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Objectives. A sphenoid sinus fungal ball is a rare disease that can cause visual disturbances. Most afflicted patients remain
in an indolent state. However, once the visual disturbance has occurred, the recovery rate is very low. The purpose of
this study was to overview the clinical characteristics of patients with a sphenoid sinus fungal ball and ascertain fac-
tors possibly related to the occurrence of a visual disturbance.

Methods. We retrospectively reviewed the medical records of all patients who underwent endoscopic sinus surgery for a
sphenoid sinus fungal ball at our hospital. We enrolled 47 patients in this study.

Results. Old age and a female predominance were noted. Nasal symptoms were the most common symptom. Eight pa-
tients showed visual disturbances. We also compared the clinical characteristics between patients with and without
visual disturbances in univariate analysis. Old age, underlying diabetes mellitus, and a sphenoid sinus wall defect visi-
ble by computed tomography were factors significantly related to the occurrence of visual disturbances. But only
sphenoid sinus wall defect showed significance in multivariate analysis.

Conclusion. It is important to prevent complications, such as visual disturbance, in patients with a sphenoid sinus fungal
ball. This study describes an early surgical treatment that may be required for patients with a sphenoid sinus fungal
ball and particularly patients with a sphenoid sinus wall defect.
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INTRODUCTION

A fungal ball (FB) in the paranasal sinus is an extramucosal my-
cotic proliferation that fills one or more paranasal sinuses [1].
The most frequently involved is the maxillary sinus followed by
the sphenoid sinus. The prevalence of fungus balls is increasing
rapidly in older age patients and those who have undergone
endodontic treatment, particularly in the maxillary sinuses [2].
However, the diagnosis of a sphenoid sinus FB is often de-
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layed, particularly in patients with headache that may persist for
several years before the disease is diagnosed [3]. Because symp-
toms are non-specific, the possibility of the disease is often over-
looked, and most patients are not diagnosed with sphenoid FB
until complications occur or by chance at a regular health check-
up.

Involvement of a FB in the sphenoid sinus comprises 4.5% to
26.8% of cases with FB [4]. The size and pneumatization of the
sphenoid sinus varies and many important structures lie adja-
cent to the sphenoid sinus (e.g., cavernous sinus, pituitary gland,
internal carotid artery, and cranial nerves II, III, IV, V1, V2, and
VI) [5]. Because of these structural characteristics, sphenoid si-
nusitis can cause serious complications, including headache and
visual disturbances; however, few studies have focused on the
relationship between a sphenoid sinus FB and orbital complica-
tions and possible factor associated with an orbital disturbance.

The focus of this study is to report the clinical features of
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sphenoid sinus FB with or without ophthalmic complications.
Furthermore, we tried to determine the factors related to the
occurrence of visual disturbance so physicians can perform ear
lier surgical interventions in those patients before visual distur-
bances occur.

MATERIALS AND METHODS

This retrospective cohort study was conducted in the depart-
ment of otolaryngology of Samsung Medical Center between
January 1997 and April 2013. The study was approved by the
Institutional Review Board of Samsung Medical Center (2014-
09-098-003). We reviewed the medical records of patients with
sphenoid sinus FB. The inclusion criteria were: (1) involvement
of the sphenoid sinus, as detected by computed tomography
(CT); and (2) a pathologically confirmed fungal aggregate in the
sphenoid sinus. Patients were excluded from this study if they
had other sphenoid sinus diseases (e.g., mucocele, lymphoma,
or malignancy). Patients with other kinds of fungal sinusitis
were also excluded, including those with invasive fungal sinusitis
with mucosal invasion and necrosis or allergic fungal sinusitis
revealing allergic mucin. Surgery was usually done endoscopi-
cally through the endonasal paraseptal or transethmoidal route
under general anesthesia, and a biopsy of the fungal aggregate
was taken during the surgical procedures. The surrounding sphe-
noid mucosa was also biopsied when the patient had a visual
disturbance or severe headache.

Demographic data, presence of nasal symptoms, headache,
underlying diabetes mellitus (DM), and radiological findings
were reviewed. In addition, an antifungal medication, treatment
outcome, and the time interval between symptom occurrence
and surgery were also reviewed in patients with visual distur-
bances. Characteristic CT findings were reviewed to identify in-
trasinus opacification, a defect and sclerosis of the sphenoid si-
nus bony wall, and other sinus lesions [6,7]. Magnetic resonance
imaging (MRI) was performed preoperatively in patients with
visual disturbances. The patients were divided into 2 groups
based on the presence of a visual disturbance. We compared the
characteristics of the 2 groups to reveal factors associated with
the occurrence of a visual disturbance. The following variables
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= Risk factors of visual disturbance were investigated in 47 pa-
tients with sphenoid sinus fungal ball.

= Visual disturbance occurred in 18 of 47 (17%) patients.

= Old aged, diabetic, and CT-sphenoid bony defect-containing
patients were more likely to have visual disturbance.

= However, the risk factors were not confirmed by the multivari-
ate analyses.

were analyzed to determine the factors associated with a visual
disturbances patients with a sphenoid FB: bony defect or sclero-
sis of sphenoid sinus wall, fullness of sphenoid sinus opacifica-
tion on CT images, presence of nasal symptoms, including puru-
lent rhinorrhea, postnasal drip, and headache, and the presence
of underlying DM. Involvement of the optic nerve and cavern-
ous sinus as detected by MRI was evaluated in patients with vi-
sual disturbances.

The two sample ¢-test was performed to compare mean ages
of the 2 groups. Fisher exact test was used to compare differenc-
es in the associated clinical manifestations between the patients
with a FB with and without a visual disturbance. Logistic regres-
sion analysis using Firth’s penalized maximum likelihood esti-
mation method was conducted to investigate the clinical mani-
festations associated with visual disturbance due to a rare event.
Clinical manifestations with P-values <0.05 in the univariate
analysis were included in the logistic regression analysis. The
data were analyzed using SAS ver. 9.3 (SAS Institute Inc., Cary,
NC, USA). A P-value <0.05 was considered significant.

RESULTS

A total of 425 patients were diagnosed with FB in the paranasal
sinuses from January 1997 to April 2013, and 47 of them (11%)
had a sphenoid sinus FB. The enrolled patients consisted of 11
men and 36 women (1:3.3) with a mean age of 59.8 years
(range, 36 to 85 years). Eleven patients (23 %) were diabetic but
no other immunodeficient patients were included. All patients
underwent endoscopic nasal examinations at the first visit and a
CT scan was obtained. MRI was performed on the first visit in 8
patients who had visual disturbances. The mean follow-up peri-
od was 13.6+20.3 months (range, 0.1 to 104.6 months; median,
4.8 months).

Nasal symptoms were the most common symptom at the first
visit. Twenty-seven patients presented with nasal symptoms, in-
cluding purulent rhinorrhea (11, 41%), nasal obstruction (8,
30%), post nasal drip (19, 70%), and hyposmia (4, 15%). Twen-
ty-six patients suffered from headache (frontal, retro-orbital,
temporal, or occiput), which was the second most common
symptom. Eight patients had visual disturbances, including ex-
traocular muscle restriction or impaired visual acuity and un-
derwent an immediate endoscopic sphenoidotomy. The surgery
was usually done through the sphenoethmoidal recess. Fungal
debris was removed with a large sphenoidotomy and the areas
was irrigated profusely remove all fungal debris, which was fol-
lowed by a mucosal biopsy. After the surgery, an antifungal
agent (amphotericin B followed by voriconazole) and systemic
steroid (dexamethasone) were administered to the patients with
visual disturbances. Although the biopsy results were inconsis-
tent with invasive fungal sinusitis, we decided to use systemic
antifungal agents in all cases under consultation with the infec-
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tious disease department because of cranial nerve involvement.

All radiographic studies revealed space-occupying lesions in
the sphenoid sinus, and 27 patients (57 %) had complete opacity
of both affected and unaffected sphenoid sinuses; only one pa-
tient had bilateral partial opacity in sphenoid sinuses. Other-
wise, the remaining 19 patients (40%) had unilateral complete
opacity of the affected sphenoid sinus. Microcalcification was
detected in the sphenoid sinuses of all patients. Defects in the
sphenoid sinus bony wall were observed in 19 patients (40%),

Fig. 1. Computed tomography scans of different presentations of a
sphenoid sinus fungal ball. Both images show total opacity of the
sphenoid sinuses. (A) Sclerosis of the sphenoid sinus bony wall. (B)

and sclerosis of the sphenoid sinus bony wall was observed in
30 patients (64%) (Fig. 1). The clinical and radiological charac-
teristics of these patients are summarized in Table 1. No recur
rence of a sphenoid sinus FB occurred after endoscopic surgery.

We compared the clinical characteristics of the patients with
or without visual disturbances in univariate analysis (Table 2). A
visual disturbance was observed in 8 patients (17%), and 5 of
these 8 patients with a visual disturbance also presented with
an extraocular muscle restriction on the ophthalmologic exami-
nation. MRI was performed in these patients, and all patients
had enhancing lesions involving the optic nerve or cavernous si-
nus on T1-weighted gadolinium MRI images (Fig. 2). A visual
disturbance accompanied the FB more frequently in the elderly
(P=0.033). Six patients (75%) with visual disturbance had DM
(P=0.001) compared with 13% of the patients without a visual
disturbance. The average of fasting blood glucose level was
185.5+47.1 in the DM patients. No significant difference in
symptomatology was observed between the groups. All patients

Table 1. Clinical characteristics of the study patients with a sphenoid
sinus fungal ball (n=47)

Sphenoid sinus bony wall defect (arrow). gharactensUc value
ex
Men 11(23)
Women 36 (77)
Age (yr) 59.7£13
Diabetes mellitus 11(23)
Nasal symptom 25 (53)
Headache 21 (45)
Extraocular muscle restriction 5(11)
Visual loss 8(17)
Computed tomography findings
Wall defect 19 (40)
Fig. 2. Magnetic resonance imaging (MRI) presentation of a sphe- Wall sclerosis 30 (64)
noid sinus fungal ball in patient with a visual disturbance. (A) T1- Bilateral complete opacity 27 (57)
weighted corqnal image showing |nterm<_ed|ate signal intensity f|]||ng Bilateral partial opacity 1(2)
of the sphenoid Caylty and ephgnoed IeS|on§ of theloavernous sinus Unilateral complete opacity 19 (40)
(arrow). (B) T1-weighted axial image showing orbital apex (arrow-
head) on an orbital MRI. Values are presented as number (%) or mean+SD.
Table 2. Comparison of the clinical characteristics between the 2 groups with univariate analysis and multivariate analysis
Variable With VD (n=8) Without VD (n=39) P-value® P-valug® OR (95% CI)»
Age (yr) 67.5+10.57 58.21+10.57 0.033* 0.220 1.060 (0.966-1.164)
Sex (male:female) &5 8:31 0.367
Diabetes mellitus 6 (75) 5(13) 0.001* 0.093 5.391 (0.756-38.451)
Headache 7(87) 19 (48) 0.059
Nasal symptom 2(25) 25 (64) 0.057
Defect®) 8 (100) 11 (28) <0.001* 0.046* 20.168 (1.044-389.619)
Opacity? 4 (50) 23 (59) 0.707
Sclerosis® 4 (50) 26 (67) 0.435

Values are presented as mean+SD or number (%).
VD, visual disturbance; OR, odds ratio; Cl, confidence interval.

AUnivariate analysis. PMultivariate analysis. ®Bony wall defect of sphenoid sinus. “Total opacity of the sphenoid sinus on computed tomography. ®Sclerotic

change in the sphenoid sinus bony wall. *F<0.05.
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Table 3. Clinical and radiological presentations of the patients with a visual disturbance

S Age Duration? Extraocular muscle restriction Visual acuity® Diabfates Headache Defect? Sclerosis® Opacity®
(yn) (day) Preop Postop Preop Postop mellitus
1 60 10 + + LP (=) LP(-) - + + - +
2 47 98 + + 20/200 LP(-) + + - -
3 85 14 + + LP (=) LP(-) - - + - +
4 80 33 + = LP (+) FC" (10) + + + + =
5 62 115 + - 20/50 20/22 + + + + +
6 68 11 20/200 20/20 + + + - +
7 77 56 - P LP () + + + + -
8 61 3 LP(+) LP (=) + + + -

Preop, preoperative; Postop, postoperative; LP, light perception.

aTime interval between symptom onset and surgery. ”’Corrected visual acuity based on the Snellen score. ®Sphenoid sinus bony wall defect. “Sclerotic
change in the sphenoid sinus bony wall. ®Bilateral complete opacity of the sphenoid sinus on computed tomography. "Finger count and distance (cm).

with visual disturbances and 28% of patients without a visual
disturbance had a bony wall defect detected by the radiological
examination (P<0.001). No differences were observed for the
presence of complete opacity or sclerosis of the sphenoid sinus
bony wall.

A multivariate analysis was conducted, including a bony de-
fect of the sphenoid sinus, DM, and age as independent vari-
ables to adjust for their confounding effects, and a defect in the
sphenoid sinus bony wall was significantly associated with the
presence of a visual disturbance (P=0.046; odds ratio [OR],
20.168; 95% confidence interval [CI], 1.044 to 389.619). Age
(P=0.220; OR, 1.06; 95% CI, 0.966 to 1.164) and DM
(P=0.093; OR, 5.391; 95% CI, 0.756 to 38.451) were not sta-
tistically significant in multivariate analysis.

The mean time interval between a visual disturbance and sur
gery was 42.51+43.1 days (range, 3 to 115 days). We measured
corrected visual acuity and extraocular muscle limitations 1
month after endoscopic surgery. Visual acuity improved signifi-
cantly in 2 of the 8 patients, and extraocular muscle restriction
improved in 2 of 5 patients. The 2 patients who recovered from
the visual disturbance had better preoperative visual acuity
compared with that of the other patients (Table 3).

DISCUSSION

We showed that a sphenoid sinus FB occurred relatively fre-
quently (11%) in the paranasal sinus, and that orbital complica-
tions occurred in 17% of patients with a sphenoid sinus FB. Or-
bital complications were associated with old age, a bony defect
in the sphenoid sinus detected on CT, and the presence of DM.
The incidence of sphenoid sinus FB is 11% of all paranasal si-
nus FB cases and it comprises 2% of patients who underwent
endoscopic sinus surgery for chronic rhinosinusitis in our hospi-
tal during the same period (data not shown). These incidences
are similar with those of previous reports. The incidence of a
sphenoid sinus FB is 13% to 25% of all paranasal sinus FB and

comprises 3% of all sinus infection cases [8-10]. Friedman et al.
[11] found that fungal sinusitis, of which most cases were char-
acterized by a FB, accounted for 31% of inflammatory sphenoid
diseases. A sphenoid sinus FB is often underdiagnosed because
the symptoms are nonspecific, and the final diagnosis can only
be made after an operation [12]. Headache and other nonspe-
cific nasal sinus signs lasting for an extended period are the best
indicators of a sphenoid sinus FB. Newly developed imaging
techniques and endoscopy have made diagnosis of a FB disease
easy but the incidence is increasing rapidly.

FB affects older women more frequently, with a male to fe-
male ratio of 1:2 [2,9,13]. The age distribution of our study
(57%, >60 years and 76%, >50 years; mean age, 59.7 years)
and the female predominance (76 %) were similar to those de-
scribed in a previous study [12]. The precise mechanism for the
predilection to elderly women has not been revealed.

A possible association between an immunocompromised con-
dition and sphenoid sinus FB has been suggested previously.
Toussain et al. [14] reported that patients with various immuno-
compromised conditions, including uncontrolled DM, neutrope-
nia, and a previous transplant more frequently have involved
deep sinus (ethmo-sphenoidal) involvement. However, none of
our patients had neutropenia or were involved with a trans-
plant. DM coexists in 23 % of patients with a sphenoid sinus FB,
which is similar with the frequency in the healthy Korean popu-
lation >65 years of age (27 %).

CT is frequently used to detect sphenoid disease, including a
FB (opacity and central microcalcification). Bony sclerosis or
thickening of the bony wall was found in 64% of enrolled pa-
tients and may have originated from chronic inflammation
caused by the FB. Bony wall defects were found in 40% of our
patients. Lysis of the sphenoid sinus bony wall can be caused by
an invasive fungal infection, but tissue invasion by fungal hy-
phae was absent in all of our cases. Some authors have reported
these findings and considered them part of destructive non-in-
vasive sinusitis [15].

Visual disturbances are another symptom frequently detected
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in patients with a sphenoid sinus FB, and 8 patients (17%) in
our study presented with visual disturbances. The frequency of
visual disturbance is 24% to 50% of sphenoid FB cases in pre-
vious studies [8,16,17]. Thus, it is important to investigate fac-
tors associated with a visual disturbance. We showed that old
age, DM, and the presence of a bony wall defect in the sphenoid
sinus were associated with visual disturbance. This is the first
study that has investigated factors associated with sphenoid si-
nus FB with visual disturbance. Although DM did not co-occur
frequently in patients with a sphenoid FB in this study, it was
significantly associated with the occurrence of visual distur-
bance. Several case series have reported FB in paranasal sinuses
complicated by immunocompromised patients [18,19]. Toussain
et al. [14] reported that complicated FB in the paranasal sinuses
occurs more frequently in patient with immunocompromising
host factors. Lysis of the sphenoid sinus bony wall is also associ-
ated with a visual disturbance. The mechanisms of bony wall ly-
sis is unknown, but it is regarded as a consequence of chronic
inflammation induced by fungal growth [20]. Thus, older pa-
tients with DM or bony wall lysis should be considered for early
removal of a sphenoid sinus FB.

It is very difficult to distinguish between invasive fungal sinus-
itis and sphenoid sinus FB when the disease is accompanied by
a visual disturbance because a visual disturbance can be a
symptom of invasive fungal sinusitis [21]. However, vision and
eye movements can also be disturbed by neuritis, compression,
or ischemic infarctions resulting from thrombophlebitis of the
optic nerves in isolated cases of sphenoid sinus disease. The oc-
currence of a visual disturbance, despite the absence of mucosal
invasion on a pathological examination, can be explained by
these hypotheses. Diplopia, due to involvement of the sixth cra-
nial nerve, is observed in 40% of isolated sphenoid sinus disease
cases [22]. In our study, 17% of biopsies showed that patients
with a sphenoid sinus FB had a visual disturbance.

A few reports are available on treatment outcomes of patients
with sphenoid sinus disease with visual disturbance. Poor treat-
ment outcomes have been reported for visual recovery, when a
patient has a visual disturbance in addition to a sphenoid sinus
FB [22]. Patients who have a visual disturbance have a poor vi-
sual function prognosis [22,23]. Regardless of the success of
sphenoidotomy to remove the FB, 2 of 3 patients with partial
visual loss recovered from a visual disturbance in our study, but
patients with complete or near-complete visual loss did not
show improved visual functioning. Because of this low recovery
rate, a sphenoid sinus FB may be considered an emergent condi-
tion. Thus, surgical removal is recommended if a sphenoid sinus
FB is accompanied by a visual disturbance [24]. Furthermore,
early surgical removal should be considered as an option for a
sphenoid sinus FB even in a patient without visual dysfunction.

In this study, we tried to determine factors significantly associ-
ated with visual disturbances in patients with a sphenoid sinus
FB. Patients with a sphenoid sinus bony wall defect had higher

rates of visual disturbance occurrence. Further study will be re-
quired to verify the age and DM as the associated factor. Al-
though we could not elucidate factors significantly associated
with recovery from a visual disturbance due to the small case
number, visual improvement was observed only in patients with
partial visual loss rather than those with complete or near-com-
plete visual loss. If patients present with sphenoid sinus wall de-
fect, early surgical intervention is necessary to prevent the visual
disturbance from causing optic neuropathy.
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