side effects, and 
promotion of bacterial resistance. However an empiric 
treatment of ARS may include as first line antibiotics 
amoxicillin, amoxicillin-clavulanate, azithromycin, cefpodo-
xime proxetil, cefprozil, cefuroxime axetil, clarithromycin 
and trimethoprim/sulfamethoxazole [98]. They are superior 
to placebo and as effective as other agents that are more 
expensive, have greater risk of side effects, and/or should be 
reserved for more serious infections. It should be used first-
line alternatives (e.g., doxycycline, azithromycin) only for 
patients allergic to both first line drugs. The duration of 
therapy should be between 10 and 14 days. An exception is 
azithromycin (500 mg daily), which should be prescribed for 
3 days. If there is a partial but incomplete resolution after an 
initial course of antibiotics, the duration of therapy could be 
extend by an additional 7 to 10 days for a total of 3 weeks of 
antibiotics. For minimal or no improvement with initial 
treatment, it might be consider changing to an antibiotic with 
broader coverage, including resistant strains such as 
amoxicillin at high dose or amoxicillin/clavulanate [99]. 

 The treatment of ARS is prymarily symptomatic, with an 
analgesic or antipyretic to resolve pain or fever and to allow 
patients to achieve comfort and rest. Nonsteroidal anti-
inflammatory drugs given alone or in combination with an 
opioid, are the principal analgesic used to fight mild-
moderate pain thanks to theirs convenience, ease of use and 
cost [100].  

 Adjunctive treatments for rhinosinusitis that may give a 
symptomatic relief include decongestants (alpha adrenergic), 
corticosteroids, saline irrigation and mucolytics.  

 Nasal congestion is one of the principle symptoms of 
rhinosinusitis; it is related with an increased blood flow 
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through the nasal mucosa, which causes an increase in the 
filling pressure to the venous sinuses and theirs swelling. 
Nasal decongestants are applied in the treatment of ARS in 
order to decrease nasal swelling and obstruction and to 
improve sinus ventilation and drainage. 

 Systemic and topical decongestants act through 
stimulation of -adrenergic receptors in the mucosa of the 
upper airways. Stimulation of these receptors results in 
vasoconstriction of the mucosal capillaries with decrising of 
swollen or edematous mucosa [101]. 

 Topical decongestants, particularly oxymetazoline hydro-
chloride, generally provide rapid and significant relief of 
nasal obstruction with minimal systemic effects. Whether the 
reduction in nasal swelling has a positive effect on 
rhinosinusitis is debatable. Based on experiments in a rabbit 
model, Bende et al. [102] recently suggested that topical 
decongestants may actually have a negative effect. In this 
study histologic sections of rabbit sinuses obtained after the 
induction of sinusitis and treatment with nasal oxymetazoline 
were actually found to have a significantly greater degree of 
inflammation than sections from untreated sinuses on the 
opposite side. The authors postulated that decongestant nasal 
sprays may interfere with the normal defense mechanisms 
during bacterial-induced sinusitis, possibly by decreasing 
mucosal blood flow. Moreover the use of decongestants for 
adult CRS has not been evaluated in a randomized controlled 
trial. Decongestants and sinus drainge did not prove to be 
superior to saline in chronic paediatric maxillary sinusitis in 
terms of subjective or x-ray scores [103]. 

 CT studies before and after decongestant application in 
patients with or without nasal polyposis did not show any 
densitometric changes in the sinuses or polyps, but only 
decongestion of the inferior turbinates [104]. A randomized 
double blind placebo controlled trial did not show any 
difference between placebo, epinephrine and naphazoline on 
polyp size at endoscopy and lateral imaging [105]. 

 Despite these observations, topical decongestants will 
usually reduce symptoms and speed recovery in patients with 
rhinosinusitis. The rationale for the use of topical decon-
gestants for only short period is that prolunged use can cause 
nasal irritation and the development of rhinitis 
medicamentosa with rebound nasal congestion, thus these 
agents are likely to be most effective in patients with acute 
rhinosinusitis, acute exacerbation of chronic rhinosinusitis, 
or recurrent acute rhinosinusitis. 

 Systemic decongestants are also used to treat many 
patients with rhinosinusitis. Because rhinosinusitis involves 
inflammation of the nose and the sinuses, nasal obstruction 
and drainage are common symptoms. Systemic decon-
gestants help to alleviate these bothersome symptoms. 
Furthermore, unlike many antihistamines, systemic 
decongestants have minimal drying side effects and thus are 
less likely to impede mucus transport. Oral decongestants 
should be used with caution in patients with medical 
conditions such as hypertension, ischemic heart disease, 
hyperthyroidism, and diabetes mellitus and in patients who 
are taking monoamine oxidase inhibitors. Whether oral 
decongestants speed the resolution of rhinosinusitis is 
debatable. Nonetheless, given the low risk, controllable side 

effects, relatively low cost, and benefits in symptom 
reduction, the use of decongestants seems to be warranted in 
some, if not many, patients with rhinosinusitis [99]. 

 Antihistamines have been used for many years to manage 
CRS in patients with coexisting allergy [106-109]. However, 
no studies clearly show a positive effect for antihistamines in 
this situation [110]. 

 A multicentre randomized double-blind, placebo 
controlled trial evaluated the beneficial effect of loratadine in 
terms of symptom reduction for the treatment of ARS in 
patients with allergic rhinitis. Patients receiving loratadine 
together with antibiotic treatment had a reduction of 
sneezing and obstruction on daily VAS scores, and overall 
improvement was confirmed by their physicians. [111]. 

 Although numerous clinical trials have supported the 
efficacy of antihistamines in reducing the sneezing and 
rhinorrhea associated with allergic rhinitis, the mechanism 
by which these agents act is still not completely understood. 
It is known that histamine H1-receptor antagonist are highly 
selective for H 1 receptors on nerve endings, smooth muscle 
cells, and glandular cells and have a little effects at H 2 or H 
3 receptors. In addition, all first generation antihistamines 
have been shown an anticholinergic (antimuscarinic) action 
by activating muscarinic and cholinergic receptors with a 
competive antagonism. Some also have sedative, local 
anesthetic, and antiserotonin effects. 

 In administering antihistamines to patients with sinusitis 
it is important to consider whether the anticholinergic effects 
of these drugs, might result in the excessive drying of nasal 
and sinuses secretions, leading to crust formation and 
stagnation within the sinuses. Because the newer second-
generation antihistamines (desloratadine, levocetirizine, 
fexofenadine) typically are free of undesirable anticho-
linergic effects, these agents can be used to relieve 
symptoms in patients with both allergy and rhinosinusitis 
[112].  

 The most commonly reported events during treatment 
with second generation antihistamines were upper respi-
ratory tract infections, wheezing, vulvitis, cough, headache, 
migraine, drowsiness, sedation and injury, most of them 
reported in 1 to 5% of the treated population, however, not 
necessarily related to medication [3]. 

 Specific studies have been demonstrated that antiallergy 
and antiinflammatory effects are produced by various anti-
histamines, these drugs may not be simply antiallergy medi-
cations. More studies are required to determine whether 
these effects are relevant in the treatment of chronic sinusitis. 
In particular, antihistamines appear to be useful for prevent-
ing or treating acute allergic flares in patients with both al-
lergy and chronic rhinosinusitis. Because the allergic reac-
tion results in hypersecretion and local edema, which may 
lead to stasis within the sinuses, prevention of this situation 
may avoid the development of a secondary sinuses infection 
[113].  

 Many studies make in evidence the importance of using a 
steroid therapy in management of rhinosinusitis. The 
introduction of topical nasal steroid revolutionized the 
treatment of allergic, nonallergic rhinitis and chronic 
rhinosinusitis: with the same efficacy of oral steroid but 
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without the adverse systemic effects, intranasal cortico-
steroid (INCS) by decreasing the inflammatory response, 
reduce the mucosal swelling, promote drainage and increase 
aeration of the sinuses. 

 The clinical efficacy of both topical and systemic gluco-
corticoids depends on their ability to reduce airway eosino-
phil infiltration by directly blocking their influx and activa-
tion [114-117] or indirectly reducing the secretion of chemo-
tactic cytokines by nasal mucosa and polyp epithelial cells. 
In fact it seems that an important part of the clinical effects 
of these drugs is due to a down regulation of T-cell function, 
that with their humoral products, cytokines, play important 
roles in the inflammatory reaction [118-121].  

 It is not known whether INCS penetrate the nasal mucosa 
or act on target cells. However, their low systemic activity 
supports the concept of local action on nasal mucosa. This 
local effect can influence a variety of inflammatory cells and 
their mediators such as epithelial cells, lymphocytes, baso-
philes, mast cells and Langerhans cells. Corticosteroid-
induced inhibition of the immunoglobulin E dependent re-
lease of histamine is a possible but unproved mode of action 
[122]. The potency of these effects is lower in nasal polyps 
than in nasal mucosa suggesting an induced inflammatory 
resistance to steroid treatment in chronic rhinosinusitis/nasal 
polyposis [117,118]. The biological action of glucocorticoids 
is mediated through activation of intracellular glucocorticoid 
receptors (GR) [123], expressed in many tissues and cells 
[124]. Two human isoforms of GR have been identified, 
GR  and GR , which originate from the same gene [125]. 
Upon hormone binding, GR  enhances anti-inflammatory or 
represses proinflammatory gene transcription, and exerts 
most of the anti-inflammatory effects of glucocorticoids 
through protein-protein interactions between GR and tran-
scription factors, such as AP-1 and NF- B. The GR  isoform 
does not bind steroids but may interfere with the GR func-
tion. There may be several mechanisms accounting for the 
resistance to the antiinflammatory effects of glucocorticoids, 
including an over expression of GR  or a down expression 
of GR  . Increased expression of GR  has been reported in 
patients with nasal polyps [126,127] while down regulation 
of GR levels after treatment with glucocorticoids [128,129] 
has also been postulated to be one of the possible explana-
tions for the secondary glucocorticoid resistance. The anti-
inflammatory effect of corticosteroids could, theoretically, 
be expected as well in non-allergic (i.e. infectious) as in al-
lergic rhinosinusitis. Tissue eosinophilia is thus also seen in 
CRS [130].  

 A variety of investigations suggests the efficacy of INCS 
used as an additional treatment to antibiotics [131-134]. Only 
the Meltzer [135] study compares topical corticosteroid as 
monotherapy to antibiotic: this study demonstrates mometa-
sone furoate nasal spray (MFNS) 200 mg twice daily mono-
therapy was well tolerated and induced significantly relief of 
most acute rhinosinusitis symptoms compared with amox-
icillin and placebo given alone. Furthermore, there was no 
evidence suggestive of rhinosinusitis recurrence or predispo-
sition to bacterial infections after MFNS therapy cessation, 
supporting a recommendation to reduce prescribing of anti-
biotics for patients presenting with these clinical findings. 
These data indicate MFNS monotherapy is an effective 

treatment option for relieving the symptoms faced by pa-
tients of acute, uncomplicated rhinosinusitis in general prac-
tice. In EP3OS [3] study it is argued that in Meltzer article 
objective references of bacterial infection were lacking (si-
nus aspirates for culture) as well as CT or x-ray. There might 
be a high number of viral infections but the results are in 
favour of a more restricted attitude to antibiotics in ARS.  

 The efficacy of INCS for CRS is evaluated by some in-
vestigations and no side effects were seen, including no in-
creased signs of infection, but there are no data showing effi-
cacy of oral corticosteroids in chronic rhinosinusitis without 
nasal polyps (NP). On the contrary, studies on systemic ster-
oids in chronic rhinosinusitis with nasal polyps have been 
demonstrated that they are effective after two weeks use in 
doses acceptable for a majority of patients, giving symptom 
relief, and MRI changes, reducing polyp size [3]. 

 Topical corticosteroids sprays have a documented effect 
on bilateral NP and also on symptoms associated with NP 
such as nasal blockage, secretion and sneezing but the effect 
on the sense of smell is not high. Intranasal administration of 
corticosteroids is associated with minor nose bleeding. This 
effect has been attributed to the vasoconstrictor activity of 
the corticosteroid molecules, and may lead to the rare 
occurrence of nasal septal perforation [136]. Thanks to their 
systemic bioavailability and their systemic safety, INCS 
eliminate many potential adverse effects on growth, eyes, on 
bone, and on the hypothalamic- pituitary-adrenal axis [137]; 
thus there are not contraindications, which are typical of a 
systemic corticosteroid therapy, to local steroid treatment 
such as glaucoma, herpes keratitis, diabetes mellitus, 
advanced osteoporosis, severe hypertension, tubercoosis or 
other chronic infections. A small effect on growth has been 
reported in one study in children receiving a standard dosage 
over 1 year. However, this has not been found in prospective 
studies with the intranasal corticosteroids that have low 
systemic bioavailability [138]. In summary, intranasal 
corticosteroids are very effective, but they are not completely 
devoid of systemic effects. Thus especially in children, who 
need long-term treatments, these drug must be prescribed 
with care. 

 Systemic steroids may be an addive to a basic treatment 
with INCS, in same severe cases. The anti-inflammatory 
effects of corticosteroids cannot be separated from their 
metabolic effects because all cells use the same glucocorti-
coid receptor, therefore when corticosteroids are prescribed 
measures should be taken to reduce their side effects. Obvi-
ously, a possible side effect increases with the dose and dura-
tion of treatment and so the minimum dose necessary to con-
trol the disease should be given. Many other types of 
preparations have been investigated, but the data demons-
traiting evidence for their efficact are poor. These 
medications include antral washings, isotonic/hypertonic 
saline, antimycotics, mucolytic agents/phytomedical prepa-
rations, immunomodulators/immunostimulants and bacterial 
lysate preparations. 

 Saline solution nasal spray have been shown to reduce 
the symptoms of both allergic and nonallergic rhinitis so they 
are useful also in rhinosinusitis to decrease dryness and/or 
the viscosity of mucus and to clear nasal crust after surgery 
[99]. 
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 Immunotherapy (IT) seems to be important in controlling 
allergies and to prevent recurrence of CRS after surgery. It 
can be specific (ITS) or not; ITS may be indicated in those 
patients who do not get advantages by drugs or in whom 
drugs induced problematic side effects. The usual route of 
administration of SIT is subcutaneous, which is the most 
effective in relieving allergy symptoms, but there are also a 
nasal, an oral and a sublingual way of administration.  

 What is important to stress is that only high allergen 
doses should be given in those form of immunotherapy. The 
mechanisms by which immunotherapy gives its effects is not 
completely known and remains a matter of study. It produces 
an allergen-specific immunoglobulin G-blocking antibodies, 
with an initial increase and then a drop in allergen specific 
immunoglobulin E antibodies; a decrease in the release of 
basophil histamine in response to an allergen challenge, an 
increase in allergen-specific suppressor T cells, and a de-
crease in the lymphocyte-cytokine response to an allergen 
challenge [139]. Whether immunotherapy has any direct 
effect on sinus mucosa has not been studied.  

 Although no studies support the use of immunotherapy in 
the treatment of allergy coexisting with chronic sinus 
disease, however the clinical practise suggests the utility of 
immunotherapy in improving allergic symptoms [99]. 

 Probably an altered immune response is expected to be 
responsible for frequent recurrence in some patients difficult-
to treat or unresponsive in the long-term to medical and sur-
gical treatment. In these cases non-specific immunotherapy 
could be useful: the most common form of medications used 
are bacterial lysates. Efficacy of bacterial lysate preparations 
(Enteroccocus faecalis autolysate [140], ribosomal fractions 
of Klebsiella pneumoniae (Kp), Streptococcus pneumoniae, 
Streptococcus pyogenes, Haemophilus influenzae and the 
membrane fraction of Kp [141], and mixed bacterial lystate) 
[142], have been tested in the treatment of both acute recur-
rent rhinosinusitis and CRS in terms of the period between 
the relapses and need for antibiotic treatment; the outcomes 
measured were the reduced rate of acute episodes and 
antibiotic treatment in ARS and the reduction in symptoms 
including cough and expectoration during the treatment pe-
riod [142] in CRS. 

 Mucolytics were used together with antibiotic treatment 
and decongestant treatment in ARS in order to reduce the 
viscosity of sinus secretion. The benefit of such treatment 
has not been evaluated in many trials, while a cohort study in 
a mixed group of 45 ARS and CRS patients suggested bene-
ficial effect of adding mucolytic to standard rhinosinusitis 
treatment in terms of reducing treatment duration [143]. No 
clinical trials have tested the effects of mucolytics in nasal 
polyp treatment [3]. 

 Antimycotics are used as topical and systemic treatment, 
as an adjunct to sinus surgery, in allergic fungal, and 
invasive fungal rhinosinusitis, especially in immuno-
compromized patients [144]. The Surgery is considered the 
first line treatment for allergic fungal [145] and invasive 
fungal rhinosinusitis [146]. No studies support the benefits 
of using these drugs in ARS and/or CRS, but in a cohort of 
139 patiens with AFS high dose postoperative itraconazole, 

combined with oral and topical steroids reduced the need for 
revision surgery rate to 20.5% [147].  

 Recent investigations [148,149], suggest the idea of 
treating CRS patients with and without NPs, with a topical 
antimycotic, based on the premise of an altered local 
immune (non-allergic) response to fungal presence in 
nasal/sinus secretions resulting in the generation of chronic 
eosinophilic rhinosinusitis and nasal polyposis. Although the 
presence of fungus in sinus secretions was detected in a high 
proportion (< 90%) of patients with CRS, as well as in a 
control disease-free population in a few study centres [148], 
it cannot be taken as proof of aetiology. Ponikau et al., [150] 
conducted a study in a group of 51 patients with CRS, 
including polyposis patients, treated with topical ampho-
tericin B as nasal/sinus washing, without placebo or other 
control treatment. The treatment resulted in 75% subjective 
improvement and 74% endoscopic improvement [150]. As 
the authors concluded, antifungal treatment should be 
evaluated in a controlled trial to be justified. Possible side 
effects of a long-term oral antimycotic treatment are nausea, 
headache, skin rash, vomiting, abdominal pain and diarrhoea. 
Major adverse events, like serious liver disfunction is rare, 
and mostly seen in patients at risk and due to drug 
interactions. Adverse events during 3 to 6 months topical 
amphotericin B treatment in 3 randomized placebo 
controlled trials was similar in the active and placebo groups. 
However, major adverse events were more common in the 
active treatment group (9% in active vs. 0% in placebo group 
respectively) although only 1 was judged to be drug-related 
(asthma attack) [3]. 

REFERENCES 

[1] Benninger, M.S.; Ferguson, B.J.; Hadley, J.A.; Hamilos, D.L.; 
Jacobs, M.; Kennedy, D.W.; Lanza, D.C.; Marple, B.F.; Os-

guthorpe, J.D.; Stankiewicz, J.A.; Anon, J.; Denneny, J.; Emanuel, 
I.; Levine, H. Adult chronic rhinosinusitis: Definitions, diagnosis, 

epidemiology, and pathophysiology. Otolaryngol. Head Neck 
Surg., 2003, 129, 1-32. 

[2] Meltzer, E.O.; Hamilos, D.L.; Hadley, J.A.; Lanza, D.C.; Marple, 
B.F.; Nicklas, R.A.; Bachert, C.; Baraniuk, J.; Baroody, F.M.; Ben-

ninger, M.S.; Brook, I.; Chowdhury, B.A.; Druce, H.M.; Durham, 
S.; Ferguson, B.; Gwaltney, J.M.; Kaliner, M.; Kennedy, D.W.; 

Lund, V.; Naclerio, R.; Pawankar, R.; Piccirillo, J.F.; Rohane, P.; 
Simon, R.; Slavin, R.G.; Togias, A.; Wald, E.R.; Zinreich, S.J. 

American Academy of Allergy, Asthma and Immunology 
(AAAAI), American Academy of Otolaryngic Allergy (AAOA), 

American Academy of Otolaryngology-Head and Neck Surgery 
(AAO-HNS), American College of Allergy, Asthma and Immunol-

ogy (ACAAI), American Rhinologic Society (ARS). Rhinosinusi-
tis: Establishing definitions for clinical research and patient care.J. 

Allergy Clin. Immunol., 2004, 114, 155-212.  
[3] Fokkens, W.; Lund, V.; Mullol, J. European position paper on 

rhinosinusitis and nasal polyps 2007. Rhinology, 2007, (Suppl.) 20, 
1-136. 

[4] Kaliner, M.A.; Osguthorpe, J.D.; Fireman, P.; Anon, J.; Georgitis, 
J.; Davis, M.L.; Naclerio, R.; Kennedy, D. Sinusitis: Bench to bed-

side. Current findings, future directions.J. Allergy Clin. Immunol., 
1997, 99, 29-34. 

[5] Lethbridge-Cejku, M.; Rose, D.; Vickerie, J. Summary health sta-
tistics for U.S. Adults: National Health Interview Survey, 2004. 

National Center for Health Statistics. Vital. Health. Stat., 2006, 10 
(228), 19-22. 

[6] Rosenfeld, R.M. Clinical practise guideline on adult sinusitis. 
Otolaryngol. Head Neck Surg., 2007, 137, 365-377. 

[7] Ferguson, B.J. Categorization of eosinophilic chronic rhinosinusi-
tis. Otolaryngol. Head Neck Surg., 2004, 12, 237-242. 



110    Anti-Inflammatory & Anti-Allergy Agents in Medicinal Chemistry, 2009, Vol. 8, No. 1 Moretti et al.. 

[8] Fokkens, W.; Lund, V.; Bachert, C.; Clement, P.; Helllings, P.; 

Holmstrom, M.; Jones, N.; Kalogjera, L.; Kennedy, D.; Kowalski, 
M.; Malmberg, H.; Mullol, J.; Passali, D.; Stammberger, H.; 

Stierna, P. EAACI. EAACI position paper on rhinosinusitis and na-
sal polyps executive summary. Allergy, 2005, 60, 583-601. 

[9] Slavin, R.G. Nasal polyps and sinusitis. JAMA, 1997, 278 (22), 
1849-1854. 

[10] Steinke, J.W.; Bradley, D.; Arango, P.; Crouse, C.D.; Frierson, H.; 
Kountakis, S.E. Cysteinyl leukotriene expression in chronic hyper-

plastic sinusitis-nasal polyposis: importance to eosinophilia and 
asthma.J. Allergy Clin. Immunol., 2003, 111 (2), 342-349. 

[11] Ichimura, K.; Shimazaki, Y.; Ishibashi, T.; Higo, R. Effect of new 
macrolid roxithromycin upon nasal polyps associated with chronic 

sinusitis. Auris Nasus Larynx, 1996, 23, 48-56. 
[12] Dykewicz, M.S. Rhinitis and sinusitis.J. Allergy Clin. Immunol., 

2003, 111(2 Suppl), 520-529. 
[13] Vento, S.I.; Ertama, L.O.; Hytonen, M.L.; Wolff, C.H.; Malmberg, 

C.H. Nasal polyposis: clinical course during 20 years. Ann. Allergy 
Asthma Immunol., 2000, 85(3), 209-214. 

[14] Bachert, C.; Van Cauwenberge P.B. Inflammatory mechanisms in 
chronic sinusitis. Acta Otorhinolaryngol. Belg., 1997, 51 (4), 209-

217. 
[15] Berger, G.; Kattan, A.; Bernheim, J.; Ophir, D. Polypoid mucosa 

with eosinophilia and glandular hyperplasia in chronic sinusitis: a 
histopathological and immunohistochemical study. Laryngoscope, 

2002, 112 (4), 738-745. 
[16] Rudack, C.; Stoll, W.; Bachert, C. Cytokines in nasal polyposis, 

acute and chronic sinusitis. Am.J. Rhinol., 1998, 12 (69), 383-388. 
[17] Hamilos, D.L.; Leungm, D.Y.; Wood, R.; Bean, D.K.; Song, Y.L.; 

Schotman, E. Eosinophil infiltration in non allergic chronic hyper-
plastic sinusitis with nasal polyposis (CHS/NP) is associated with 

endothelial VCAM-1 up regulation and expression of TNF  
alpha. Am.J. Respir. Cell Mol. Biol., 1996, 15 (4), 443-450. 

[18] Hamilos, D.L.; Leung, D.Y.; Wood, R.; Cunningham, L.; Bean, 
D.K.; Yasruel, Z. Evidence for distinct cytokine expression in al-

lergic versus non allergic chronic sinusitis.J. Allergy Clin. Immu-
nol., 1995, 96(4), 537-544. 

[19] Bachert, C.; Wagenmann, M.; Hauser, U.; Rudack, C. IL-5 synthe-
sis is up regulated in human nasal polyp tissue.J. Allergy Clin. Im-

munol., 1997, 99 (6 Pt 1), 837-842. 
[20] Hedman, J.; Kaprio, J.; Poussa, T.; Nieminen, M.M. Prevalence of 

asthma, aspirin intolerance, nasal polyposis and chronic obstructive 
pulmonary disease in a population-based study. Int.J. Epidemiol., 

1999, 28(4), 717-722. 
[21] Larsen, K. The clinical relationship of nasal polyps to asthma. 

Allergy Asthma Proc., 1996, 17(5), 243-249. 
[22] Settipane, G.A.; Chafee, F.H. Nasal polyps in asthma and rhinitis. 

A review of 6,037 patients.J. Allergy Clin. Immunol.,. 1977, 59(1), 
17-21. 

[23] Savolainen, S. Allergy in patients with acute maxillary sinusitis. 
Allergy, 1989, 44, 116-122. 

[24] Caplin, I.; Haynes, J.T.; Spahn, J. Are nasal polyps an allergic 
phenomenon? Ann. Allergy, 1971, 29(12), 631-634. 

[25] Bachert, C.; Wagenmann, M.; Rudack, C.; Hopken, K.; Hille-
brandt, M.; Wang, D.; van Cauwenberge, P. The role of cytokines 

in infectious sinusitis and nasal polyposis. Allergy, 1998, 53, 2-13. 
[26] Bachert, C.; Watelet, J.B.; Gevaert, P.; Van Cauwenberge P. Phar-

macological management of nasal polyposis. Drugs, 2005, 65, 
1537-1552. 

[27] Bachmeier, B.E.; Boukamp, P.; Lichtinghagen, R.; Fusenig, N.E.; 
Fink, E. Matrix metalloproteinases-2,-3,-7,-9 and-10, but not 

MMP-11, are differentially expressed in normal, benign tumori-
genic and malignant human keratinocyte cell lines. Biol. Chem., 

2000, 381, 497-507. 
[28] Balbin, M.; Fueyo, A.; Tester, A.M.; Pendas, A.M.; Pitiot, A.S.; 

Astudillo, A.; Overall, C.M.; Shapiro, S.D.; Lopez- Otin, C. Loss 
of collagenase-2 confers increased skin tumor susceptibility to male 

mice. Nat. Genet., 2003, 35, 252-257. 
[29] Bannikov, G.A.; Karelina, T.V.; Collier, I.E.; Marmer, B.L.; Gold-

berg, G.I. Substrate binding of gelatinase B induces its enzymatic 
activity in the presence of intact propeptide.J. Biol. Chem., 2002, 

277, 16022-16027. 
[30] Baragi, V.M.; Fliszar, C.J.; Conroy, M.C.; Ye, Q.Z.; Shipley, J.M.; 

Welgus, H.G. Contribution of the C-terminal domain of metallo-
proteinases to binding by tissue inhibitor of metalloproteinases. C-

terminal truncated stromelysin and matrilysin exhibit equally com-

promised binding affinities as compared to full-length strome-

lysin.J. Biol. Chem., 1994, 269, 12692-12697. 
[31] Bassichis, B.A.; Marple, B.F.; Mabry, R.L.; Newcomer, M.T.; 

Schwade, N.D. Use of immunotherapy in previously treated pa-
tients with allergic fungal sinusitis. Otolaryngol. Head Neck Surg., 

2001, 125, 487-490. 
[32] Hamilos, D.L. Chronic sinusitis.J. Allergy Clin. Immunol., 2000, 

106, 213-227. 
[33] Bachert, C.; Hormann, K.; Mosges, R.; Rasp, G. Riechelmann, H.; 

Muller, R.; Luckhaupt, H.; Stuck, B.A.; Rudack , C. An update on 
the diagnosis and treatment of sinusitis and nasal polyposis.  

Allergy, 2003, 58, 176-191. 
[34] Kennedy, D.W. Pathogenesis of chronic rhinosinusitis. Ann. Otol. 

Rhinol. Laryngol., 2004, 193, 6-9. 
[35] Puhakka, T.; Makela, M.J.; Alanen, A.; Kallio, T.; Korsoff, L.; 

Arstila, P.; Leinonen, M.; Pulkkinen, M.; Suonpaa, J.; Mertsola, J.; 
Ruuskanen, O. Sinusitis in the common cold.J. Allergy Clin. Im-

munol., 1998, 102, 403-408. 
[36] Gwaltney, J.M. Jr. Acute community-acquired sinusitis. Clin. In-

fect. Dis., 1996, 23, 1209-1223. 
[37] Pitkaranta, A.; Arruda, E.; Malmberg, H.; Hayden, F.G. Detection 

of rhinovirus in sinus brushings of patients with acute community-
acquired sinusitis by reverse transcription-PCR.J. Clin. Microbiol., 

1997, 35, 1791-1793. 
[38] Pitkaranta, A.; Starck, M.; Savolainen, S.; Poyry, T.; Suomalainen, 

I.; Hyypia, T.; Carpen, O.; Vaheri, A. Rhinovirus RNA in the max-
illary sinus epithelium of adult patients with acute sinusitis. Clin. 

Infect. Dis., 2001, 33, 909-911. 
[39] Stierna, P.; Carlsoo, B. Histopathological observations in chronic 

maxillary sinusitis. Acta Otolaryngol., 1990, 110 (5-6), 450-8. 
[40] Jiang, Z.; Nagata, N.; Molina, E.; Bakaletz, L.O.; Hawkins, H.; 

Patel, J.A. Fimbria-mediated enhanced attachment of nontypeable 
haemophilus influenzae to respiratory syncytial virus-infected res-

piratory epithelial cells. Infect. Immun., 1999, 67, 187-192. 
[41] Makela, M.J.; Puhakka, T.; Ruuskanen, O.; Leinonen, M.; Saikku, 

P.; Kimpimaki, M.; Blomqvist, S.; Hyypia, T.; Arstila, P. Viruses 
and bacteria in the etiology of the common cold.J. Clin. Microbiol., 

1998, 36, 539-542. 
[42] Gwaltney, J.M., Jr. Acute community-acquired sinusitis. Clin. 

Infect. Dis., 1996; 23, 1209-1225. 
[43] Gwaltney, J.M., Jr.; Wiesinger, B.A. Patrie JT. Acute community-

acquired bacterial sinusitis: the value of antimicrobial treatment 
and the natural history. Clin. Infect. Dis., 2004, 38, 227-233. 

[44] Arruda, E.; Boyle, T.R.; Winther, B.; Pevear, D.C.; Gwaltney, 
J.M., Jr.; Hayden, F.G. Localization of human rhinovirus replica-

tion in the upperrespiratory tract by in situ hybridization.J. Infect. 
Dis., 1995, 171, 1329-33. 

[45] Brook I. Microbiology and management of sinusitis. J Otolaryn-
gol., 1996, 25(4), 249-256. 

[46] Pant, H. , Kette, F.E.; Smith, W.B.; Wormald, P.J.; Macardle, P.J. 
Fungal specific humoral response in eosinophilic mucus chronic 

rhinosinusitis. Laryngoscope, 2005, 115(4), 601-6. 
[47] Hofer, M.F.; Harbeck, R.J.; Schlievert, P.M.; Leung, D.Y. Staphy-

lococcal toxins augment specific IgE responses by atopic patients 
exposed to allergen.J. Invest. Dermatol., 1999, 112, 171-176. 

[48] Jabara, H.H.; Geha, R.S. The superantigen toxic shock syndrome 
toxin-1 induces CD40 ligand expression and modulates IgE isotype 

switching. Int. Immunol., 1996, 8, 1503-10. 
[49] Vennewald, I.; Henker, M.; Klemm, E.; Seebacher, F. Fungal colo-

nization of the paranasal sinuses. Mycosis, 1999, 42, 3-6. 
[50] Chauhan, B.; Santiago, L.; Hutcheson, P.S.; Schwartz, H.J.; 

Spitznagel, E.; Castro, M.; Slavin, R.G.; Bellone, C.J. Evidence for 
the involvement of two different MHC class II regions in suscepti-

bility or protection in allergic bronchopulmonary aspergillosis.J. 
Allergy Clin. Immunol., 2000, 106, 723-729. 

[51] Schubert, M.S. A superantigen hypothesis for the pathogenesis of 
chronic hypertrophic rhinosinusitis, allergic fungal sinusitis, and re-

lated disorders. Ann. Allergy Asthma Immunol., 2001, 87, 181-188. 
[52] Bachert, C.; Gevaert, P.; Holtappels, G.; Johansson, S.G.; van 

Cauwenberge, P. Total and specific IgE in nasal polyps is related to 
local eosinophilic inflammation.J. Allergy Clin. Immunol., 2001, 

107, 607-614. 
[53] Adams, K.F. Year to year variation in the fungus spore content of 

the athmosphere. Acta Allergol. , 1964, 19, 11-50. 
[54] Bone, R.C.; Balk, R.A.; Cerra, F.B.; Dellinger, R.P.; Fein, A.M.; 

Knaus, W.A. Definitions for sepsis and organ failure and guidelines 



Anti-Inflammatory and Anti-Allergy Drugs Anti-Inflammatory & Anti-Allergy Agents in Medicinal Chemistry, 2009, Vol. 8, No. 1    111 

for the use of innovative therapies in sepsis. The ACCP/SCCM 

Consensus Conference Committee. American College of Chest 
Physicians/Society of Critical Care Medicine. Chest, 1992, 101, 

1644-1655. 
[55] Rosenfeld, R.M. Clinical practice guideline on adult sinusitis. Ex-

ecutive summary. Otolaryngol. Head Neck Surg., 2007, 137, 365-
377 

[56] deShazo, R.D. Fungal sinusitis. Am.J. Med. Sci., 1998, 316, 39-45. 
[57] deShazo, R.D.; O'Brien, M.; Chapin, K.; Soto-Aguilar, M.; 

Gardner, L.; Swain, R. A new classification and diagnostic criteria 
for invasive fungal sinusitis. Arch. Otolaryngol. Head Neck Surg., 

1997, 123, 1181-1188. 
[58] deShazo, R.D.; O'Brien, M.; Chapin, K., Soto-Aguilar, M.; Swain, 

R.; Lyons, M.; Bryars, W.C. J.; Alsip, S. Criteria for the diagnosis 
of sinus mycetoma.J. Allergy Clin. Immunol., 1997, 99, 475-485. 

[59] Slavin, R.G. Asthma and sinusitis.J. Allergy Clin. Immunol., 1992, 
90, 534-537. 

[60] Granville, L.; Chirala, M.; Cernoch, P.; Ostrowski, M.; Truong, 
L.D. Fungal sinusitis: Histologic spectrum and correlation with cul-

ture. Hum. Pathol., 2004, 35, 474-481. 
[61] Schubert, M.S. Fungal rhinosinusitis: Diagnosis and therapy. Curr. 

Allergy Asthma Rep., 2001, 1, 268-276. 
[62] Currens, J.; Hutcheson, P.S.; Slavin, R.G.; Citardi, M.J. Primary 

paranasal aspergillus granuloma: Case report and review of the lit-
erature. Am.J. Rhinol., 2002, 16, 165-168. 

[63] Milosev, B.; el-Mahgoub, S.; el-Hassan, AM. Primary aspergilloma 
of paranasal sinuses in the Sudan. A review of seventeen cases. 

Br.J. Surg., 1969, 56, 132-137. 
[64] Veress, B.; Malik, O.A.; el-Tayeb, A.A.; el-Daoud, S.; Mahgoub, 

E.S.; el-Hassan, A.M. Further observations on the primary parana-
sal aspergillus granuloma in the sudan: A morphological study of 

46 cases. Am.J. Trop. Med. Hyg., 1973, 22, 765-772. 
[65] Gumaa, S.A.; Mahgoub, E.S.; Hay, R.J. Post-operative responses 

of paranasal aspergillus granuloma to itraconazole. Trans.R. Soc. 
Trop. Med. Hyg., 1992, 86, 93-94. 

[66] Katzenstein, A.L.; Sale, S.R.; Greenberger, P.A. Allergic aspergil-
lus sinusitis: A newly recognized form of sinusitis.J. Allergy Clin. 

Immunol., 1983, 72, 89-93. 
[67] Schubert, M.S.; Goetz, D.W. Evaluation and treatment of allergic 

fungal sinusitis. II. treatment and follow up.J. Allergy Clin. Immu-
nol., 1998, 102, 395-402. 

[68] Ponikau, J.U.; Sherris, D.A.; Kern, E.B.; Homburger, H.A.; Frigas, 
E.; Gaffey, T.A.; Roberts, G.D. The diagnosis and incidence of al-

lergic fungal sinusitis. Mayo Clin. Proc., 1999, 74, 877-884. 
[69] deShazo, R.D.; Swain, R.E. Diagnostic criteria for allergic fungal 

sinusitis.J. Allergy Clin. Immunol., 1995, 96, 24-35. 
[70] Kuhn, F.A.; Swain, R., Jr. Allergic fungal sinusitis: Diagnosis and 

treatment. Curr. Opin. Otolaryngol. Head Neck Surg. 2003, 11, 1-
5. 

[71] Marple, B.F. Allergic fungal rhinosinusitis: Current theories and 
management strategies. Laryngoscope, 2001, 111, 1006-1019. 

[72] Hamilos, D.L.; Leung, D.Y.; Wood, R.; Cunningham, L.; Bean, 
D.K.; Yasruel, Z.; Schotman, E.; Hamid, Q. Evidence for distinct 

cytokine expression in allergic versus nonallergic chronic sinusi-
tis.J. Allergy Clin. Immunol., 1995, 96, 537-544. 

[73] Slavin, R.G. Sinusitis in adults and its relation to allergic rhinitis, 
asthma, and nasal polyps.J. Allergy Clin. Immunol., 1988, 82, 950-

956. 
[74] Spector, S.L. Overview of comorbid associations of allergic rhini-

tis.J. Allergy Clin. Immunol., 1997, 99, 773-780. 
[75] Ferguson, B.J.; Johnson, J.T. Allergic rhinitis and rhinosinusitis: is 

there a connection between allergy and infection? Postgrad. Med., 
1999, 105, 55-58. 

[76] Caplin, I.; Haynes, J.T.; Spahn, J. Are nasal polyps an allergic 
phenomenon? Ann. Allergy, 1971, 29, 631-634. 

[77] Settipane, G.A. Epidemiology of nasal polyps. Allergy Asthma 
Proc., 1996, 17, 231-236. 

[78] Bachert, C.; Gevaert, P.; Holtappels, G.; Cuvelier, C.; van Cau-
wenberge, P. Nasal polyposis: from cytokines to growth. Am.J. 

Rhinol., 2000, 14, 279-290. 
[79] Kramer, M.F.; Ostertag, P.; Pfrogner, E.; Rasp, G. Nasal interleu-

kin-5, immunoglobulin E, eosinophilic cationic protein, and soluble 
intercellular adhesion molecule-1 in chronic sinusitis, allergic rhini-

tis, and nasal polyposis. Laryngoscope, 2000, 110, 1056-1062. 
[80] Kramer, M.F.; Rasp, G. Nasal polyposis: Eosinophils and interleu-

kin-5. Allergy, 1999, 54, 669-680. 

[81] Karlsson, G.; Holmberg, K. Does allergic rhinitis predispose to 

sinusitis? Acta Otolaryngol. Suppl., 1994, 515, 26-28. 
[82] Togias, A. Rhinitis and asthma: Evidence for respiratory system 

integration.J. Allergy Clin. Immunol., 2003, 111, 1171-1183. 
[83] Vinuya, R.Z. Upper airway disorders and asthma: A syndrome of 

airway inflammation. Ann. Allergy Asthma Immunol., 2002, 88, 8-
15. 

[84] Guerra, S.; Sherrill, D.L.; Martinez, F.D.; Barbee, R.A. Rhinitis as 
an independent risk factor for adult-onset asthma.J. Allergy Clin. 

Immunol., 2002, 109, 419-425. 
[85] Leynaert, B.; Bousquet, J.; Neukirch, C.; Liard, R.; Neukirch, F. 

Perennial rhinitis: An independent risk factor for asthma in non 
atopic subjects: Results from the European community respiratory 

health survey.J. Allergy Clin. Immunol., 1999, 104, 301-304. 
[86] Settipane, R.J.; Hagy, G.W.; Settipane, G.A. Long-term risk factors 

for developing asthma and allergic rhinitis: A 23-year follow-up 
study of college students. Allergy Proc., 1994, 15, 21-25. 

[87] Togias, A.G. Systemic immunologic and inflammatory aspects of 
allergic rhinitis.J. Allergy Clin. Immunol., 2000, 106, 247-250. 

[88] Corren, J.; Manning, B.E.; Thompson, S.F.; Hennessy, S.; Strom, 
B.L. Rhinitis therapy and the prevention of hospital care for 

asthma: A case-control study.J. Allergy Clin. Immunol., 2004, 113, 
415-419. 

[89] Foresi, A.; Pelucchi, A.; Gherson, G.; Mastropasqua, B.; Chiap-
parino, A.; Testi, R. Once daily intranasal fluticasone propionate 

(200 micrograms) reduces nasal symptoms and inflammation but 
also attenuates the increase in bronchial responsiveness during the 

pollen season in allergic rhinitis.J. Allergy Clin. Immunol., 1996, 
98, 274-282. 

[90] Halpern, M.T.; Schmier, J. K; Richner, R.; Guo, C.; Togias, A. 
Allergic rhinitis: A potential cause of increased asthma medication 

use, costs, and morbidity.J. Asthma., 2004, 41, 117-126. 
[91] Djukanovic, R.; Lai, C.K.; Wilson, J.W.; Britten, K.M.; Wilson, 

S.J.; Roche, W.R.; Howarth, P.H.; Holgate, S.T. Bronchial mucosal 
manifestations of atopy: A comparison of markers of inflammation 

between atopic asthmatics, atopic non asthmatics and healthy con-
trols. Eur. Respir.J., 1992, 5, 538-544. 

[92] Townley, R.G.; Ryo U.Y.; Kolotkin, B.M.; Kang, B. Bronchial 
sensitivity to methacholine in current and former asthmatic and al-

lergic rhinitis patients and control subjects.J. Allergy Clin. Immu-
nol., 1975, 56, 429-442. 

[93] Simon, R.A. The allergy-asthma connection. Allergy Asthma Proc., 
2002, 23, 219-222. 

[94] Slavin, R.G. Asthma and sinusitis.J. Allergy Clin. Immunol., 1992, 
90, 534-537. 

[95] Kowalski, M.L. Rhinosinusitis and nasal polyposis in aspirin sensi-
tive and aspirin tolerant patients: Are they different? Thorax, 2000, 

55, 84-6. 
[96] Berges-Gimeno, M.P.; Simon, R.A.; Stevenson, D.D. The natural 

history and clinical characteristics of aspirin-exacerbated respira-
tory disease. Ann. Allergy Asthma Immunol., 2002, 89, 474-478. 

[97] Szczeklik, A.; Stevenson, D.D. Aspirin-induced asthma: Advances 
in pathogenesis, diagnosis, and management.J. Allergy Clin. Immu-

nol., 2003, 111, 913-921. 
[98] Noone, P.G.; Leigh, M.W.; Sannuti, A.; Minnix, S.L.; Carson, J.L.; 

Hazucha, M.; Zariwala, M.A.; Knowles, M.R. Primary ciliary dy-
skinesia: Diagnostic and phenotypic features. Am.J. Respir. Crit. 

Care Med., 2004, 169, 459-467. 
[99] Benninger, M.S.; Anon, J.; Mabry, R.L. The medical management 

of rhinosinusitis. Otol. Head Neck Surg., 1997, 117, 41-49.  
[100] Rosenfeld, R.M.; Andes, D.; Bhattacharya, N.; Dickson, C.; Eisen-

berg, S. Clinical practice guideline: Adult sinusitis. Otolaryngol. 
Head Neck Surg., 2007, 137, 1-31  

[101] Ramadan, H. What is the bacteriology of chronic sinusitis in 
adults? Am.J. Otolaryngol., 1995, 16, 303-306. 

[102] Bende, M.; Fukami, M.; Arfars, K.E. Tile effect of oxymetazoline 
nose drops on acute sinusitis in the rabbit. Ann. Otol. Rhinol. 

Laryngol., 1996, 105, 222-225. 
[103] Otten, F.W. Conservative treatment of chronic maxillary sinusitis 

in children. Long-term follow-up. Acta Otorhinolaryngol. Belg., 
1997, 51(3), 173-175. 

[104] Elbez, M.; De Pressigny, M.; Halimi, P.; Aidan, D.; Bonfils, P.; 
Trotoux, J. Does the use of nasal vasoconstrictor agents change to-

modensitometric images of nasosinusal polyposis?. Ann. Otolaryn-
gol. Chir. Cervicofac., 1993, 110(5), 277-280. 



112    Anti-Inflammatory & Anti-Allergy Agents in Medicinal Chemistry, 2009, Vol. 8, No. 1 Moretti et al.. 

[105] Johansson, L.; Oberg, D.; Melen, I.; Bende, M. Do topical nasal 

decongestants affect polyps? Acta Otolaryngol., 2006, 126(3), 288-
290. 

[106] Calhoun, K. Diagnosis and management of sinusitis in the allergic 
patient. Otolaryngol. Head Neck Surg., 1992, 107, 850-854.  

[107] Friedman, W.H.; Katsantonis, G.R.; Bumpous, G.M. Staging of 
chronic hyperplastic rhinosinusitis: treatment strategies. Otolaryn-

gol. Head Neck Surg., 1995, 112, 210-214.  
[108] Druce, H.M. Adjuncts to medical management of sinusitis. Oto-

laryngol. Head Neck Surg., 1990, 103, 880-883.  
[109] Mabry, R.L. Therapeutic agents in the medical management of 

sinusitis. Otolaryngol. Clin. North Am., 1993, 26, 561-570.  
[110] Zeiger, R.S. Prospects for ancillary treatment of sinusitis in the 

1990's.J. Allergy Clin. Immunol., 1992, 90, 478-495.  
[111] Braun, J.J.; Alabert J.P.; Michel, F.B.; Quiniou, M.; Rat, C.; Coug-

nard, J.; Adjunct effect of loratadine in the treatment of acute si-
nusitis in patients with allergic rhinitis. Allergy, 1997, 52(6), 650-

655. 
[112] Simons, F.E. R. Evolution of H1 receptor antagonist treatment. 

Ann. Allergy, 1993, 71, 282-287. 
[113] Mabry, R.L. Interface of allergy and sinus disease. Dallas Med.J., 

1991, 77, 352-354. 
[114] Xaubet, A.; Mullol, J.; Lopez, E.; Roca-Ferrer, J.; Rozman, M.; 

Carrion, T. Comparison of the role of nasal polyp and normal nasal 
mucosal epithelial cells on in vitro eosinophil survival. Mediation 

by GM-CSF and inhibition by dexamethasone. Clin. Exp. Allergy, 
1994, 24(4), 307-317. 

[115] Mullol, J.; Xaubet A.; Lopez, E.; Roca-Ferrer, J.; Picado, C. Com-
parative study of the effects of different glucocorticosteroids on 

eosinophil survival primed by cultured epithelial cell supernatants 
obtained from nasal mucosa and nasal polyps. Thorax, 1995, 50(3), 

270-274. 
[116] Mullol, J.; Xaubet, A.; Lopez, E.; Roca-Ferrer, J.; Carrion, T.; 

Rosello- Catafau, J. Eosinophil activation by epithelial cells of the 
respiratory mucosa. Comparative study of normal mucosa and in-

flammatory mucosa. Med. Clin. (Barc), 1997, 109(1), 6-11. 
[117] Mullol, J.; Lopez, E.; Roca-Ferrer, J.; Xaubet, A.; Pujols, L.; Fer-

nandez-Morata, J.C. Effects of topical anti-inflammatory drugs on 
eosinophil survival primed by epithelial cells. Additive effect of 

glucocorticoids and nedocromil sodium. Clin. Exp. Allergy, 1997, 
27(12), 1432-1441. 

[118] Mullol, J.; Roca-Ferrer, J.; Xaubet, A.; Raserra, J.; Picado, C; Inhi-
bition of GM-CSF secretion by topical corticosteroids and nedo-

cromil sodium. A comparison study using nasal polyp epithelial 
cells. Respir. Med., 2000, 94(5), 428-431. 

[119] Roca-Ferrer, J.; Mullol, J.; Lopez, E.; Xaubet, A.; Pujols, L.; Fer-
nandez, J.C. Effect of topical anti-inflammatory drugs on epithe-

lialcell-induced eosinophil survival and GM-CSF secretion. Eur. 
Respir.J., 1997, 10(7), 1489-1495. 

[120] Xaubet, A.; Mullol, J.; Roca-Ferrer, J.; Pujols, L.; Fuentes, M.; 
Perez, M. Effect of budesonide and nedocromil sodium on IL-6 and 

IL-8 release from human nasal mucosa and polyp epithelial cells. 
Respir. Med., 2001, 95(5), 408-414. 

[121] Mullol, J.; Xaubet, A.; Gaya, A.; Roca-Ferrer, J.; Lopez, E.; Fer-
nandez, J.C. Cytokine gene expression and release from epithelial 

cells. A comparison study between healthy nasal mucosa and nasal 
polyps. Clin. Exp. Allergy, 1995, 25(7), 607-615. 

[122] Mygind, N.; Nielsen, L.P.; Hoffmann, H.J. Mode of action of intra-
nasal corticosteroids.J. Allergy Clin. Immunol., 2001, 108(1), 16-

25. 
[123] Leung, D.Y.; Bloom, J.W. Update on glucocorticoid action and 

resistance.J. Allergy Clin. Immunol., 2003, 111(1), 3-22. 
[124] Pujols, L.; Mullol, J.; Roca-Ferrer, J.; Torrego, A.; Xaubet, A.; 

Cidlowski, J.A. Expression of glucocorticoid receptor alphaand 
beta-isoforms in human cells and tissues. Am.J. Physiol. Cell 

Physiol., 2002, 283(4), 1324-1331. 
[125] Oakley, R.H.; Sar, M.; Cidlowski, J.A. The human glucocorticoid 

receptor beta isoform. Expression, biochemical properties, and pu-
tative function.J. Biol. Chem., 1996, 271(16), 9550-9559. 

[126] Pujols, L.; Mullol, J.; Benitez, P.; Torrego, A.; Xaubet, A.; de 
Haro, J. Expression of the glucocorticoid receptor alpha and beta 

isoforms in human nasal mucosa and polyp epithelial cells. Respir. 
Med., 2003, 97(1), 90-6. 

[127] Hamilos, D.L.; Leung, D.Y.; Muro, S.; Kahn, A. M, Hamilos, S.S.; 
Thawley, S.E. GR beta expression in nasal polyp inflammatory 

cells and its relationship to the anti-inflammatory effects of intrana-

sal fluticasone.J. Allergy Clin. Immunol., 2001, 108(1), 59-68. 
[128] Knutsson, P.U.; Bronnegard, M.; Marcus, C.; Stierna, P. Regula-

tion of glucocorticoid receptor mRNA in nasal mucosa by local 
administration of fluticasone and budesonide.J. Allergy Clin. Im-

munol., 1996, 97(2), 655-661. 
[129] Pujols, L.; Mullol, J.; Perez, M.; Roca-Ferrer, J.; Juan, M.; Xaubet, 

A. Expression of the human glucocorticoid receptor alpha and beta 
isoforms in human respiratory epithelial cells and their regulation 

by dexamethasone. Am.J. Respir. Cell Mol. Biol., 2001, 24(1), 49-
57. 

[130] Bhattacharyya, N.; Vyas, D.K., Fechner, F.P.; Gliklich, R.E.; Met-
son R. Tissue eosinophilia in chronic sinusitis: quantification tech-

niques. Arch. Otolaryngol. Head Neck Surg., 2001, 127(9), 1102-
1115. 

[131] Qvarnberg, Y.; Kantola, O.; Salo, J.; Toivanen, M.; Valtonen, H.; 
Vuori, E. Influence of topical steroid treatment on maxillary sinusi-

tis. Rhinology, 1992, 30(2),103-12.  
[132] Meltzer, E.O.; Orgel, H.A.; Backhaus, J.W.; Busse, W.W.; Druce, 

H.M.; Metzger, W.J.; Intranasal flunisolide spray as an adjunct to 
oral antibiotic therapy for sinusitis.J. Allergy Clin. Immunol., 1993, 

92(6), 812-823. 
[133] Barlan, I.B.; Erkan, E.; Bakir, M.; Berrak, S.; Basaran, M.M. Intra-

nasal budesonide spray as an adjunct to oral antibiotic therapy for 
acute sinusitis in children. Ann. Allergy Asthma Immunol., 1997, 

78(6), 598-601. 
[134] Meltzer, E.O.; Charous, B.L.; Busse, W.W.; Zinreich, S.J.; Lorber, 

R.R.; Danzig, M.R. Added relief in the treatment of acute recurrent 
sinusitis with adjunctive mometasone furoate nasal spray. The Na-

sonex Sinusitis Group.J. Allergy Clin. Immunol., 2000, 106(4), 
630-637. 

[135] Meltzer, E.O.; Bachert, C.; Staudinger, H. Treating acute rhinosi-
nusitis: Comparing efficacy and safety of mometasone furoate na-

sal spray, amoxicillin, and placebo.J. Allergy Clin. Immunol., 2005, 
116(6), 1289-1295. 

[136] Salib, R.J.; Howarth, P.H. Safety and tolerability profiles of intra-
nasal antihistamines and intranasal corticosteroids in the treatment 

of allergic rhinitis. Drug Saf., 2003, 26(12), 863-893. 
[137] Bielory, L.; Blaiss, M.; Fineman, S.M.; Ledford, D.K.; Lieberman, 

P.; Simons, F.E. Concerns about intranasal corticosteroids for over-
the-counter use: position statement of the Joint Task Force for the 

American Academy of Allergy, Asthma and Immunology and the 
American College of Allergy, Asthma and Immunology. Ann. Al-

lergy Asthma Immunol., 2006, 96(4), 514-525. 
[138] Skoner, D. Update of growth effects of inhaled and intranasal corti-

costeroids. Curr. Opin. Allergy Clin. Immunol., 2002, 2(1), 7-10. 
[139] Fireman, R. Allergic rhinitis. In Atlas of allergies; Fireman, P., 

Slavin, R.G., Ed.; 2nd ed. St Louis: Mosby-Wolfe, 1996, 141-159. 
[140] Habermann, W.; Zimmermann, K.; Skarabis, H.; Kunze, R.; Rusch, 

V. Reduction of acute recurrence in patients with chronic recur-
rentn hypertrophic sinusitis by treatment with a bacterial immu-

nostimulant (Enterococcus faecalis Bacteriae of human origin). 
Arzneimittelforschung, 2002, 52(8), 622-627. 

[141] Serrano, E.; Demanez, J.P.; Morgon, A.; Chastang, C.; Van Cau-
wenberge, P. Effectiveness of ribosomal fractions of Klebsiella 

pneumoniae, Streptococcus pneumoniae, Streptococcus pyogenes, 
Haemophilus influenzae and the membrane fraction of Kp (Ri-

bomunyl) in the prevention of clinical recurrences of infectious 
rhinitis. Results of a multicenter double-blind placebo-controlled 

study. Eur. Arch. Otorhinolaryngol., 1997, 254(8), 372-375. 
[142] Heintz, B.; Schlenter, W. W; Kirsten, R.; Nelson, K. Clinical effi-

cacy of Broncho-Vaxom in adult patients with chronic purulent si-
nusitis: a multi-centric, placebo-controlled, double-blind study. 

Int.J. Clin. Pharmacol. Ther. Toxicol., 1989, 27(11), 530-534. 
[143] Szmeja, Z.; Golusinski, W.; Mielcarek-Kuchta, D.; Laczkowska-

Przybylska, J. Use of mucolytic preparations (Mucosolvan) in se-
lected diseases of the upper respiratory tract. Part II. Otolaryngol. 

Pol., 1997, 51(5), 480-486. 
[144] Kuhn, F.A.; Javer, A.R. Allergic fungal rhinosinusitis: periopera-

tive management, prevention of recurrence, and role of steroids and 
antifungal agents. Otolaryngol. Clin. North Am., 2000, 33(2), 419-

433. 
[145] Schubert, M.S. Medical treatment of allergic fungal sinusitis. Ann. 

Allergy Asthma Immunol., 2000, 85(2), 90-7. 
[146] Rizk, S.S.; Kraus, D.H.; Gerresheim, G.; Mudan, S. Aggressive 

combination treatment for invasive fungal sinusitis in immuno-



Anti-Inflammatory and Anti-Allergy Drugs Anti-Inflammatory & Anti-Allergy Agents in Medicinal Chemistry, 2009, Vol. 8, No. 1    113 

compromised patients. Ear Nose Throat J., 2000, 79(4), 278-280, 

282, 284-285. 
[147] Rains, B.M.; Mineck, C.W. Treatment of allergic fungal sinusitis 

with high-dose itraconazole. Am.J. Rhinol., 2003, 17(1), 1-8. 
[148] Ponikau, J.U.; Sherris, D.A.; Kern, E.B.; Homburger, H.A.; Frigas, 

E.; Gaffey, T.A. The diagnosis and incidence of allergic fungal si-
nusitis. Mayo Clin. Proc., 1999, 74(9), 877-884. 

[149] Braun, H.; Buzina, W.; Freudenschuss, K.; Beham, A.; 

Stammberger, H. Eosinophilic fungal rhinosinusitis: a common 
disorder in Europe? Laryngoscope, 2003, 113(2), 264-269. 

[150] Ponikau, J.U.; Sherris, D.A.; Kita, H.; Kern, E.B. Intranasal anti-
fungal treatment in 51 patients with chronic rhinosinusitis.J. Al-

lergy Clin. Immunol., 2002, 110(6), 862-6. 

 

 

Received: August 22, 2008 Revised: September 16, 2008 Accepted: October 30, 2008 


