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Abstract
Background: The characteristics of sinus fungal ball (SFB), classically considered being a non-invasive form of fungal infection, in
patients with host factors for invasive fungal infection (IFl) are unknown.

Objective: To characterize SFB and their management in patients with host factors for IFI.

Methodology: Retrospective single-centre study of the clinical, radiology, histology and mycology records of patients treated for
SFB between 1997 and 2007. Patients with and without host factors for IFl were compared.

Results: One hundred eighty one patients were classified into two groups: 19 (group 1) with and 162 (group 2) without host fac-
tors for IFI. In group 1, SFB were asymptomatic in 26.3% of the cases, ethmoido-sphenoidal sinuses were more frequently involved
than in group 2 and fungal culture was positive in 37.5% of the cases. The main species was Aspergillus sp. in both groups. Four
cases of complicated SFB were observed, only in patients of group 1. Cure without recurrence was obtained in both groups by
endonasal surgery, combined with triazole therapy in complicated forms with osteolysis.

Conclusion: In patients with host factors for IFI, SFB more frequently involves deep sinuses and can be complicated by clinical
signs suggestive of invasion and radiological signs of osteolysis, with no histological evidence of fungal invasion.
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This work was presented at the 2008 annual congress of the French Society of Oto-Rhino-Laryngology and was awarded the prize for the best
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Introduction

Sinus fungus ball (SFB) was first described by Plaignaud at

the end of the 18th century ™. It usually consists of localized
non-invasive sinusitis, mainly involving the maxillary sinus .
The pathophysiology of SFB remains unclear, but some authors
have highlighted the potential role of root canal cement in the
pathogenesis of SFB &7, Once the diagnosis of SFB has been
established, curative treatment is clearly defined and is based
on complete surgical removal of SFB without the need for
antifungal therapy ©.

Only a few clinical case reports of complicated SFB have been
reported ©', especially in immunocompromised patients, sug-
gesting that the outcome of SFB could be influenced by host
factors. Various host factors, predisposing to invasive fungal
infections (IFl) have been described in the literature: neu-
trophil dysfunction and neutropenia, uncontrolled diabetes
mellitus, hemochromatosis, previous organ or allogeneic stem
cell transplants, prolonged use of corticosteroids at a mean
minimum dose of 0.3 mg/kg/day of prednisone equivalent

for 13 weeks, treatment with other recognized T cell immu-
nosuppressants, and inherited severe immunodeficiency @2,
However, a few studies on large cohorts of patients with SFB
have been published ®'3'¥ but none of them included specific
analysis of patients with SFB and host factors for IFI.

The aim of this study was to analyse a large series of patients
with SFB and to compare the characteristics of SFB in patients
with and without host factors for IFI.

Patients and methods

Patients

The medical records of patients operated in our hospital
between January 1st 1997 and December 31st 2007 for case-
ous sinusitis (either fungal or bacterial) were reviewed. The me-
dical records of patients operated for sinus neoplasia and nasal
polyposis were excluded from the initial selection. The study
population consisted of patients with a final diagnosis of SFB,
based on histopathological examination showing a matted,
dense conglomeration of hyphae, as previously reported '
All other types of caseous sinusitis operated during the same
period were excluded from the study when histopathological
criteria of SFB were absent. Patients were classified into group
1 or 2 according to the presence or absence of at least one
host factor for IFl, respectively.

The following preoperative characteristics were assessed in
the two groups: age, gender, nasal, neurological and ophthal-
mological symptoms, radiological features (sinus localisation,
radiological characteristics, sinus bone alteration, perisinus
extension), white blood count, histopathology, mycology,
surgical and medical treatments, and outcome.

Institutional review board (CPP-lle de France IX) approval was
obtained for this research that involved data collection with no

intervention.

Laboratory investigations

Histopathology: Histological examination using conventional
Hematoxylin-Eosin-Saffron (HES) and Gomori-Grocott and
Periodic Acid Schiff (PAS) stains was systematically performed.
In the presence of imaging signs of extension beyond the sinu-
ses or osteolysis, the surgeon systematically performed sinus
mucosa biopsy that was also examined to detect the presence
of invasive sinusitis.

Mycology: Samples of SFB sent to the microbiology laboratory
were submitted to direct examination with optical brighteners.
After grinding, samples were then seeded onto Sabouraud
agar slopes with antibiotics and incubated for 21 days at 30°C.
Fungus identification of positive cultures was based on pheno-
typic features with macroscopic and microscopic examination.

Statistical analyses

All analyses were performed using a statistical software pac-
kage (Statview 4; SAS Institute, Grenoble, France). An unpaired
t-test was used for continuous variables and a chi-square test
was used for categorical variables. When necessary, Yates' cor-
rection or Fisher’s exact test were used. A p value < 0.05 was
considered significant.

Results

Patient characteristics

Between 1997 and 2007, 605 patients were operated for case-
ous sinusitis in our department; 181 (30%) of these patients
had a histological diagnosis of SFB. The mean age of this popu-
lation was 53.7 + 14.6 years (range: 29 - 86 years), and women
were significantly older (55.2 + 14.3 years) than men (50.5 £
14.5 years) (p = 0.04). The sex ratio was 2.17 (F/M: 124/57) and
the female predominance persisted regardless of the sinus
involved. Nineteen patients (10.5%) presented at least one
host factor for IFl, defined as group 1, and 162 patients had no
host factors for IFI (89.5%), defined as group 2. The host factors
for IFl identified in group 1 were: uncontrolled diabetes (n =
9), prolonged use of systemic corticosteroids (n = 3), kidney
transplant (n = 1), haematologic malignancies (n = 2), treat-
ment with T cell immunosuppressants for solid cancers (n = 2)
and severe immunodeficiency secondary to HIV infection (n =
2) (Table 2).

No significant difference was observed between the two
groups for age, sex ratio, symptoms and white blood count
(Table 1). Nineteen patients (10.5%) had no symptoms on
diagnosis, 26.3% in group 1 vs 11.7% in group 2, but this
difference was not statistically significant (p = 0.14). When
present, symptoms consisted of (in decreasing order of fre-
quency): rhinorrhea, craniofacial pain, nasal obstruction and
cacosmia (Table 1). Acute complicated forms were observed
in four patients, only in group 1: two cases of isolated external
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Table 1. Comparison of clinical and sinus CT features of sinus fungus balls between patients with or without host factors for invasive fungal infection

(group 1 and group 2, respectively).

Group 1 (n=19) Group 2 (n=162)
Age (mean + SD) 599+ 14.8 53+14.3 ns
Sex ratio (F/M) 2.8 2.1 ns

Clinical symptoms

Rhinorrhea (%) 10 (52.6) 118(72.8) ns
Craniofacial pain (%) 9 (47.3) 78 (48.1) ns
Nasal obstruction (%) 5(26.3) 40 (24.7) ns
Cacosmia (%) 3(15.8) 19(11.7) ns
Total (mean + SD) 7837 £ 2667 7095 + 1696 ns
Neutrophils (mean + SD) 4916 + 1826 4292+ 1610 ns

Maxillary (%) 11(57.9) 137 (84.6) 0.03
Sphenoidal or ethmoidal (%) 6(31.6) 21(13) 0.03
Frontal (%) 0 0 nr
Bifocal (%) 2(10.5) 4 (2.5) ns
Partial opacity (%) 2(10.5) 42 (25.9) ns
Bone thickening (%) 12 (63) 114 (70.3) ns
Meatus enlargement (%) 2(10.5) 9(5.9) ns

SFB: sinus fungus ball; CT: computed tomography; ns: not significant; nr: not relevant. An unpaired t-test was used for continuous variables and a
chi-square test was used for categorical variables. When necessary, Yates' correction or Fisher’s exact test were used. A p-value < 0.05 was considered
significant.

ophthalmoplegia, one case of meningeal syndrome and one two groups in terms of CT signs (Table 1). The maxillary sinus
case of external ophthalmoplegia associated with meningeal was affected significantly less frequently in group 1 than in
syndrome (Table 2). In three of these four cases, the patients group 2 (p = 0.03), while sphenoidal and ethmoidal sinuses
were asymptomatic before onset of the complication. were involved significantly more frequently in group 1 (p =

0.03). In the four acute complicated forms, the SFB was exclu-
High-resolution CT was available for all patients. In the four sively localized in the sphenoid sinus and contrast-enhanced
acute complicated forms, contrast-enhanced CT was also avai- CT and/or MRI showed one or more areas of osteolysis of the
lable, as well as MRI for two patients. CT showed predominant sinus walls in three cases associated with perisinus contrast
maxillary sinus involvement followed by sphenoid sinus invol- enhancement in two cases (Figure 1). No signs of cerebral or
vement (Table 1). No frontal sinus involvement was observed intra-orbital collection were present in these cases.

in this population. Bifocal sites (bilateral maxillary, ethmoido-

sphenoidal or ethmoido-maxillary sinuses) were observed in Laboratory investigations

two patients in group 1 and in four patients in group 2.The SFB  Histopathology

was identified as a heterogeneous opacity partially (24.3%) or Conventional HES, Gomori-Grocott and PAS stains were availa-
completely (75.7%) filling the sinus, sometimes associated with  ble for all patients and revealed matted, dense conglomerati-
an iron-like density (58.2%) with or without microcalcifications.  ons of hyphae. In the four acute complicated forms, biopsy of
The bony wall of the sinus was thickened in 69.6% of casesand  the sinus mucosa was performed and no cases of invasion by
the middle meatus or sphenoidal ostium was enlarged in 6.0% the fungal agent or allergic mucin or granulomatous inflam-
of cases. No significant difference was observed between the matory response were detected.
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Table 2. Clinical, radiological and mycological features of sinus fungus balls in patients with host factors for invasive fungal infection (group 1).

Patient Host factors for IFI Symptoms Radiological signs Sinus Fungus culture
1 Cyclophosphamide (IgG Rhinorrhea Complete heterogeneous opacity M A. versicolor
myeloma) Nasal obstruction Iron-like density with microcalcifications
Bone thickening
2 Type Il diabetes (HbA1c 8.1) Rhinorrhea Complete heterogeneous opacity S Negative
Nasal obstruction Bone thickening
Craniofacial pain
3 Prednisolone 5 mg/d > Rhinorrhea Complete heterogeneous opacity S nd
24 months (rheumatoid Craniofacial pain Iron-like density with microcalcifications
arthritis) Bone thickening
4 Type Il diabetes (HbA1c 6.1) Asymptomatic Complete heterogeneous opacity Mu- E Negative
cocele
5 Infliximab + Prednisolone 5 Rhinorrhea Partial heterogeneous opacity M Negative
mg/d > 24 months (ankylos-  Craniofacial pain Iron-like density with microcalcifications
ing spondylitis) Bone thickening
6 Type Il diabetes (HbA1c 6.8) Rhinorrhea Complete heterogeneous opacity M Negative
Nasal obstruction Iron-like density with microcalcifications
Craniofacial pain Bone thickening
Middle meatus enlargement
7 Rituximab (Lymphoplasma- Asymptomatic Complete heterogeneous opacity M A. fumigatus
cytic hematologic malig- Bone thickening
nancy)
8 Imatinib (Gastrointestinal Asymptomatic Complete heterogeneous opacity M nd
stromal tumor)
9 Type Il diabetes (HbA1c 7.4) Rhinorrhea Complete heterogeneous opacity M Negative
Craniofacial pain Iron-like density with microcalcifications
Bone thickening
10 Prednisolone 5 mg/d + myco- Rhinorrhea Partial heterogeneous opacity M A fumigatus
phenolate mofetil 500 mg/d  Cacosmia Iron-like density with microcalcifications
+ tacrolimus 2.5 mg/d > 24 Bone thickening
months (kidney transplanta-
tion)
11 HIV infection (CD4+= 150/ Asymptomatic Complete heterogeneous opacity S Negative
mm3) Bone thickening
12 Type Il diabetes (HbA1c 9.4) Rhinorrhea Complete heterogeneous opacity M nd
Craniofacial pain Iron-like density with microcalcifications
Cacosmia Middle meatus enlargement
13 Prednisolone 7 mg/d > Asymptomatic Complete heterogeneous opacity M Negative
24 months (rheumatoid
arthritis)
14 Type Il diabetes (HbA1c 7.7) Rhinorrhea Nasal obstruc- Complete heterogeneous opacity M Negative
tion Craniofacial pain Iron-like density with microcalcifications
Cacosmia Bone thickening
15 Type Il diabetes (HbA1c 7) Rhinorrhea Complete heterogeneous opacity M Negative
Nasal obstruction Iron-like density with microcalcifications
Craniofacial pain Bone thickening
16 Type Il diabetes (HbA1c 7.4) External ophthalmoplegia Complete heterogeneous opacity M+S nd
Bone thickening
17 Paclitaxel + Navelbine + Cis Craniofacial pain Complete heterogeneous opacity S A. versicolor
Platinum (solid cancer with External ophthalmoplegia Iron-like density with microcalcifications
multiple metastases) Osteolysis of the sinus
Perisinus contrast enhancement
18 Type | diabetes (HbA1c 7.8) External ophthalmoplegia Complete heterogeneous opacity S S.commune
Meningeal syndrome Sinus parietal osteolysis
Perisinus contrast enhancement
19 HIV infection (CD4+ 50/mm3) Meningeal syndrome Complete heterogeneous opacity E+S C glabrata

Iron-like density without microcalcifica-
tions. Osteolysis of the sinus

IFl: invasive fungal infection; M: maxillary; S: sphenoid; E: ethmoid; nd: not defined.

272



Mycology

Mycological investigations were performed on 119 samples
(65.7%): 16/19 (84.0%) in group 1 and 103/162 (63.5%) in
group 2. Direct examination showed thin, regular and paral-
lel hyphae in 98 cases (82.3%): 16/16 (100%) in group 1 and
82/103 (79.6%) in group 2. Cultures were positive in 37 cases
(31%): 6/16 (37.5%) in group 1 and 31/103 (30.0%) in group 2
(Table 3). All patients with positive cultures also had a positive
direct examination. The main species was Aspergillus sp. (81%)
found in 4 patients in group 1 and 26 patients in group 2.
Aspergillus sp. was isolated less frequently in group 1, but the
difference between the two groups was not statistically signi-
ficant. Other fungi identified were Candida sp (n = 3), Schizop-
hyllum commune (n = 1), Mucor sp (n = 2) and Cladosporium sp.
(n = 1). In the two cases with meningeal syndrome, fungal and
bacterial cultures of cerebrospinal fluid were sterile.

Treatment and outcome

SFB were removed via an exclusively endoscopic approach un-
der general anaesthesia in all patients. Antifungal therapy was
administered to the 3 acute complicated cases with osteolysis
of the sinus wall. This treatment consisted of triazoles (vorico-
nazole 400 mg/d in two cases and itraconazole 400 mg/d in
one case), initiated immediately after surgery, without associa-
ted antibiotic therapy. These treatments were administered for
at least three months with a regular dosage for the itraconazo-
le regimen. After a mean follow-up of 10.2 months (range: 6 to
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Figure 1. Computed tomography (A, B) and magnetic resonance imaging
(C, D) of a sphenoidal fungus ball (patient 17, group 1). Complete hetero-
geneous opacity of the right sphenoid sinus identified in 2002 (A, black
arrow), not treated. In 2005, acute complication (external ophthalmople-
gia) revealing the same opacity of the right sphenoid sinus and osteoly-
sis of the posterior wall of the sinus (B, arrowhead). Magnetic resonance
imaging eliminates intracranial abscess and shows the fungus ball as a
low-intensity image on T2-weighted images (C) with a heterogeneous

signal on T1-weighted images (D) (white arrows).

72 months), no SFB-related death and no SFB recurrence were
observed. Patients with ophthalmoplegia totally recovered.

Discussion

In patients with host factors for IFI, SFB appears to be fre-
quent in deep sinuses and asymptomatic forms are common.
In the presence of clinical and radiological signs suggestive
of locoregional invasion, no tissue invasion was detected on
histological examination of the sinus mucosa. In all cases, SFB
was amenable to minimally invasive surgical treatment, fol-
lowed by antifungal therapy in complicated cases, resulting in
complete cure.

The prevalence of SFB in the general population is unknown.
The prevalence of SFB in patients with localized sinusitis ope-
rated in our department was 30%. In two retrospective studies
on patients undergoing maxillary sinus surgery, the prevalence
of SFB was 13% and 28.5%, respectively %', In a series of 789
cases coded as inflammatory sinus conditions at the Mayo
Clinic, including localized, diffuse, operated and nonoperated
sinusitis, SFB accounted for 3.7% of cases ®. SFB is probably
underdiagnosed because of its nonspecific symptoms and the
presence of asymptomatic forms in 10.5% of patients in the
present study and 11-20% of cases in the literature ©1929,

In patients without host factors for IFl, this study confirmed the
usual characteristics of SFB, i.e. predominance of maxillary sites
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Table 3. Comparison of mycological features of sinus fungus balls between patients with or without host factors for invasive fungal infection (group 1

and group 2, respectively).

Group (positive cultures)

Group 1 (n=6)

Group 2 (n=31)

Aspergillus sp 4 (66.7%)

Other fungal species Candida glabrata (n = 1)

Schizophyllum commune (n = 1)

26 (83.8%) ns
Mucor sp (n=2) nr
Candida sp (n =2) nr
Clodosporium sp (n=1) nr

ns: not significant; nr: not relevant. An unpaired t-test was used for continuous variables and a chi-square test was used for categorical variables.
When necessary, Yates' correction or Fisher’s exact test were used. A p value < 0.05 was considered significant.

(84.6%) and female predominance ®'3141920 |n the literature,
previous dental or endodontic care is reported in 84% of pa-
tients with SFB ©% suggesting a relationship between maxillary
SFB development and dental apex treatment. However, the
role of dental canal filling material in the pathogenesis of SFB
is still a subject of debate, as SFB can occur in the maxillary si-
nus in the absence of previous dental care, and may also affect
sinuses not anatomically related to the teeth (sphenoidal sinus,
ethmoidal sinus, frontal sinus).

Imaging studies are essential for the preoperative diagnosis

of SFB, although the radiological signs of SFB can also be
observed in other types of chronic sinusitis. CT can be very
specific by showing partial or complete heterogeneous sinus
opacity associated with an iron-like density with or without
microcalcifications. However, SFB may also present as sinus
opacity with bone thickening and/or enlargement of the na-
tural ostium 49, Although MRI can rarely distinguish SFB from
sinus mucoecele, it was not performed in uncomplicated cases
because of its low specificity and the possibility of artefacts
related to the heavy metal (iron and manganese) and calcium
content within fungal hyphae. However, in complicated SFB,
contrast-enhanced CT and MRI are very useful to evaluate pos-
sible meningeal, cerebral and intra-orbital extensions of the
infection.

Endoscopic surgery is the gold standard for the treatment of
SFB 1713141921 Some surgical teams prefer a video-guided ex-
ternal approach via the anterior wall of the maxillary sinus, as it
provides optimal visualization of all of the maxillary sinus and
its recesses, preserves ostium physiology, and can be perfor-
med under local anesthesia 2. The postoperative recurrence
rate is low, zero in this cohort as in other published series %,
and between 4% and 7% in other studies (1318,

In our series of 181 patients with SFB, the prevalence of

subjects with host factors for IFl was 10.5%. Gender, age and
symptoms of these 19 patients were not different from those
of patients without host factors for IFl. Prolonged cortico-
steroid therapy was reported for four cases. Although the
duration of corticosteroid therapy exceeded 24 months, the
dosage was always less than 0.3 mg/kg/day. Interestingly, all
diabetic patients had poorly controlled disease indicating the
need for further investigation of the role of diabetes mellitus in
the pathophysiology of SFB.

In comparison with group 2, SFB in patients with host factors
for IFI more frequently involved deep sinuses (ethmoidal,
sphenoidal). Four patients of group 1 had complicated SFBs
with an acute ‘pseudoneoplastic’ clinical picture comprising
neurological signs and radiological signs of bone lysis in three
cases. Several isolated cases of complicated SFB have already
been described 2 with the presence of a host factor for IFI
(kidney transplantation with immunosuppressive treatment)
in one case "". Although bone lysis is suggestive of invasive
fungal sinus infections (2, fungal tissue invasion was absent in
all cases of complicated SFB. The pathophysiology of osteo-
lysis in these cases is unknown, but osteolysis without tissue
invasion has already been reported and is thought to be a con-
sequence of chronic inflammation induced by fungal growth
®_ Interestingly, three of these four patients were completely
asymptomatic before onset of the acute complication. Conse-
quently, the value of systematic CT screening for potentially
asymptomatic SFB in patients with host factors for IFl could
be evaluated, especially in terms of ethical aspects and cost-
effectiveness.

All of the patients were successfully operated by endoscopic
endonasal surgery. For some authors, osteolysis on CT justi-
fies oral antifungal therapy after surgery °2, Based on this
recommendation, the three patients of group 1 with osteoly-
sis received antifungal therapy, using azoles in view of their
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fungicidal activity on the fungal species identified and their
oral availability. The duration of treatment was empirically at
least three months. Precise identification of the fungal species
and determination of minimum inhibitory concentrations are
essential to subsequently adapt antifungal therapy, especially
in complicated forms of SFB. Species identified by culture were
mainly Aspergillus sp., as reported in large series of SFB ©1314,
The detection of yeasts, which are not classically involved in
SFB, was considered to be an artefact. Among the other fila-
mentous fungi identified, one case in group 1 was positive for
Schizophyllum commune that has sometimes been reported in
human diseases and is highly resistant in vitro to amphotericin
B and caspofungin 429,

The fungal species responsible for SFB were not always identi-
fied in this series either because mycological examination was
not performed or because mycological examination was per-
formed but the fungus failed to grow on agar medium. In this
study, only 32% of fungal cultures were positive, in line with
the literature (23 - 79% of cases) ©®'%. The reason for the poor
viability of fungal elements in the fungus ball has not been
elucidated, but it has been suggested that the various parts of
the SFB (i.e. core or outer layer) may have variable growth ca-
pacities in culture ©?®. Moreover, grinding the specimen could
further alter its growth and culturing a clump of underground
material could be useful. Molecular identification of the spe-
cies either on cultures or on paraffin-embedded SFB could be
a useful tool as a complement to fungal culture, which has a
poor sensitivity 24,

Conclusion
This large series of SFB, although retrospective, shows that
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