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Abstract  

Rhino-Orbital-Cerebral Mucormycosis (ROCM) was an emerging threat among patients with 

Covid-19 during the pandemic year of 2021. Diagnosis of the disease in its early phase was 

crucial. A study was carried out to evaluate the role of CT and MRI in diagnosing and 

monitoring the treatment of Rhino-Orbito-Cerebral Mucormycosis and assess the disease’s 

outcome.  

 

The characteristic imaging findings helped in accurately diagnosing the disease.  Some key 

diagnostic findings were; the involvement of the periantral fat favoring angioinvasive 

disease;  and empty turbinate sign correlating pathologically with fungal hyphae. Tiny focal 

air lucencies within the permeative pattern of bone destruction were exclusively seen in 

fungal osteomyelitis. Another important feature of the disease seen in our study was the 

“pseudo empty sinus sign” from mild enlargement/widening of predominantly the ethmoid 

and sphenoid sinuses due to the filling of the sinuses with fungal hyphae. The affected 

sinuses exhibited signal void/hypointense signal on T2 subtle iso-intense signal on T1 with 

mild patchy enhancement in the post-contrast study. 

 

Keywords: Mucormycosis, absent turbinate sign, pseudo empty sinus sign. Rhino-orbital-

cerebral mycormycosis 

 

1. INTRODUCTION 

Mucormycosis is a fungal infection, and the fungi are ubiquitous in their distribution. It 

affects those with uncontrolled diabetes, especially ketoacidosis, prolonged administration of 

injectable steroids, chemotherapy, organ transplantation, hematological malignancies, iron 

overload, injury to the skin, and chronic ailments. 

 

The condition gained prominence as ‘Black fungus during the second wave of Covid-19 

exhibiting high mortality. The spores of mucor gain entry through the nasal cavity. There is 

extensive destruction of the tissues very rapidly. The disease begins as an infection of the 

nasal mucosa and sinuses and progresses to involve the eye, superior orbital fissure, and 

orbital apex. Ultimately there is cerebral involvement with the spread of infection through the 

superior orbital fissure and cribriform plate. 
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The study aimed to evaluate the role of contrast CT and contrast MRI in diagnosing the 

disease and the prognosis of the ROCM. The study was also utilized to guide the planning of 

surgery by knowing the extent of the disease and to identify the therapeutic response to 

different modalities of treatment. 

 

2. MATERIAL AND METHODS  

An assessment of 60 patients was done. The diagnosis of ROCM was based on contrast-

enhanced (CE) CT and Contrast-enhanced MRI images and was subsequently confirmed by 

biopsy and Potassium hydroxide (KOH) staining. Multi-slice CT images of the involved 

areas were acquired through SeimensSomatom 16-slice CT and SeimensEssenza 1.5 T 

equipment. The Pre- and Post-contrast images were used to visualize the disease accurately. 

 

All 60 patients were hospitalized for COVID-19 at the time of imaging. Thirty-five patients 

had diabetes. Twenty patients were being treated with mechanical ventilation for COVID-19 

pneumonia. All patients were treated with injectable corticosteroids (treatment duration, 10–

14 days). All patients were treated in the ICU for ROCM using IV amphotericin 

B; 30  underwent surgical debridement with orbital exenteration.  Fourteen patients 

succumbed to the disease. 

 

3. RESULTS AND FINDINGS 

 

The imaging findings of different locations are illustrated below: 

 

Nose  

a) Sinus: One of the important observations was mucosal thickening of the sinus on 

post-contrast MR images. There were areas of absent enhancement within the mucosal 

thickening. It correlated with pathological involvement of the disease by fungal hyphae (Fig.  

1 and 2). 

 

 

Fig 1 Post-contrast MRI of the brain showing non-enhancing areas in posterior ethmoidal air 

cells on the left side suggestive of fungal hyphae (blue arrow). 
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Fig.2: On T2 FAT SAT image showing hypointense areas within the mucosal thickening in 

bilateral maxillary sinus corresponding to active infection with fungal hyphae (orange arrow). 

b) Turbinates:  The epicenter of the lesion in 65% of cases was middle turbinate. The 

affected turbinate appeared mildly enlarged and bulky. There were few hypointense areas 

within the involved turbinate on T2 FAT SAT SEQ. Enhancement was absent in post-contrast 

images, although mucosal enhancement was a non-specific finding. Most patients exhibited 

focal mucosal non-enhancement (The Black turbinate sign) (Fig.  3 and 4). 

 

 

Fig.3 and 4: Black turbinate sign. MR image of the brain shows the absence of signal from 

the left middle turbinate on FAT SAT SEQ and the absence of enhancement on post-contrast 

images (orange arrow). 

“Pseudo-empty sinus sign” refers to mild enlargement/widening of predominantly the 

ethmoid and sphenoid sinuses due to the filling of the sinuses with fungal hyphae. The 

affected sinuses exhibited signal void/hypointense signal on T2 subtle iso-intense signal on 

T1 with mild patchy enhancement in the post-contrast study. In 70% of cases, the ethmoid air 

cells were commonly involved in the disease. It was followed by the maxillary sinus 

involvement (55%) (Figs. 5-10).  

 

 

 



European Journal of Molecular & Clinical Medicine 

                                                                 

 ISSN 2515-8260             Volume 10, Issue 02, 2023 

 
 

1457 
 

 

 
 

Figs. 5,6 and 7 - T2 FAT SAT, and T1FAT SAT SEQ exhibits mildly enlarged right 

ethmoidal air cells and sphenoid sinus (arrows). Detailed observation shows a subtle strand of 

altered signal intensity areas in RT ethmoidal air cells. 

 

“PSEUDO-EMPTY SINUS” SIGN  

 

 

 
Fig 8 and 9—T1 and T1 FAT SAT iso images- showing  enlarged right ethmoidal air cells 

and sphenoid sinus (arrows) with subtly altered signal intensity areas within it 
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Fig 10—Post-contrast images show absent enhancement within the sinuses; however, 

pathologically, the sinus is filled with fungal hyphae. Radiologically the sinuses appear to be 

empty / showing signal void; however, on detailed examination, few irregular linear 

enhancements were seen within the sinuses. 

 

“PSEUDO-EMPTY SINUS” SIGN  

Bone 
There was bony involvement with tiny focal air lucencies in the involved bone. In 20% of the 

patients, there was a permeative/moth-eaten (Fig - 11) pattern of destruction, predominantly 

seen in the medial wall and floor of the orbit. 

 

 
 

Fig.11:  CT image of the skull showing significant destruction with sequestrum involving the 

anterior wall of the right maxillary sinus (blue arrow). Post-operative changes are seen along 

the medial wall of both orbits.  There is periantral soft tissue involvement (orange arrow). 

The features are suggestive of invasive fungal disease with osteomyelitis. 

In patients with late presentation, there was the presence of frank osteomyelitis with 

sequestrum and significant non-enhancing lytic areas within the affected bone. Loosening of 
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the teeth (Fig 12) was observed due to erosion of the alveolar margins. Marrow edema was 

noted on STIR/FAT SATSEQ within the affected bones. 

 

 
 

Fig. 12: MRI of the skull showing a moth-eaten pattern. There is bony destruction of the 

maxillary bone and alveolar margin in a patient who presented with loosening of teeth 

(orange arrow).  

Soft tissue 
In the majority of cases, there was the involvement of the middle turbinate. Some cases 

exhibited mild widening of the pterygopalatine fissure also (Fig. 13).  

 

 
 

Fig. 13: MRI of the brain on T2 FAT SAT SEQ showing ill-defined hyperintensity adjacent 

to ptertgoid plates bilaterally (orange arrows) 

There was significant hyperintensity of the medial and lateral pterygoid muscles on T2 FAT 

SAT SEQ with avid enhancement in the post-contrast study.  

However, delayed post-contrast images showed absent enhancement, which corresponded to 

areas of necrosis within the infected zone. 

Thickened soft tissue with fatty stranding anterior to the maxillary sinus and zygoma was 

noted. On MR FAT SAT images, the hyperintense signal was seen in the above-inflamed 

areas. In some cases, the abscess was extended to the zygoma and premaxillary soft tissue. 
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Orbit   

For evaluation of the orbit besides CT, the preferred investigation was MR with sequences -

involving T2 FAT SAT and AX T2 and post-contrast images. The sub-periosteal abscess was 

seen adjacent to the medial wall of the orbit (Fig -14 ). Significant fatty stranding with T2 

FAT SAT hyperintense signals was noted in the retro-orbital fat due to inflammation and 

edema. In 15% of patients with post-operative orbital clearance, the medial rectus muscle 

tethering was noted. In the post-contrast study, the involved extra-ocular muscles appeared 

bulky with relatively increased enhancement. 

 

 
 

Fig. 14:  MRI T2 FAT SAT image of the brain showing the medial rectus muscle 

involvement in the right orbit and retro-orbital inflammatory changes (orange arrow). 

Optic nerve  

In our study, the frequency of optic nerve involvement was 5%. It was seen exclusively in 

cases showing involvement of the optic canal or orbital apex, exhibiting diffusion restriction. 

In addition, the mild thickness of the optic nerve was seen. 

 

Encroachment of the disease was seen as an ill-defined T2 hyperintense area near the optic 

canal, causing mild optic nerve compression. There was also prominent perioptic CSF with 

flattened optic disc due to mass effect at the orbital canal and orbital apex by the 

inflammatory/pathological soft tissue resulting in orbital apex syndrome in some of the cases. 

 

Intracranial extension       

The route for the intracranial extension was through the optic canal (Fig-15) and a cribriform 

plate of ethmoid in our study. The disease process appeared to  
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Fig. 15:  Post-Contrast MR image showing heterogeneous enhancing area at the right orbital 

apex with extension up to the cavernous sinus. There is a reactive thickening of the dura 

anteromedial to the right temporal lobe (blue arrow), suggesting an intracranial extension of 

the disease. 

Involve the cavernous sinus with altered signal intensity. There was mild ballooning of the 

sinus in 10% of the patients who presented with ptosis. There was predominant involvement 

of the cavernous sinus with the erosion of the lateral wall of the cavernous sinus.  

An absent flow void in the cavernous segment of the internal carotid artery (ICA) due to 

thrombosis in 8 % of cases. There were also borderline territory infarcts due to the 

involvement of the cavernous segment of the ICA. 

There were areas of diffusion restriction in the basi-frontal region suggestive of cerebritis 

(Fig.  16 and 17). Such an abnormality was encountered when the  

 

 

 
 

Fig 16 and 17:  MRI of the brain showing flair hyperintensity in the basifrontal region with 

diffusion restriction suggestive of cerebritis (orange arrow) 
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disease process extended through the cribriform plate. In 2 cases, the trigeminal nerve was 

involved following an extension of the disease process up to its origin at the brain stem with 

superadded brain stem encephalitis. (Fig. 18-21) 

 

 
 

Figs. 18  and 19: MR image of the brain showing thickened and redundant optic nerve with 

extension into the right cavernous sinus on FAT SAT images with superadded absent flow 

void in the right internal carotid artery. Post-contrast image showing well-defined 

peripherally enhancing abscess involving the cavernous sinus with extension along the right 

trigeminal nerve (orange arrow). 

 
Figs. 20 and 21: MRI brain on CISS SEQ AND FAT SAT SEQ exhibiting heterogeneous 

infiltrative mass involving the right cavernous sinus and right trigeminal nerve (orange 

arrow). ), pons, and right middle cerebral peduncle (blue arrow). There is a hyperintense 

signal on FAT SAT SEQ. Post-operative changes are seen in the right orbit. 
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4. DISCUSSION          

Mucormycosis affects the sinus, turbinates, bone, soft tissues, orbit, optic nerve, and spreads 

intracranially. The present study showed mucosal thickening of the sinus on post-contrast 

MR images. Characteristically there was no enhancement within the mucosal thickening. 

Fungal hyphae involved these regions.  

There was the involvement of middle turbinate in 65% of cases, and they appeared mildly 

enlarged and bulky. They also exhibited hypointense areas. Enhancement was absent in post-

contrast images. There was focal mucosal non-enhancement. It indicated the presence of 

areas of devitalized necrotic mucosal soft tissue in ROCM
1
. 

Infiltration of the peri-antral fat planes may represent the earliest imaging evidence of 

invasive fungal disease, especially when it is seen as the sole radiological finding in an 

appropriate clinical setting
2
. In our study, we found involvement of the periantral fat plane as 

the earliest predictor of the disease, even in the absence of involvement of the sinuses, and 

progression of the disease into the orbito-cerebral region. 

 

Destruction of the bony sinus wall with tiny air foci within it and infiltration of the peri-antral 

soft tissue was frequently noted. The presence of air within the bony structures was 

uncommon in other infections
3
.  

 

The predominant bony regions involved in our study in decreasing order of frequency were; 

an anterior wall of the maxillary sinus, medial wall of the orbit, medial and lateral pterygoid 

plates, greater and lesser wings of the sphenoid bone, maxillary bone, hard palate, zygoma, 

and anterior skull base. Marrow edema was noted on STIR/FAT SATSEQ within the affected 

bones. 

 

Most cases in our study showed involvement of the middle turbinate. Some exhibited mild 

widening of the pterygopalatine fissure also. There was significant hyperintensity of the 

medial and lateral pterygoid muscles. The retro-orbital fat had significant fatty stradding and 

hyperintense signals due to inflammation and edema.  

 

Involvement of the optic nerve has been noted
4
. It was noted in cases involving the optic 

canal or orbital apex. There can be spread of infection from the orbital apex, posteriorly 

through the superior orbital fissure into the cavernous sinus, and through the inferior orbital 

fissure across the pterygopalatine fossa into the infratemporal fossa
5
.CT and MRI show a 

spectrum of findings in rhinocerebralmucormycosis
6
. 

 

Complete debridement of necrotic tissue improves survival 
7
. 

The major findings in ROCM are; Periantral fat involvement suggestive of angioinvasive 

disease. Focal nonenhancement of the mucosa or turbinate corresponded to active disease / 

fungal hyphae areas. On CT images, tiny focal air lucencies within the infiltrated bone 

favored the diagnosis of fungal osteomyelitis
. 
Altered signal intensity was seen around the 

pterygoid plates involving the pterygoid muscles on MR images. The orbital extension was 

predominantly through the medial wall of the orbit
. 
Intracranial extension of infection from 

the orbital apex posteriorly, through the superior orbital fissure into the cavernous sinus, and 

through the inferior orbital fissure across the pterygopalatine fossa into the infratemporal 
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fossa was noted. There was also an extension along the cribriform plate into the basifrontal 

region. Involvement of cavernous sinus and cavernous segment of RT ICA was seen.
 

5. CONCLUSION          

Contrast CT and MRI play a vital role in accurately establishing the extent of the disease and 

its correlation during surgery. Sequential MRI provided additional information to manage the 

cases either medically or surgically. Assessment of disease extent by imaging is crucial for 

planning surgical debridement. However, the extent of involvement of the disease may vary 

from person to person, but the involved anatomical structures have shown characteristic 

imaging appearance of the disease as described above. 
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