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ABSTRACT

Objectives: To create a radiological profile of fungal sinusitis and determine the radiological differences between fungal and nonfungal sinusitis based 
on the presence of hyperattenuation, bony erosion, neo-osteogenesis, air-fluid level, and extrasinus extension.

Methods: This is a retrospective, single-blind, case-control study involving the analysis of 119 computed tomography (CT) scans of the 
paranasal sinuses. Based on the histopathology, they were divided into cases comprising fungal sinusitis and controls of nonfungal sinusitis. 
Benign and malignant tumors and previously operated cases of fungal sinusitis were excluded from the study. The principal investigators were 
blinded to the diagnosis. The comparison parameters were hyperattenuation, the presence of air-fluid level, bone erosion, neo-osteogenesis, 
and extrasinus extension. Data was analyzed by Chi-square and Fischer exact t-test using SPSS 14.0 software and a p < 0.05 was considered 
significant.

Results: Our study showed the presence of hyperattenuation, neo-osteogenesis, bone erosion, air-fluid level, extrasinus extension in 75.2%, 48.3%, 
25.9%, 36.2%, and 6.9% of the cases and 13.1%, 16.4%, 6.6%, 9.8%, and 0 controls, respectively. All the parameters were statistically significant in 
cases when compared to controls.

Conclusion: Hyperattenuation, neo-osteogenesis, air-fluid level, bone erosion, and extrasinus extension are the parameters on CT imaging that 
will help routinely assess and differentiate fungal sinusitis from nonfungal sinusitis with considerable accuracy, although, there is an overlap with 
malignancy when the parameter of bone erosion is considered as a differential diagnosis of chronic invasive fungal sinusitis. It reiterates the fact that 
history, clinical examination, and laboratory evaluation hold an important role in provisional diagnosis.

Keywords: Fungal sinusitis, Acute invasive fungal sinusitis, Fungus ball, Chronic invasive sinusitis, Allergic fungal sinusitis, Chronic granulomatous 
sinusitis, Hyperattenuation, Bone erosion, Neo-osteogenesis.

INTRODUCTION

Rhinosinusitis is an inflammatory disorder of the nose and paranasal 
sinuses that affects 20% of the human population [1]. The presence of 
normal fungi in the sinuses has always been a matter of debate. The 
first case of fungal rhinosinusitis was reported by Plaignaud in 1791 
when he detected a “fungal tumor” in a young soldier with maxillary 
pain. In 1885, Schubert probably first diagnosed a particular variant 
of fungal rhinosinusitis when he discovered a noninvasive Aspergillus 
species. Invasive Aspergillosis was first detected by Oppe in 1897 
when he detected fungi extending intracranially through the sphenoid 
sinus [1]. The classification of invasive and noninvasive variants of 
fungal sinusitis was proposed by Hora in 1965 [2]. McGill reported the 
fulminant variant of fungal rhinosinusitis in 1980 when he detected 
rhinocerebral fungal infection [3]. Over the past couple of decades, 
fungal rhinosinusitis has been increasing, and the reason for this can be 
attributed to the advances in diagnostic imaging and other adjunctive 
laboratory investigations. Computed tomography (CT) has been used 
to differentiate fungal and nonfungal rhinosinusitis based on certain 
specific features.

Aims and objectives
To create a radiological profile of fungal sinusitis and to determine the 
radiological differences between fungal and nonfungal sinusitis on 

hyperattenuation, the presence of bony erosion, neo-osteogenesis, air-
fluid level, and extrasinus extension.

MATERIALS AND METHODS

This is a retrospective, single-blind, case-control study conducted 
in the department of otolaryngology. Institutional ethical clearance 
was obtained before the start of this study. 119 CT scans of paranasal 
sinuses of patients were included in the study, and they were 
subdivided into two groups. Fungal sinusitis proven by histopathology 
and fungal culture were taken as cases, and nonfungal sinusitis scans 
were taken as controls. Cases included patients with allergic fungal 
rhinosinusitis (AFRS), fungal ball, acute and chronic invasive fungal 
sinusitis, noninvasive fungal sinusitis, and granulomatous invasive 
sinusitis. Controls included patients with chronic sinusitis, allergic 
rhinosinusitis, and chronic granulomatous diseases. Benign and 
malignant tumors of the nose and paranasal sinuses and previously 
operated patients of fungal sinusitis were excluded from the study. The 
comparison parameters were hyperattenuation, the presence of air-
fluid level, bone erosion, neo-osteogenesis, and extrasinus involvement. 
The principal investigators were two otorhinolaryngologists with 
15 years and 5 years’ experience in reading CT scans of the paranasal 
sinuses and were blinded to the diagnosis. CT scans were reviewed on 
the parameters described, and a consensus was reached on the result 
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of every parameter in every image. Data were analyzed by Chi-square 
and Fischer exact t-test using SPSS 14.0 software and a p<0.05 was 
considered significant.

OBSERVATION AND RESULTS

Our study included 58  patients in the case group with 31 men and 
27 women and 61 patients in the control group with 33 men and 28 
women. The youngest patient was 7-year-old, and the oldest was 
73-year-old. Mean age was 40 years in the case group and 37 years in 
the control group (Tables 1 and 2).

Hyperattenuation (Fig. 1)
In our study, the presence of hyperattenuation was noted in 75.9% of 
the cases whereas 24.1% of cases: (AFRS – 13.79% [8  cases], acute 
invasive sinusitis – 6.89% [4 cases], fungus ball – 1.72% [1 case], chronic 
invasive sinusitis – 1.72% [1 case]), did not demonstrate the presence 
of hyperattenuation. However, 13.1% of the controls also showed the 
presence of hyperattenuation on CT scan. Although hyperattenuation 
is a predominant feature of fungal pathology in the sinuses, it was 
present in nonfungal sinusitis also (13.1%). However, the presence of 
hyperattenuation was statistically significant in fungal sinusitis when 
compared to nonfungal sinusitis (p<0.05).

Neo-osteogenesis (Fig. 2)
About 48.3% of the cases demonstrated the presence of neo-osteogenesis 
in fungal sinusitis on CT scan against 16.4% controls. Neo-osteogenesis 
is a predominant feature of any chronic inflammation of paranasal 
sinuses, however, in our study, we found that it predominantly occurs in 
fungal sinusitis when compared to nonfungal sinusitis (p<0.05).

Bone erosion
About 25.9% of the cases and 6.6% of controls demonstrated the 
presence of bone erosion. It was interesting to note that among the 
cases, 6  patients (10.34%) had a diagnosis of acute invasive fungal 
sinusitis (culture  -  mucor, rhizopus, absidia, and zygomycetes) 
confirmed by both histopathology and fungal culture whereas 2 cases 

(3.44%) of histopathologically proven AFRS (culture  -  Aspergillus) 
and one case (1.72%) of histopathologically proven chronic invasive 
sinusitis (culture  -  fusarium), demonstrated bone erosion. We 
had 2  cases (3.44%) which showed a diagnostic dilemma where 
culture demonstrated the presence of (mucor – 1  case, multiple 
infections with mucor, and rhizopus and Aspergillus – 1 case), but the 
histopathological diagnosis was AFRS. Pressure-induced bony erosion 
was the predominant pathogenesis in the 4 cases of nonfungal sinusitis 
where the lateral wall of the maxillary sinus was the predominant 
area of erosion. Bone erosion was significant in fungal sinusitis when 
compared to nonfungal sinusitis, mainly due to the acute invasive 
sinusitis element in fungal sinusitis (p=0.005).

Air-fluid level (Fig. 3)
About 36.2% of cases and 9.8% controls demonstrated the presence 
of air-fluid level on CT scan. The air-fluid level in the scans, (chronic 

Table 1: Parameters as seen in fungal and nonfungal sinusitis

Findings Fungal 
sinusitis (%)

Nonfungal 
sinusitis (%)

Significance

Hyperattenuation
Present 44 (75.2) 8 (13.1) p<0.05
Absent 14 (24.1) 53 (86.9)

Neo‑osteogenesis
Present 28 (48.3) 10 (16.4)
Absent 30 (51.7) 51 (83.6)

Bone erosion
Present 15 (25.9) 4 (6.6)
Absent 43 (74.1) 57 (93.4)

Air‑fluid level
Present 21 (36.2) 6 (9.8)
Absent 37 (63.8) 55 (90.2)

Extrasinus 
extension

Present 4 (6.9) 0
Absent 54 (93.1) 61 (100)

Fig. 1: Hyperattenuation in the right maxillary sinus

Fig. 2: Neo-osteogenesis of the maxillary sinus wall

Table 2: Parameters in the various subtypes of fungal sinusitis

Subtypes of Fungal Sinusitis Hyperattenuation (%) Neo‑osteogenesis (%) Bone 
erosion (%)

Air‑fluid 
level (%)

Extrasinus 
extension (%)

Acute invasive fungal sinusitis 4 (57.14) 1 (14.28) 5 (71.42) Nil 2 (28.57)
Chronic invasive fungal sinusitis 1 (25) 2 (50) 1 (25) 3 (75) 1 (25)
Chronic granulomatous invasive 
sinusitis

Nil Nil Nil Nil Nil

Fungus ball 1 (33.33) 1 (33.33) Nil 1 (33.33) Nil
Allergic fungal sinusitis 8 (18.18) 24 (54.54) 4 (9.09) 17 (38.63) Nil
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invasive sinusitis  - 5.17% [3 cases], fungus ball  - 1.72% [1 case], and 
AFRS – 29.31% [17 cases]), was mainly due to the presence of an acute 
sinus infection within the predominant fungal sinusitis. The presence of 
air-fluid level in both fungal and nonfungal sinusitis can be attributed 
to acute inflammation within the sinuses at the time of presentation.

Extrasinus extension (Fig. 4)
About 6.9% cases (acute invasive sinusitis  -  5.17% [3  cases], chronic 
invasive sinusitis  -  1.72% [1  case]) demonstrated the presence of 
extrasinus extension against no extrasinus extension in nonfungal 
sinusitis on CT scan. The extrasinus extension is a significant feature 
of invasive fungal sinusitis and was statistically significant when 
compared to nonfungal sinusitis (p<0.05).

DISCUSSION

Upper and lower airways are frequently colonized by various 
microorganisms including fungi due to inhalation of spores from 
the external environment. Aspergillus species are the most common 
colonizers in the paranasal sinuses. Lack of host immune responsiveness 
is eventually responsible for the symptomatic manifestation of fungal 
disease [4]. Fungal sinusitis has been classified into invasive and 
noninvasive fungal rhinosinusitis. Invasive fungal rhinosinusitis has been 
further subclassified into an acute fulminant form, granulomatous form 
and a chronic invasive form. Noninvasive fungal rhinosinusitis has been 
subclassified into AFRS, fungal mycetoma, and saprophytic variant  [5].

Acute invasive fungal rhinosinusitis
Imaging in acute fulminant invasive fungal rhinosinusitis (AFIFRS), 
is essential to determine the bony and soft tissue involvement of the 
aggressive fungus involved in this debilitating condition. Magnetic 
resonance imaging (MRI) is extremely sensitive and has a high negative 
predictive value for the early changes in AFIFRS [4]. However, the 
specificity and negative predictive value of MRI is similar to CT scan [6]. 
The pathogenic spread of AFIFRS starts in the mucosa of the middle 
turbinate eventually spreading to the paranasal sinuses. Intracranial 
or extrasinus soft tissue involvement is either through sinus wall 
bone erosion or hematogenous spread in case of an intact bony wall 
which may lead to life-threatening complications such as internal 
carotid artery invasion, cavernous sinus thrombosis, intracranial 
abscesses, infarct, and hemorrhage [4,7]. The typical findings of 
AFIFRS on CT scan as determined by literature are (1) opacification 
of involved sinuses (2) focal bony erosion (3) sinus and lateral nasal 
wall soft tissue thickening (4) premaxillary fat pad infiltration due 
to vascular infiltration (5) hyperattenuation due to the presence of 
fungal secretions and (6) heterogenicity due to the presence of fungal 
hyphae, trace metals, depleted water or elevated protein content or a 
combination of all [4,7-9] The early features on CT scan are consistent 
with any form of sinus inflammation as it shows nasal soft tissue 
thickening which is not specific to AFIFRS, however, late features 
of retroantral infiltration of the fat pad, extrasinus and intracranial 
involvement are more specific for AFIFRS [4,10]. DelGaudio et al [11]. in 
their study of 23 patients of AFIFRS showed sinus soft tissue thickening 
(91%), opacification (91%), bony erosion (35%), orbit involvement 
(26%), facial soft tissue thickening (22%), and air-fluid level (0.08%) 
of their patients with a statistically significant soft tissue thickening 
(p<0.001), and nonsignificant bony erosion (p>0.05) when compared 
to the control group. In our study, seven patients were proven to have 
AFIFRS on histopathological analysis and imaging. 57.14% showed 
hyperattenuation, 71.42% showed bony erosion, 28.57% showed 
extrasinus extension, 14.28% showed neo-osteogenesis, and none 
showed air-fluid levels on imaging.

Chronic invasive fungal rhinosinusitis and chronic granulomatous 
fungal rhinosinusitis
The radiological distinction between chronic invasive and chronic 
granulomatous fungal rhinosinusitis is difficult. However, it is possible 
to differentiate from chronic rhinosinusitis. Both these chronic 
invasive fungal infections invade the epithelium, subepithelial tissue, 
blood vessels, and sinus walls [4]. The commonly involved sinuses 
are the anterior ethmoid and sphenoid sinuses. The radiological 
findings are similar to AFIFRS, but the duration of these variants 
are in months. The classical radiological findings of chronic fungal 
rhinosinusitis are: (1) Unilateral sinus involvement, (2) homogeneity 
in contrast enhancement, (3) bone erosion, (4) hyperattenuation 
with the destruction of bony sinus walls, and (5) extrasinus 
involvement is extremely higher when compared to intrasinus 
involvement [4,7,8,12,13]. The complications of chronic fungal invasive 
infections are similar to AFIFRS, and the duration might prompt the 
clinician to consider a differential diagnosis of malignancy. Reddy 
et al [14]. studied 17  cases of chronic invasive fungal sinusitis which 
were differentiated on histopathology into 15 cases of granulomatous 
invasive fungal sinusitis and 2 cases of chronic invasive fungal sinusitis, 
and they demonstrated homogeneity with no focal hyperattenuation 
and localized bony erosion at the site of the extrasinus expansion of 
the fungal lesion. They also observed sinus expansion and moderately 
intense homogenous contrast enhancement of the fungal lesion. In our 
study, we noted 4 cases of chronic invasive fungal sinusitis without any 
granulomatous invasive fungal sinusitis. 25% showed hyperattenuation, 
50% showed neo-osteogenesis, 25% showed bony erosion, 75% 
showed air-fluid level, and 25% showed extrasinus extension.

Fungus ball (mycetoma)
This is a noninvasive variant of fungal sinusitis which characteristically 
involves only a single paranasal sinus.[4] Apart from solitary 
involvement, the other characteristic features of mycetoma on CT 

Fig. 3: Air-Fluid level in the left maxillary sinus

Fig. 4: Extrasinus extension of fungal sinusitis from the left 
sphenoid sinus
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imaging are: (1) Dense spot in the core of the lesion with surrounding 
bony sclerosis, (2) punctate calcifications within the mycetoma, and 
(3) hyperattenuating mucosal thickening circumferentially around the 
core. The fungus ball takes the contour of the sinus lumen [4,7,8,15]. 
Chen and Ho[16] studied 96 cases of mycetoma of the paranasal sinuses 
in which 27.1% showed heterogeneous density, 97.1% showed absent 
air-fluid levels, 72.9% showed sinus wall erosion and peripheral bony 
sclerosis, 70.8% showed calcification, and 50% showed mucosal 
thickening. In our study, we had 3 cases of fungus ball. 33.3% showed 
hyperattenuation, 33.3% showed air-fluid level, 33.3% showed neo-
osteogenesis, and none showed bony erosion or extrasinus extension.

Allergic fungal rhinosinusitis
Bent and Kuhn laid down the criteria which combine the clinical, 
laboratory and radiological findings to diagnose AFRS [17]. AFRS 
usually demonstrates a pansinusitis with ethmoid sinus being the 
most common paranasal sinus to be involved [4]. CT imaging of 
AFRS demonstrates the following pathognomonic findings: (1) 
Hyperattenuation due to the presence of allergic mucin, (2) expansion 
of bony sinus walls, (3) remodeling of bony sinus wall, (4) lack of 
enhancement on contrast CT, (5) smooth bony erosion, and (6) double 
density sign with a starry sky or serpiginous appearance [4,7,8,15,18]. 
As per literature, 20% of all AFRS demonstrate ethmoid bone erosion 
on CT imaging with associated sinus expansion [19]. Our study had 
44 cases of diagnosed AFRS. 18.18% showed hyperattenuation, 54.54% 
showed hyperostosis, 9.09% showed bony erosion, 38.63% showed air-
fluid level, and none showed extrasinus extension.

Our study is limited by the fact that the outcome measures 
were subjectively assessed even though it was by well-qualified 
otolaryngologists. It gave an insight into the various parameters that 
can be assessed by CT scan with accuracy to differentiate fungal sinusitis 
from nonfungal sinusitis. Although a few parameters on CT imaging 
are telltale diagnostic of fungal sinusitis, it is only complementary to 
history, clinical examination, and laboratory investigations to confirm 
the subtype of fungal sinusitis. Literature also shows evidence that 
endophytic fungi can be used in the generation of anticancer agents [20]. 
CT imaging alone will not be sufficient to accurately diagnose a subtype 
of fungal sinusitis although it helps us to differentiate it from nonfungal 
sinusitis. Treatment of fungal rhinosinusitis whether topical or systemic 
is based on the accuracy of various investigations [21].

CONCLUSION

The diagnosis of fungal rhinosinusitis by CT imaging is challenging. 
Hyperattenuation, neo-osteogenesis, air-fluid level, bone erosion, 
and extrasinus extension are the parameters that will help routinely 
assess and differentiate fungal sinusitis from nonfungal sinusitis with 
considerable accuracy, although, there is an overlap with malignancy 
when the parameter of bone erosion is considered as a differential 
diagnosis of chronic invasive fungal sinusitis. It reiterates the fact that 
history, clinical examination, and laboratory evaluation hold a key role 
in provisional diagnosis. Advances in imaging form a valuable adjunct 
tool for diagnosis of paranasal sinus pathologies.
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