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Abstract Chronic rhinosinusitis (CRS) affects 1-4% of
the adult population. The etiology of this multifactorial,
chronic disease, which leads to a significant impairment of
the quality of life, often accompanied by nasal polyposis, is
not fully understood. In the past decade, it was presumed
that the disease, which causes characteristic eosinophilic
infiltration of the nasal mucosa, is triggered by an enhanced
(but not classical allergic IgE-type) immune response
against fungal organisms in the nasal mucus. If this suppo-
sition is correct, then it appears obvious that the administra-
tion of amphotericin B nasal spray in adequate
concentration following endoscopic polypectomy should be
advantageous for these patients, and might even reduce the
number of recurrent cases. To check on this assumption, we
conducted a prospective randomized placebo-controlled
trial involving 33 patients, 30 of whom remained in the
study throughout. Patients with nasal polyposis were oper-
ated on with an endoscopic technique between 1 November
2005 and 1 October 2006; group A (14 randomly selected
patients) were treated with a nasal spray containing 5 mg/
ml amphotericin B, while the placebo group B (16 ran-
domly selected patients) received a nasal spray lacking
amphotericin B. We evaluated our results with the aid of a
modified Lund-Mackay CT score, the SNAQ-11 test
(which assesses changes in the symptoms), a quality of life
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test and endoscopy. The SPSS 14.0 for Windows program
was utilized to process the data of examinations performed
preoperatively and 1 year postoperatively. The CT scores
of the group A patients 1 year after the operation exhibited
wide scattering, without signs of recovery. The CT scores
of the group B patients indicated a slight improvement,
though this did not prove significant relative to group A.
Both the SNAQ-11 test and the quality of life test revealed
a significant improvement in each group, but the degrees of
change in these tests did not differ significantly between the
two groups of patients. The endoscopic findings indicated a
slight improvement to the advantage of the amphotericin B-
treated group 12 months after the operation. These results
lead to the conclusion that the administration of amphoteri-
cin B nasal spray to patients operated on for nasal polyposis
does not give rise to a significant alteration in either CT
score, clinical symptoms, or quality of life. The more favor-
able clinical aspects observed in the amphotericin B-treated
group during the endoscopic follow-up did not correspond
to an improvement in the symptoms. In connection with the
conclusions drawn from this study, the authors discuss the
controversial data available on the fungal etiology of CRS.
They critically analyze the contradictory observations and
conclusions of seven recent clinical studies.

Keywords Amphotericin B - Chronic rhinosinusitis -
Nasal irrigation - Nasal polyposis - Nasal spray
Introduction

Chronic rhinosinusitis (CRS) is an inflammatory disease of
the nasal and paranasal sinus mucosa that has existed for

more than 3 months, with typical leading symptoms such as
nasal obstruction, thick nasal discharge, a reduction/loss of
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the ability to smell, facial pressure and/or pain, in some
cases accompanied by an extreme degree of nasal polyposis
[1]. As concomitant symptoms, CRS patients may com-
plain of headaches, fever, halitosis, fatigue, dental pain and
ear fullness. Current medical research suggests that CRS
can be referred to as a multifactorial disease, which may be
associated with asthma, cystic fibrosis, primary ciliary dys-
kinesia, aspirin intolerance and allergy [2-5]. Around 4%
of the adult population suffer from a compromised quality
of life in consequence of the disease [3]. The etiology and
pathogenesis of CRS are neither completely known nor
understood. One of the most popular theories, which is a
subject of intensive research, postulates that the causal fac-
tors are morphological variations on the lateral wall of the
nasal cavity [3]: other hypotheses include the biofilm the-
ory [6], and the role of superantigens [7]. The basic stan-
dard treatment is surgical intervention and the use of
corticosteroids. It should be emphasized that even the most
modern antibiotics are effective only during the acute exac-
erbations of CRS, making a bacterial etiology doubtful. The
fact that antiallergic medication results in a symptomatic
improvement merely in the event of a proved concomitant
allergy suggests that an IgE-mediated allergy is not an etio-
logical factor of CRS [8].

The role of fungal organisms in the development of
some rare forms of CRS has long been known. Allergic
fungal rhinosinusitis (AFRS) was first described by Katzen-
stein et al. in 1980 [9]. DeShazo and Swain [10], and later
on Bent and Kuhn [4] proposed the criteria of this previ-
ously rarely diagnosed disease.

Ponikau et al. [11] recently developed new mucus-col-
lecting and culturing methods with which they were able to
demonstrate the presence of mucin containing hyphae and
clusters of degenerating eosinophils (Charcot-Leyden crys-
tals) referring to allergy in 96% of CRS patients with pol-
yposis undergoing endoscopic sinus surgery. With the
diagnostic criteria of DeShazo and Swain, the previously
rarely diagnosed AFRS was seen in 93% of their patients.
To their surprise, with this new method they cultured at
least two fungal species individually in the nasal mucus of a
control group consisting of 14 healthy adults, but without
detection of the presence of an IgE-mediated type I hyper-
sensitivity reaction. In the opinion of Ponikau et al. “aller-
gic mucin” exists independently from an IgE-mediated type
I hypersensitivity reaction. For this reason, they proposed a
change in the terminology; they prefer the term ‘“‘eosino-
philic mucin” (EM) instead of “allergic mucin”, and sug-
gest that “allergic fungal rhinosinusitis” be changed to
“eosinophilic fungal rhinosinusitis”. Thus, the eosinophilic
granulocytes within the nasal mucus of CRS patients do not
play a part in allergic reactions, but are transitory compo-
nents of the nasal secretion. After destroying the hyphae,
they fall apart and the major basic protein released from
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them exerts an extremely toxic effect on nasal mucosa [8,
11-13]. As a consequence of secondary superinfection of
the nasal mucosa via an epithelial lesion, biofilm coloniza-
tion and the appearance of superantigens CRS may
develop. All these facts indicate the multifactorial nature of
the disease.

Pant et al. [14] recently proved the absence of fungi in
the EM of some CRS patients. They also demonstrated the
similarity in clinicopathologic features between EM CRS
subgroups, despite the occurence of positive fungal cultures
and hypersensitivity against fungi. Their observations indi-
cated that the presence of EM always reflects a more severe
grade of CRS than that in its absence. Erbek et al. [15]
showed that the grade of eosinophilia is more influential as
regards the severity of CRS than the presence of a positive
fungal culture. If the fungal theory holds true, it seems
obvious that, through a reduction of the amount of antigen,
or its total eradication, thereby influencing the triggers of
CRS, the symptoms of the patients can be relieved. Treat-
ment of CRS patients with intranasal lavage or a spray con-
taining amphotericin B has so far proved controversial [11,
13, 16-20]. In the present study, we investigated whether
the 1-year postoperative usage of a nasal spray containing
amphotericin B developed by our Department of Pharma-
ceutics decreases the tendency of nasal polyposis to recur.

Patients and methods
Patients

In a double-blind, randomized, placebo-controlled study,
patients received amphotericin B (A group) or placebo (B
group) nasal sprays for 12 months after endoscopic poly-
pectomy. Our aim was to determine whether any difference
could be observed between the two groups in the rates of
recurrence of nasal polyposis, in the symptoms, in the qual-
ity of life or in the endoscopic findings. The protocol of the
study was approved by the Regional Ethics Committee of
the University of Pécs. All the patients received concomi-
tant nasal steroid sprays and were allowed to use their regu-
lar medication. The study protocol is presented in Fig. 1.
Thirty-three patients with chronic rhinosinusitis with nasal
polyps (CRSwNP) were recruited from among the patients
presenting at our clinic for endoscopic sinus surgery
between November 2005 and October 2006. Thirty patients
completed the study; three patients were excluded (group
A, 2; group B, 1) because of noncompliant behavior. The
patient demographics are shown in Table 1.

The diagnosis for CRS was set up according to the crite-
ria laid down by the “EAACI position paper on rhinosinus-
itis and nasal polyps, executive summary” [3]. The
diagnosis was confirmed by the presence of symptoms that
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Fig. 1 Scheme of double-blind, placebo-controlled, prospective, ran-
domized clinical study

Table 1 Demographic data on patients participating in the clinical
study

Placebo
group (n =16)

Amphotericin
B group (n = 14)

Mean age (SD) 51(10.32) 56 (9.81)
Male/female 9/5 10/6
Asthma 3 5
ASA intolerance (n) 1 1
Allergy (general) (n) 6 8
Allergy (antifungal) (n) 0 0
Smoking (n)

Yes 3 3
No 11 13
Previous procedures

FESS (1 op) 3 3
FESS (2 op)

has existed for 3 months and the swelling of the nasal
mucosa by 5 mm in at least two sinuses according to the CT
scans and endoscopic observations. Exclusion criteria are
listed in Table 2.

Active and placebo sprays

The amphotericin B and placebo nasal sprays were com-
pounded in the Pécs University Pharmacy. The two solu-
tions were indistinguishable by color, smell or taste. The
active spray made from Fungizone (Bristol-Myers Squibb,
Epernon, France) contained 5 mg/ml amphotericin B,
4.1 mg/ml sodium deoxycholate and 20.2 mg/ml sodium
phosphate in sterile distilled water, while the placebo was
an aqueous 0.2 pg/ml acriflavin chloride solution. The
sprays were manufactured under aseptic conditions and

Table 2 Criteria from exclusion from the clinical study

* Known hypersensitivity to amphotericin B

* Pregnancy or lactation

* Age <18 years

* Suspicion of allergic fungal rhinosinusitis

* Mental disease, cystic fibrosis

* Osteoporosis, chronic liver or renal disease

* Immune-compromised state (HIV, transplantation, diabetes)
* Acute upper airway infection (within a week)

» Complication of CRS (e.g., abscess)

» Acute bacterial exacerbation of CRS (acute pain,
pressure feeling, high temperature, mucopurulent discharge)

* Orbital or intracranial complication of CRS
* Antibiotic and/or antihistamine therapy within 3 weeks
* Application of oral steroid within 3 weeks

* Systemic antifungal therapy within 1 week

were measured out in brown, light-rejecting glass contain-
ers with dosing spray caps. The patients received seven
spray containers of 3.3 ml solutions monthly and were
instructed to apply two times two doses (100 pl) daily into
each nostril, i.e., the total daily dose of amphotericin B was
4 mg/day. We earlier tested the stability of the solutions at
4°; the 5 mg/ml amphotericin B solutions proved stable for
30 days.

Primary outcome measure

Modified Lund-Mackay CT score

The scoring system as modified by Juniper [21, 22] was

used to evaluate the CT scans of the patients prior to endo-

scopic sinus surgery and also after the 12-month treatment

period (Table 3).

Secondary outcome measures

1. Sinonasal assessment questionnaire (SNAQ-11): Com-
pared with similar tools (the Sino Nasal Outcome Test

20, SNOT-20; or the General Nasal Patient Inventory,

Table 3 Modified Lund—-Mackay CT evaluation score system

Scoring

0 = Not opacified

1 = Less than 1/3 opacified

2 = Between 1/3 and 2/3 opacified

3 = More than 2/3 opacified, but still air-containing
4 = Complete opacification (no air)

Maximum available score: 5 x 4x2 =40

Each side was separately evaluated for opacification of the maxillary,
anterior and posterior ethmoideal, sphenoidal and frontal sinus
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GNPI) the 11-item SNAQ-11 [23] allows a more ade-
quate evaluation of the main symptoms of CRS (e.g.,
nasal congestion or loss of the sense of smell), without
a deep analysis of the nonspecific symptoms (such as a
feeling of aural pressure) (Table 4). The questionnaires
were completed by all the patients both before surgery
and 1 year later, at the end of the study period.

2. Quality of life test: The questionnaires were filled out
prior to surgery and after 12 months (Table 5). The
patients answered the 6 questions on a 7-grade scale
[24]; the maximum score was 36.

3. Endoscopic assessment: Following nasal mucus mem-
brane congestion, all the patients were graded preopera-
tively and 1 year later, at the end of the therapy,
according to the scoring system of Malm [25]. All gra-
dings were performed by the same author (I.G.). The
scores ranged from O (no polyp) to 3 (total obstruction).

Statistical analysis

For the analysis of the primary outcome measure (the CT
score), the SNAQ-11 and the quality of life scores, inde-
pendent sample ¢ tests were used. The applicability of this
was checked with the Levene test, and the normality of the
variables was demonstrated with Kolgomorov—Smirnov
test. The procession and evaluation of the data were

Table 4 SNAQ-11 questionnaire relating to sinus symptoms

Questions

(1) Nasal obstruction

(2) Feeling of nasal fullness, snuffling
(3) Facial pain, pressure feeling

(4) Anterior nasal discharge

(5) Posterior nasal discharge

(6) Sneezing

(7) Cough

(8) Diminished smell

(9) Headache

(10) Ear pain, pressure feeling in the ear
(11) Sleeping difficulties, daytime sleepiness
Evaluation

0 = No symptom

1 = Very mild symptom

2 = Mild symptom

3 = Moderate symptom

4 = Serious symptom

5 = Extremely serious symptom

Scores to questions 1 and 2 should be
multiplied by 3, and to question 3 by 2;
the maximum available score is 80
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Table S Quality of life evaluation score system

Subjective evaluation on 7-point scale. (0: not troubled
by nasal symptoms 6: extremely troubled by nasal symptoms)

Questions

(1) Regular activities at home and at work?
(2) Recreational activities?

(3) Sleep?

(4) Tiredness and/or fatigue?

(5) Thirst?

(6) Feeling irritable?

Maximum score: 36 points

performed with the SPSS 14.0 for Windows (SPSS Inc.,
Chicago, IL, USA). The results are expressed as
medians =+ interquartile ranges.

Results

Fourteen of the 16 patients in group A, and 16 of the 17
patients in group B completed the study.

Modified Lund—Mackay CT score

During the evaluation of the preoperative and postoperative
CT scans, we observed a high standard deviation in the
scores without any relevant improvement. Though a slight
improvement was seen in the placebo group (Fig. 2), the
comparison of the two patient groups did not indicate a sig-
nificant change (P = 0.052).

n=14 n=16
L 40—
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w
. l L
(3]
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B 20—
=
_l —
=] —
2
5 10— .
e T
0 p =0.052
| |
Amphotericin B Placebo

D Preoperative score D Postoperative score

Fig. 2 Preoperative and 12-month postoperative CT scores (modified
Lund-Mackay test) in the two groups of patients. Means are indicated
by horizontal lines, the rectangle denotes the mean £ 25% values
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Sinonasal symptom score (SNAQ-11)

A relevant improvement in the symptoms was observed in
both medication groups (Fig. 3), but a statistically signifi-
cant difference was not observed when the changes in the
two groups were compared (P > 0.1).

Quality of life test

A definite improvement was observed in both groups after
12 months (Fig. 4), but the rates of improvement in the two
groups did not differ statistically significantly (P > 0.1).
Overall, the changes in the sinonasal symptoms and quality
of life scores correlated with each other, but a statistically
significant change was not observed in the rate of improve-
ment between the two groups.

Endoscopic assessment

Table 6 shows the endoscopic status of the patients at the
beginning and at the end of the study, based on the system
of Malm. Although the study population was relatively
small, it can be clearly seen that there were more patients in
the placebo group whose endoscopic status did not change.
On the other hand, 1, 2 and 3-level changes were observed
in more cases in the amphotericin B group.

Side-effects

Headache, sleep disorders, nasal congestion, fatigue,
phlegm/catarrh in the back of the throat and cough are
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Fig. 3 Preoperative and 12-month postoperative symptomatic scores
(SNAQ-11 test) in the two groups of patients
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Fig. 4 Preoperative and 12-month postoperative quality of life test
data in the two groups of patients

Table 6 Preoperative and 12-month postoperative endoscopic stages
in the two groups of patients

Endoscopic stages (Malm [25]) Amphotericin Placebo
Preop. Postop. 12 months B. group () group ()
St. 11T St. 11T 0 0

St. 11T St. 11 1 2

St. 11T St. 1 2 2

St. 11T St. 0 4 2

St. 11 St. 11 1 1

St. 11 St. 1 2 2

St. 11 St. 0 2 2

St. 1 St. 1 0 4

St. 1 St. 0 1 1

Total 14 16
Change in stage n (%) n (%)

0 1(8) 5@30D

1 5(36) 530D

2 4(28) 4 (25)

3 4(28) 2 (13)
Total 14 (100) 16 (100)

common symptoms of CRS, and thus they cannot be
considered side-effects of the therapy. Short-term nasal
burning was reported by six patients in the amphotericin B
group, and only one patient mentioned dryness of the nasal
mucus and bleeding in the placebo group. The therapy did
not have to be interrupted because of side-effects in any of
the cases.
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Summary

Fungal organisms can give rise to extremely serious acute
and chronic sinonasal infections in immune-compromised
hosts [4, 8-10]. The fungal etiology of CRS in immune-
competent patients is still a topic of considerable debate
and needs further clarification [4, 5, 8, 18, 19, 26].

AFRS is a well-known, but relatively rare form of CRS,
which is characterized by IgE-type immune reactions
against fungi cultured from the sinuses. Collins et al. [27]
reported the presence of local specific IgE to fungi in the
EM of some CRS patients, but even in those cases no sys-
temic IgE to fungi was detected. They also noted the pres-
ence of local specific IgE to fungi in all the CRS patients,
with positive fungal cultures.

However, there are at least three reasons why some
investigators doubt the relevance of fungi in CRS. First, the
incidence of fungal colonization in patients with CRS is
similar to that in healthy individuals [3, 18, 19, 26]. Sec-
ond, the presence of EM is not always associated with a
positive fungal culture, and moreover the group of CRS
patients with EM includes subgroups based on the presence
of fungi in the EM and on IgE-mediated fungal hypersensi-
tivity that share clinical characteristics [15]. The third
important fact is that bacteria have also been isolated in the
sinus cavities of patients with positive fungal cultures; it
therefore remains unclear whether intranasal fungal anti-
gens exacerbate the chronic inflammatory response or are
simply present coincidentally in patients with CRS [3].

There are important clinical observations too, which
cannot be ignored and which point to the possible etiologi-
cal role of fungi in CRS. These are as follows: (1) Gosepath
etal. [28] recently successfully proved the presence of
DNA fragments of Alfernaria in the sinonasal mucous
membranes of patients with CRS, concluding that the fun-
gal antigen is transported from the EM to the small vessels
of the nasal mucous membranes by the antigen presenting
cells (macrophages), triggering eosinophil infiltration. (2)
Shin [26] demonstrated that the levels of serum IgG to
Alternaria and Cladosporium were higher in patients with
CRS than in healthy individuals. (3) The presence of spe-
cific IgG antibodies correlated with increased IL-5 and IL-
13 levels during exposure to Alternaria in vitro, but this did
not hold controls [26]. 4. Ponikau et al. [13] reported that
treatment for 6 months, with regular application of a nasal
lavage containing amphotericin B resulted in decreased
concentrations of both neurotoxin and IL-5 originating
from eosinophilic cells. In contrast, the concentrations of
both mediators increased in the placebo group, though the
changes were not significant. The observations of other
researchers on the inflammatory mediators did not confirm
these results [29, 30]. If the fungal etiology is true, it would
be reasonable to recommend antifungal treatment to
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patients with CRS in order to decrease or eliminate the fun-
gal load and achieve a symptomatic improvement.

During the past 6 years, seven clinical studies have been
published in which experience with local antifungal treat-
ment regimes in CRS was discussed [11, 13, 16-20]. The
controversial characteristics of these studies are summa-
rized in Table 7. Only three of the papers were based on
double-blind, placebo-controlled studies [13, 17, 20], and
of these three studies only one was multicentric [17], mak-
ing the interpretation of the results rather difficult. One of
the studies excluded patients with AFRS completely [20].
In some of the studies, the number of recruited patients was
extremely low [13, 18]. The treatment period ranged
between 4 and 80 weeks [16, 19], and the form of drug/pla-
cebo application also varied: nasal lavage [11, 13, 17, 19],
nasal spray [18, 20] or nasal inhalation [16]. The concentra-
tion and the daily amount of amphotericin B recommended
also varied in these studies. In one study the nasal spray
even contained sugar, which could facilitate the growths of
fungi [20].

The conditions of drug storage and checking the stability
of the amphotericin B solutions was completely ignored in
most of these studies. Due to the fact that the patient com-
pliance was examined in only one study [17], it is
extremely difficult to draw conclusions concerning the
effectiveness [11, 13, 16, 19] or ineffectiveness [17, 18, 20]
of amphotericin B treatment.

In an attempt to clarify the situation, we conducted a
double-blind, prospective, randomized, placebo-controlled
clinical study. This differed from the previous ones in that,
the active drug or placebo was administered postopera-
tively in the form of a nasal spray. We preferred the use of a
nasal spray to nasal lavage because of the well-known,
favorable effect of hypertonic saline solution on the symp-
toms of CRS [31, 32]. As a result of nasal lavage, the
mucociliary activity improves, the degree of mucous mem-
brane edema and the concentrations of inflammatory medi-
ators decrease and the inspissated mucous can be cleared
mechanically [33].

It is important from the aspect of compliance that
application of a nasal spray is more convenient for the
patient than either nasal lavage or inhalation. A signifi-
cant amount of nasal lavage is frequently swallowed,
questioning its therapeutic effectiveness in the depths of
polyp-filled sinuses, especially if it is used preopera-
tively. The application of amphotericin B is favored
by the facts, that the drug is not absorbed through the
gastrointestinal tract, and it is highly effective (90%)
against the majority of fungi cultured from the sinonasal
tract. In our study, the concentration of the drug was
5 mg/ml, which is at least 1,600-5,000 times higher than
the minimal antifungal concentration [34]. We consid-
ered it reasonable to apply the amphotericin B in the
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postoperative period, when the drug could pass easily
and effectively into the EM-free sinuses. Our experience
relating to the examination of the stability, storage and
compliance of amphotericin B sprays, features that can
seriously affect the final outcome of any clinical study
[35], will be published elsewhere.

Our evaluation of the preoperative and postoperative CT
scans in the amphotericin B group did not reveal an
improvement in the scores; the data were scattered signifi-
cantly. However, an improvement was noted in the placebo
group. The comparison of the extents of change in the two
groups did not indicate a significant difference (P = 0.052).
In this respect, mention should be made of the well-known
clinical experience that the symptomatic recovery following
endoscopic sinus surgery does not correlate significantly with
the extent of improvement seen on the CT scans [36, 37].

Our patients displayed marked improvements in the
sinus complaints by the end of the 1-year course of treat-
ment in both the groups, though without a significant differ-
ence in the extent of change in the two groups. During the
evaluation of the results, it should be borne in mind that
amphotericin B also exerts a direct toxic effect on the epi-
thelial cells of nasal polyps, but does not damage the integ-
rity of turbinate epithelial cells. Many authors explain the
successful amphotericin B treatment of nasal polyposis
through this effect [38]. It should be noted that no polyp tis-
sue was present in our study population at the beginning of
antifungal treatment which rules out any possible anti-
polyp tissue effect of amphotericin B. During the surgical
procedures, the mucus in the sinuses, potentially containing
fungal antigens, was thoroughly eliminated. These two
facts may have contributed to the final outcome that the two
groups did not exhibit a significant difference as concerns
the changes in the symptoms even after 1 year. A signifi-
cant difference was not observed in the quality of life test
either; the explanation of this might be similar to that
described in connection with the evaluation of the sinus
complaints.

The assessment of the preoperative and the 12-month
postoperative findings clearly shows that 1, 2 or 3-stage
changes occured more often in the amphotericin B group,
while an unchanged endoscopic finding was observed more
frequently in the placebo group. However, in view of the
relatively small number of patients, caution is advisable in
the interpretation of this finding. Nonetheless, it is a fact
that the endoscopic finding did not correlate with the
changes observed in either the primary or the secondary
outcome measures.

The question arises as to what other causes could have
led to the ineffectiveness of amphotericin B treatment in
almost half of the previously published (methodologically
not always correct) clinical studies (Table 7). There are a
number of possibilities: (1) CRS is a multifactorial disease:
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immune deficiency, genetic factors, anatomic variations,
atopy and environmental factors such as air pollution and
smoke are predisposing factors [3]; (2) the compliance may
not be satisfactory during the course of long-lasting exami-
nation protocols, which is usually not taken into consider-
ation in clinical studies [35]; (3) differences in sensitivity of
the various fungi to amphotericin B [34]; (4) differences in
effectiveness of the mechanisms repairing the direct mem-
brane damage and the consequences of oxidative stress
[39]; (5) in patients with advanced CRSwNP, the amount of
drug that penetrates to the bottom of sinuses filled with EM
and polyps may be insufficient.

The experience gained so far indicates that the results of
oral antifungal treatment are rather confusing [40, 41]. Our
clinical study does not justify the need for the administra-
tion of amphotericin B nasal spray for 12 months following
endoscopic nasal polypectomy. The methodological errors
involved in the studies conducted so far lead us to think that
it is an oversimplified explanation that fungi are “innocent
bystanders”. Our results and the data available draw atten-
tion to the necessity of integrated further clinical studies,
with improved methodology. Treatment modalities should
be applied on a case-by-case basis. Future research should
focus on the selection of the CRS patients who will cer-
tainly benefit from antifungal therapy [14, 15]. Particular
attention should be paid to the diagnosis and treatment of
patients with aspirin intolerance among those who require
revision surgery, and to the recognition of those patients
who will benefit from specific immunotherapy or prolonged
low-dose macrolide therapy [3].
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