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Introduction: 

COVID-19 is associated with a significant risk of development of life-threatening complications depending on the host's immune 

status, presence of co-morbid conditions, drugs used to counter the massive inflammatory airways constriction and subsequent 

cytokine storm. [1-5] These complications can pave way to opportunistic infections with associated complications like 

mucormycosis—a fungal emergency and acute rare fulminant fatal infection. It has a highly aggressive tendency for contiguous 

spread, associated with a poor prognosis, if not accurately and promptly diagnosed and managed. [6] Classically, uncontrolled 

diabetes mellitus (DM) and other immunosuppressive conditions such as neutropenia and corticosteroid therapy are known risk 

factors for mucormycosis. [7] The establishment of mucormycosis requires spores inhalation onto the airways or any vulnerable 

epithelium; germinating into angio-invasive hyphae—utilising host conditions such as hyperglycemia, ketoacidosis, iron overload 
and neutropenia— causing endothelial damage, leading to local hemorrhage, thrombosis and necrosis; and eventual dissemination 

to involve multiple organs. [7,8] Amongst all types, Rhino-Orbito-Cerebral-Mucormycosis (ROCM) needs early recognition, and 

treatment for successful outcome. 

The present series is an observational study of 47 cases of ROCM intended to discuss the incidence, presentation and 

management strategies.  

 

Methodology: 

Hospital records of patients, including other details, who had undergone treatment for Corona Associated Mucormycosis (CAM) 

during the period May 2021 to October 2021 at the centres/hospitals were reviewed retrospectively to analyse the incidence and 

the pattern of infection along with treatment instituted. The relevant demographic & other details of the patients are presented in 

Table 1.  

 

Table 1: Master table depicting demographic and other relevant details 
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1 63 M Bilateral 
Mandible 

None Post 
covid 

DM 

Remdesivir
Steroids 

3 8 Extract
ion 

and 

biopsy 

1 Pelvimandibulectomy 
from angle to angle 

4.5 6 None Good None Bone 
grafting 

N 

2 55 F Rt. 

Maxilla, 

Ethmoid, 

Sphenoid, 

Frontal 

sinuses 

DM Covid  Remdesivir

Steroids 

4 8 FESS 2 Rt. total 

maxillectomy, 

ethmoidectomy, 

sphenoidectomy, 

frontal exploration 

5 7 None Good Obturator  Not 

planned 

N 

3 64 M Bilateral 

Maxilla, 

Lt. 

Ethmod  

DM Covid  Remdesivir

Steroids 

3 7.

5 

FESS 1 Rt. Low 

maxillectomy, Lt. 

Maxillectomy, orbital 

floor removal, Lt. 

Ethmoidectomy.  

4.5 6 None Good Primary 

closure 

Quad 

Zygoma 

N 

4 37 M Rt. 
Mandible 

None Post 
covid 

DM 

Remdesivir
Steroids 

5 8 None Non
e 

Rt. 
Pelvimandibulectomy 

with coronoidectomy 

4.5 7 None Good Secondary 
healing 

Bone 
grafting 

N 

5 61 M Bilateral 

Maxilla 

DM Covid  Remdesivir

Steroids 

3 8.

5 

Extract

ion 

and 

biopsy 

1 Bilateral Low 

Maxillectomy 

4.75 7 None Good Primary 

closure 

Quad 

Zygoma 

N 

6 55 F Bilateral 

Maxilla 

DM, 

HT 

Covid  Remdesivir

Steroids 

3 8.

2 

None Non

e 

Lt. maxillectomy 

orbital floor removal, 

Rt. Caldwell Luc 

4.75 6 None Good Primary 

closure 

Not 

planned 

N 

7 25 M Lt. 

Maxilla, 

Ethmoid, 

Sphenoid, 

Rt anterior 
alveolus 

Leukem

ia on 

Chemot

herapy 

Covid  Remdesivir

Steroids 

5 5.

6 

None Non

e 

Lt maxillectomy, 

ethmoidectomy, 

sphenoidectomy, 

orbital floor removal, 

Rt maxillary 
alveolectomy till 13. 

5 7 None Good Obturator  Bone 

grafting 

N 

8 34 M Rt 

Maxillary, 

Ethmoid, 

Sphenoid, 

Orbit 

None Post 

Covid 

DM 

Remdesivir

Steroids 

3.5 10

.1 

FESS 2 Rt. 

Maxillectomyethmoi

dectomy, 

sphenoidectomy, 

orbital floor removal 

4.5 6 None Good Primary 

closure 

Prosthes

is 

N 

9 56 M Lt.Maxilla DM, 

HT 

Covid  Remdesivir

Steroids 

3.5 9.

8 

None Non

e 

Lt. Low 

maxillectomy. 

4.75 8 None Good Primaryclo

sure 

Prosthes

is 

N 

10 64 F Mid Palate DM Covid  Remdesivir

Steroids 

4 8.

3 

Biopsy 1 Bilateral palatectomy 

saving alveolus and 

teeth 

5 7 None Good Obturator Not 

planned 

N 

11 63 M Rt. 

Maxilla, 

Zygoma, 

Lt alveolus 
till 24 

None Post 

covid 

DM 

Remdesivir

Steroids 

3 10

.6 

FESS 3 Rt. Low 

maxillectomy, 

zygomectomy Lt. 

alveolectomy till 25  

5.25 6 Needed 

dialysis 

Good Obturator Not 

planned 

N 

12 60 M Lt.Maxilla, 

Zygoma, 

Orbital 

floor 

Operate

d for Rt. 

CA 

Mandibl

e 16 

years 

back 

with 

radiothe

rapy, 

DM, 

HT 

Covid  Remdesivir

Steroids 

6 10

.3 

FESS 2 Lt maxillectomy, 

zygomectomy, orbital 

floor removal 

5.25 6.

5 

Needed 

dialysis 

Good Primary 

closure 

Not 

planned 

N 

13 60 F Rt 
Maxilla, 

Ethmoid, 

DM Covid  Remdesivir
Steroids 

3.5 9.
6 

FESS 1 Rt. maxillectomy, 
ethmoidectomy, 

sphenoidectomy, 

5.5 1 None Good Primary 
closure 

Not 
planned 

N 
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Sphenoid orbital floor removal 

14 65 F Rt 

Maxilla, 

orbit, skull 

base 

DM HT Covid  Remdesivir

Steroids, 

Tocilizumab 

2.5 10

.2 

FESS 5 None None N

A 

Succu

mbed 

prior to 

surgery 

 

Poor NA NA Y 

15 64 M Rt 

Maxilla, 

Ethmoid, 

Sphenoid, 
Zygoma, 

None Covid

, drug 

induc

ed 
DM 

Remdesivir

Steroids 

4 9.

8 

None Non

e 

Rt. maxillectomy, 

ethmoidectomy, 

sphenoidectomy, 

zygomectomy,  
orbital floor removal 

4.5 1 None Good Primary 

closure 

Not 

planned 

N 

16 77 M Rhino 

cerebral, 

Ethmoid, 

Sphenoid, 

Zygoma, 

Orbit 

None Covid

, drug 

induc

ed 

DM 

Remdesivir

Steroids, 

Tocilizumab 

1 11

.1 

None Non

e 

Lt maxillectomy, 

ethmoidectomy, 

sphenoidectomy, 

zygomectomy,  

orbital exenteration 

6 12 None  Good Primary 

closure,  

Obturator  

Quad 

zygoma 

& supra 

orbital 

implant 

for 

ocular 

and 

maxillar

y 

prothesi
s 

N 

17 62 M Lt. 

Maxilla, 

Ethmoid, 

Sphenoid 

DM Covid  Remdesivir

Steroids 

4 8.

7 

None Non

e 

Lt maxillectomy, 

ethmoidectomy, 

sphenoidectomy 

4.5 1 None Good Primary 

closure 

Not 

planned 

N 

18 47 M Bilateral 

Maxilla 

None Covid

, drug 

induc

ed 

DM 

Remdesivir

Steroids 

3.5 9.

2 

FESS 1 Bilateral Low 

Maxillectomy, 

Caldwell Luc 

5 12 None Good Primary 

closure 

obturator  

Quad 

zygoma 

for 

maxillar

y 

prothesi

s 

N 

19 81 F Bilateral 

Mandible 

DM, 

HT, 

IHD, 
CABG 

5 years 

back 

Covid  Remdesivir

Steroids, 

Tocilizumab 

2.5 13 Extract

ion 

2 None NA N

A 

Succu

mbed 

prior to 
surgery 

Poor NA NA Y 

20 68 M Lt.Maxilla DM Covid  Remdesivir

Steroids 

4 7.

2 

FESS 1 Lt subtotal 

maxillectomy 

4.5 6 None Good Primary 

closure 

Obturat

or 

N 

21 64 F Rt. 

Ethmoid, 

Sphenoid, 

Orbit  

DM Covid  Remdesivir

Steroids 

Tocilizumab 

4.5 11

.1 

FESS 3 None NA N

A 

Succu

mbed 

prior to 

surgery 

Poor NA 

 

NA Y 

22 28 M Rt. 

Mandible, 
Bilateral 

Maxilla, 

extensive 

rhinocerbr

al 

involveme

nt.  

DM, 

HT, 
Dengue 

Covid  Remdesivir

Steroids, 
Tocilizumab 

2 13

.2 

None  None NA N

A 

Succu

mbed 
prior to 

surgery 

Poor NA NA Y 

23 47 M Lt. 

Maxilla, 

Ethmoid, 
Orbit 

DM, 

HT, 

IHD, 
MI 

Covid  Remdesivir 

Steroids 

Tocilizumab 

3 10

.7 

FESS 3 Lt maxillectomy, 

ethmoidectomy, 

orbital exenteration,  

NA N

A 

Succu

mbed 

post  
surgery 

Poor NA NA Y 

24 70 M Lt. 

Maxilla, 

Ethmoid, 

Sphenoid, 

None Covid  Remdesivir

Steroids 

5 8.

6 

None Non

e 

Lt maxillectomy, 

ethmoidectomy, 

sphenoidectomy, 

debridement of skin 

6.5 8 Very 

delayed 

skin 

healing 

Good Primary 

closure 

Prosthes

is 

N 
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cutaneous 
involveme

nt  

lesion 

25 52 M Mid Palate HT  Covid  Remdesivir

Steroids 

6 7 None Non

e 

Palatectomy 4.5 9 None  Good Obturator Subme

ntal 

flap 

N 

26 69 M Bilateral 

Maxilla, 

Ethmoid, 

Sphenoid, 

Orbit 

DM, 

HT, 

Dialysis 

for 5 

years 

Covid  Remdesivir

SteroidsToc

ilizumab 

4.5 13

.4 

None Non

e 

None NA N

A 

Succu

mbed 

prior to 

surgery 

Poor NA NA Y 

27 58 M Rt. 

maxilla, 

ethmoid, 

sphenoid, 

orbit 
cutaneous 

involveme

nt   

DM, 

HT 

Covid  Remdesivir

Steroids 

Tocilizumab 

2 11

.3 

FESS 1 Rt. maxillectomy, 

ethmoidectomy, 

sphenoidectomy, 

orbital exenteration, 

debridement of skin 
lesions. 

5.25 2 None  Good None Not 

planned 

N 

28 42 F Bilateral 

Maxilla, 

Orbits 

DM Covid  Remdesivir

Steroids 

3 12

.3 

FESS 2 Bilateral 

maxillectomy, orbital 

floor removal 

NA N

A 

succum

bed 

post- 

surgery 

Poor NA NA Y 

29 45 M Bilateral 

Mandible 

None Covid  Remdesivir

Steroids 

3 7.

8 

Extract

ion 

2 Pelvimandibulectomy 

from angle to angle 

4.5 6 None Good None Bone 

grafting 

N 

30 82 F Bilateral 

Maxilla, 

Ethmoid, 

Sphenoid, 

Orbits 

DM Covid  Remdesivir

Steroids 

Tocilizumab 

4 9.

8 

Extract

ion 

and 

biopsy 

1 Bilateral 

maxillectomy, 

ethmoidectomy, 

sphenoidectomy,  

Lt orbital 
exenteration 

NA 

 

N

A 

succum

bed  

post-

surgery 

Poor NA NA Y 

31 48 M Lt. 

Maxilla, 

Ethmoid, 

Sphenoid, 

Orbit 

DM Covid  Remdesivir

Steroids 

Tocilizumab 

3.5 7.

9 

Extract

ion 

and 

biopsy 

1 Lt maxillectomy, 

ethmoidectomy, 

sphenoidectomy, 

orbital exenteration 

5.5 9 None  Good Obturator Not 

planned 

N 

32 34 M Rhinocerbr

al,  

Lt. 

Maxilla, 

Cranial 

involveme

nt 

DM Covid  Remdesivir

Steroids 

Tocilizumab 

2.5 13

.2 

FESS 3 None NA N

A 

Succu

mbed 

prior to 

surgery 

Poor NA NA Y 

33 58 M Lt. 
Maxilla, 

Lt. Orbit, 

Ethmoid, 

Sphenoid 

DM, 
Dialysis 

Covid  Remdesivir
Steroids 

Tocilizumab 

2.5 12
.9 

FESS 1 None NA N
A 

Succu
mbed 

prior to 

surgery 

Poor NA NA Y 

34 45 M Lt. 

Maxilla, 

Ethmoid, 

Sphenoid, 

Frontal 

HIV, 

HCV, 

HBSAG

, DM, 

Cirrhosi

s 

Covid  Remdesivir

Steroids 

Tocilizumab 

2 11

.9 

None Non

e 

None NA N

A 

Succu

mbed 

prior to 

surgery 

Poor NA NA Y 

35 45 F Lt. Maxilla None Covid  Remdesivir

Steroids 

5 7.

5 

None Non

e 

Lt. low 

maxillectomy, 

Caldwell Luc 

4.5 8 None  Good Obturator Not 

planned 

N 

36 68 M Rt. 

Maxilla, 
Zygoma, 

Ethmoid, 

Sphenoid  

DM Covid  Remdesivir

Steroids 

6 13

.8 

Extract

ion 
and 

biopsy 

1 Rt maxillectomy, 

zygomectomy, 
ethmoidectomy, 

sphenoidectomy,  

4.5 6 None  Good Primary 

closure 

Obturat

or 

N 

37 28 M Lt. 

Maxilla, 

Ethmoid, 

Sphenoid 

None Covid  Remdesivir

Steroids 

6 8.

2 

None Non

e 

Lt maxillectomy, 

ethmoidectomy, 

sphenoidectomy  

4.75 1.

5 

None  Good Primary 

closure 

Obturat

or 

N 

38 68 M Rt. 

Maxilla 

DM Covid  Remdesivir

Steroids 

6 8.

2 

FESS 1 Rt maxillectomy,  4.5 1.

5 

None Good Primary 

closure 

Not 

planned 

N 
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HT= hypertension, DM= Diabetes, PEG= Percutaneous endoscopic gastrostomy, HIV =Human immunodeficiency virus, HbsAg 

= Hepatitis B, HCV Hepatitis C virus, CABG= Coronary artery bypass grafting, MI Myocardial infarction, IHD=Ischemic heart 

disease  

 

 

Summarized protocol followed in all the cases: Management of these cases of invasive fungal infection (IFI) required 

multidisciplinary collaboration and aggressive surgical therapy. Whereas, surgical management of ROCM was done by the team 

of maxillofacial and Ear Nose Throat (ENT) surgeons, the associated co-morbidities and medical requirements were managed by 

respective medical and surgical specialists. 

Appropriate antibacterial and anti-fungal agents and surgical treatment was instituted post Gram stain, AFB stain, KOH mount, 

culture (aerobic / anaerobic) and sensitivity test, and histopathological reports. 

39 62 M Rt. 
Maxilla 

DM Covid Remdesivir
Steroids 

4 8.
6 

None Non
e 

Rt maxillectomy,  4.5 6 None Good Primary 
closure 

Not 
planned 

N 

40 64 M Bilateral 

Maxilla 

DM Covid Remdesivir

Steroids 

5 8 None Non

e 

Bilateral 

maxillectomy 

4.5 7 None  Good None Not 

planned 

 

41 69 M Bilateral 

Maxilla, 

Zygoma, 

Ethmoid, 

Sphenoid, 

Frontal, 

Orbit 

DM Covid Remdesivir

Steroids 

1 10

.2 

Biopsy 1 Bilateral 

maxillectomy, 

zygomectomy, 

ethmoidectomy, 

sphenoidectomy, 

frontal exploration, 

orbital floor removal 

5.2 1.

5 

Needed 

dialysis 

Good Primary 

closure 

Obturat

or 

N 

42 46 M Bilateral 

Maxilla, 

Zygoma, 

Ethmoid, 

Sphenoid, 
Frontal, 

Orbit 

Pancyto

penia 

Covid Remdesivir

Steroids 

Tocilizumab 

1 5.

6 

Biopsy 1 Bilateral 

maxillectomy, 

zygomectomy, 

ethmoidectomy, 

sphenoidectomy, 
frontal exploration, 

Rt. orbital floor 

removal, Lt. orbital 

exenteration  

1.2 N

A 

succum

bed 

post-

surgery 

Poor None NA Y 

43 73 M Bilateral 

Maxilla, 

Zygoma, 

Ethmoid, 

Sphenoid, 

Frontal, 

Orbit 

DM Covid Remdesivir

Steroids 

1 8.

3 

Biopsy 1 Bilateral 

maxillectomy, 

zygomectomy, 

ethmoidectomy, 

sphenoidectomy, 

frontal exploration, 

orbital floor removal 

4.5 1.

5 

Needed 

dialysis

, PEG 

Good Obturator PMMC 

flap 

N 

44 74 F Rt. 

Maxilla, 
Zygoma, 

Ethmoid, 

Sphenoid, 

Frontal, 

Orbit 

DM Covid Remdesivir

Steroids 

1 7.

6 

FESS 1 Rt. maxillectomy, 

zygomectomy, 
ethmoidectomy, 

sphenoidectomy, 

frontalexploration, 

orbital floor removal  

6.8 2 Potassi

um 
correcti

on 

Good Primary 

closure 

Not 

planned 

N 

45 76 M Bilateral 

Maxilla, 

Zygoma, 

Ethmoid, 

Sphenoid, 

Frontal, 

Orbit 

DM Covid Remdesivir

Steroids 

1 10

.4 

FESS 1 Bilateral 

maxillectomy, 

zygomectomy, 

ethmoidectomy, 

sphenoidectomy, 

frontal exploration, 

orbital floor removal 

4.5 1.

5 

None Good Primary 

closure 

Not 

planned 

N 

46 75 F Lt.Maxilla, 
Zygoma, 

Ethmoid, 

Sphenoid, 

Frontal, 

Orbit 

DM Covid Remdesivir
Steroids 

1 10
.2 

FESS 1 Lt. maxillectomy, 
zygomectomy, 

ethmoidectomy, 

sphenoidectomy, 

frontal exploration, 

orbital exenteration,  

4.5 1.
5 

None Good Primary 
closure 

Not 
planned 

N 

47 64 M Lt.Maxilla, 

Zygoma, 

Ethmoid, 

Sphenoid, 

Frontal, 

Orbit 

DM Covid Remdesivir

Steroids 

1 8.

2 

FESS 1 Lt. maxillectomy, 

zygomectomy, 

ethmoidectomy, 

sphenoidectomy, 

frontal exploration, 

orbital exenteration. 

4.5 1.

5 

None Good Primary 

closure 

Not 

planned 

N 
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Anti-fungal agent, lyophilized amphotericin-B (L-AMB), was initiated in dosage of 3-5mg/kg/day, in confirmed mucormycosis 

cases and was guided by renal parameters. Minimum total dose administered was 4.5 gms and maximum was 8 gms. Renal 

parameters and blood sugar levels (to maintain a level of 150-200 mg/dL) were monitored daily or alternate day depending on 

necessity.  

Interventional treatment: All surgical procedures mentioned in Table 1 were carried out via intraoral approach, and functional 

endoscopic sinus surgery (FESS) was done by ENT surgeon to clear the ethmoidal, sphenoidal, and frontal sinuses, in all cases 

except, where orbital exenteration was done.  In cases of orbital exenteration, this clearance was achieved through orbit. 

In cases where primary closure was achieved, antrostomy was done and the defect was packed with povidone iodine-soaked roller 

gauze, which was removed 48 hours post-surgery. In cases where no primary closure was achieved, roller gauze dressings soaked 

with povidone iodine was done for 10 days and was followed by temporary obturator fabrication wherever deemed necessary. 

Ostectomy was done till fresh active bleeding bone was encountered during the surgery. Minimum period of follow up was for 6 

months except where cases were lost to follow up or deceased. 
Statistical analysis: All the data was entered into a computer by giving coding system, proofed for entry errors. Data obtained was 

compiled on a MS Office Excel sheet (v 2019, Microsoft Redmond Campus, Redmond, Washington, United States). Data was 

subjected to statistical analysis using statistical package for social sciences (SPSS v 26.0, IBM). Variables were summarized as 

absolute & relative frequencies. Absolute & relative frequencies of different variables were compared using the Chi-square test 

with level of statistical significance 0.05. Descriptive statistics like frequencies and percentage for categorical data, Mean & SD 

for numerical data were depicted.  

 

 

 

Results: 

Retrospective analysis was carried out in 47 cases of CAM (Table 1) which were in the age range of 25-82 years. Maximum 
affected cases were above 60 years range (24), followed by 51-60 years range (9). Male predilection (M: F 35:12) was observed.  

Diabetes mellitus (DM) was present in 40 cases with 33 known DM, 4 post Covid DM & 3 drug induced DM to post COVID -19 

therapy.  DM was the most commonly known co-morbidity seen with a frequency of 46.8% and there was a statistically highly 

significant frequency (p-0.002) with higher frequency in age group >60 years. The correlation between DM and involvement of 

mandible was statistically significant (P-0.01) being the rarest entity to be considered. Average time to CAM from COVID-19 

was 3.3 weeks. 

The most common site of involvement was Maxilla (37) followed by ethmoid & sphenoid sinuses, orbit, mandible, palate, and 

zygoma, There was cranial involvement in 4 cases. The involvement of mandible by ROCM in 5 cases was deemed to be rare and 

seldom reported.  

Amongst the previously performed surgical procedures, FESS was the commonest (42.6%) followed by other procedures like 

biopsy and extractions. All the cases underwent radical surgical procedures amongst which maxillectomy was performed in 

highest number of cases followed by ethmoidectomy and sphenoidectomy.  
The highest mortality rate was seen in individuals with DM and cranial involvement suggesting it to be as high-risk factor 

associated with cases of Mucormycosis as a complication in Post COVID recovery phase of a treatment regimen. Our overall 

mortality was 23.4% which is relatively less. (Table 2) 

Table 2: Mortality  

 

  Frequency Percent 

 N 36 76.6 

Y 11 23.4 

Total 47 100.0 

 

Tocilizumab was administered in 30% of cases along with Remdesivir and Steroids as a regimen during their COVID-19 

treatment, of which 11 patients succumbed. (Table 3) 

Table 3: Drugs used during Covid-19 treatment 
 

  Frequency Percent 

 Remdesivir, Steroids 33 70.2 

Remdesivir, Steroids, Tocilizumab 14 29.8 

Total 47 100.0 

 

 

Post-surgical complications were minimal, and outcome was good in majority of the cases. Minimum follow-up period was 6 

months in majority of the cases except who were lost for follow-up or deceased.  

 

Discussion: 
The long-term effects of COVID-19 are poorly understood, in their article reporting 50 long-term effects of COVID-19, Sandra 

Lopez-Leon et al [9] conclude that from the clinical perspective, multi-disciplinary teams are crucial to developing preventive 
measures, rehabilitation techniques, and clinical management strategies with patient perspectives designed to address long 

COVID-19 care. Mucormycosis would be one such addition to the still unknown long list of afflictions.  

In their editorial, Verma DK, Bali RK [10] mention that current evidence does not suggest a direct causal effect relationship 

between COVID-19 and mucormycosis. They emphasize further need to investigate and establish evidence of nature of 
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relationship between the two, whether causal, contributory or coincidental or combination of influence of the virus on cell-

mediated immunity, association of immunocompromised conditions and treatment protocols affecting immune mechanisms 

creating ideal conditions for IFI. 

Mucormycosis is always considered a life-threatening infection with an earlier reported incidence ranging from 0.005 to 1.7 per 

million population and with a high (46%) fatality rate [11]. ROCM is the most common among all 6 known types of 

mucormycosis, and is sequelae of inhalation of spores by a vulnerable host [12]. It is evident through earlier reported studies, that 

specific pathophysiologic features of COVID-19 permit secondary/opportunistic fungal infections, to occur as an associated 

complication, due to deregulated immune system, during and post-treatment phase of the disease course. [13,14] The reduced 

numbers of T lymphocytes, CD4+T, and CD8+T cells alter the innate immune system in COVID-19 cases that persist in the 

recovery phase as well. [15] 

The common initial presenting clinical features of CAM individuals depend on which area/organ is most affected or affected first. 

[16-18] Our patients had similar presentation, but the rapidity of progress was alarming, particularly the loss of vision, sometimes 
in matter of hours. 

The common initial presenting clinical features of CAM are: general systemic symptoms like fever, malaise, headache, swelling 

and pain of facial region. Ophthalmic presentations were periocular tenderness, proptosis, ptosis, chemosis, ophthalmalgia, 

ophthalmoplegia, decreased/loss of vision. (Fig 1)  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig 1 Showing clinical features of orbital, neural & cutaneous involvement in CAM, (a). Patient showing ptosis and proptosis of 

left eye (white arrow), (b). Severe chemosis right eye (white arrow), (c) and (d). Ophthalmoplegia lack of movements of left eye 

(white arrow), (e). Patient showing Bell’s palsy right eye (white arrow), (f). Pus discharged nasally (white arrow), (g). Eschar 

formation with necrosis and gangrene of right lower eyelid (white arrow), (h). Multiple vesicle and abscess formation in nasal 

and upper lip region (white arrow).  
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Rhinosinus symptoms are nasal blockage/stuffiness, discharge, epiphora, tenderness/fullness over sinus region, epistaxis, 

postnasal discharge, anosmia. 

Dentoalveolar symptoms were notably pus discharge from gums, mobile teeth, trismus, ulceration, necrosis and eschar formation 

on gingiva and palate, foul smelling discharge, halitosis, nonhealing socket along with rare presentations as mandibular 

osteomyelitis as reported in literature database. [16-18] (Fig 2) 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig 2. Showing clinical features of dento-alveolar involvement & imaging in CAM, (a). Early palatal abscess (black arrow), (b). 

Necrosis of palatal mucosa and yellow, denuded bone (black arrow), (c). Eschar formation with necrosis and gangrene palatal 

mucosa (yellow arrow), (d). Necrosis of palate causing sequestration of bone and mobile teeth (yellow arrow), (e). Osteomyelitis 
of maxilla with sequestration ( yellow arrow), (f). Osteomyelitis of mandible CT scan showing osteolysis of buccal and lingual 

cortices, loss of trabecular bone pattern, evidence of sequestra, and mandibular involvement crossing midline (yellow arrow), (g). 

Right maxillary sinusitis (double yellow arrow), (h). Disruption of ocular architecture (yellow arrow). 

 

Imaging findings of CAM were chronic sinusitis to pan sinusitis, proptosis, retrobulbar collection, erosion of sinus walls, and 

bony changes suggestive of chronic osteomyelitis. (Fig 2) The host tissue infarction and necrosis due to angioinvasion by the 

fungal hyphae is a characteristic feature of mucormycosis, and hence referred to as IFI. [19] 

DM, sustained neutropenia, lymphopenia, prolonged use of systemic corticosteroids, malignant pathologies of the blood, organ 

transplantation, and other immunocompromised states are the major risk factors as reported in earlier studies & also noted in our 

series. [20] Prolonged use of steroids is known to predispose to fungal infection, but COVID-19 situation gives a new insight that 

short term high dose of steroids can also lead to fungal infection reiterated in our series. [21] 

DM along with COVID-19 is the most common comorbidity in the present case series, while other conditions like hypertension, 

MI, or intake of immunosuppressants like steroids having their own share.  In an earlier reported interventional study, an overall 

survival rate of 60-77% for ROCM has been reported in diabetic cases by Yohai RA et al. [22] Cranial lesions (15.6%) and orbital 

lesions (35.5%) in diabetes were comparable with our series. A significant correlation between site & mortality revealed 33.3% of 
cases with orbital extension succumbed in our series (p-0.003). This alarms poor prognosis among ROCM with acquired diabetes 

as a risk factor. Our series revealed a correlation between DM and affliction of mandible as a separate entity of CAM being 

significant (p-0.01).  

Probable effect of short-term high doses of steroids with Remdesivir, and severe immunosuppressive Tocilizumab could be 

microthromboembolism and endarteritis leading to avascular necrosis of jawbone. Avascular necrosis with immunocompromised 

status predisposing to pyogenic infection and empirical overuse of broad-spectrum antibiotics to treat COVID-19 induced 

pneumonia give way to opportunistic fungal infection.  

Our series emphasizes that FESS is effective procedure only when the sinus mucosa is involved, once there is permeation of fungi 

into bone, multiple FESS procedures do not contribute to further treatment benefits. This is evidently seen from our series, 



© 2023 IJRAR April 2023, Volume 10, Issue 2                      www.ijrar.org (E-ISSN 2348-1269, P- ISSN 2349-5138) 

IJRAR23B1380 International Journal of Research and Analytical Reviews (IJRAR)  116 
 

wherein FESS was performed as primary surgery in 20 cases, where probably imaging did not reveal bone involvement in early 

stage, but later needed radical surgery.  

Treatment with HBO has been proposed as adjunct for mucormycosis, in diabetics with sinusitis, or cutaneous mucormycosis. 

[23] Yet, the lack of prospective studies and controls make the efficacy of the treatment method debatable. Immune-augmentation 

strategies, such as administration of interferons, statins, granulocytes transfusion have been suggested as adjunct therapies with 

limited evidence, the relative benefit of adjunctive strategies must be balanced against the cost and potential for harm on an 

individual patient basis. [24]  

For want of adequate evidence and / or socio-economic reasons, Posaconazole and Isavuconazole, HBO, and other adjunct 

treatment modalities were not used in our cases, yet our cases remained disease free in the follow-up phase. Successful 

management of mucormycosis requires early diagnosis, reversal of underlying predisposing risk factors, radical surgical 

debridement and prompt administration of active antifungal agents. [25-26] It is prudent to have a psychiatric counseling and 

discuss the importance of nutrition, plan of future rehabilitation, more importantly taking into consideration the financial angle.  

Rationale of orbital exenteration: 

Planning for eyeball exenteration is very tricky issue. There is lack of literature support, due to rarity of disease, on exact timing 

and stage of ROCM when orbital exenteration is indicated. It needs immense counselling of patients as well as relatives. 

Moreover, opinion from two ophthalmologist is mandatory for orbital exenteration. This was tricky in our experience, as most 

ophthalmologist deny a consent when perception of light / vision is present. It is our responsibility to discuss and convince, the 

need in life threatening situations like uncontrolled ROCM where a larger picture must be seen to prevent cranial extension. It has 

to be emphasised that loss of vision and cranial involvement, may occur in few hours making survival a challenge.   Eyeball 

exenteration should be done the moment the patient shows signs of severe orbital cellulitis, severe proptosis, total 

ophthalmoplegia, eyelids showing gangrene / necrosis or imaging shows evidence of retrobulbar involvement. It is also indicated 

as in uncontrolled ROCM where chances of intracranial retro grade dissipation of infection is very high.[27] In such cases it 

should be performed as lifesaving procedure even if perception of light is present. 
We observed that time factor from COVID- 19 to mucor infection seems to have decreased during and after second wave of 

COVID- 19 in India. Also, during second wave orbital involvement has been seen to be more frequent.   

Conclusion: 

One must assume presence of fungal osteomyelitis in CMF region unless proved otherwise particularly on background of 

COVID-19. In early cases where imaging shows no bony involvement it would be wiser to have bone biopsy. Remember though 

the entry of fungus is through aerodigestive mucosa, it doesn’t remain a mucosal disease, but culminates into fungal 

osteomyelitis, and hence must be treated as osteomyelitis.  

One must have high suspicion index of orbital involvement. There should be no hesitation to exenterate eyeball as lifesaving 

procedure in cases of severe orbital involvement. Aggressive surgical and medical management is core and paramount in 

treatment of ROCM.  

Further studies are required to establish the cause-and-effect relationship of various drugs used to treat COVID-19, various 

immunocompromised conditions, and mucormycosis infection with COVID-19. 
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