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Introduction

Novel coronavirus has emerged as a global pandemic since 
the first case was reported in Wuhan, China, in December 
2019. Meanwhile, as we are dealing with the consequences of 
the outbreak in the world, another life‑threatening infection 
mucormycosis has come into the picture. Primarily, a 
sinonasal disease, mucormycosis cases are triggered due to 
aggressive use of corticosteroids and immunosuppressants in 
the already immunocompromised COVID‑19 patients with 
several predisposing factors such as diabetes, neutropenia, 
and cancer.[1] The clinical symptomatology on presentation 
is nonspecific including headache, low‑grade fever, facial 
swelling, and orbital or paranasal sinus syndrome.[2] The 

occurrence of early visual loss would favour the diagnosis 
of rhino‑orbital‑cerebral mucormycosis over bacterial 
cavernous sinus thrombosis in which blindness is a much 
later finding.[2] Early diagnosis is vital due to its necrotising 
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and angioinvasive nature causing it to spread to the deep 
face, orbit and brain through perivascular, perineural, and 
direct spread.[3,4] To maintain a high index of suspicion and 
early intervention is essential to bring down the morbidity 
and mortality associated with such cases, for which 
radiological imaging  (computed tomography  [CT] and 
magnetic resonance imaging  [MRI]) in conjunction with 
histopathological and nasal endoscopic evaluation plays an 
essential role.

Objective
Evaluate pattern of radiological imaging, endoscopic 
and histopathological features of rhino‑orbito‑cerebral 
mucormycosis in COVID‑19 patients.

Materials and Methods

This study was approved by the institutional review board and 
informed consent was waived by the review board as this was 
a retrospective study and the data were anonymised.

This was a retrospective study conducted in a single tertiary 
care centre in patients diagnosed with COVID‑19 infection 
and mucormycosis, who underwent imaging in the department 
of radiology. A total of 45 patients had radiological imaging 
features of sinonasal disease from November 1, 2020, to 
December 31, 2021. Fourteen patients who were not laboratory 
confirmed for SARS‑CoV‑2 infection were excluded from 
the study.

Inclusion criteria
1.	 Patients who have undergone either or both modalities 

of cross‑sectional imaging of the brain/orbit/paranasal 
sinuses  (CT/MRI) and/or endoscopic evaluation from 
November 1, 2020, to December 31, 2021, with a 
radiological diagnosis of fungal sinusitis

2.	 Patients having biopsy/culture‑proven diagnosis of 
mucormycosis irrespective of the presence of any other 
superadded fungal/bacterial infection

3.	 Patients who were laboratory‑confirmed for SARS‑COV‑2 
infection through reverse transcriptase‑polymerase chain 
reaction.

Exclusion criteria
1.	 Sinusitis due to any other etiology such as bacterial/allergic 
sinusitis without mucormycosis infection.

Fourteen patients underwent both CT and MRI. Eleven 
patients underwent isolated CT and six patients underwent 
isolated MRI. CT scan was performed with Philips (Ingunity 
128 slice) using paranasal  (PNS) protocol with 120 kVp 
and 30 mA tube current. Intravenous contrast medium (low 
osmolar, nonionic, 300  mg/mL iodine content) was used 
at a dose of 2  ml/kg administered by a pressure injector. 
Head‑and‑neck MRI imaging was performed using 3 T 
Siemens  (Magnetom Spectra Siemens) using 16 channel 
head coil. The imaging protocol included axial and coronal 
T1W, T2W, T2 FLAIR, diffusion‑weighted imaging (DWI), 
and fat‑suppressed postcontrast T1W sequences. Intravenous 

injection of meglumine gadoterate (0.1 mmol/kg) was given 
in contrast study. Images were retrospectively analysed by 
two radiologists for the site, the extent of involvement, and 
complications.

Image interpretation
Mucosal thickening of sinuses and nasal turbinates with or 
without osseous erosion on CT/MRI was recorded along 
with laterality and the presence of any complication. Density, 
signal intensity, and enhancement pattern of the sinuses 
were recorded. Any extra sinus involvement including 
face, oral cavity, palate, orbit, skull base, and deep spaces 
such as retro‑maxillo‑zygomatic space, masticator space, 
infratemporal fossa, parapharyngeal, and retropharyngeal 
space was assessed based on fat stranding or soft‑tissue 
extension or abnormal enhancement pattern. On postcontrast 
CT/MRI superior ophthalmic artery, superior ophthalmic vein, 
cavernous sinuses, and internal carotid arteries were assessed 
for thrombosis in the presence of abnormal surrounding soft 
tissue. Orbital cellulitis was taken as intraconal/extraconal fat 
stranding with associated ≥1 bulky extraconal muscle. The 
presence of orbital apex involvement was seen as stranding 
or soft tissue in the optic canal/superior orbital fissure/
inferior orbital fissure. Complications such as an abscess and 
optic nerve involvement were also noted based on restricted 
diffusion on DWI and enhancement. Skull base extension 
was recorded through the foraminal extension of the disease. 
Patients with intracranial involvement were evaluated for 
dural enhancement, leptomeningeal enhancement, infarcts, 
intracerebral abscess, or hemorrhage.

The presence of necrosis, inflammation, and osseous erosion 
was assessed in the nasal cavity paranasal sinuses, and oral 
cavity through endoscopy. Biopsy taken from diseased 
tissue was analyzed for the presence of mucormycosis, the 
morphology of fungal hyphae, and any superadded infection.

Data were entered into Microsoft Excel Sheet and descriptive 
statistical analysis was performed.

Results

This was a cross‑sectional retrospective study of 
patients  (20  males and 11  females; mean age  [range], 
53.58 [23–76] years) with laboratory‑confirmed COVID‑19 
infection and biopsy/culture‑proven mucormycosis.

The predominant coexisting morbidity for mucormycosis was 
diabetes mellitus (n = 25; 80.6%). Steroid intake was seen in six 
patients (19.4%). The mean time interval between COVID‑19 
diagnosis and mucormycosis was 18 days.

Sinonasal and oral involvement of mucormycosis
CT showed predominantly sinuses  (n  =  25; 100%) and 
nasal involvement (n = 12; 48%). Maxillary sinus was most 
involved  (n  =  18; 92%). Most patients showed mucosal 
thickening isodense to the brain parenchyma in paranasal 
sinuses. Hyperdense contents were mostly demonstrated in 
maxillary and sphenoid sinuses. Detailed imaging findings 
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are given in Table 1. The oroantral fistula was noted in a 
single case. A  single case demonstrated the involvement 
of the fossa of Rosenmuller which was earlier suspected as 
malignancy.

On MRI paranasal sinus involvement was observed in all 
patients (n = 20; 100%) and nasal involvement in 14 (70%) 
patients. Mucosal thickening in paranasal sinuses was 
T1 isointense to gray mater. T2 hypointense soft tissue 
was commonly observed within the sphenoid sinus and 
inferior turbinate. Eleven patients underwent a contrast 
MR study. The pattern of enhancement was predominantly 
heterogeneous (n = 8; 72%) with homogeneous enhancement 
observed in rest of them. Two  (10%) cases showed “soap 
bubble appearance” of sinus. “Black turbinate sign” was 
noted in 2  (10%) cases. Five cases underwent contrast CT 
images. It showed a predominantly homogeneous enhancement 
pattern of paranasal sinuses (n = 4; 80%) and heterogeneous 
enhancement in a single case. Figures 1a‑d and 2a‑d show 
representative images.

Orbital, skull base, vascular and cerebral involvement of 
mucormycosis
The majority of patients had orbital cellulitis affecting 
intraconal/extraconal fat and extraocular muscles while 
isolated preseptal space involvement was noted in 6 (19.3%) 
cases. Three patients (9.7%) had proptosis and globe deformity 
with “guitar pick sign.” Figures 3a‑f and 4a show representative 
images.

The most common deep neck space affected was 
retro‑maxillo‑zygomatic space. Twelve  (38.7%) cases 
showed foraminal extension with predominant involvement 
of sphenopalatine foramen, pterygomaxillary fissure, 
and pterygomaxillary fossa. Figures  4a‑d and 5a‑d show 
representative images.

Dural and leptomeningeal enhancement were the common 
intracranial finding in cerebral mucormycosis with cavernous 
sinus being the most frequently involved vascular structure.

Table 2 shows the detailed involvement of mucormycosis in 
the respective areas.

Endoscopy
Nasal endoscopy was done in all patients (n = 31) with simple 
debridement done in 14 (45.1%) and functional endoscopic 

Table 1: Imaging findings in paranasal sinuses and nasal cavity

Location CT findings (n=25) MRI findings (n=20)

Mucosal 
thickening, n (%)

Hyperdense 
contents, n (%)

Osseous 
erosion, n (%)

T1 isointense 
contents, n (%)

T2 hypointense 
contents, n (%)

Osseous 
erosion, n (%)

Maxillary sinus (right) 14 (56) 2 (8) 2 (8) 14 (70) 10 (50) 1 (5)
Maxillary sinus (left) 11 (44) 7 (28) 5 (20) 18 (90) 12 (48) 1 (5)
Ethmoid sinus (right) 16 (64) 0 3 (12) 18 (90) 13 (65) 2 (10)
Ethmoid sinus (left) 14 (56) 2 (8) 2 (8) 18 (90) 12 (48) 0
Sphenoid sinus (right) 12 (48) 6 (24) 0 17 (85) 14 (70) 1 (5)
Sphenoid sinus (left) 16 (64) 3 (12) 0 19 (25) 14 (70) 0
Frontal sinus 12 (48) 4 (16) 0 19 (25) 10 (50) 0
Superior turbinate (right) 4 (16) 0 0 5 (25) 4 (20) 0
Superior turbinate (left) 4 (16) 1 (4) 0 7 (28) 5 (25) 0
Middle turbinate (right) 6 (24) 0 0 8 (40) 6 (30) 0
Middle turbinate (left) 4 (16) 1 (4) 0 6 (30) 5 (25) 0
Inferior turbinate (right) 11 (44) 0 0 11 (55) 9 (32) 0
Inferior turbinate (left) 9 (36) 0 0 9 (32) 7 (28) 0
Palate 0 0 3 (12) 2 (10) 1 (5) 1 (5)
Septum 6 (24) 0 0 9 (32) 7 (28) 0
CT: Computed tomography, MRI: Magnetic resonance imaging
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Figure 1: Mucormycosis with sinonasal involvement. (a) Axial T2 weighted 
image shows hypointense contents in left inferior turbinate (white arrow) 
suggestive of necrotic tissue, (b) Axial postcontrast fat suppressed T1 
weighted image shows non enhancing necrotic tissue in left inferior 
turbinate  (white arrow),  (c) Axial postcontrast fat suppressed T1 
weighted image shows complete opacification of maxillary sinus with 
septa enhancement giving “soap bubble appearance” in left maxillary 
sinus (white arrow), (d) Coronal post contrast fat suppressed T1 weighted 
image shows absent enhancement of right inferior turbinate: “Black 
turbinate sign” (white arrow)
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Table 2: Details of other areas of involvement on imaging

Site of involvement n (%)
Orbital involvement

Involvement of intraconal/extraconal fat and extraconal 
muscles

20 (64.5)

Orbital apex 2 (6.45)
Intraorbital abscess 3 (9.68)
Optic neuritis 2 (6.45)
Proptosis and globe deformity 3 (9.68)
Preseptal space 6 (19.34)

Neck space involvement
Retro‑maxillo‑zygomatic space 14 (45.16)
Masticator space 13 (41.93)
Retropharyngeal space 1 (3.22)
Parapharyngeal space 1 (3.22)
Premaxillary space 13 (41.93)

Intracranial involvement
Infarct 3 (9.68)
Intracranial hemorrhage 2 (6.45)
Intracranial abscess 1 (3.22)
Dural enhancement 4 (12.90)
Leptomeningeal enhancement 4 (12.90)

Vascular involvement
Cavernous sinus thrombosis 6 (19.35)
Internal carotid artery thrombosis 2 (6.45)
Superior ophthalmic vein thrombosis 1 (3.22)
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sinus surgery (FESS) in 3  (9.6%). Blackish necrotic tissue, 
slough, and pus from diseased area were predominant 
endoscopic features. Three (9.4%) cases showed associated 
erosion of palate. There were also turbinates with pale mucosa 
suggesting reduced vascular supply. Necrotic changes were 

most commonly found within the middle turbinate, maxillary, 
and sphenoid sinuses. Detailed involvement of mucormycosis 
in nasal and paranasal sinuses is given in Table 3. Cerebrospinal 
fluid (CSF) leak due to erosion of the base of the skull was 
identified in three patients (9.6%). Alveolar process necrosis 
and erosion were seen in two patients (6.4%). Figure 6a and b 
show representative images.

Histopathology
Histopathological examination revealed broad aseptate 
branching hyphae in all cases  (n  =  31; 100%). The angle 

Figure 2: Mucormycosis with oral and palatal involvement. (a) Photograph 
image shows erosion of palate (black arrow), (b) Axial fat suppressed 
T2 weighted image shows left palatal involvement  (white arrow) with 
inflammation in left masticator space,  (c) Coronal CT image  (bone 
window) shows erosion of medial and inferior wall of left maxillary 
sinus with oroantral fistula  (white arrow),  (d) Axial post contrast CT 
images shows peripherally enhancing soft tissue lesion in fossa of 
Rosenmullar (white arrow). CT: Computed tomography
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Figure  3: Mucormycosis with orbital involvement  (optic neuritis with 
abscess).  (a) Coronal fat suppressed T2 weighted image showing 
T2 hypointense  (necrotic) contents in ethmoid air cells  (black arrow) 
and hyperintense bulky extraocular muscles  (white arrow) with 
intraconal and extraconal fat stranding,  (b) Axial T2 weighted image 
demonstrates hypointense contents in sphenoid sinus with optic canal 
involvement (black arrow), (c and d) Axial postcontrast fat suppressed 
T1 weighted images showing peripheral enhancement along optic nerve 
at optic canal  (white arrow) with ill‑defined enhancing lesion in optic 
nerve (black arrow). There is adjacent dural enhancement along temporal 
convexity (thick white arrow), (e and f) Axial DWI and ADC images show 
peripheral restricted diffusion  (white arrow) and corresponding ADC 
drop (black arrow) within lesion in optic nerve. DWI: Diffusion weighted 
imaging, ADC: Apparent diffusion coefficient
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Table 3: Endoscopic findings

Site Inflammation Total number=31, 
n (%)

Necrosis Total number=31, 
n (%)

Erosion Total number=31, 
n (%)

Superior turbinate (right) 2 (6.45) 3 (9.68) ‑
Superior turbinate (left) 2 (6.45) ‑ ‑
Middle turbinate (right) 5 (16.13) 10 (32.26) ‑
Middle turbinate (left) 7 (22.58) 8 (25.81) ‑
Inferior turbinate (right) 1 (3.23) 4 (12.90) ‑
Inferior turbinate (left) 5 (16.13) 7 (22.58) ‑
Maxillary sinus (right) 5 (16.13) 2 (6.45) 2 (6.45)
Maxillary sinus (left) 5 (16.13) 7 (22.58) 5 (16.13)
Ethmoid sinus (right) ‑ 3 (9.68) 3 (9.68)
Ethmoid sinus (left) 1 (3.23) 2 (6.45) 2 (6.45)
Sphenoid sinus (right) 1 (3.23) 5 (16.13) ‑
Sphenoid sinus (left) 1 (3.23) 2 (6.45) ‑
Oral cavity ‑ 2 (6.45) ‑
Palate 1 (3.23) 3 (9.68) 3 (9.68)
Septum 2 (6.45) 5 (16.13) ‑
Pterygopalatine fossa ‑ ‑ 1 (3.23)
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of branching was found to be 90° in the majority (n = 30; 
96.7%). Macrophage and neutrophil infiltration were noted 
predominantly  (n  =  29; 93.5%) while granulations were 
identified in 19 (61.3%) cases. Cavities were demonstrated 
in 15  (48.4%) cases and angioinvasion was observed in 
24  (77.4%) cases. Seven  (22.5%) cases had superadded 
candida infection and 4  (12.9%) cases had associated 
aspergillosis.

Figure 6c and d show representative images.

Discussion

In this study, more than half of the patients were male and 
middle aged. This demographic profile was comparable to 
a study by Ramaswami et  al. which included previously 
treated COVID patients with mucormycosis where two‑thirds 
of patients were males and ages ranged between 38 and 
55 years.[3] Our study showed that the mean time interval of 
development of mucormycosis following COVID infection 
to be 18 days which was similar to the study by Jain et al. 

Figure 5: Mucormycosis with vascular and intracranial involvement. (a) 
Axial T2 weighted image shows mucosal thickening in sphenoid sinus 
with T2 hypointense lesion (necrotic tissue) involving right cavernous 
sinus with associated narrowing of cavernous segment of right internal 
carotid artery (white arrow), (b) Black arrow shows the narrowed and 
irregular cavernous and supraclinoid segment of right internal carotid 
artery, (c and d) Axial DWI and ADC images show restricted diffusion in 
right temporal and occipital lobe with ADC drop concerning for infarcts. 
DWI: Diffusion weighted imaging, ADC: Apparent diffusion coefficient, 
TOF: Time of flight

dc

ba

Figure  4: Mucormycosis with foraminal, deep space and skull base 
involvement. (a) Axial T2 weighted image shows hypointense lesion in 
right optic canal (white arrow) with tenting of posterior globe: “guitar pick 
sign” (black arrow), (b) Axial postcontrast fat suppressed T1 weighted 
image shows heterogeneously enhancing ill‑defined lesion involving the 
right masticator space with involvement of sphenoid bone and clivus (white 
arrow), (c) Axial CT image shows soft tissue within left greater palatine 
foramen (white arrow) extending from left ethmoid air cells. (d) Axial CT 
images shows erosion of left greater wing of sphenoid and involvement 
of left pterygoid canal (black arrow). CT: Computed tomography
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and systemic review analysis by Nagalli and Kikkeri.[5,6] This 
suggests an increased risk of mucormycosis in patients with 
COVID infection.

Mucormycosis primarily affects immunocompromised 
individuals with pre‑existing comorbidities such as diabetes 
mellitus with poor glycemic control, malignancies, and 
corticosteroid or immunosuppressant intake. A  systemic 
review study by Singh et al. reported that 80% of patients 
with diabetes mellitus and 76.3% with corticosteroid intake 
developed mucormycosis following COVID‑19 infection.[7] 
Nagalli and Kikkeri reported diabetes mellitus to be a common 
comorbidity (77.1%). The steroid intake was seen in 55.2% 
of cases. Other comorbidities such as hypertension and renal 
disease were observed in 29.5% and 14.3%, respectively.[5] Our 
study reflected similar findings with coexisting predisposing 
factors in most cases as diabetes mellitus (80.6%) followed by 
hypertension (32.2%). Steroid intake was noted only in 19.4%.

Mucormycosis infection is usually by inhalation of spores of 
the Phycomycetes fungi, most commonly belonging to the 
genera Mucor, Rhizopus and Absidia. It is characterised by 
angioinvasion which leads to deeper structural involvement, 
thrombosis, and tissue necrosis. Since airway epithelial 
damage and immune dysfunctions are seen in COVID‑19 
infection, patients are predisposed to extensive involvement 
of mucormycosis.[8‑11] In our study, mucormycosis affected the 
nasal cavity (45.16%) and sinuses (100.0%) in the majority of 
patients with osseous destruction in 38.7% of patients. There 
was a significant extension to deep spaces of the neck (80.6%) 
and orbits (64.5%). Cerebral involvement was seen in 32.2%. 
Similar findings were noted in a systematic review study 

by Singh et  al. with predominant sinonasal  (88.9%) and 
rhino‑orbital  (56.7%) involvement of mucormycosis with 
cerebral involvement in 22.2% of patients.[7] Pal et al. reported 
rhino‑orbital mucormycosis to be the most common (42%), 
followed by rhino‑orbito‑cerebral mucormycosis  (24%).[12] 
Nagalli and Kikkeri reported cavernous sinus involvement in 
14.4% which reflected findings similar to our study.[5]

The CT appearance of mycetoma is a hyperdense sinus with 
internal calcification. There can be thickened sclerosed sinus 
walls or thinned out and expanded walls in case of chronic 
sinusitis.[15] Mucormycosis is an aggressive disease which 
results in adjacent wall erosion and extension into retroantral 
fat seen as fat stranding or hypodense lesion. They may show 
homogeneous or heterogeneous enhancement.[13]

From a single‑center study by Joshi et al., the maxillary sinus 
was most frequently sinus and 80% had osseous erosion. 
Hyperdense contents in sinuses were noted in 24% of cases 
which were similar to our study.[13] According to Singhal 
et  al. maxillary and ethmoid sinuses were predominantly 
involved and had mucosal thickening. Only a few cases 
showed osseous erosion in the sinus wall and the majority 
showed palatal and maxillary alveolar process erosion. CT 
showed predominantly mild heterogeneous enhancement. 
Retroantral involvement (72%) was a frequent finding and the 
mild enhancement of hypodense soft tissue. They also reported 
intense homogeneous enhancement in most cases (43%) on 
MRI which was similar to findings from our study.[14] Intense or 
heterogeneous enhancement was noted in CT in 44% of cases 
according to Singhal et al. In our study, only 5 (20%) cases 
underwent contrast CT imaging which showed predominantly 
peripheral homogeneous enhancement of sinus mucosa.

The MRI appearances of the mucormycosis showed 
predominantly hypointense to isointense signal in all sequences, 
as well as variable enhancement pattern on postcontrast 
images, ranging from homogeneous to heterogeneous to no 
enhancement at all, as observed by Herrera et al.[2] However, 
a spectrum of imaging appearances was noted, ranging from 
simple inflammatory mucosal thickening of the sinus walls 
showing T1 hypointense and T2 hyperintense signals and on 
the other hand, intervening areas of T2 hypointense signals 
were seen within the areas of mucosal thickening to suggest 
the presence of fungal elements, as described in the study by 
Desai et al.[15,16] However, Lone et al. described MRI features to 
be T2 hyperintense diffusely infiltrating lesion extending from 
T2 hyperintense sinus wall into orbital apex and intracranial 
structures along with narrowed internal carotid artery and 
associated slow flow signal changes within it.[17] The wide 
spectrum of MRI appearances opens up an avenue for further 
exploration with imaging and their corresponding correlation 
to nasal endoscopy. Our study showed a similar pattern of 
involvement as described in these prior studies, with the 
areas of direct infiltration by the fungal hyphae showing a T2 
hypointense signal and corresponding areas of heterogeneous 
enhancement observed within paranasal sinuses.

Figure 6: Endoscopy and histopathology demonstrating mucormycosis. (a) 
Endoscopic image shows blackish necrotic tissue in inferior turbinate (b) 
Endoscopic image shows erythematous nasal mucosa with slough and 
ulceration, (c) Biopsy from hard palate showing invasive broad aseptate 
fungal hyphae (arrows) within necrotic tissues (H and E, ×400), (d) Hard 
palate biopsy showing angioinvasive broad aseptate fungal hyphae (yellow 
arrows) within vessel wall  (red star), Gomori’s silver methenamine 
stain (×400)
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In addition to the involved paranasal sinuses, the portions 
of extrasinus involvement may show evidence of restricted 
diffusion on DWI images with a signal drop on apparent 
diffusion coefficient (ADC) maps.[17] Permeative destruction of 
the sinus wall may be seen, as well as that of adjacent osseous 
structures.[18] “Black turbinate sign” is a specific imaging 
sign described in sinonasal mucormycosis, whereby there 
is complete nonenhancement of the devitalized and necrotic 
sinonasal mucosa.[18] Our study showed 6.4% (n = 2) cases 
with a black turbinate sign.

Another novel imaging sign that was described is the “soap 
bubble appearance sign” which was observed in complete 
maxillary sinus opacification, where there is heterogeneous 
postcontrast enhancement of the septae and nonenhancement 
of the background sinus.[19] Our study showed two such cases.

The pattern of orbital involvement may be two‑fold; 
intraorbital extension may manifest as T2 hypointense signal of 
protruding soft tissue from the sinus walls, and heterogeneous 
postcontrast enhancement with or without osseous destruction. 
Inflammatory changes are seen in the form of stranding of the 
extraocular muscles and intraconal fat as well as abnormally 
enhancing soft tissue at the orbital apex causing mass effect 
on the optic nerve. There can be abnormal enhancement of the 
optic nerve sheath or nerve.[16] A variable degree of proptosis 
may be seen. In severe proptosis, there can be tenting of the 
posterior globe (“guitar pick sign”). Our study demonstrated 
two cases with this sign. DWI images play an important role 
in the detection of optic nerve infarctions, as well as the 
differentiation of orbital cellulitis and abscess.[18] All these 
patterns were demonstrated in our study.

Retro‑maxillo‑zygomatic space was the most commonly 
affected deep neck space followed by masticator space and 
premaxillary space. The involvement of pterygopalatine 
fossa had led to extension into other compartments through 
the sphenopalatine foramen, pterygopalatine foramen, 
and pterygomaxillary fissure as reported by few cases 
series.[20‑23] The extensive disease showed skull base 
involvement with thickening and narrowing of cranial 
foramina. The angioinvasive nature of the disease led to the 
intracranial extension and skull base osteomyelitis. One of the 
earliest indicators of intracranial involvement is abnormal dural 
enhancement and leptomeningeal enhancement. Perineural 
or orbital apex extension may lead to the involvement of the 
cavernous sinus. Cavernous sinus thrombosis is very well 
demonstrated on postcontrast 3D T1‑weighted images in the 
form of abnormal enhancement and asymmetric bulging, 
with iso to hypointense signal on T2‑weighted images.[16] 
Another intracranial manifestation observed is lacunar cortical 
territory watershed infarcts, observed as areas of restricted 
diffusion on DWI images, with a signal drop on ADC maps.[17] 
Perineural spread of disease may occur through the branches 
of the trigeminal nerve or Vidian nerve, seen in the form of 
abnormal sheet‑like enhancement along the involving nerve or 
its branches and enlargement of the bulk of the nerve as well 

as obliteration of the foraminal fat.[16,18] Advanced intracranial 
involvement may be seen in the form of cerebritis and abscess 
formation, characterised by T1/T2 hypointense signal and 
peripheral postcontrast enhancement of the involved areas.[16] 
DWI sequences in fungal abscesses show evidence of restricted 
diffusion of the abscess walls and intracavitary projections and 
sparing of the core of the abscess.[18] Our study showed few 
cases of intracranial involvement demonstrating these findings.

Nasal endoscopy plays an important role to initiate the 
management by helping to arrive at a provisional diagnosis 
and assess the extent of the disease. This is achieved by 
examination of the nasal mucosa and turbinates for any 
discoloration, ulceration, or eschar formation, which may act 
as diagnostic clues.[24] Kumar et al. observed that the majority 
of mucormycosis cases had blackish crusts filling the nasal 
cavity and middle meatal region.[24] Few of the cases also 
had erosions of the hard palate. In cases with ischemia, there 
is whitish discoloration of the mucosa.[25] However, a major 
limitation of nasal endoscopy is the inability to assess the 
extent of the disease beyond the confines of the nasal cavity, 
where imaging plays an essential role.[26] FESS is lauded as a 
competent technique to control the disease process in its early 
and well‑circumscribed stage.[27] Our FESS and endoscopy data 
showed necrotic discoloration, ulceration, or eschar formation 
in 30.6%  (n  =  64) of the sites observed in these patients. 
Furthermore, endoscopically proven osseous erosions were 
seen in 8 cases (25.8%), the hard palate being the commonest 
site. Alveolar processes were eroded in 2 patients and erosion 
of the cribriform plate and ethmoid sinus resulted in CSF leak 
in 3 patients.

Direct microscopy examination with potassium hydroxide 
helps in the identification of the fungus. Species identification 
and diagnosis are done through histopathological examination 
with hematoxylin and eosin (H and E), periodic acid–Schiff 
or Grocott’s Methenamine silver. Mucormycosis has 
broad aseptate/pauci‑septate hyphae with width of 6–25 µ. 
The angle of branching ranges from 45° to 90°. It shows 
necrosis, angioinvasion, perineural invasion, and neutrophilic 
infiltration. The chronic lesions are identified though the 
presence of pyogranulomatous inflammation, giant cells, or 
through Splendore–Hoeppli phenomenon. The demonstration 
of sporangiospores within the sporangia helps in differentiating 
mucormycosis from Aspergillus.[28] In a study by Jain et al., all 
patients showed broad aseptate branching fungal hyphae with 
inflammation. There were predominantly neutrophil infiltrates 
noted in 62% of cases.[6] All cases reported by Jain et al. had a 
ribbon pattern with irregular 90° branching. All cases showed 
variable degrees of angioinvasion. All cases showed necrosis 
with more than 50% of tissue involvement noted in 58% of 
cases. There was the single case that demonstrated granuloma 
around the fungus.[6] Our study showed a similar morphological 
appearance; however, had predominantly neutrophilic and 
macrophagic infiltration and granuloma in 61.3% patients. 
Twenty‑four (77.4%) cases showed angioinvasion with none 
of them showing perineural invasion.
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Strengths and limitations
High mortality and morbidity in COVID patients with associated 
rhino‑orbito‑cerebral mucormycosis and retrospective nature 
of the study limited uniformity in imaging. Despite the smaller 
sample population, most of the complications of the disease 
process were demonstrated including specific imaging signs.

Conclusion

The study showed advanced stages of the disease with 
extensive sinonasal, deep neck space, orbital involvement, 
intracranial and vascular complications within a limited 
duration following COVID‑19 diagnosis. CT revealed 
hyperdense contents within the sinuses with associated osseous 
erosion; while MRI showed T2 hypointense, predominantly 
heterogeneously enhancing lesion with adjacent structural 
infiltration predominantly retro‑zygomaticomaxillary 
space, associated orbital inflammation, cavernous sinus 
and internal carotid artery thrombosis, resultant intracranial 
complications such as infarct, hemorrhage, meningitis, and 
abscess. Neutrophilic infiltration and angioinvasion were 
predominant histopathological characteristics while necrosis 
with eschar formation of involved areas was demonstrated 
through endoscopy.
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