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INTRODUCTION 

COVID-19 has brought a slew of new illnesses and 

problems to humanity.1 It’s an infection caused by a 

respiratory virus called coronavirus-2 that causes severe 

acute respiratory syndrome (SARS-CoV-2). It spreads 

quickly and widely, causing mild to severe symptoms. 

Supportive care, corticosteroids, and palliative therapy 

ware viable modality of choices.2 Affected patients are 

given high doses of steroids, which act as immune 

suppressant making them susceptible to a lethal 

consequence known as mucormycosis.3 

Mucormycosis is a serious and uncommon opportunistic 

fungal infection which was first documented in 1855, that 

spreads rapidly in immunocompromised individuals and is 

caused by a group of mould called as mucorales.3 

Inhalation of spores, consumption of contaminated food, 

and inoculation of the fungus into abrasions or scrapes are 

the primary contacts for mucorales.4 Medical co-
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morbidities, steroidal use, and malnutrition are some of the 

factors that contribute to its prevalence. These have high 

mortality and morbidity rates based on underlying 

condition.5 

Medical imaging like computed tomography (CT) and 

magnetic resonance imaging (MRI) helps in diagnosis 

thereby help salvage vital organs and bring positive 

outcome.6 The main objective of this study is to discuss 

complete case series of 15 mucormycosis patients in 

relation to clinical data, detailed imaging features along 

with early radiographic signs, microbiological and 

histopathological investigations, treatment plan and 

rehabilitation. This study also aims at revealing 

uncommon presentations which were less documented in 

literature. 

CASE SERIES 

The current paper showcases a series of 15 cases of post 

COVID mucormycosis who reported to department of oral 

medicine and diagnostic radiology, of our institution with 

the chief complaint of fascial pain, swelling and having a 

common history of hospitalization due COVID-19 

followed by steroid therapy. Thorough medical and dental 

history were retrieved followed by complete extra and 

intra-oral examination was executed. Appropriate imaging 

with extraoral radiography was performed in the form of 

orthopantomogram (OPG) and para-nasal-sinus (PNS) 

view in all the patients (n=15). Further, these patients 

underwent advance medical imaging like multidetector-

computed tomography (MDCT) and MRI including axial, 

coronal and sagittal was performed with and without 

contrast. An appropriate medical and surgical line of 

treatment was performed followed by rehabilitation of the 

defects were executed. 

Demographic and clinical data 

This study comprised of 15 patients among which 11 were 

male and four were female patients with a mean age range 

of 45-70 years with a common chief complaint of swelling 

and pain involving middle 1/3rd of face (n=15), all patients 

experienced prodromal symptoms along with headache, 

seven with nasal discharge. They presented with various 

clinical presentation like facial swelling (n=15; 100%), 

facial pain (n=15; 100%), proptosis of eye (n=5; 33%), 

altered vision (n=4; 26%), chronic palatal and alveolar 

ulceration with bony exposure (n=14; 93%), palatal 

swelling (n=1; 6%), generalised periodontitis with 

exfoliation of teeth (n=7; 46%). Out of 15 patients, five 

were having orbital involvement (2 with loss of vision) and 

no patients with cerebral involvement (Figure 1). 

Radiographic findings 

Extra-oral radiography 

Conventional radiography in the form of 

orthopantomogram and PNS were performed in all 

patients (n=15) that revealed deviated nasal septum (DNS) 

opposite to the affected side, diffuse hazy radiopacity seen 

involving maxillary sinus and other paranasal sinuses. 

Orthopantomogram showed enlarged inferior turbinate 

(n=15; 100%), ill-defined radiolucent shadow with ragged 

borders at the peri-apical portions of teeth involving the 

affected site with extension to hard palate suggestive of 

bony erosion (n=6;40%). Chronic generalised 

periodontitis and pathologic migration of teeth with apical 

root resorption were seen in 12 patients (n=12;80%) 

(Figure 2). 

 

Figure 1: Clinical (a) swelling in the right side; (b) 

drooping of left eye; (c) solitary chronic non healing 

ulcer; (d) palatal swelling; and (e) chronic generalised 

periodontitis with exfoliation of teeth. 

CT findings 

These patients were further subjected to CT plain and 

contrast which reported as possibility of invasive fungal 

infection. 

Nasal and PNS involvement 

A characteristic feature of sinusitis as mucosal thickening 

with soft tissue enhancement across the walls of maxillary 

sinus with central hypodense shadow, seen involving 

bilateral maxillary sinus in 9 (60%) and unilateral 

maxillary sinus in 5 (33%) patients. A consistent nasal 

involvement showed DNS (n=7,46%) among which “S” 

shaped DNS (n=2, 13%) and enlargement of turbinate of 

involved side (majorly with inferior turbinate) seen in all 

patients (n=15; 100%). Also, there was obliteration of 

osteo-meatal seen in 13 (86%) patients among which 4 

(30%) were having bilateral involvement (Figure 3). 

Similar kind of sinusitis features seen involving ethmoidal 

sinus (n=10; 66%), frontal sinus (n=9; 60%) and 

sphenoidal sinus (n=7; 46%), with multiple presentations 

like diffuse hyperattenuating soft tissue shadows involving 

part or complete sinuses or peripheral mucosal thickening 

which were enhanced on post contrast study (Figure 3). 
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Figure 2: Extra-oral radiography (a) ill-defined 

radiolucency at the periapical region of tooth (white 

arrow) with palatal bone erosion on right side (black 

arrowhead); and (b) complete hazy radiopacity seen 

involving maxillary sinus, frontal sinus (black arrow). 

Bony erosions 

Maxillary sinus walls erosions illustrated as discontinuity 

of cortical bone with irregular cortical plate thinning with 

respect to medial wall being most common (n=14; 93%), 

anterior wall (n=11; 73%), postero-lateral wall (n=7; 

46%), roof of maxillary sinus (n=4, 26%). Similar cortical 

plate changes involving adjacent bones majorly seen with 

hard palate (n=14; 93%) and maxillary alveolar process 

(n=12; 80%), zygomatic process of maxilla (n=4; 26%), 

pterygoid plates (n=4; 26%) (Figure 4). 

Orbital and cerebral involvement 

Dehiscence of the lamina papyracea seen majorly 

involving unilateral affected side in 5 patients (n=5; 33%). 

Orbital extension of the lesion illustrated as hyperdense 

soft tissue shadows involving periorbital space (n=2; 6%), 

extra and intra conal space (n=4;26%), proptosis of eye 

(n=2; 13%). Minimal hypoattenuating shadow seen 

involving superior frontal gyrus (n=1; 6%) (Figure 5). 

Miscellaneous 

These are some uncommon features which were 

represented in CT scan. Apart from bony erosions; 

pathological fractures presented as well-defined 

hypodense line with discontinuity of cortical bone 

involving nasal bones (n=4; 26%), anterior wall maxillary 

sinus of unaffected side running obliquely from right floor 

of orbit to alveolar process of maxilla corresponding to 17 

(n=1; 6%). Osteophytic changes as spur formation 

involving nasal septum in five patients (n=5; 33%) (Figure 

4). 

MRI findings 

The most concern about the infection is its aggressive 

nature and spread to adjacent soft tissue, facial spaces and 

vital organs involvement which can be evaluated precisely 

by MRI. 

Nasal involvement 

Post-contrast T1-weighted imaging showed a classical 

“black turbinate” sign indicative of early MRI finding for 

mucormycosis seen in nine patients (n=9;60%) among 

which two patients showed bilateral involvement (n=2; 

22%). Turbinates involved were inferior turbinate (n=5; 

33%), middle turbinate (n=3; 20%) and superior turbinate 

(n=1; 6%). Nine patients illustrated choncha bullosa (n=9; 

60%) in which three were fluid filled (n=3; 20%). An 

uncommon feature of “fungal ball” illustrating as T1W 

hyperintense foci along with dark signal intensities in T2W 

MR imaging and hyperattenuating shadows in CT 

involving nasal turbinates and septum (n=4; 26%) (Figure 

6).33  

Paranasal sinus involvement 

T1 hypo-intensity or T2/FLAIR heterogeneously 

hyperintense mucosal thickening seen interspersed with air 

foci in maxillary sinus (n=15;100%) among which nine 

patients having bilateral involvement (n=9; 60%). Similar 

hyperintense area seen involving ethmoidal sinus in 10 

patients [n=10, 66%; b/l (n=5, 50%); u/l (n=5, 50%)], 

frontal sinus in nine patients (n=9; 60%) and sphenoidal 

sinus in seven patients (n=7; 46%).  

Extension of the lesion 

Spread of infection into adjacent facial spaces are 

illustrated by significant inflammatory changes in the form 

of ill-defined STIR/T2W/FLAIR hyperintense areas and 

heterogenous enhancement in post gadolinium contrast, 

most commonly seen involving buccal space 

(n=15;100%); masticator space (n=10; 66%), 

infratemporal fossa (n=9; 60%) and pterygopalatine fossa 

(n=6; 40%). All patients showed unilateral involvement of 

the affected side with an exception of one patient (case 6) 

showing bilateral pterygopalatine fossa. Additionally, 

parapharyngeal space (n=1; 6%) and pterygoid fossa 

(n=2;13%) were also involved (Figure 7). 

Soft tissue involvement 

Regional soft tissue involvement seen majorly with peri-

antral pad of fat illustrated as T1W heterogenous 

hyperintense oedematous soft tissue shadow with fat 

stranding of the affected side (n=15;100%) among which 

two patients showed bilateral involvement (n=2; 13%). 

Among the muscles of mastication, lateral pterygoid 

muscle has major involvement (n=10; 66%); medial 

pterygoid muscle (n=6; 40%); masseter muscle (n=6; 

40%) and temporalis muscle (n=5; 33%). One patient 

showed inflammatory changes in the form of high STIR 

signal intensity in antero-superior lobe of left parotid gland 

(n=1;6%). Cavernous sinus inflammation with 
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Amaran EGYN et al. Int J Otorhinolaryngol Head Neck Surg. 2022 Nov;8(11):908-917 

                                                                                              
                       International Journal of Otorhinolaryngology and Head and Neck Surgery | November 2022 | Vol 8 | Issue 11    Page 911 

thrombophlebitis of involved internal carotid artery is seen 

in one patient (n=1;6%) (Figure 7). 

Orbital involvement 

Five among 15 patients (n=5; 33%) showed peri-orbital 

inflammatory changes as T2W hyperintense shadow of 

affected eye (n=5; 100%). Extension of the lesion into 

orbital space seen in all 5 patients among which three 

patients having both extra and intraconal spaces (n=3; 

60%) and 2 patients individually (n=2; 40%). Regional 

ocular muscle involvement with bulky rectus and oblique 

muscles with heterogenous STIR hyperintensities seen in 

all 5 patients (n=5; 33%).  

Optic nerve involvement seen in 2 patients (n=2; 13%) 

illustrated as abutment of optic nerve (case 5) and optic 

neuritis (case 6) seen respectively. Global involvement 

showed tenting of globe seen in 2 patients depicting “guitar 

pick” sign (n=2; 40%) (Figure 8). 

Cerebral involvement 

Cerebral ischemic changes leading to infarct of brain seen 

in 4 patients (n=4; 26%) among which 2 patients had subtle 

T2/FLAIR hyperintensities noted in bilateral corona 

radiata, centrum semiovale and deep white matter (n=2; 

13%), one patient showed ill-defined hyperintense FLAIR 

lesion in left basi-frontal region with restricted diffusion 

on DWI and ADC maps (n=1; 6%) and one patient with 

acute infarct changes in antero-frontal lobe of brain 

(n=1;6%). 2 patients (n=2; 13%) showed cerebral sinus 

changes involving unilateral cavernous sinus 

inflammation (n=1; 6%) and hypoplastic transverse and 

sigmoid sinus (n=1; 6%) respectively (Figure 8). 

An appropriate staging system for categorising the severity 

of ROCM disease is not yet recognised, hence a working 

classification was built in order to categorise the extent of 

the infection. Honavar S G produced a 4-tiered staging 

system involving anatomical structures in the path of its 

progression.7 Although this staging has several drawbacks, 

it appears to be a viable and practical staging mechanism. 

All 15 patients were staged according to this staging 

system. A difficulty faced in staging three patients as there 

were no orbital changes but had cerebral changes; as the 

staging according to Honavar is produced in a sequential 

manner. 

Management of mucormycosis 

Management of post COVID-19 mucormycosis patients 

depends on the stages involved and are broadly divided 

into medical; surgical and rehabilitation line of treatment. 

Patients with soft and hard tissue destruction were treated 

surgically when the affected areas are under accessible 

locations. Inaccessible areas were treated using medical 

line of management along with irrigative measures. 

Medical line of management 

Pro-drug of choice in treating mucormycosis is liposomal-

amphotericin B (L-AmB). An initial dose of L-AmB 1000 

mg – 1400 mg was given to patients according to their 

systemic conditions. Posaconazole or isavuconazole were 

prescribed as an alternative drug for AmB. Intensive 

surgical care is given to patients with aggressive 

conditions. 

Surgical approach 

Functional endoscopic sinus surgery (FESS) was the first 

line of approach for patients with nasal involvement. 

Extraction of periodontally compromised teeth along with 

partial or complete maxillectomy of the involved side. 

Complete debridement of necrosed soft tissue involving 

various facial spaces and PNS were performed followed 

by dressing with amphogel and antibiotic gel foam. 

Patients with complete orbital extension along with optic 

nerve involvement underwent enucleation of the affected 

eye. 

Post-surgical and follow up 

Post-surgical instructions along with prophylactic drugs 

were prescribed to prevent the recurrence of the infection 

with Sodium chloride 0.9% W/V nasal spray, BD for 90 

days; xylometazoline 0.1% W/V nasal drops, BD for 5 

days; tab immunace forte, OD for 15 days. A periodic 

follow-up for every 3 months was advised for the 

evaluation of signs of recurrence. Prosthetic rehabilitation 

of the post-surgical defects was performed with palatal 

obturators or with sectional dentures. Extra-oral post-

surgical defects were rehabilitated using extra-oral 

prosthesis (Figure 9). 

Histopathological and microbiological evidence 

Cytological investigation using KOH staining showed 

broad aseptate fungal hyphae with right angle branching 

were seen with clear cytoplasm. LCB staining showed 

similar mucorale appearances with bluish cytoplasm along 

with few round blastospores. Histopathological staining 

with H & E stain showed irregular broad, thick walled, 

non-septate hyphae branched at right angles with some 

inflammatory cell infiltration in interstitial tissue. Other 

stains used were periodic acid Schiff, Grocott 

methenamine-silver stains that help in highlighting the 

fungal wall. Sabouraud dextrose agar showed white cotton 

candy growth (Figure 10).
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Figure 3: Nasal and PNS involvement; (a) unilateral obliteration of OMC (white-arrow), enlargement of inferior 

turbinate (black-arrowhead), DNS (thick-white-arrow); (b) sinusitis-maxillary sinus (white-star); (c) frontal sinus 

(black-star); (d) ethmoidal sinus (black-arrow); and (e) sphenoidal sinus (white-arrowhead). 

 

Figure 4: Bony erosions and miscellaneous-palatal bone (star); maxillary sinus walls (white-arrow); alveolar bone 

(black-arrow); pterygoid plates (white-dashed-arrow); zygomatic arch (white-arrowhead); teeth exfoliation (thick-

black-arrow); orbital floor (thick-white-arrow); pathological fracture (black-arrowhead); nasal bone fracture 

(ring); and septal spur (black-dashed-arrow). 

 

Figure 5: Orbital and cerebral involvement; (a) periorbital edema with proptosis (white-arrow); (b) dehiscence of 

left lamina papyracea (black-arrow) with extension into extraconal space (thick-white-arrow); and (c) hypodense 

areas involving left superior frontal gyrus (black-arrow-head). 
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Figure 6: Nasal changes; bilateral concha bullosa (black-arrow) with fluid filled (white-arrow), enlarged inferior 

turbinate (thick-black-arrow) and obliteration of right OMC (white-arrowhead); “black turbinate” sign (white-

circle); T1W, T2W and contrast enhanced CT of fungal mycetoma (thick-white-arrow). 

 

Figure 7: Extension; spaces- buccal (white-arrow), masticator (black ring), pterygoid (white-dashed-arrow), 

pterygopalatine fossa (black-arrow), infratemporal fossa (thick-white-arrow); muscle involvement- masseter 

(white-arrow-head), lateral-pterygoid (black-dashed-arrow), medial-pterygoid (black-arrowhead), temporalis 

(thick-black-arrow); and soft tissue involvement- buccal-pad-fat (star), parotid gland (white ring). 

 

Figure 8: Orbital- ocular-proptosis (thick-white-arrow); extraconal and intraconal space (white-dashed-arrow); 

optic nerve abutment (thick-black-arrow); guitar-pick sign (black-star); bulky rectus and oblique muscles (black-

arrowhead); cerebral- antero-frontal lobe (white-ring); hypoplastic transverse (black-arrows) and sigmoid (black-

dashed-arrows) sinuses; and basi-frontal region (star). 

c d 

a 

b 

e 

f 

b 

a 

d 

e c g 

f 

b 

a 

d 

e 

c g 



Amaran EGYN et al. Int J Otorhinolaryngol Head Neck Surg. 2022 Nov;8(11):908-917 

                                                                                              
                       International Journal of Otorhinolaryngology and Head and Neck Surgery | November 2022 | Vol 8 | Issue 11    Page 914 

 

Figure 9: Management of mucormycosis: (a) surgical management with complete maxillectomy along with post 

operative suturing; (b) post-surgical follow-up after 4-6 months; and (c) prosthetic rehabilitation with complete 

denture and obturator. 

 

Figure 10: (a) Post-surgical excised specimens; (b) LCB stain- aseptate hyphae with right angled branching (thin-

white-arrow) and sporangium (white-dashed-arrow); (c) broad, irregular, thick walled, hyphae in H&E and (d) 

PAS stain; and (e) culture- fluffy white-brown growth in SDA.  

DISCUSSION 

Mucormycosis is an opportunistic invasive fungal sinusitis 

that can be either acute or chronic based on the nature of 

spread. These have high mortality and morbidity rates 

based on underlying patient’s condition.3 Based on the 

present study, we found that the presence of SARS-COV-

2 infection does not initiate mucormycosis but the steroidal 

therapy given to COVID-19 patients along with the 

contaminated environment triggers the incidence of 

mucormycosis. Also, there is evidence of immune 

impairment due to COVID-19 infection preventing the 

polymorphonuclear phagocytes from attacking the fungal 

spores upon entry.8 

Mucormycosis is caused by a group of moulds belonging 

to the Mucoromycotina subphylum and order Mucorales.9 

These organisms are present in various parts of the 

environment but mainly found in soil, decayed food 

products, and plants. The main route of entry of the 

infection is by inhaling the spores or fungal hyphae or by 

consuming the contaminated edibles.10 Mucorales have a 

characteristic trait of spreading across the blood vessels 

causing necrosis and thrombosis.11 Different host 

conditions like high iron level (ferritin), high blood 

glucose levels, ketoacidosis provides favourable 

conditions for the growth of the organisms.12 

The present study showed many patients have developed 

post diabetic conditions (n=9; 60%) as a complication of 

the steroidal therapy which were more susceptible for the 

infection. All patients experienced prodromal symptoms 

like fever, headache, nausea, diarrhoea facial pain.13 

Clinical features include swelling of the affected 

secondary to accumulation of inflammatory exudate in the 

subcutaneous region, chronic solitary non-healing ulcer of 

alveolar and palatal mucosa leading to exfoliation of teeth 

secondary to angio-invasive nature of the disease leading 

to necrosis and infarction of the involved tissues. Necrotic 

degeneration and cellular debris of the tissues by fungal 
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species causes black coloured nasal discharge. 

Accumulation of inflammatory exudate in peri-orbital 

region causes compression of optic nerve leading to altered 

vision and blindness of the infected eye.14 

The common imaging features according to literature 

using advanced medical imaging like CT and MRI 

involving craniofacial structures were evaluated.15 Nasal 

changes in CT scan consists mainly of enlarged turbinates 

due to invasion fungal foci causing destruction and 

oedematous accumulation leading to DNS towards 

opposite side. Irregular hypo-attenuating shadows 

involving various bony structures like alveolar bone, hard 

palate, walls of maxillary sinus, zygomatic bone, orbital 

walls, pterygoid plates etc. suggestive of bony perforations 

creating an entry to the adjacent areas.16-19 An early MRI 

sign of disease manifested as typical “black turbinate” sign 

of the involved turbinate seen as hypo-intense shadow in 

post gadolinium contrast imaging due to lack of uptake of 

the dye secondary to its destruction.20-22 Extra sinus fat 

stranding into premaxillary region, fascial and orbital 

spaces were illustrated as altered signal intensities in T1W 

and T2W images.23 Regional muscular involvement 

presented with various illustrations like ill-defined STIR 

hyperintensities, heterogeneously enhanced post contrast 

T1W and T2W imaging and bulkier regional muscles.24 

Inflammatory extension into orbital space can lead to optic 

nerve abutment and optic neuritis which manifest as 

altered vision. Orbital inflammatory response manifest as 

periorbital cellulitis causing to proptosis of eye and leading 

to deformity involving dorsal part of globe demonstrating 

classical “guitar pick sign”.25,26 Cerebral involvement is 

minimal in the initial stages of the infection. Extension to 

brain tissue demonstrates as heterogeneously hypo-intense 

T1W and T2W/DWI hyperintensity of infarct grey or 

white matter and dural structures. Cerebral sinuses and 

carotid artery are well illustrated in MR venography as 

hypo-intense discontinuity of flow suggestive of 

thrombotic changes.27,28 

Apart from these common features, few rare presentations 

involving uncommon sites were also illustrated in this 

present study which are less documented in literature. CT 

imaging showed a rare entity of pathological fracture of 

normal bone adjacent to diseased bone due to its 

weakening secondary to mucormycosis involving maxilla 

and nasal bones.29,30 Individuals having good immunity 

showed host response against infection in the form of 

irregular hyperdense sclerosis of cortical bone of sinus 

walls and zygomatic bone. In our case series similar 

presentations were shown involving nasal septum 

associated with mucormycosis is a rare phenomenon.31,32 

Fungal mycetoma is an extra-mucosal accumulation of 

fungal species which is most commonly associated with 

aspergillosis and less with mucormycosis.15 As per 

literature, maxillary sinus is a common site of occurrence 

but in present study, these were seen involving affected 

turbinates and nasal septum.33,34 Mucormycosis involving 

parotid gland still remains an uncommon extension. In 

previous literature only few cases have been documented 

with various levels of tissue involvement. A mild 

extension to anterior aspect of superficial lobe was noted 

in one patient which was well illustrated in STIR MRI.35,36 

Management of mucormycosis at an early stage is 

necessary to preserve vital structures. Early diagnosis 

using appropriate imaging modalities can guide for precise 

treatment plan and can reduce the mortality rates of the 

patients. Complete debridement with surgical resection 

should be performed for extensive lesion followed by 

prophylactic doses of antifungal drugs to prevent the 

recurrence rate of mucormycosis.37 

CONCLUSION 

The current study sheds light on multiple findings of 

various maxillofacial imaging modalities that correlates 

with clinical data of 15 patients. Mucormycosis is an 

aggressive disease that can involve various soft and hard 

tissues producing different presentations. Imaging played 

a crucial role and revealed some unseen features affecting 

peculiar sites. Radiologist must be aware of unusual 

presentations of mucormycosis in uncommon sites that 

helps in early diagnosis leading to better prognostic 

outcome A routine post-surgical follow-up with advanced 

imaging was done to ensure remission and complete 

absence of recurrence before moving to rehabilitation. 

Funding: No funding sources 

Conflict of interest: None declared 

Ethical approval: Not required 

REFERENCES 

1. Iyer M, Jayaramayya K, Subramaniam MD, Lee SB, 

Dayem AA, Cho SG, Vellingiri B. COVID-19: an 

update on diagnostic and therapeutic approaches. 

BMB Rep. 2020;53(4):191-205. 

2. Gibson PG, Qin L, Puah SH. COVID‐19 acute 

respiratory distress syndrome (ARDS): clinical 

features and differences from typical pre‐COVID‐19 

ARDS. Med J Aust. 2020;213(2):54-6. 

3. Mahalaxmi I, Jayaramayya K, Venkatesan D, 

Subramaniam MD, Renu K, Vijayakumar P, 

Narayanasamy A, Gopalakrishnan AV, Kumar NS, 

Sivaprakash P, Rao KR. Mucormycosis: an 

opportunistic pathogen during COVID-19. Env Res. 

2021;201:111643. 

4. Ibrahim AS, Spellberg B, Walsh TJ, Kontoyiannis 

DP. Pathogenesis of mucormycosis. Clin Infect Dis. 

2012;54(1):S16-22. 

5. Reid G, Lynch JP, Fishbein MC, Clark NM. 

Mucormycosis. Presented at the Seminars in 

Respiratory and Critical Care Medicine. Thieme 

Medical Publishers. 2020;99-114. 

6. Therakathu J, Prabhu S, Irodi A, Sudhakar SV, 

Yadav VK, Rupa V. Imaging features of 

rhinocerebral mucormycosis: a study of 43 patients. 

Egypt J Radiol Nuclear Med. 2018;49(2):447-52. 



Amaran EGYN et al. Int J Otorhinolaryngol Head Neck Surg. 2022 Nov;8(11):908-917 

                                                                                              
                       International Journal of Otorhinolaryngology and Head and Neck Surgery | November 2022 | Vol 8 | Issue 11    Page 916 

7. Honavar SG. Code mucor: guidelines for the 

diagnosis, staging and management of rhino-orbito-

cerebral mucormycosis in the setting of COVID-19. 

Indian J Ophthalmol. 2021;69(6):1361-5. 

8. Almas T, Nazar W, Khedro T, Kanawati MA, Adnan 

A, Almuhaileej M, Alshamlan A, Abdulhadi A, 

Manamperi KT, Sarfraz S. COVID-19 and 

mucormycosis superinfection: Exploring the missing 

pathophysiological links. Ann Med Surg. 

2021;68:102655. 

9. Ibrahim AS, Kontoyiannis DP. Update on 

mucormycosis pathogenesis. Curr Opin Infect Dis. 

2013;26(6):508. 

10. Ben-Ami R, Luna M, Lewis RE, Walsh TJ, 

Kontoyiannis DP. A clinicopathological study of 

pulmonary mucormycosis in cancer patients: 

extensive angioinvasion but limited inflammatory 

response. J Infect. 2009;59(2):134-8. 

11. Sharma S, Grover M, Bhargava S, Samdani S, 

Kataria T. Post coronavirus disease mucormycosis: a 

deadly addition to the pandemic spectrum. J 

Laryngol Otol. 2021;135(5):442-7. 

12. Awal SS, Biswas SS, Awal SK. Rhino-orbital 

mucormycosis in COVID-19 patients—a new threat? 

Egypt J Radiol Nuclear Med. 2021;52(1):1-6. 

13. Pal P, Chatterjee N, Ghosh S, Ray BK, 

Mukhopadhyay P, Bhunia K, Srivastava SR, 

Adhikari S, Barman D, Banerjee B, Mukhopadhyay 

M. COVID associated mucormycosis: a study on the 

spectrum of clinical, biochemical and radiological 

findings in a series of ten patients. J Assoc Physicians 

India. 2021;69(10):11-2. 

14. Malhotra HS, Gupta P, Mehrotra D, Dandu H, Kohli 

N, Verma V, et al. COVID-19 associated 

mucormycosis: Staging and management 

recommendations (Report of a multi-disciplinary 

expert committee). J Oral Biol Craniofac Res. 

2021;11(4):569-80. 

15. Aribandi M, McCoy VA, Bazan III C. Imaging 

features of invasive and noninvasive fungal sinusitis: 

a review. Radiographics. 2007;27(5):1283-96. 

16. Chandramouli MP, Sankaranarayanan G, Prasanna 

RV. Imaging in rhino-orbital mucormycosis. J Evol 

Med Dent Sci. 2018;7(11):1385-90. 

17. Mazzai L, Anglani M, Giraudo C, Martucci M, 

Cester G, Causin F. Imaging features of rhinocerebral 

mucormycosis: from onset to vascular complications. 

Acta Radiologica. 2022;63(2):232-44. 

18. Tamijeselvan S. CT and MR imaging in the diagnosis 

of mucormycosis in COVID-19 era - an overview. Int 

J Sci Healthcare Res. 2021;6(2):222-7.  

19. Subramanian S, Manchikanti V, Skandhan AKP. A 

case series of mucormycosis maiming post-covid 

patients. Int J Med Rev Case Rep. 2021;5(14):1-4. 

20. Kondapavuluri SK, Anchala VKreddy, Bandlapalli 

S, Gorantla R, Danaboyina AR, Kondapavuluri BK, 

et al. Spectrum of MR imaging findings of sinonasal 

mucormycosis in post COVID-19 patients. Br J 

Radiol. 2021;94:20210648. 

21. Han Q, Escott EJ. The black turbinate sign, a 

potential diagnostic pitfall: evaluation of the normal 

enhancement patterns of the nasal turbinates. Am J 

Neuroradiol. 2019;40(5):855-61. 

22. Safder S, Carpenter JS, Roberts TD, Bailey N. The 

“Black Turbinate” sign: an early MR imaging finding 

of nasal mucormycosis. Am J Neuroradiol. 

2010;31(4):771-4. 

23. Herrera DA, Dublin AB, Ormsby EL, Aminpour S, 

Howell LP. Imaging findings of rhinocerebral 

mucormycosis. Skull base. 2009;19(02):117-25. 

24. Usmani Y, Shukla B, Kumar S, Dubey M, Asif M. 

Radiological Imaging Findings of Rhino-Orbito-

Cerebral Mucormycosis in COVID and Post-COVID 

Patients--A Descriptive Study of 200 Patients. J Evol 

Med Dent Sci. 2021;10(39):3470-4. 

25. Nguyen VD, Singh AK, Altmeyer WB, 

Tantiwongkosi B. Demystifying orbital emergencies: 

a pictorial review. Radiographics. 2017;37(3):947-

62. 

26. Joshi AR, Muthe MM, Patankar SH, Athawale A, 

Achhapalia Y. CT and MRI findings of invasive 

mucormycosis in the setting of COVID-19: 

experience from a single center in India. Am J 

Roentgenol. 2021;217(6):1431-2. 

27. Mahalingam HV, Mani SE, Patel B, Prabhu K, 

Alexander M, Fatterpekar GM, Chacko G. Imaging 

spectrum of cavernous sinus lesions with 

histopathologic correlation. Radiographics. 

2019;39(3):795-819. 

28. Starkey J, Moritani T, Kirby P. MRI of CNS fungal 

infections: review of aspergillosis to histoplasmosis 

and everything in between. Clin Neuroradiol. 

2014;24(3):217-30. 

29. Marshall RA, Mandell JC, Weaver MJ, Ferrone M, 

Sodickson A, Khurana B. Imaging features and 

management of stress, atypical, and pathologic 

fractures. Radiographics. 2018;38(7):2173-92. 

30. Padman M, Rosenfeld SB, Belthur MV. Pathological 

Fractures with Osteomyelitis. Pediatric 

Musculoskeletal Infect. Springer, Cham. 2022;383-

409.  

31. Schubert R. Bony nasal septal spur bridging the 

middle meatus. Case study. Available at: 

https://radiopaedia.org/cases/bony-nasal-septal-

spur-bridging-the-middle-meatus. Accessed on 09 

Aug 2022.  

32. Moorthy PN, Kolloju S, Madhira S, Jowkar AB. 

Clinical study on deviated nasal septum and its 

associated pathology. Int J Otolaryngol Head Neck 

Surg. 2014;3(2):75-81. 

33. Kim SC, Ryoo I, Shin JM, Suh S, Jung HN, Shin SU. 

MR findings of fungus ball: significance of high 

signal intensity on T1-weighted images. J Korean 

Med Sci. 2020;35(3). 

34. Ciger E, Demiray U, Onal K, Songu M. An unusual 

location for a fungus ball: the concha bullosa. J 

Laryngol Otol. 2012;126(8):844-6. 

35. Chandu A, MacIsaac RJ, MacGregor DP, Campbell 

MC, Wilson MJ, Bach LA. A case of mucormycosis 



Amaran EGYN et al. Int J Otorhinolaryngol Head Neck Surg. 2022 Nov;8(11):908-917 

                                                                                              
                       International Journal of Otorhinolaryngology and Head and Neck Surgery | November 2022 | Vol 8 | Issue 11    Page 917 

limited to the parotid gland. Head & Neck. 

2005;27(12):1108-11. 

36. Deb A, Pathak P, Sreedharan S, Rao AC, Patil V. A 

rare case of parotid mucormycosis diagnosed on 

aspiration cytology. Diagnostic Cytopathol. 

2021;49(4):552-4. 

37. Rothe K, Braitsch K, Okrojek R, Heim M, Rasch S, 

Verbeek M, Schmid RM, Busch DH, Lahmer T. 

Clinical and microbiological features and outcomes 

of mucormycosis in critically ill patients. Int J Infect 

Dis. 2021;109:142-7. 

 

 

 

 

 

 

 

 

 

Cite this article as: Amaran EGYN, Puranik SR, 

Puranik RS, Ramdurg P, Srinivas N, Ramesh S. 
Unravelling features in post COVID mucormycosis: 

case series with review of literature. Int J 

Otorhinolaryngol Head Neck Surg 2022;8:908-17. 

 


