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INTRODUCTION

Fungal sinusitis is generally classified into allergic, chronic non-
invasive (fungus ball), chronic invasive, granulomatous invasive, 
and acute fulminant invasive fungal sinusitis based on histologi-
cal features according to the diagnostic criteria of deShazo et al. 
[1,2]. In addition to these, other types such as saprophytic colo-
nization [3] and semi-invasive fungal infection [4] have been 
suggested in the literature. The incidence of invasive fungal si-
nusitis (IFS) has been increasing due to the increasing number 

of immunosuppressive patients with diabetes, hematologic ma-
lignancies and prolonged use of steroids. IFS can also occur in 
immunocompetent hosts [5-8].
  In contrast to the non-invasive type which usually has a good 
prognosis, IFS is considered a potentially lethal condition. More-
over, invasive fungal sphenoiditis is more aggressive than invasive 
fungal infection of the other paranasal sinuses. This is due to the 
involvement of important surrounding structures such as the or-
bital apex, cavernous sinus, optic nerve, internal carotid artery, 
pituitary gland, and cranial nerves. Patients with early stage sphe-
noid sinus lesions are usually asymptomatic, thus, the diagnosis is 
often delayed until they are presented to ear, nose and throat 
specialists. Because advanced invasive fungal infection of the 
sphenoid sinus carries significant mortality, early diagnosis and 
appropriate treatment are crucial for the improvement of patient 
survival. In this study, we report the clinical features and treat-
ment outcomes of IFS of the sphenoid sinus. In addition, this 
study also analyzed clinical factors influencing patient survival.

Objective. This study was conducted to present the clinical outcome of invasive fungal sinusitis of the sphenoid sinus and 
to analyze clinical factors influencing patient survival.

Methods. A retrospective review of 12 cases of invasive fungal sphenoiditis was conducted.

Results. Cases were divided into acute fulminant invasive fungal spheonoidits (n=4) and chronic invasive fungal sphenoid-
itis (n=8). The most common underlying disease was diabetes mellitus (n=9). The most common presenting symp-
toms and signs included visual disturbance (100%). Intracranial extension was observed in 8 patients. Endoscopic 
debridement and intravenous antifungals were given to all patients. Fatal aneurysmal rupture of the internal carotid 
artery occurred suddenly in two patients. The mortality rate was 100% for patients with acute fulminant invasive 
fungal sphenoiditis and 25% for patients with chronic invasive fungal sphenoiditis. In survival analysis, intracranial 
extension was evaluated as a statistically significant factor (P=0.027).

Conclusion. The survival rate of chronic invasive fungal sphenoiditis was 75%. However, the prognosis of acute fulminant 
invasive fungal sphenoiditis was extremely poor despite the application of aggressive treatment, thus, a high index of 
suspicion should be required and new diagnostic markers need to be developed for early diagnosis of invasive fungal 
sinusitis of the sphenoid sinus.
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Table 1. Demographics

Clinical characteristic Value

Age (57 to 76 years), mean±SD 68.8±5.1
Gender
  Male 4
  Female 8
Underlying disease
  DM only  7
  DM & HTN  1
  MM, CRF, & HTN  1
  HTN  1
  DM & CRF  1
  None  1
Etiologic organism on histopathology
  Aspergillus spp.  10
  Mucor spp.  2
Type of fungal infection
  Acute fulminant  4
  Chronic invasive  8

DM, diabetes mellitus; HTN, hypertension; MM, multiple myeloma; CRF, chr- 
onic renal failure. 

MATERIALS AND METHODS

Medical records of 12 cases of IFS of the sphenoid sinus regis-
tered between 2001 and 2010 at the Chonnam National Uni-
versity Hospital and Hwasun Hospital were reviewed. A retro-
spective review was conducted to evaluate the underlying dis-
eases, clinical manifestations, radiologic findings, treatment, and 
prognosis of patients with IFS of the sphenoid sinus. The follow-
up period ranged from 12 days to 55 months with a median of 
24 months.

Inclusion criteria
Patients with IFS of the sphenoid were included if the lesion in 
the sphenoid sinus was exclusively involved, or if the main le-
sion was located in the sphenoid sinus and extended outside the 
sphenoid sinus into the posterior ethmoid, orbital apex, superior 
orbital fissure, pterygopalatine fossa, dura, cavernous sinus, and/
or cerebrum. Diagnosis of IFS of the sphenoid sinus was made 
according to clinical findings such as cranial nerve involvement 
and the presence of underlying diseases such as diabetes, hema-
tologic disorder, etc. and/or histologic evaluation of the sphenoid 
sinus mucosa revealing the characteristic morphology of fungi 
such as Aspergillus or Mucor species. According to Chakrabarti 
et al. [9], differentiation between the acute IFS and the chronic 
IFS was done based on the speed of progression of the clinical 
course; acute IFS refers to disease <4 weeks in duration in im-
munocompromised hosts, and chronic IFS is defined as locally 
invasive disease over the duration of at least 3 months.
  All patients underwent surgery using an endoscopic transeth-
moidal approach, and one patient underwent combined exter-
nal surgery with neurosurgeons. Sphenoidotomy opening was 
enlarged as widely as possible after which the sphenoid sinus 
was inspected. If there was a fungus ball and mucosal swelling, 
removal of the fungus ball and conservative debridement, in-
cluding multiple biopsies, were performed. On the other hand, 
if necrosis was observed in the mucosa with suspected IFS, mul-
tiple biopsies were performed. After making a definite diagnosis 

of IFS, aggressive surgery including extensive debridement was 
performed: lesions extending to the sites beyond the sphenoid 
sinus, such as the orbital apex and pterygopalatine fossa, were 
removed through the medial wall of the orbital apex or the pos-
terior wall of the maxillary sinus (Fig. 1).
  Clinical parameters with the potential to influence overall 
survival were divided into two groups for univariate analysis: di-
abetes mellitus (DM) control (good vs. poor), the status of the 
mucosa (necrosis vs. swelling), involvement of cranial nerves 
(multiple vs. the optic nerve only), bone destruction of the sphe-
noid sinus (present vs. absent), interval between the onset of 
clinical symptoms and initiation of treatment, types of debride-
ment (limited vs. extensive), and intracranial extension (yes vs. 
no). The time period between initiation of treatment and death 
was analyzed by the Kaplan-Meier method, and survival differ-
ence between the two groups were compared with the univari-
ate log-rank test. Statistical analysis was performed using SPSS 
ver. 14.0 (SPSS Inc., Chicago, IL, USA), and statistical signifi-
cance was defined as P<0.05.

RESULTS

Twelve patients (4 males and 8 females) were included in the 
study. The age of the patients ranged from 57 to 76 years, with a 
mean of 68.8±5.1 years. The most common underlying disease 
was DM in 9 patients; other associated diseases included chronic 
renal failure, multiple myeloma, and hypertension. Diagnosis 
was based on the histologic identification of the fungus, includ-
ing Aspergillus species (10 cases) and Mucor species (2 cases). 
Fungal culture was negative in all cases due to low sensitivity. Of 

A B

Fig. 1. Endoscopic finding shows a necrotic lesion of the orbital apex 
and sphenoid sinus (A) and relatively healthy neurovascular struc-
tures following debridement of the orbital apex (B). ON, optic nerve; 
ICA, internal carotid artery; SF, sellar floor.
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the 12 patients, acute fulminant invasive fungal sphenoiditis was 
observed in 4 cases and chronic invasive fungal sphenoiditis in 8 
cases. Clinical manifestation was strongly suggestive of IFS, but 
tissue invasion was not noted in biopsy in 4 cases. In such cases, 
they were diagnosed as ‘possible IFS,’ according to the standard 
definition of invasive fungal infection [10]. Two cases of invasive 
fungal sphenoiditis occurred in immunocompetent hosts (Tables 
1, 2).
  Clinical manifestations included visual disturbance (100%), 
headache (8/12, 67%), and ophthalmoplegia (8/12, 67%), fol-
lowed by ptosis, facial pain, and orbital pain. The location of 
headache was variable, including diffuse, retro-orbital, and fron-
tal regions. Multiple cranial nerve involvement was observed in 
9 cases, but isolated involvement of the optic nerve was noted 
in 3 cases. All patients had visual disturbance, including de-

creased visual acuity and diplopia. Interval from the onset of 
symptoms to initiation of treatment ranged from 1 week to 1 
year. Patients with visual disturbance presented early, but pa-
tients with headache or facial pain presented late because of its 
vague nature.
  Computed tomography (CT) scan was performed as an initial 
imaging study in all patients (Figs. 2, 3). Calcification within the 
sphenoid sinus on CT was not noted in all patients. The most 
common CT finding was opacification of the sphenoid sinus (8 
cases with total opacification and 4 cases with partial opacifica-
tion), followed by bony destruction (n=9) and sclerotic thicken-
ing (n=7). Destruction of the sphenoid sinus wall included no 
destruction (n=3), focal destruction (n=4), and diffuse destruc-
tion (n=5). The locations of destruction of the sphenoid sinus 
were the superior wall (n=1) and lateral wall (n=8). MRI was 

Table 2. Clinical summary of our cases with IFS of the sphenoid sinus (n=12)

Case 
no.

Age/ 
gender

Type of  
IFS

Etiologic
fungus

Underlying 
diseases

Presenting 
symptoms

Involved 
cranial 
nerves

Extrasphenoidal 
extension on 

imaging study

Tissue  
invasion on 

biopsy

Type of  
surgery

No. of  
surgery

Medical  
treatment

Outcome
(FU, month)

  1 72/M Chronic  
   IFS

Asp DM, HTN VD, facial  
   pain

II– IV, VI OA Yes TES, orbit  
  & PPF  
  explo

3 A+VC Alive (30)

  2 57/F Chronic 
   IFS

Mucor DM VD,  
   headache

II ON Yes TES, PPF    
  explo

2 A Alive (55)

  3 69/M Chronic 
   IFS

Asp DM VD, facial  
   pain

II, V2 OA, CS, PPF, 
   PPX, MS, FR, 
   FO, MCF

Yes TES, orbit 
  explo

2 A+IC+
VC+HBO

Dead (12)

  4 74/F Chronic 
   IFS

Asp HTN VD II, III, V, VI OA, CS Yes TES, orbit  
  explo

2 A+IC Dead (17)

  5 67/M Possible 
   chronic 
   IFS

Asp DM VD,  
   headache

II ON, CS Not  
   identified

TES 1 A+VC Alive (39)

  6 64/F Possible 
   chronic 
   IFS

Asp DM, CRF VD,  
   headache

II–VI OA, PPF,  
   meninges

Not  
   identified

TES 1 A+IC Alive (48)

  7 76/F Possible 
   chronic 
   IFS 

Asp DM VD,  
   headache

II ON Not  
   identified

TES 1 A+IC Alive (40)

  8 70/F Possible 
   chronic 
   IFS

Asp DM VD,  
   headache

II–VI OA Not  
   identified

TES 1 A+IC Alive (24)

  9 71/F Acute 
   IFS

Mucor DM VD,  
   headache

II–VI OA, CS,  
   meninges

Yes TES 1 A Dead (1)

10 65/M Acute 
   IFS

Asp DM VD,  
   headache

II–IV,  
V1,  VI

OA, ICA Yes TES 1 A Dead  
   (0.3), ICA  
   aneurysm

11 71/F Acute 
   IFS

Asp MM, HTN,    
   CRF

VD II–VI OA Yes TES 1 VC Dead (1)

12 70/F Acute 
   IFS

Asp None VD,  
   headache

II–VI OA, CS, ICA,   
   frontal lobe

Yes TES,  
  craniotomy

1 A Dead (1),   
   ICA  
   aneurysm

IFS, invasive fungal sinusitis; FU, follow-up; Asp, apsergillus; DM, diabetes mellitus; HTN, hypertension; VD, visual disturbance; OA, oribital apex; TES,  
transethmoid surgery; PPF, pterygopalatine fossa; explo, exploration; A, amphotericin; VC, voriconazole; CS, cavernous sinus; PPX, parapharynx; MS,  
masticator space; FR, foramen rotundum; FO, foramen ovale; MCF, middle cranial fossa; IC, itraconazole; HBO, hyperbaric oxygen therapy; CRF, chronic 
renal failure; ON, optic nerve; ICA, internal carotid artery; MM, multiple myeloma. 
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superior to CT in detecting the involvement of extra-sphenoidal 
lesions. Sphenoid lesions showed variable intensities according 
to the presence of fungus balls and surrounding mucosal status. 
Extra-sphenoid sinus lesions revealed iso-signal intensity on 
T1WI and low- or iso-signal intensity on T2WI in most of the 
cases. Gd-enhancement T1WI uniformly showed enhancement 
of lesions. Unilateral involvement of the sphenoid sinus was 
noted in 11 cases except for one case with bilateral involve-
ment. Extra-sphenoidal involvement was noted in all 12 pa-
tients. Intracranial extension was observed in 8 of 12 patients, 
and the involved sites were the cavernous sinus, cerebrum, me-
ninges, and internal carotid artery (n=8).
  Surgical debridement was undertaken through an endoscopic 
approach, except for one patient whose lesion had extended to 
the frontal lobe, and was treated with a combined endoscopic 
and external approach by craniotomy. Limited debridement was 
done for sphenoid lesions to avoid the potential risk of the in-
ternal carotid artery or cavernous sinus, and extensive debride-
ment was applied to extra-sphenoidal lesions including the or-
bit, pterygopalatine fossa and infratemporal fossa. Exploration 
of the orbit, pterygopalatine fossa, and/or infratemporal fossa 
was performed through a transethmodial approach. Multiple 

surgeries (2 to 3 times) were done in 4 cases. On surgical find-
ings, fungus balls were noted in 9 of 12 cases (75%), and muco-
sal necrosis was present in 6 of 12 cases. The presence of fungus 
ball in invasive fungal sphenoiditis suggests the potential of a 
non-invasive fungal ball to be transformed into IFS in immuno-
compromised conditions.
  Antifungal treatment included various combinations of am-
photericin, itraconazole, and voriconazole. Amphotericin was an 
initial antifungal drug used in 11 cases except for one case in 
which voriconazole was initially given due to the patient’s poor 
renal function. A total accumulative dose of 2.0 g amphotericin 
was usually administered. Toxicities due to amphotericin oc-
curred in 4/11 cases in which amphotericin was changed to lipo-
somal amphotericin or voriconazole. After cessation of intrave-
nous antifungal therapy, medication with itraconazole or voricon-
azole was additionally administered for 3 months or longer ac-
cording to the patient’s status. Adjuvant hyperbaric oxygen ther-
apy was applied to a patient who had extensive involvement in 
the orbital apex, pterygopalatine fossa, and middle cranial fossa.
  Improvement of visual acuity and extraocular motion limita-
tion was seen in 3 of 12 cases (25%) and in 2 of 12 cases (17%), 
respectively. The overall survival rate was 50% (6/12); the sur-
vival rate of acute fulminant fungal sphenoiditis and chronic in-
vasive fungal sphenoiditis was 0% and 75%, respectively. All six 
dead patients had extension into the intracranial region. Inter-
estingly, two patients developed unexpected subarachnoidal 
hemorrhage due to aneurysmal rupture of the internal carotid 

Table 3. Univariate analysis of clinical factors affecting survival

Variable No. of deaths (%) P-value*

Diabetes mellitus 0.783
  Poorly controlled (n=7) 2 (28.6)
  Well controlled/none (n=5) 4 (80.0)
Mucosal necrosis of the sphenoid sinus 0.052
  Present (n=6) 5 (83.3)
  Absent (n=6) 1 (16.7)
Cranial nerve involvement 0.080
  Optic nerve only (n=3) 0 (0)
  Multiple nerves (n=9) 6 (66.7)
Bone destruction of the sphenoid sinus 0.557
  Present (n=9) 5 (55.6)
  Absent (n=3) 1 (33.3)
Intracranial extension 0.027
  Present (n=8) 6 (75.0)
  Absent (n=4) 0 (0)
Debridement 0.754
  Limited (n=8) 4 (50.0)
  Extensive (n=4) 2 (50.0)
Time to treatment (1 week to 1 year) 1.0
Age (year) 0.379
  <69 (n=4) 1 (25.0)
  ≥69 (n=8) 5 (62.5)

*Log-rank test. 

A B

Fig. 2. Acute fulminant fungal sphenoiditis in a 70-year-old female. 
Coronal computed tomography (A) and magnetic resonance imag-
ing (B) scan show fungal sphenoid sinusitis with lesion extension 
into the orbital apex and both frontal lobes.

A B

Fig. 3. Chronic invasive fungal sphenoiditis in a 69-year-old male. 
Coronal computed tomography (A) and magnetic resonance imag-
ing (B) scan show fungal sphenoid sinusitis with lesion extension 
into the orbital apex, pterygopalatine fossa, cavernous sinus, naso-
pharynx, and parapharyngeal space.
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artery at postoperative day #5 and #14 and eventually died. 
Other causes of death included cerebral infarction, acute renal 
failure, and shock.
  Among multiple factors affecting patient survival time, intra-
cranial extension was the only statistically significant factor 
(P=0.027). Other clinical parameters, including mucosal necro-
sis of the sphenoid sinus, showed no statistical significance asso-
ciated with patient survival (Table 3).

DISCUSSION

The typical symptoms of IFS of the sphenoid sinus are pro-
longed diffuse headache and rhinorrhea, followed by sudden vi-
sual disturbance or ocular motion impairment resulting from 
orbital apex syndrome or cavernous sinus syndrome [11]. In our 
study, the most common associated symptoms and signs were 
visual disturbance and headache. All patients presented with oc-
ular symptoms, including decreased visual acuity or diplopia. 
These patients often had orbital apex syndrome or less fre-
quently, a more severe form, cavernous sinus syndrome. Al-
though headache was sometimes preceded by ocular symptoms 
in our patients, the possibility of sphenoid lesions was not sus-
pected at that time, which resulted in delayed diagnosis. Al-
though headache in sphenoid lesions is deep seated and retro-
orbital [8], it has been generally accepted that headache is a 
nonspecific symptom and the location of the headache generally 
do not suggest the presence of a sphenoid lesion [12,13]. Simi-
larly, the distribution of headache was variable in our case study, 
and headache locations were not specific for sphenoid sinus le-
sions. Nevertheless, a high index of suspicion is required in cases 
with mildly immunosuppressive patients such as patients with 
DM complaining of headache or decreased visual acuity. Loss of 
vision was due to the optic nerve involvement. Diplopia was 
subjective or more commonly secondary to ophthalmoplegia 
due to multiple nerve palsy. Our patients did not have an isolat-
ed sixth nerve palsy which is one of the earliest signs of a sphe-
noid sinus lesion. This may suggest that IFS is likely to have ex-
tensive neural involvement. All our cases showed extension to 
the optic nerve and/or orbital apex, and 6 patients showed in-
volvement of the pterygopalatine fossa, skull base, or brain at 
presentation, suggesting invasive nature and delayed diagnosis 
of the disease. In the early stage of IFS, the nasal mucosa ap-
pears pale. In particular, the central hidden location of the sphe-
noid sinus make rigid endoscopic examination more difficult 
and thus flexible endoscopy is deemed more desirable after va-
soconstriction of the sinonasal mucosa. Early endoscopic evalu-
ation with biopsy of healthy and diseased tissues and cultures of 
sinus contents is required in cases of suspected IFS [14,15].
  CT is the most commonly used imaging study for suspected 
IFS because of its superiority in detecting bone destruction. Al-
though bone destruction is one of the radiologic findings of IFS, 

these fungi such as Mucor tend to extend along the vessels, and 
extension beyond the sinuses may occur with intact bony sinus 
walls [16]. In our case series, focal or diffuse bone destruction 
was observed in 9 of 12 cases. Conversely, sclerotic changes in 
the bony walls of the sphenoid sinus were noted in 7 cases, rep-
resenting chronic sinus disease with or without fungus balls. 
Moreover, patients with IFS generally do not have bone erosion 
or extension of the disease outside of the sinuses and unilateral 
mucosal thickening on CT in the early stage. Opacification of 
the sphenoid sinus was the most common finding. However, 
mucosal thickening in the early stage may sometimes be very 
subtle and nonspecific in radiological studies. Calcification sug-
gesting fungus ball on CT was not seen in all cases, although 
fungus balls were identified in 9 cases intraoperatively. An inva-
sive fungal lesion may appear to be a mass and masquerade as a 
malignancy with destruction of the sinus walls and extension 
beyond the sinus confines [16]. Magnetic resonance imaging 
(MRI) is superior to CT scan in evaluating intracranial and intra-
orbital extension beyond the sphenoid sinus, as shown in our 
study. Enhanced ill-defined lesions in the orbit, cavernous sinus, 
and/or brain were seen in all cases. Groppo et al. [17] reported 
that MRI was more sensitive in detecting early changes of acute 
fulminant IFS than CT, and perisinus invasion on MRI was the 
most sensitive and specific parameter.
  However, current diagnostic methods including imaging stud-
ies are not sufficiently sensitive or specific, and results are often 
available too late to be clinically useful. Early diagnosis and/or 
treatment has been shown to improve patient outcome. Vague 
symptoms of sphenoid lesions lead to delayed presentation. 
Time to presentation in our study ranged from 1 week to 1 year. 
New diagnostic markers, including Aspergillus galactomanan 
(GM) and β-glucan, are available along with polymerase chain 
reaction based assay in high risk patients with neutropenia or 
bone marrow transplant.
  The mainstays of treatment are aggressive surgical debride-
ment and antifungal agents. Early aggressive sinonasal debride-
ment should be performed in all patients with IFS. However, the 
sphenoid sinus wall comprises important neurovascular struc-
tures, thus often limiting the use of radical debridement. When 
the orbital apex is involved, the decision regarding orbital exen-
teration remains extremely difficult. However, orbital exentera-
tion does not guarantee a cure of IFS. Dhiwakar et al. [18] re-
ported that orbital exenteration appears to be justified for poste-
rior orbital (retrobulbar, apical) diseases regardless of the func-
tional status of the eye, but is not appropriate for anterior orbital 
(inferomedial) diseases. Although all our cases involved the optic 
nerve and/or orbital apex, orbital exenteration was not attempt-
ed. We removed the necrotic tissue in the sphenoid sinus, but left 
the sinus wall undisturbed to avoid inadvertent injury to the in-
ternal carotid artery, cavernous sinus, or cranial nerves. Instead, 
lesions in the orbital apex, infratemporal fossa, or skull base was 
endoscopically explored and removed. Univariate analysis 
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showed that the extent of debridement was not a significant fac-
tor of patient survival. Nevertheless, we believe that aggressive 
globe preserving debridement is effective in controlling early le-
sions and is a feasible alternative to eyeball exenteration.
  Radical removal of diseased tissue is often impossible and 
other treatments, including antifungals, should be added to con-
trol microscopic or residual diseases. Antifungals include triazole 
(iatraconazole, voriconazole, posaconazole), polyenes (ampho-
tercin and its lipid formulations), and other class agents (echino-
candins and flucytosine). Amphotericin B has a broad spectrum 
of activity against Candida spp., Aspergillus spp., Cryptococcus 
spp., Fusarium spp., Mucorales, and endemic fungi [19,20]. Tri-
azoles are the only fungicides against Aspergillus spp., and echi-
nocandins against Candida [20]. In contrast to other triazoles, 
posaconazole has activity against Zygomycetes including Mucor 
spp., Rhizopus spp., and Cunninghamella spp. The lipid complex 
and liposomal form of amphotericin are alternative drugs used 
in cases with impaired renal function. Recently, retrobulbar am-
photericin injection has been used for orbital aspergillosis 
[21,22]. Hyperbaric oxygen therapy has been sporadically used 
in IFS [23,24]. In our study, hyperbaric oxygen therapy was 
used in a patient with involvement of the orbit and cerebrum, 
who, later, died of intracranial extension. We found that the deep 
tissue had progressed to necrosis, although the superficial tissue 
of the involved area looked relatively healthy with addition of 
hyperbaric oxygen therapy. Therefore, controlled randomized 
studies with regard to hyperbaric oxygenation need to be con-
ducted. Moreover, the patient’s immunosuppressive state should 
be corrected. If a patient is neutropenic or diabetic, GM-cere-
brospinal fluid should be given, or blood sugar should be strictly 
controlled.
  Visual outcome of IFS involving the orbit is poor. In our study, 
improvement in visual acuity and extraocular motion limitation 
was achieved in 27% (3/11) and 25% (2/8), respectively. Choi 
et al. [25] reported that permanent loss of light perception in 
the affected eye occurred in 12 of 15 patients (80%), who had 
no visual loss prior to infection and showed worsening vision 
after infection. 
  The overall survival rate was 50% in our study. Despite the 
extremely poor outcome of acute fulminant invasive fungal 
sphenoiditis, the treatment outcome of chronic invasive fungal 
sphenoiditis in our study (survival rate of 75%) was comparable 
with other studies reporting survival rates of 60% and 100% 
with limitations such as case reports and short follow-up period 
[8,11]. Fatal mycotic aneurysmal rupture occurred in two pa-
tients. Although treatment of mycotic aneurysms is controver-
sial, endovascular treatment is preferred to an open approach at 
present [26,27]. In our survival analysis, intracranial extension 
(P=0.027) was the only significant factor which represented dis-
mal prognosis. Although the mucosal status of the sphenoid 
(P=0.052) had borderline statistical significance, it should be 
kept in mind that even a mucosal lesion without necrosis can 

lead to a fatal course. As shown in two cases with sudden death 
due to ruptured intracranial mycotic aneurysm in this study, 
physicians should be aware of the potential of a rapid fatal 
course and the unpredictability of IFS. Although correction of 
the immunocompromised state has been well known as an inde-
pendent factor affecting survival in IFS, DM control was not sta-
tistically significant in our study, which may suggest that the in-
volvement of the sphenoid sinus may be more critical than the 
control of underlying diseases. Also, this finding may be extrapo-
lated from two patients in our study who died in spite of their 
immunocompetent status. Chopra et al. [8] reported a survival 
rate of 60% (3/5) in 5 immunocompetent cases with invasive 
fungal sphenoiditis, despite the relatively short follow-up period 
of their study.
  Our study has some limitations. First, this disease entity is 
very rare and this study was too small to reach a statistically sig-
nificant conclusion. Large studies are warranted to validate our 
results. Second, some cases without evidence of fungal invasion 
on histopathology were clinically diagnosed as possible invasive 
fungal sphenoidits. In sphenoid lesions, sampling errors on biop-
sies are not uncommon due to the risk of damage to major neu-
rovascular structures such as the optic nerve or internal carotid 
artery. If invasive fungal infection is clinically suspected despite 
negative biopsy, patients should be treated aggressively as the 
diagnosis of ‘possible invasive fungal sphenoiditis.’
  Our results showed that the prognosis of invasive fungal sphe-
noiditis is extremely poor despite aggressive treatment, which 
emphasizes the importance of early diagnosis and appropriate 
treatment. Because invasive fungal sphenoiditis can occur even 
in immunocompetent patients, a high index of suspicion should 
be maintained for early diagnosis. New diagnostic tests such as 
serum GM and β-glucan can be useful as screening tests, espe-
cially in immunocompromised patients with vague symptoms of 
sphenoid sinus lesions such as headache, visual symptoms and 
nasal symptoms. In addition to correcting the immunosuppres-
sive state, new treatment strategies including new antifungal 
agents need to be developed.
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