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Abstract Mucormycosis is an opportunistic fungal infec-

tion. India faced an unprecedented increase in patients with

post coronavirus disease 2019 (COVID-19) associated

rhino-orbito-cerebral mucormycosis (ROCM). This study

proposes a grading system which correlates the extent of

the disease with the management plan. An observational

study was conducted January 2021–June 2021. We iden-

tified 65 patients. Eleven patients had mild disease, 27

patients had moderate, 16 patients were severe and 11

patients were graded as very severe. The management was

planned based on this grading system. Early diagnosis,

aggressive surgical debridement and antifungal drug ther-

apy is the key to improve survival in ROCM. Procedures

such as endoscopic orbital clearance, sublabial maxillec-

tomy, and modified endoscopic Denkers (MED) approach

facilitate access and surgical debridement. The new grad-

ing system proposed assists in planning the approach and

extent of surgical debridement.
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Introduction

Mucormycosis is an opportunistic fungal infection caused

by group of filamentous molds from the order Mucorales

within the zygomycete family. They are involved in

infections of different body parts, such as the nose and

sinuses, eyes, brain, lungs, gastrointestinal tract and skin.

They mainly affect individuals with underlying immuno-

compromised conditions. Only 6–10% of cases occur in

subjects without underlying disease. The pathological

feature of this infection is angio-invasion, thrombosis and

subsequent necrosis of tissue. The treatment of mucormy-

cosis is control of the immunosuppressive state, early and

aggressive surgical debridement and antifungal therapy

[1–3]. Chamilos et al. have reported a mortality rate of 46%

in patients with mucormycosis [4].

The incidence of mucormycosis in the literature world

wide varies from 0.005 to 1.7 per million population [5].

Epidemiological studies have reported the prevalence in

India to be 80 times higher in the preCOVID era (0.14 per

1000) [6, 7].

An alarming increase in cases with ROCM and COVID

19 infection was seen especially during the second wave

COVID 19 pandemic in India. Numerous risk factors such
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as uncontrolled diabetes mellitus, immunocompromised

states (due to administration of corticosteroids) and iron

overload were considered responsible for this notifiable

epidemic of COVID 19 associated ROCM.

The management of such a large number of mucormy-

cosis patients was a challenge to an already stretched

medical infrastructure associated with a scarcity of injec-

tion amphotericin. We devised a grading system based on

clinical evaluation and imaging to optimize treatment

protocols. This enabled a standardized level of care to all

the patients.

Methods

This was an observational study performed at a tertiary

care teaching hospital from January 2021–June2021. All

patients who presented with a clinical suspicion of ROCM

were evaluated in the ENT OPD. An expedited institutional

ethical committee clearance was obtained for the study. A

written informed consent was taken from all patients

admitted for ROCM for being part of the study.

ENT OPD Protocol

A thorough history was taken, with specific focus on his-

tory of facial pain, dental pain and loose teeth, loss of

sensation of the cheek, blurred vision, diplopia, blindness,

and headache.

Diagnostic nasal endoscopy was performed for all

patients to look for the presence of black eschar or crusts.

Nasal swabs from the middle turbinate were obtained

and sent for 10% potassium oxide (KOH) staining.

All patients were referred for imaging. Contrast

enhanced computerized tomography (CT) scan was used as

the primary imaging modality. Patients with suspected

intraorbital, neurovascular or intracranial involvement

were referred directly for contrast enhanced Magnetic

resonance imaging (MRI).

The CT scan protocol is outlined in Table 1 and the MRI

protocol is outlined in Table 2.

A team consisting of ENT surgeons, physicians, oph-

thalmologists, pathologists, microbiologists and, infectious

disease specialists reviewed the reports of all patients with

confirmed RCOM. A management plan for each patient

was formulated based on the grading of the disease.

Table 3 gives the grading system used and the proposed

treatment options.

Treatment

On admission, patients and their families were counselled

regarding the nature of the disease and the need for a

combined modality of treatment comprising of medication

and surgical debridement.

In all patients suspected to be suffering from ROCM

intravenous (IV) amphotericin was started immediately. IV

liposomal amphotericin was started at a dose of 5–10 mg/

kg and continued till patients showed signs of recovery

clinically and radiologically. Due to the sudden surge in

cases and nationwide shortage of amphotericin B,

Posaconazole tablets were administered along with

amphotericin on hospital admission. Posaconazole was

administered orally as 300 mg twice daily on day 1, fol-

lowed by 300 mg once daily day for four to six weeks.

Serum Posaconazole levels were evaluated weekly.

Surgical Techniques

Endoscopic Nasal and Sinus Debridement

Extensive nasal debridement of mucosa and bone was done

till a good vascular bed was visualized for patients with

mild disease. Intraoperatively, discharge and/or crusts were

collected for KOH mount, PAS, GM staining, culture

sensitivity and histopathology. Mucosal tissue, as well as

involved bone, was sent for frozen section evaluation.

Extended Endoscopic Nasal and Sinus Surgery

For patients with moderate disease a MED was performed.

This facilitated removal of disease from the retro antral or

peri antral areas, such as the pterygoid plates, pterygo-

maxillary fossa and infratemporal fossa.

The lamina papyracea was removed in all patients who

presented with orbital involvement on imaging. In patients

Table 1 CT Protocol

128 channel multislice CT scanner; detector configuration: 64 9 0.625

Field of view (FOV): 180 mm

Slice thickness: 0.67mms; Slice increment / recon thickness: 0.34mms

Bone algorithm / sharp filters for bone details

Intravenous contrast: 80 ml of Iohexol 350 mg/I (OmnipaqueTM; GE Healthcare,) in a dose of 2.0–3.0 ml / second with a pressure injector

followed by a saline chaser. Scanning is commenced after a delay of 60–70 s after injection
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with only inflammatory changes in the orbit (i.e., fat

stranding, bulky orbital muscles), retrobulbar amphotericin

was injected either transcutaneously by the oculoplastic

surgeon or endoscopically.The retrobulbar amphotericin

was prepared according to the recommendations of the

Ophthalmology Society of India, in which 10 ml sterile

water was mixed in 50 mg amphotericin B, and 7 ml of this

liquid was then mixed with 3 ml of water, resulting in a

final constitution of 3.5 mg in 1 ml. Three ml of this

reconstituted solution was injected.

Sublabial Maxillectomy

In patients with involvement of premaxillary soft tissue and

/ or involvement of alveolar and palatal bone a sublabial

approach was used to remove all the diseased bone and soft

tissue sparing the palatal mucosa.

Total Maxillectomy

Total maxillectomy was performed for patients with

involvement of the anterior and lateral walls of the maxilla,

subcutaneous tissue of the cheek, alveolar bone and palate.

This was performed by either the sub-labial or external

approach.

Endoscopic Orbital Clearance

In patients with intraorbital extension endoscopic orbital

debridement was performed. All tissues affected by the

disease were removed. The optic nerve was preserved.

Orbital Exenteration

Lid sparing orbital exenteration was performed when there

was involvement of the globe, orbital apex, and intraconal

Table 2 MRI protocol for patients of Mucormycosis

Sr. No Sequence Imaging plane

1 3D FLAIR (fluid attenuated inversion recovery) Axial, coronal, sagittal

2 EPI DW (diffusion weighted) for brain Axial

3 SWI ( susceptibility weighted) for brain; optional Axial

4 STIR (short tau inversion recovery) Axial, coronal

5 TIW Axial, coronal

6 Fat suppressed post-contrast TIW Axial, coronal

7 Non-EPI TSE DW (diffusion weighted) for PNS and orbits; optional Axial

Table 3 Grading system of mucormycosis patients

Extent Plan

None Clinical suspicion with negative findings on imaging Keep patient on regular follow up in ENT OPD with nasal

endoscopy

Mild Involvement of Nasal cavity and Paranasal sinus Endoscopic nasal Debridement

Moderate Palate involved (sparing the palatal mucosa)

Premaxillary soft tissue Orbital involvement with no clinical

symptoms or signs of the same

Endoscopic nasal debridement with removal of lamina

papyracea. Denkers approach

Retrobulbar Amphoterecin injection

Sublabial palate mucosa sparing maxillectomy

Severe Palatal Ulcer

Orbital signs -ophthalmoplegia, proptosis, infraorbital swelling, vision

loss–Pterygopalatine Fossa

Infratemporal fossa

Total Maxillectomy

Endoscopic Orbital clearance

Lid sparing Orbital Exenteration

Very

severe

Sphenoid bone (Greater / lesser wing)

Clivus

Intracranial extension

(Cavernous sinus, internal carotid artery, meningeal involvement,

brain parenchyma)

Highest tolerable dose of Amphotereci

Maximum possible debridement / drilling the bone

Neurosurgery opinion
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tissues with no vision in the affected eye. For this decision,

the consent of two surgeons was required.

Postoperative Care

Patients were asked to use saline nasal washes daily. Nasal

endoscopy was performed weekly. Repeated endoscopic

nasal debridement was performed in patients showing

persistent disease.

The total duration of treatment was individualized for

each patient. All patients were advised to continue

posaconazole tablets 300 mg daily for 3 months.

Repeat imaging was performed if any new complaints or

complications were observed, or in patients not responding

to treatment satisfactorily.

Observation and Results

From January to June 2021, a total of 65 patients with post-

COVID19 ROCM were managed at this centre. Fifty one

were male and 14 female.

Fifty four were hospitalized and 11 were treated at home

for COVID 19. All the hospitalized patients received

oxygen during COVID 19 treatment for varied periods of

time, ranging from three to 14 days. All the patients

received steroids during COVID treatment. Twenty-two

patients were known diabetics, 39 patients were detected to

have high blood sugar levels during COVID 19 treatment

and 4 patients had high blood sugar levels when they

presented with ROCM.

According to our grading system, 11 patients had mild

disease, 27 patients had moderate disease, 16 patients were

severe and 11 patients were very severe.

Twenty patients underwent endoscopic nasal debride-

ment and 14 patients underwent MED. Fourteen patients

underwent total maxillectomy, nine of which were per-

formed by an external approach and five using a sublabial

approach.

Twenty-four patients were detected to have orbital

involvement. Thirteen of these patients underwent lid

sparing orbital exenteration, 3 patients underwent endo-

scopic orbital clearance and retrobulbar amphotericin was

administered to 8 patients.

Seven patients died due to mucor-related complications

(10.7%). All these patients had intracranial involvement.

Thirty-five patients were considered cured, as they have

shown good clinical improvement. The remaining patients

are still under treatment.

Discussion

Mucormycosis is an opportunistic fungal infection char-

acterised by infarction and necrosis of host tissues, which

results from the invasion of the vasculature by hyphae.

ROCM is the most common presentation and is secondary

to the inhalation of spores into the nose of a susceptible

host. All our patients had ROCM.

The incidence of mucormycosis varies from 0.005 to

1.7 per million population [4].

The mortality rate in mucormycosis infection is C 40%

despite aggressive surgical and polyene antifungal therapy.

In patients with hematologic malignancy or HSCT recipi-

ents the mortality rates are 65% and 90%, respectively

[8–10]. In our study the mortality rate was 10.7%. All the

patients who succumbed to the disease had intracranial

involvement. The reduced mortality rate may be due to

early diagnosis and intervention of these patients.

In the pre COVID era, the predisposing conditions for

mucormycosis were uncontrolled diabetes mellitus,

haematological malignancies, severe burns, malnutrition,

organ transplantation, long-term chemotherapy or

immunosuppressed conditions [11, 12].

The surge of ROCM post-COVID-19 infection was due

to inherent neutropenia and lymphopenia, presence of DM/

DKA, available free iron and high use of steroids as a part

of treatment [13]. All the patients in this study received

steroids. There have been many other theories, such as the

use of industrial oxygen, high levels of zinc and hospital-

acquired due to infected humidifiers; however, these have

not been scientifically proved. In our study, 11 patients

(17%) were neither admitted to a hospital or received

oxygen.

Mucormycosis has a reputation of being an acute fatal

infection. A high index of suspicion and a low threshold for

evaluation is essential for early diagnosis and treatment

which reduces morbidity and mortality. Early administra-

tion IV amphotericin and extensive surgical debridement

was done for all patients as delay in treatment of two to six

days increases mortality by more than 50% [14].

IV amphotericin (liposomal) is administered in the dose

of 5–10 mg per Kg body weight per day. After initial

treatment with IV amphotericin for several weeks along

with the achievement of clinical improvement, the

amphotericin is usually stepped down to oral posaconazole

or isavuconazole. In the step-down therapy, oral

posaconazole (delayed-release tablet) is given at a dose of

300 mg twice daily on the first day, followed by 300 mg

once daily. There is no evidence for the benefit of a

combination of drug therapy in the form of combining

amphotericin with an echinocandin at this stage. However,

as there was a shortage of amphotericin due to the
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increased demand so all patients were simultaneously

administered oral Posaconazole, 300 mg daily. A retro-

spective study had observed a potential benefit for the

above combination therapy in mucormycosis patients with

brain involvement, though the conclusion is debatable [15].

Serum concentration of oral posaconazole needs to be

monitored after a week of treatment and has to be kept at

least above 1 mcg/ml. This was done for all patients.

Non contrast CT scan detects early intra-sinus and peri-

sinus inflammatory changes without accompanying bony

wall erosions. CT is also useful in identifying abnormally

irregular / necrotic nasal turbinates / septal mucosa. Con-

trast enhanced CT can diagnose cavernous sinus throm-

bosis and show extent of necrosis within inflammatory soft

tissue and bone. MRI examinations are more accurate than

CT studies to in delineating vascular invasion, intracranial /

intraorbital extension and in assessment for early perineu-

ral spread. A non-contrast T2 weighted MRI with fat sat-

uration or short-TI inversion recovery (STIR) image can

raise suspicion for all above findings [16] which are con-

firmed on post-contrast fat suppressed sequences.

MRI of the sinuses and orbits showed three patterns with

largest number of cases showing iso to hypo intense

appearance of the fungal pathology on T2W images. The

T2 hypointense appearance is due to presence of iron and

manganese in the fungal elements [17] Post contrast ima-

ges showed three patterns, namely, intense enhancement of

abnormal soft tissue, heterogeneous, variable enhancement

and non-enhancing peri-sinus soft tissue / bone and primary

pathology. T2W signal or enhancement patterns, however,

are also seen in bacterial infections and are not reliable

markers for invasive fungal infection. Careful attention to

often subtle extra-sinus extension in the form of stranding

in the premaxillary region, retro-antral fat, intra-orbital fat

and in the pterygopalatine fossa are more specific pointers

suggesting possibility of an invasive fungal infection on

imaging, in the appropriate clinical setting. As described in

previous literature MRI has proven to be useful in detection

of complications like orbital cellulitis, cavernous sinus

thrombosis and ICA thrombosis with cerebral infarc-

tion [18, 19], A focally non-enhancing nasal turbinate or

septal mucosa on post-contrast MRI studies (‘black turbi-

nate’ sign) is suggestive of under/non-perfused tissue seen

as an early sign of invasive fungal involvement (Fig. 1).

Other imaging findings include mucosal thickening,

opacification of the paranasal sinuses with or without

cortical breach of the walls of the sinuses. Peri-sinus

extension of the pathology can be identified in the pre-

maxillary fat, retro-antral space and in the pterygopalatine

fossa / infratemporal fossa (Fig. 2). Spread to the intra-

conal or extraconal compartment of the orbit is well seen

on axial and coronal images which also identifies presence

of pathology in the orbital apex (Fig. 3a), superior and

inferior orbital fissures.MRI also demonstrates abnormal

signal and enhancement of the optic & oculomotor nerves,

peri-optic nerve sheath (Fig. 3b) and thrombosis of the

superior ophthalmic vein / cavernous sinus. Evaluation of

the adjacent brain is essential to document spread to the

cavernous sinus, internal carotid artery, meninges and

cerebral parenchyma. A limited bone high resolution

computed tomography (HRCT) is complementary to an

MRI examination for identifying marrow oedema in the

form of abnormal STIR signal and post-contrast enhance-

ment within the bony structures. Hence, a CT examination

after the MRI was also performed wherever deemed nec-

essary to evaluate the bony sinus walls, alveolar ridges,

palate and skull base structures.

A review of literature was done for staging of ROCM.

Rupa et al developed a 3 tiered staging system [20] and

Honovar [21] recently proposed a 4-tiered system. Mal-

hotra H S et al. recommended the use of a grid system for

the precise localization of disease process and staging [22].

The authors have proposed a grading system correlating the

extent with the proposed management plan. A higher grade

indicates more extensive surgical intervention.

In the present study, a frozen section of the tissue was

sent intraoperatively. This enabled the surgeon to do an

extensive surgical debridement immediately and reduced

the number of repeated surgical interventions. Literature

search proves the role of frozen section in diagnosing

mucor infections [23]; however, a comparative study

would be ideal to determine the exact sensitivity of frozen

section. Intraoperatively tissue was sent for fungal staining

Fig. 1 Axial fat-suppressed post-contrast MR image showing non-

enhancing left nasal turbinate (white arrows) depicting the ‘black

turbinate’ sign. Normal turbinate enhancement seen on right side (R).

Non-enhancing linear striations on right side (black arrows) are a

normal finding
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and culture, as well as histopathology to confirm the

diagnosis and look for microinvasion.

Aggressive radical surgery has been the mainstay of

surgical debridement for mucormycosis. In the past years,

advances in technology and expertise have made endo-

scopic approach the preferred technique. External approa-

ches are reserved for patients with extensive disease e.g.,

involvement of CNS or orbits [22]. Surgeries in such cases

include maxillectomy, orbital exenteration and or cranio-

facial resection. The aim of surgery is the debridement of

necrotic tissue. The extent of debridement is determined by

the ooze of fresh blood from the region of involvement.

The enhanced visibility offered by the endoscope allows

for better removal of necrotic tissue and preservation of

normal tissue [24]. It enhances visibility to anatomical

regions like the pterygopalatine and infratemporal fossa.

Endoscopic sinus surgery causes less operative morbidity.

The MED procedure enables access to the entire maxillary

sinus especially the anterior wall. The approach gives a

great exposure for clearance of disease from the ptery-

gopalatine and infratemporal fossa. The authors found this

Fig. 2 Non-contrast axial CT image a and axial fat-suppressed post-

contrast MR image b showing peri-sinus extension of the pathology

from an opacified right maxillary sinus (MS). Extension can be

identified in the right sided premaxillary fat (asterisks in a & b), retro-

antral space (oblique white arrows in a) and in the pterygopalatine

fossa (horizontal black arrow in b)

Fig. 3 Axial a and coronal b fat-suppressed post-contrast MR images

showing enhancing soft tissue (T) at the right orbital apex with

intracranial extension (oblique white arrows in a). Retro-orbital

enhancing tissue (oblique white arrows in b) is present with

enhancement of the right optic sheath (vertical white arrow in b).

Focal necrotic non-enhancing mucosal lining noted in the right

maxillary sinus (horizontal white arrows in b)
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approach to be very helpful in the management and post-

operative surveillance of patients with ROCM.

To summarise:

1) The presentation of mucormycosis patients in the

post-COVID scenario is the same as that reported in

pre-COVID times.

2) All affected patients presented with high glucose

levels at the time of detection of mucormycosis.

3) Grading the disease at presentation assists in the

planning of surgical debridement.

4) Immediate debridement with initiation of ampho-

tericin injection due to high suspicion of mucormy-

cosis is ideal.

5) Intraoperative frozen section assists in rapid diagnosis

and subsequent extensive surgical debridement.

6) Posaconazole, as an adjuvant drug, is beneficial,

7) Various possible modalities of debridement and

disease clearance may be utilised and the plan should

be customized for each patient.

Conclusion

There has been a significant escalation of cases of rhino-

orbital-cerebral mucormycosis infection in post-COVID

patients. All patients with mucormycosis presented with

high blood sugar levels. Early diagnosis, aggressive sur-

gical debridement and antifungal drug therapy is the key to

improve survival. Procedures such as endoscopic orbital

clearance, sublabial maxillectomy, and Denker’s approach

may facilitate access and surgical debridement. Posacona-

zole has emerged as an effective alternate/adjunct anti-

fungal drug in the management of these patients; however,

more randomised trials are required.

The new staging system proposed in this study assists in

the proper counselling of patients and planning the

approach and extent of surgical debridement.

With a fear of a third wave involving more mutations of

the virus, this experience of mucormycois definitely pro-

vides insight regarding its causes in a tertiary care Indian

centre managing both COVID infections and now

mucormycosis. Additionalsimilar reports are requiredfor a

better understanding of the outcomes of this invasive fun-

gal infection.
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