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Cover figure. Radiological images of invasive fungal rhinosinusitis (A: coronal, B: sagittal
views). Pathohistological image of fungal rhinosinusitis showing oedematous and partially ne-
crotic nasal mucosa with a dilated blood vessel containing fungal elements (arrow) and inflam-
matory cells. Fungal elements are also seen in close proximity to the blood vessel (*). Haema-
toxylin and eosin stain, original magnification x200 (C).

Summary

Objective. The objective of this study was to analyse the aetiology, clinical presentations, histo-
pathology and microbiological aspects of fungal rhinosinusitis (FRS) in patients undergoing endo-
SCOpiC surgery.

Methods. The descriptive study was carried out over a 4-year period in two Serbian ENT Clinics and
included patients with sinonasal pathology who underwent endoscopic surgery.

Results. The study included 26 patients. The most common forms of FRS treated by endoscopic sinus
surgery was allergic FRS (AFRS). The fungus identification rate varied between entities, and was 72.2%
in AFRS and 33.3% in fungal ball specimens. The common species seen in AFRS isolates were Clad-
osporium spp. (38.5% of isolated) and dematiaceous molds in the same percentage, while the remainder
of the cultures were hyaline moulds. CT scan can be very helpful in diagnosing FRS and sometimes even
in differentiating between different entities. Treatment of FRS should be tailored for each entity. Postop-
erative medical treatment in AFRS should consider potential advancements described in the literature.
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Endoscopic sinus surgery in fungal rhinosinusitis

Conclusions. This study emphasises the need to combine all types of clinical, radiology, pathohistological and microbiological methods to obtain the best
diagnostic and treatment strategies and should be the basis for further research.

Key words: chronic rhinosinusitis, endoscopic sinus surgery, fungal rhinosinusitis, fungus ball, mycotic infection

Introduction

Rhinosinusitis is a common disorder with great personal and
economic impact. The increased prevalence of chronic rhi-
nosinusitis (CRS) is being seen in recent decades throughout
the world, and is estimated to affect 10-20% of the global
population depending on the region !. Increased awareness
of the consequences caused by CRS, such as a higher risk
of cardiovascular disease and negative effect on quality of
life (QOL), have led to many new studies, treatment guide-
lines and classifications of these chronic diseases. Although
CRS most commonly has an allergic aetiology, there ap-
pears to be a gap in the literature and a lack of case studies
that focus on fungal rhinosinusitis (FRS) and the different
treatments for the various classifications of these fungal dis-
eases 2. Classifications and treatments of FRS are constantly
being improved. Current classification of FRS is divided into
two groups: invasive and non-invasive >, Further categorisa-
tion of FRS is done by subdividing both the non-invasive
and invasive forms into three subgroups depending on the
pathophysiology of the disease. Non-invasive FRS forms are:
1) saprophytic fungal infestation, 2) fungal ball, 3) allergic
fungal rhinosinusitis (AFRS). Invasive FRS forms are the
following: 1) acute invasive fungal rhinosinusitis, 2) chronic
invasive fungal rhinosinusitis, 3) chronic granulomatous in-
vasive fungal rhinosinusitis. The first two subgroups of non-
invasive FRS can be undiagnosed and untreated for a long
time; however, all other forms are in most cases treated with
endoscopic sinus surgery (ESS). The use of antifungal agents
is recognised in the treatment of the invasive forms of FRS,
while treating non-invasive forms have shown little effect and
stressed the need for ESS as a necessary treatment *. There
is a small number of case studies identifying fungal species
in different forms of this disease. The positive outcome of
the treatments vary across geographical regions as the isola-
tion of fungal species is not always successful 7. The most
common microorganisms are: Aspergillus, Mucor, Candida,
Scedosporium and Penicillium 3.

The objective of this study was to analyse the aetiology,
clinical presentations, histopathology and microbiology di-
agnostic aspects of FRS in 26 patients who underwent ESS.

Materials and methods

This descriptive study was performed from 2018 to 2022 in
two hospitals: Otorhinolaryngology and Maxillofacial Surgery
Clinic, University Clinical Center of Serbia and Otorhinolar-

yngology Clinic, University Medical Center “Zvezdara”, Bel-
grade, Serbia. The patients for the ESS procedure were chosen
among those who experienced nasal obstruction, hypersecre-
tion, hyposmia, anosmia, facial pain, and headache and were
resistant to medical therapy. Patients with intraoperative en-
doscopic suspicion or CT signs of fungal sinus disease and
pathohistological or microbiological fungal identification were
selected to undertake ESS and take part in the case study. Pa-
tients who underwent ESS and had non-fungal related diseases
were not included in the study. Preoperative CT was done a
few weeks before surgery in order to assess sinus involvement,
ostiomeatal complex, bone erosion or sinus cavity expansion.
In most cases unenhanced CT was performed while contrast
enhanced CT was chosen in cases with suspected bone ero-
sion or endocranial involvement. Images were used during sur-
gery for a safe endoscopic approach. In cases with suspected
endocranial involvement, an MRI was performed. Although
MRI and CT have similar sensitivity in detecting malignancy
in sinuses, MRI demonstrates improved specificity compared
to CT. MRI was not done in all cases with unilateral involve-
ment due to higher costs and the reduced availability of such
an examination. Enhanced CT was in most cases sufficient to
provide correct information for a safe approach and correct
diagnosis and treatment with ESS, while MRI was reserved
for complicated cases. Nasal endoscopy was performed a day
before surgery in order to visualise and diagnose signs of dis-
eases including presence of polyps, oedematous mucosa, mu-
copurulent discharge and inspissated secretions. Surgery in
most cases involved wide maxillary antrostomy and complete
ethmoidectomy. In significantly fewer cases, depending on the
degree of involvement of the sinuses, frontal and sphenoid si-
nus surgery was performed. ESS was performed using rigid
endoscopes under general anaesthesia with the principles of
removal of the entire lesion, polypoid mucosa, and secretions.
An angled suction tube was used for repeated high-pressure
washing of maxillary sinuses for clearance of all residual fun-
gal materials. Specimens containing removed tissue, polyps
and secretions were collected during surgery and sent for both
microbiological and pathohistological analysis. Each speci-
men was observed under light microscopy using 10% potas-
sium hydroxide and lactophenol cotton blue staining proce-
dure followed by inoculation into Sabouraud’s Dextrose Agar
(SDA) and Potato Dextrose Agar (PDA). For fungal culture,
specimens were incubated at 26°C and 37°C for 4 weeks, while
identification was done according to morphological charac-
teristics of isolated fungi. Material sent for histopathological
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Figure 1. Pathohistological changes in allergic rhinosinusitis. H&E
staining. Magnification, x200.

analysis was routinely processed and standard haematoxylin
and eosin slides were made (Fig. 1, Cover figure); if needed,
Grocott silver stain was also performed (Fig. 2). Histopatho-
logical examination was carried out to assess allergic mucin,
fungal elements, presence of polyposis and the invasiveness of
the infection. Nasal packing was done in cases with extensive
bleeding and removed within 48-72 hours. Postoperative suc-
tion and crust removal was done on the second and seventh
postoperative day in order to maintain good aeration of sinus-
es. Hypertonic saline douching was advised 3 times daily dur-
ing the postoperative period. All patients were advised to use
intranasal corticosteroids for 3 months after surgery. Regular
follow-ups were done at 1, 3, and 6 months after surgery. The
data were collected and analysed using the IBM SPSS Statis-
tics, version 21.0 (IBM Corp., Armonk, NY, USA).

Results

Twenty-six cases were included in this study during a 4-year
period. There were 14 (53.8%) females and 12 (46.2%) males.
The youngest patient was 24 years old, and the oldest 74 years.
The mean age of patients was 40 years. Nearly half (46.1%)
were in their fourth decade of life. A detailed age and gender
distribution is shown in Table I. There were 4 patients (15.4%)
with a previous history of ESS, of which 2 (7.7%) had under-
gone ESS twice. Among the associated risk factors, 8 patients
(31%) had allergies, 4 (15.3%) asthma, and 2 (7.7%) diabetes
mellitus type II. Except patients with diabetes who belonged to
the saprophytic fungal infestation group, all the other patients
were in the AFRS group. Symptoms of all patients lasted from
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Figure 2. Fungal organisms are highlighted by Grocott methenamine
silver stain. Magnification, x400.

Table I. Distribution of age and gender.

Age (years) | N/Percentage Gender
Male (46.2%) Female (53.8%)

21-30 4/15.4% 2 2
31-40 12/46.1% 4 8
41-50 2/7.7% 2 /
51-60 5/19.2% 2 3
61-70 0 / /
71-80 3/11.5% 1 2

Table Il. Frequency of symptoms.

Nasal obstruction 24 92.3
Hypersecretion 22 84.6
Hyposmia 20 77

Anosmia 10 38.5
Facial pain 9 34.6
Headache 4 15.4

3 to 24 months prior to surgery, and all were treated with in-
tranasal corticosteroids for a minimum of 2 months prior to
surgery. The common symptoms were nasal obstructions in 24
patients (92.3%), followed by hypersecretion in 22 (84.6%),
hyposmia in 20 (77%), and anosmia in 10 (38.5%). The fre-
quency of symptoms is shown in Table II. Nasal endoscopy
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Table Ill. Radiologic characteristics of allergic fungal rhinosinusitis.

Involved sinus

Complete opacity | Partial opacity

Hyperdense
material

Erosion of the
SOITERTEN

Expansion of an
involved sinus

Remodelling and
thinning of the
bony sinus wall

MS (unilateral) 2

MS-+ES (unilateral) 6 2 1 3 2
MS+ES (bilateral) 1 1 2

MS+ES+SS (unilateral) 1

MS+ES+FS (bilateral) 2

MS+ES+FS+SS (bilateral) 1

MS: maxillary sinus; ES: ethmoid sinus; SS: sphenoid sinus; FS: frontal sinus.

Table IV. Forms of disease and microbiology identification.

Number of | Percentage of Fungus
patients patients identification
rate

Saprophytic fungal 4 15.4 50%
infestation
Fungal ball 3 115 33.3%
Allergic fungal 18 69.2 72.2%
rhinosinusitis
Chronic 1 3.9 100%
granulomatous
invasive fungal
rhinosinusitis

done before surgery revealed the presence of polyps in all pa-
tients. Oedematous mucosa was found in all patients and mu-
copurulent discharge in 19 (73%). CT done preoperatively re-
vealed bilateral sinus involvement in 6 patients (23%). In cases
with unilateral ethmoid and maxillary sinus involvement, there
was one case of expansion of the involved sinus, 3 cases of re-
modelling and thinning of the bone sinus wall and 2 cases of its
erosion. Radiologic characteristics of the AFRS subgroup and
involvement of different sinuses is shown in Table III. In one
case of saprophytic fungal infestation, the pathohistological
finding did not reveal the presence of fungi, even though mi-
crobiological direct preparation was positive, and the culture
showed that Schizophyllum commune was present. In 4 cases,
pathohistology demonstrated fungal elements, direct prepara-
tions were positive and microbiological culture was negative.
Negative microbiological findings with positive pathohisto-
logical identification were present in 5 cases, of which 4 were
AFRS. The most common form of disease was AFRS in 18
cases (69.2%), followed by saprophytic fungal infestation in 4
(15.4%) and fungal ball in 3 (11.5%) (Tab. IV). Details of fun-
gal species identified in each FRS type are shown in Table V.
In one case of chronic granulomatous invasive fungal rhinosi-

nusitis, Madurella sp. was identified according to fungal mor-
phology in direct preparation from Sabourad culture and prov-
en by matrix assisted laser desorption ionisation-time of flight
mass spectrometry (MALDI-TOF MS) (Fig. 3). Preoperative
CT in most of the cases showed the specific signs of double
density opacification inside sinuses. Bone erosion of sinus
walls was better observed in CT bone images, while the dou-
ble density is visible in the soft tissue image series (Fig. 4A-B,
Cover figure). In case of chronic granulomatous invasive fun-
gal rhinosinusitis MRI with contrast was performed in order to
assess the endocranial involvement and type of tissue causing
bone erosion in different image sequences (Fig. 4C-D). Dur-
ing follow-up examinations, 5 patients (19.2%) had additional
controls for crust removal between the seventh day and one
month regular follow-up period. Seven patients stopped using
nasal corticosteroids after one month arbitrarily. There were
signs of disease relapse in 2 patients, in one after 6 months and
in the other one after 9 months postoperatively. Disease relapse
occurred in the patients with AFRS who stopped using nasal
steroids at one month after surgery. Examinations at 6 and 9
months after surgery revealed the bilateral presence of nasal
polyps in the middle meatus. The patients had symptoms of
hypersecretion only, and the symptoms were well controlled
after continuation of the nasal steroids.

Discussion

Different types of fungal rhinosinusitis found in our study
show how important collaboration of otorhinolaryngolo-
gists with pathologists and microbiologists is in order to
correctly diagnose and treat patients. Each type of fungal
rhinosinusitis will be discussed separately due to the differ-
ences of each entity.

Saprophytic fungal infestation
Saprophytic fungal disease is characterised by fungal coloni-
zation of one or more paranasal sinuses in an immunocompe-
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Table V. Microbiology culture results.

Saprophytic fungal

Allergic fungal Chronic granulomatous invasive fungal

infestation
Schizophyllum commune 1

‘ Fungal ball ‘

rhinosinusitis rhinosinusitis

Penicillium spp. 1

Botrytis spp. 1

Culvularia spp.

Scedosporium apiospermum

Penicillium spp.

Cladosporium spp.

Chrysosporium spp.

Alternaria spp.

Bipolaris spp.

Stemphylium spp.

= | = IN =N INNIN

Madurella spp.

tent host °. Typically confined to a small area within a single
sinus cavity provoking minimal underlying inflammatory
changes, there is also speculation that it can be the starting
point for development of fungal ball '°. Our study included
4 cases who were operated on due to symptoms of nasal
obstruction in 75% and hypersecretion in all cases. These
patients are the tip of the iceberg in such a of disease be-
cause mucous crusts within the nasal cavity are referred as
the main symptom by most authors ''. Saprophytic fungal
infestation is a form of disease that in some cases can be
treated non-surgically with nasal douching, and does not re-
quire formal surgical intervention *. Patients in this study had
fungal presence and nasal polyposis in 3 of 4 cases and one
patient had previous dental intervention on the left maxillary
sinus. Presence of diabetes mellitus type II as a concomitant
disease in one of 4 patients was not observed as a predispos-
ing factor for this entity due to the lack of literature data,
and the small number of patients in our study to form such
a conclusion. Preoperative CT in 25% of the cases showed
the specific signs of double density opacification inside si-
nuses, and mucosa thickening was seen in all the patients,
and we thus conclude that there was no specific CT sign for
this FRS entity. This form of FRS has been least described in
the literature, and we did not see any findings that could be
correlated. The principles of surgery in all cases is to clear
all involved sinuses of fungal debris and oedematous mucosa
similar to other forms of FRS. In our study we used local
steroids postoperatively in order to reduce mucosa swelling
and allow adequate sinuses drainage in all cases regardless
of the type of FRS. The fungal identification rate of 50% is
similar to other studies '>. Because of the limitation of this
study regarding inclusion criteria and the small number of
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patients with saprophytic fungal infestation, it is hard to con-
clude that this group represents the starting point for fungal
ball development as hypothesised by some authors ',

Fungal ball

The fungal ball form of the disease has been seen more often in
the last decade due to refinements in radiologic evaluation and
more common use of ESS. The percentage of fungal ball cases
to total cases of ESS is around 10%, but due to nonspecific
clinical presentations and asymptomatic cases it ranges from 6
to 13.2% among operated patients; we can only estimate that
the proportion is actually much higher '*. Considering that our

Figure 3. Appearance of fungal hyphae in granuloma. Grocott methe-
namine silver stain. Magnification, x400.
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Figure 4. Radiological preoperative images. A) CT image in bone window, B) CT image in soft tissue window showing characteristic double density,
C) MR image in S3DI/angio-sense mode, D) MR image in T2W mode.

study included only operated patients with FRS, our frequency ~ 669 samples is only 22.6% due to problems with culture and
of 11.5% is similar to that reported by other authors. Fungal  shows why in our 3 cases Botrytis spp was isolated in only
isolation in fungal ball cases reported by the same author in  one patient 4. Identification by histological examinations per-
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formed before culturing as seen in the study performed by
Fadda et al. can increase the percentage to 77.5% '*. Dominant
symptoms and predominant unilateral and maxillary sinus in-
volvement seen in the literature is similar to our findings in all
3 cases '®. Even if concomitant diseases were not recorded in
this study, probably due to small number of patients, it is worth
mentioning that fungal ball has been occasionally reported in
combination with other pathologies, but these associations are
considered incidental by some authors '6. According to Fadda
et al., a previous history of endodontic treatment was an im-
portant predisposing factor for the development of maxillary
fungal ball in 46.1% of cases . In our 3 cases, 2 had nasal
polyposis with ethmoidal and maxillary involvement, but the
fungal ball was always located in the maxillary sinus. Radio-
logical findings of all patients were typical as seen in literature
showing opacification in involved sinus appearing as a metal-
dense spot. ESS lead to resolution of symptoms in all patients
during follow-up. Data from the literature suggest ESS as a
treatment of choice for paranasal sinus fungal ball (PSFB),
even if further prospective, and hopefully randomised, study
of the ancillary procedures and treatments is needed which
might lead to the reduction of unnecessary further antibiotic
treatments and revision surgeries and a better management of
PSFB patients . Any contributing factors (i.e., oroantral fis-
tula or retained dental amalgam) should also be treated 3. Anti-
fungal treatment is not effective, but oral or local steroid treat-
ments should be used in order to maintain aeration of sinuses.
In some studies, there is a certain group of immunosuppressed
and symptomatic patients in whom antifungal therapy may
provide some benefits and disease control '5. In these patients,
high levels of B-D-glucan antigen in blood can be seen by sero-
logical testing and CT/MRI indicates the presence of PSFB '°.

Allergic fungal rhinosinusitis

The diagnostic criteria of AFRS focus on the combination of
characteristic clinical, radiographic, histopathologic findings
and immunologic characteristics of the disease. It has been 25
years since Bent and Kuhn outlined the diagnostic criteria for
AFRS: 1) type I hypersensitivity, 2) nasal polyposis, 3) charac-
teristic CT appearance, 4) eosinophilic mucus, and 5) presence
of non-invasive fungus in sinus contents ', Multiple sets of
criteria have been proposed over time for diagnosis of AFRS
and some authors recognise national and regional variations.
De Shazo and Swaim have also proposed more or less simi-
lar diagnostic criteria, with the exception of atopy, and Cody
proposed determination of fungal specific IgE and IgG levels
in cases with absence of positive culture or hyphae identifica-
tion '*2!. Further immunological research of AFRS summa-
rised by Matthew et al. showed that the presence of fungus,
IgE and systemic hypersensitivity to fungal antigens, and pres-
ence of positive fungal cultures was seen in both non-AFRS
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and healthy patients and additionally, reactivity to fungal an-
tigen and the presence of fungal-specific IgE and IgG could
be demonstrated in both non-allergic and AFRS 2. Pant et al.
demonstrated that fungal-specific IgE levels were not signifi-
cantly different in patients with AFRS and fungal-specific pe-
ripheral blood lymphocytes could be observed in both AFRS
and CRS without fungal allergy *. Terms like eosinophilic fun-
gal rhinosinusitis (EFRS) and eosinophilic mucin rhinosinusi-
tis (EMRS/EFRS-like) for diseases without type I hypersen-
sitivity have only led to greater confusion in categorisation .
One of the problems in Serbia in daily practice is conducting
type 1 hypersensitivity tests in patients to comply with the
Bent and Kuhn criteria of diagnosing AFRS. Increased fungal
specific IgE is not possible to diagnose in all hospitals due to
lack of standard commercially available tests on the domestic
market and insurance coverage in public hospitals. Diversity of
fungal isolation would be a challenge for routine testing in all
hospitals since fungal PRICK testing is done in selected labo-
ratories in our country. Despite improving our understanding
of the biological basis of AFRS, the diagnosis of this disease
remains largely clinical and relies on clinicopathological, radi-
ological and microbiological correlations. The most common
symptoms seen in our study were nasal obstruction, hyperse-
cretion and hyposmia and had similar incidences in all forms
of FRS, although nasal discharge in AFRS patients was much
thicker, with patients often reporting its glue-like consistency
before surgery. Comorbidities in patients from our study do
not differ from those reported in the literature '8. In our study,
unenhanced CT was done routinely and showed that sinuses
were opacified by centrally hyperdense material with a periph-
eral rim of hypodense mucosa in 16 cases. Comparing the lit-
erature, approximately 40% of patients may have each of the
following signs: expansion of an involved sinus, remodelling,
thinning or erosion of the bone sinus wall >, In our study there
were 8 patients (30.8%) with those signs, which is similar to
literature data (Tab. III). In our study, ESS in the AFRS group
is more challenging due to the nature of disease. Care must
be taken to avoid any inadvertent injury to critical structures
such as the optic nerve, carotid artery, dura, etc., which could
have become dehiscent secondary to bone resorption. AFRS
patients are reported to be 12 times more likely to have bony
dehiscence than non-AFRS patients needing surgery %. In our
study, there were no complications recorded, but in revision
surgery special attention should be taken. The microbiology
identification rate in the AFRS group was 72.2%, which is
higher than in other non-invasive FRS groups. Fungal rich
mucin sent for analysis may explain these results, although all
histopathological direct preparations revealed fungal presence.
Fungal isolation is challenging in everyday practice, and pos-
sibly the reason for low rate of fungal isolation is the mate-
rial and the way it is sent for analysis. During our study, we



observed a higher identification rate over time as we aimed to
reach the mucus, and shortening the time lapse of sending ma-
terial for microbiology. Due to high use of suction in ESS, fun-
gus rich mucus is removed with blood and debris and becomes
unavailable for analysis. A possible solution for this problem
would be routine use of more sensitive methods like single cell
suspension 2%, Out of 13 patients in the AFRS group who had
fungal species identified, 2 had multiple fungi isolated. One
patient had isolation of Alternaria spp., Penicillium spp. and
Stemphylium spp, and the second had Cladosporium spp. and
Penicillium spp. cultures. Alternaria spp. and Cladosporium
spp. are often seen in AFRS, and Penicillium could be de-
scribed as a contaminate. Stemphylium spp. is interesting as
it has not often been described and is closely related to Alfer-
naria and recent taxonomy places it as a sister clade to the latter
and polyclonal antibodies to Alternaria alternata cross-react
broadly to Stemphylium and Cladosporium ?’. In the literature,
the most common fungi for this type of disease are Aspergil-
lus species, dematiaceous moulds (Bipolaris, Curvularia more
common than Alternaria) and hyaline moulds (Paecilomyces,
Fusarium, Scedosporium) 8. In our study, Cladosporium spp.
was identified in 5 patients (38.5% of isolated) and dematia-
ceous moulds in same number, while the rest of the cultures
were hyaline moulds. There were no cases of Aspergillus spp.,
which could be explained by regional differences and the small
number of patients included, but nonetheless warrants atten-
tion for further research.

When we look at the microbiology results of other studies,
there are large regional differences where Aspergillus spp.
isolation ranges from 13 to 94.2% 328, Treatment options of
AFRS are debated since the discovery of this form of disease.
Due to association with orbital involvement and the high rate
of early recurrence in non-surgically treated patients, surgery
in the form of full clearance of the fungal material and mu-
cin as well as restoration of sinus drainage pathways is key °.
Creating a wide opening for all sinuses in order to improve
ventilation, as well as allowing a pathway for ongoing post-
operative topical therapy to the sinus cavities also allowed for
long-term in-office endoscopic examination to detect early
recurrence of disease and allow timely management. Incom-
plete debridement has been linked to early recurrence of the
disease and the need for revision surgery '8. In our study, ESS
usually consisted of a complete ethmoidectomy with a wide
maxillary antrostomy and frontosphenoidectomy was done
according to findings of preoperative CT or during surgery.
Medical therapy is integral for successful treatment of
AFRS and in our practice we used local and oral steroids,
antifungal medications, and leukotriene modulators. A va-
riety of studies is also available on the use of omalizumab
and immunotherapy. Topical rinses aim to improve inflam-
mation, infection and mucociliary dysfunction which ac-

Endoscopic sinus surgery in fungal rhinosinusitis

companies the disease process . In our study hypertonic
saline douching was advised accordingly.

The mainstay of postoperative medical treatment proposed
by most authors is routine use of oral and topical steroids **.
Oral steroid treatment has shown benefit in postoperative mu-
cosal disease, but because of the potential side effects of long-
term therapy the dose and duration of oral steroids should be
tailored to the patient’s disease and risk of recurrence. Some
authors proposed that oral steroids, with all their concomitant
side effects, should be reserved only for patients with severe
SNOT-22 scores along with pulmonary worsening during
acute exacerbations in the post-surgical period and we agree
on that position . We do not advise use of oral steroids be-
cause of potential side effects and adequate control of disease
was seen in all but 2 cases who had recurrence after acute rhi-
nosinusitis. Those patients were candidates for oral treatment.
In comparison to the CRS with nasal polyps scenario, patients
with AFRS should be candidates for more frequent controls
and therapies with both local and short-term oral steroids. By
literature review, although the evidence for the use of standard
and nonstandard topical nasal steroids is lacking for AFRS,
expert opinion would support that this form of medical treat-
ment is a safe and viable option *. In our study we used local
steroids postoperatively and by our estimation they showed
benefits without risks.

There are only a few reports that have described the benefit
of oral antifungals in patients with refractory AFRS, but a
Cochrane review of topical and systemic antifungal therapies
in patients with all phenotypes of CRS did not demonstrate
any clinical benefit '3. The use of oral antifungals does not
seem to drastically improve symptom or radiological scores,
but could be considered in some recalcitrant cases as adjunc-
tive therapy together with topical steroids %. Topical antifun-
gals were eventually abandoned as a treatment for AFRS due
to ineffectiveness and side effects. In our study, antifungal
treatment was not used for treatment of AFRS. Advanced im-
munotherapy and biologics are still unavailable in our country
to treat AFRS. Current literature data show potential benefits.
Immunotherapy has emerged as a promising method based on
greater understanding of the pathophysiology of AFRS. In one
study fungal antigen immunotherapy combined with surgery
showed a significant reduction in the production of allergic
mucin, fungal debris and crusts, and reduced use of intranasal
steroids that completely negated the need for systemic ster-
oids ». With advances in understanding the immunological na-
ture of AFRS, biologics have emerged as a potential therapy.
Biologic agents such as mepolizumab or omalizumab has been
successfully used in patients with asthma. In a selected group
of patients with resistant AFRS concomitant with asthma,
dupilumab therapy has shown benefit. Long-term follow-up
has demonstrated that dupilumab improved symptoms and
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objective measurements such as SNOT-22, imaging, and pul-
monary function *. It will be interesting to see the results of
randomised control trials in the near future.

Chronic granulomatous invasive fungal rhinosinusitis
Chronic granulomatous invasive fungal rhinosinusitis is
very rare in our country due to its continental climate, but
imported cases can be seen from time to time.

In case of chronic granulomatous invasive fungal rhinosinusi-
tis, it is interesting that one patient had a history of fungal si-
nus disease and ESS. The first operation was 2 years after the
first symptoms that occurred a couple of months after a trip
to Egypt. The patient had no comorbidities and was 42 years
old. The first symptoms were hypersecretion and periodic nose
congestion, but the patient ignored the symptoms for 2 years.
The first medical examination was due to visual disturbance
and constant nose blockage. The first operation revealed a
noninvasive fungal form of disease without identification of
fungus and 2 months after the first operation a reoperation was
performed due to disease relapse, and the patient was included
in the present study group. Chronic granulomatous invasive
fungal rhinosinusitis was diagnosed after the patient’s second
operation. Preoperative CT and MRI showed the dominantly
ethmoidal and sphenoidal involvement that is often seen in
studies conducted by authors with more experience in this form
of FRS *. ESS was performed with a neurosurgery team stand-
by due to the extensive nature of the process which partially
destroyed the walls of sphenoidal and maxillary sinuses, but
no complications were recorded. After the second operation,
direct preparation and culture showed Madurella spp., which
was confirmed by MALDI-TOF MS (Fig. 5). The method of
identification is not in routine use, but offers great possibilities
for identification. In cases like this, where there is only one
case in literature with this fungi species invading sinuses, it
is very important to have a correct diagnosis *. This case also
shows possibility of the disease to change from a noninvasive
to invasive form. Treatment of this patient was continued with
consultation of infectious disease physicians who prescribed
amphotericin B, which lead to the patient’s full recovery.

Conclusions

Understanding the diversity of the fungal forms of rhinosinusi-
tis has been improved in last decades. Regardless of the range
of methods, the process of diagnosing FRS is still extremely
complex and challenging. Difficulties in diagnosis are caused
by discordance between microbiological and pathohistological
confirmation of the infection itself, clinical findings, and CT
imaging, which varies in FRS entities. Based on our data, the
most common form of FRS treated by ESS is AFRS. The fun-
gus identification rate varies between entities, and was 72.2%
in AFRS and 33.3% in fungal ball. The most common species
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Figure 5. Pathohistological appearance of fungal hyphae surrounded
by eosinophil infiltrate and giant cells. H&E staining. Magnification, x400.

seen in AFRS isolates in this study were Cladosporium spp.
(38.5% of isolated) and dematiaceous moulds in same percent-
age, while the rest of the cultures were hyaline moulds. These
findings represent our region in this number of patients, which
differ from studies in other regions and should be the basis for
further research. CT can be very helpful in diagnosing FRS
and even in differentiating between different entities. Treat-
ment of FRS should be adjusted for each entity. Postopera-
tive medical treatment in AFRS should be personalised given
the potential advancements described in literature. More fre-
quent control visits and adequate therapy can help to prevent
relapses. Our study emphasises the need to combine all types
of clinical, radiological, pathohistological and microbiological
methods to optimise diagnostic and treatment strategies and
should be the basis for further research.
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