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Abstract 
Objective: To determine the prevalence, risk factors, and elaborate our experiences with diagnosis 
and treatment of patients with mucormycosis, enabling a better understanding of the disease and 
its management. 
Methods: This is a case series of patients with Covid-19 associated with Rhino-orbital-cerebral 
mucormycosis, managed in our tertiary care center from April 2021 to June 2021. 
Results: Six cases of Covid-19 associated with Rhino-orbital-cerebral mucormycosis have been 
analyzed in the study. The mean age of patients was 40.67 years with a male preponderance 
(83.3%). The most common complaint was headache (100%), while a minority (33%) came with 
ocular complaints. All the patients either had a previous history of diabetes mellitus or developed 
increased blood sugar levels following Covid infection, and were kept on insulin to control their 
blood sugar levels. 4 patients (66.67%) had a history of corticosteroid use during Covid-19 
hospitalization. Treatment included intravenous liposomal Amphotericin B (100%), functional 
endoscopic sinus surgery (66.67%), maxillectomy (33.33%) and transcutaneous retrobulbar 
liposomal Amphotericin B (33.33%). Amphotericin B induced nephrotoxicity, which was seen in 1 
patient (16.67%). Mortality occurred in only one patient (16.67%), 25 days following successful 
surgery.    
Conclusion: Diabetes Mellitus is the most important predisposing factor for the development of 
Covid-19 associated Rhino-orbital-cerebral mucormycosis. Early presentation, prompt diagnosis 
and timely initiation of treatment with liposomal Amphotericin B and surgical debridement along 
with strict blood sugar control can lead to a favorable outcome. However, regular follow-up and 
monitoring of serum electrolytes and kidney profile must be ensured for such patients.   
Keywords: Rhino-orbital-cerebral, mucormycosis, amphotericin, diabetes, Covid-19 

 
 

Introduction 

Mucormycosis is an extremely fatalistic and a 
very fulminant form of Zygomycosis caused by 
Mucorales species of the phylum Zygomycota, causing 
serious opportunistic infections. It was first described 
by Paultauf in 1885 [1]. It is the third most common 
angio-invasive fungal infection, after candidiasis and 
aspergillosis [2]. The fungus gains access to the 
deeper tissues rapidly in the immunocompromised 
and especially in the diabetics (60-80%) [3], although 

haematological diseases, neoplasias, chronic renal 
failure, anti-neoplastic agents, burns, malignancies 
like lymphomas and leukemias, long-term 
corticosteroid and immunosuppressive therapy, 
protein-energy malnutrition, burns and acquired 
immune deficiency syndrome (AIDS) are some 
important predisposing factors [4].  

In the second wave of Covid-19, India has 
witnessed a dramatic increase in mucormycosis 
infection in post-Covid-19 patients. Currently, in the 
COVID-19 pandemic, secondary infections are 
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reportedly very common (10-30%) in hospitalized, 
severely ill COVID-19 patients, with fungal infections 
being 10 times more common than others. As a result 
of indiscriminate steroid usage in a patient with 
COVID-19 to check the progression of respiratory 
failure [5], there can even be a manifestation of latent 
DM, increased secondary infections and modulation 
of the host’s immune system, rendering the host 
susceptible to develop opportunistic infections like 
mucormycosis. It is still under exploration whether 
the virus itself interferes with insulin secretion and 
thus, the glycemic control. Besides the already 
acknowledged role of diabetic ketoacidosis (DKA), 
iron metabolism and hyperglycemia, some new 
factors are being taken into consideration, which may 
be attributed to a surge in mucormycosis in post-
Covid patients, such as the role of ferritin, high serum 
iron, free radical induced endotheliitis, hepcidin 
activation and upregulation of glucose receptor 
protein (GRP78) [6]. 

The incidence of mucormycosis globally varies 
from 0.005 to 1.7 per million of population [7]. In 
India, its prevalence is 0.14 per 1000, approximately 
80 times higher than in the developed countries [8]. 
In India, rhino-orbital-cerebral presentation with 
uncontrolled DM is the predominant characteristic 
[9]. 

Mucor sinusitis can progress very rapidly from 
involving the sinuses to extending into the orbits 
leading to varied presentations like headache, pain, 
ophthalmoplegia, ptosis, proptosis, and eventual 
blindness [10]. Around 80% of cases rapidly develop 
an intracranial extension and the progressive angio-
invasion can lead to cavernous sinus thrombosis and 
cerebrovascular accidents [10]. The fatality rate 
prevalent world-wide is 46% [11]. However, an 
intracranial involvement or an orbital involvement 
can increase the fatality rate to as high as 50% to 80% 
[12]. 

Early diagnosis and early commencement of 
multidisciplinary treatments by an Otolaryngologist, 
an Ophthalmologist, and an Infectious Disease 
Specialist after reviewing the patient and aggressively 
managing by surgical and medical treatment can be 
life saving for these patients.  

We present a series of patients, all of whom had 
diabetes, who were hospitalized in our center and 
were managed surgically and with liposomal 
Amphotericin B treatment, administered 
intravenously. 

 
CASE 1 
A 51-year-old housewife and a known diabetic for 

the past 10 years, presented to the post- Covid facility 
of our hospital on 17th May, 2021. Five days prior to 
her presentation to our facility, she noticed a left 
sided facial swelling, loss of sensations over the left 

cheek, black crusting, and blackish discharge at the 
outer end of the left nostril along with nasal stuffiness 
and a few ulcers on the upper part of the mouth. 
Three days before presentation, she also noticed a 
drooping of her left upper eyelid and developed 
persistent headache.    

She was diagnosed as Covid-19 positive on Real-
time Polymerase Chain Reaction (RT-PCR) done on 
24th April, 2021, after which she underwent a 2-week 
in-patient treatment in the Covid ward of our 
hospital. A repeated RT-PCR done on 8th May, 2021, 
was negative and she was discharged, only to be 
readmitted on 17th May, in the post-Covid ward with 
the chief complaints enlisted above. There was no 
history suggestive of Covid vaccination or intake of 
steroids. 

The investigations at the time of her admission 
were: Random Blood Sugar (RBS) was 506 mg/ dl 
(below 200 mg/ dl), Serum Na+ was 134.2 mmol/ L 
(136-145 mmol/ L), Serum K+ was 4.22 mmol/ L (3.6-
5.2 mmol/ L), and Serum Ca2+ was 0.83 mmol/ L 
(1.15-1.30 mmol/ L), suggesting borderline 
hyponatremia and hypokalemia. Her renal function 
tests (RFT) and her coagulation profile were within 
normal limits. Neutrophil count was 85% (40-80%) 
and moderate lymphopenia 9% (20-40%) was 
present. High Resolution Computed Tomography 
(HRCT) of the thorax showed the CT lung score of 17/ 
25. 

Physical examination showed blackish crusts and 
debris in the anterior part of the left nostril (Fig. 1A). 
Deep nasal swab was sent for KOH staining and for 
culture and sensitivity. Oral cavity examination 
showed ulcerated lesions, a necrotic patch on the 
hard palate of around 5 cm × 5 cm in size (Fig. 1B). 
Tissue biopsy from this area was sent for 
histopathology. 

 

 
A                                             B 

 
 
 
 

Diagnostic nasal endoscopy revealed necrosis of 
the left inferior turbinate and blackish debris present 
in the nasal cavity and marked pallor of the palate of 

Fig. 1 A. Blackish debris in the anterior part of the left 
nostril. B. Necrotic lesion on the hard palate 
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left side. There was severe ptosis of the left eye (LE) 
(Fig. 2A) and restriction of the left abduction 
movement (Fig. 2B). The visual acuity was 20/ 40 in 
the right eye (RE) and 20/ 60 in the LE with brisk 
pupillary reaction in both eyes. A superficial 
haemorrhage was present, 1/ 3rd disc diameter away 
along the superotemporal arcade. The corneal 
sensation in the LE was markedly diminished and 
hypoesthesia was present on the left side of the face. 

 

 
A 

 

 
B 

 
 
 
 

The KOH mount showed aseptate, broad hyphae 
with branching at right angles suggestive of 
mucorales (Fig. 3 A, B). Histopathology revealed 
stained section (Fig. 4) pink colored aseptate fungal 
hyphae and areas of necrosis interspersed with 
inflammatory cells and epithelioid cells in the 
Periodic acid-Schiff (PAS). 

 

 
A                                                      B 

 
 
 

 
 
 
 

 
CT Scan of Paranasal sinuses (PNS) revealed 

osteolytic and osteopenic changes in the left anterior 
part of the hard palate, moderate left maxillary 
sinusitis, and mucosal thickening of left maxillary 
sinus ostium (Fig. 5). Contrast-enhanced Magnetic 
Resonance Imaging (CEMRI) of brain and PNS 
revealed no intraorbital or intracranial extension of 
the lesion (Fig. 6). It also showed involvement of the 
left half of nasal cavity, medial wall and the floor of 
the maxillary sinus and extension of lesion into the 
left infratemporal fossa. 

 

 
 
 
 
 
 
 
 
 

Fig. 2 A. Severe ptosis of the left eyelid. B. Restriction of 
left abduction movement 
 

Fig. 3 A and B KOH mount images 
 

Fig. 4 PAS section - pink colored hyphae branching at 
right angles, and interspersed with inflammatory cells 
 

Fig. 5 Coronal section of CT PNS showing occlusion of 
left maxillary ostium (black arrow), moderate mucosal 
thickening in the left maxillary sinus with air-fluid level 
(orange arrow), moderate mucosal thickening of the left 
ethmoidal sinus (purple arrow), nasal septum deviated 
to right side (red arrow), mucosal hypertrophy of 
bilateral inferior and middle turbinates (left more than 
right shown by blue arrows) 
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Based on these findings, a provisional diagnosis of 
mucormycosis was made. She was started on insulin 
infusion, intravenous (i.v.) antibiotics, and injection 
Liposomal Amphotericin B (AMB) was started 
intravenously. Left extended palatal maxillectomy 
was done. Post-surgery, injection Liposomal AMB was 
continued. The patient showed good recovery (Fig. 7) 
with stable vitals and a controlled DM. A complete 
resolution of the ptosis was observed in the left eye. 
Her serum electrolytes and RFT were monitored 
daily. She was discharged after 15 days of surgery, as 
per her request. She came for 2 follow-up visits in the 
OPD. An artificial denture was placed and she could 
have semi-solid diets. Sadly, she died 25 days 
following surgery, in a private hospital of the city, due 
to cardiopulmonary arrest. 

 

 
 
 

CASE 2 
The patient, a 42-year-old male, and a known 

diabetic for 3 years, well controlled on oral 
hypoglycaemic drugs (Glicazide 60 mg sustained 
release), presented to our post-Covid facility on 5th 
May, 2021, with facial swelling, toothache, loss of 1 
tooth, and headache for 4 days. He had been Covid 
Positive on RT-PCR done on 16.04.2021. He was 
admitted in our Covid ward for 10 days, during which 
he was kept on supplemental oxygen therapy and 
injection Dexamethasone intravenously, as per his 
admission records. His RT-PCR came negative on 26th 
April, 2021, and he was discharged. On discharge, he 
was advised to take Tablet Medrol (8 mg 
Methylprednisolone) for one week. 

Upon admission, his RBS parameters were 240 
mg/ dl, lymphocytes were 18.9%, HIV 1, HIV 2 and 
Anti-HCV Antibody were non-reactive, RFT and serum 
electrolytes were normal. CRP was reactive, Serum 
LDH was 447.6 U/ l (240-480 U/ l), LFT was normal, 
D-dimer was 0.5921 mcg/ ml (<0.5 mcg/ ml), 
coagulation profile was normal, HbA1c was 7.1 (<6) 
and lipid profile was normal. He had no history of 
Covid vaccination. 

Upon physical examination, there was mild, 
diffuse, tender swelling, over the left half of the face 
(Fig. 8). Nasal endoscopy showed necrosis of the left 
inferior turbinate, and crusty discharge in the left 
nasal cavity. Oral examination showed absence of the 
second upper left premolar (Fig. 9), and a pus point 
along the left alveolar ridge. The ocular examination 
revealed no abnormality. 

 

 
 
 
 
 
 
 
 
 
 
Fig. 6 Contrast enhanced MRI 
of brain, orbits and PNS 
showing no intracranial or 
intraorbital involvement 

Fig. 7 Second post-operative day 
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Incisional biopsy was taken from the alveolar 
region, and sent for KOH Staining, which revealed 
broad, aseptate hyphae, admixed with non-branching, 
thin filamentous structures. 

CEMRI of PNS and orbits, showed left frontal, 
ethmoid and maxillary sinusitis, with peri-antral 
spread into left pre-maxillary soft tissues, left 
infratemporal and pterygoid fossa, medially 
extending into pterygopalatine foramen, and 
involving the left nasal cavity encasing the middle and 
inferior turbinates (Fig. 10 A-C). CT scan (PNS) 
showed bony erosions in the inferior wall of the left 
orbit, and moderate mucosal thickening of inferior 
left frontal sinus, left maxillary and ethmoid sinuses, 
and left ethmoidal recess. 

A diagnosis of invasive fungal sinusitis was made 
based on the above findings and injection Liposomal 
AMB (5 mg/ kg/ day) was started along with insulin 
infusion. A left extended partial maxillectomy was 
done and tissue was sent for histopathology, which 
showed numerous thick-walled branching aseptate 
hyphae of mucor admixed with inflammatory 
granulation tissue surrounding polymorphs and 
colonies with rosette-pattern arrangement of 
filaments, suggestive of Actinomycotic colonies along 
with Mucor (Fig. 11). 

 
A 

 
B 

 
C 

 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 8 Left sided facial puffiness 
 

Fig. 9 Absence of upper left premolar 
 

 
 
Fig. 10 A. T2 weighted coronal section of MRI showing 
left frontal, ethmoidal and maxillary sinusitis with 
periantral extension into the premaxillary soft tissues, 
involving the left nasal cavity and the middle and 
inferior turbinates. B. axial MRI image showing 
involvement of the left infratemporal and pterygoid 
involvement along with ethmoidal and maxillary 
sinusitis. C. Coronal section of CT PNS showing 
moderate mucosal thickening in the inferior left frontal 
sinus, left maxillary and left ethmoidal sinus 
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The patient did well post-operatively and was 

kept on intravenous (i.v.) antibiotics, and intravenous 
(i.v.) Liposomal AMB injections (Fig. 12). His serum 
electrolytes and RFT were monitored daily. He was 
discharged after receiving 30 doses of the injection. 

 

 
 
 
 
 

CASE 3 
The patient, a 52-year-old male, presented to our 

hospital on 20th May, 2021, with the chief complaints 
of drooping of left upper eyelid, restriction of ocular 
movements and bulging of the left eye, which he 
noticed around 7 days before presentation, along with 

headache. His RTPCR showed that he was Covid 
positive. Upon admission, he had a normal lipid 
profile, KFT, serum LDH and serum procalcitonin 
levels along with normal serum electrolytes and 
normal IL-6 levels and RBS level. His CRP was 
reactive and raised 19.31 mg/ dl (<6). Australia 
antigen (HbsAg), anti-HCV were non-reactive, HbA1c 
was raised 8.9% (<6), and serum proteins were 5.31 
g/ dl (<6.4). He received no dose of Covid vaccine. 

The visual acuity (VA) in both the right and left 
eyes was 20/ 80. Ocular movements were restricted 
in gazes in the LE and full in RE. Fundus examination 
showed a cup-disc ratio of 0.4 in the RE and 0.5 in the 
LE. Pupillary reactions were brisk in right and 
sluggish in LE, along with severe ptosis and 
conjunctival chemosis of LE (Fig. 13). Hertel’s 
exophthalmometry revealed 18 mm (RE) and 21 mm 
(LE).  

 

 
 
 
 
 

There was bilateral hypertrophy of inferior 
turbinates and crusting in the nasal cavity. He was put 
on broad spectrum intravenous (i.v.) antibiotics. The 
CEMRI (PNS, Orbits, and brain) showed moderate 
mucosal thickening of the left maxillary sinus and of 
both ethmoid sinuses along with soft tissue in left 
sided middle ethmoid air cells, eroding the medial left 
orbital wall. The lesion was seen extending to peri-
antral region and involving the left orbital apex and 
optic nerve sheath. The findings were suggestive of 
rhino-orbital mucormycosis (Fig. 14,15). His RT-PCR 
test was negative on 26.05.21. 

 

 

Fig. 11 Actinomycotic colonies showing rosette shaped 
arrangement of filaments, along with aseptate, broad 
mucor hyphae, admixed with inflammatory granulation 
tissue 
 

Fig. 12 Second post-operative day 

Fig. 13 Severe ptosis and conjunctival chemosis 
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3.5 mg of transcutaneous retrobulbar injection of 

liposomal Amphotericin B (TRAMB) was 

administered in LE and a functional endoscopic sinus 

surgery (FESS) was performed in the same sitting. 

Two days post-injection, his VA in the LE improved to 

20/ 30 and a significant improvement in his ptosis 

(Fig. 16) was observed. The ocular motility in the LE 

remained restricted in all the gazes. TRAMB was 

repeated on days 8, 10, 12 and 14 after the first 

injection, but there was no further improvement in 

the VA and the ocular movements, which remained 

restricted. 

 
 
 
 
 

Post-operatively, he was kept on liposomal AMB 
along with intravenous (i.v.) antibiotics. His KOH 
mount (Fig. 17) showed broad, aseptate hyphae of 
mucor. He showed good post-operative recovery with 
maintained serum electrolytes and RFT. He was 
discharged after receiving 30 doses of liposomal AMB 
injection. 

 

 
 
 
 
 

CASE 4 
The patient, a 32-year-old male, presented to our 

facility on 14th May 2021 with the chief complaints of 
nasal stuffiness of left nostril, and difficulty in 
breathing during sleep, along with headache for 3 
days. 23 days prior to this, he was diagnosed Covid 
positive on RT-PCR. He was admitted in a district 
level Covid hospital and his admission records of the 
time showed that he had high blood sugar levels 

Fig. 14 Axial section of MRI brain, PNS and orbits 
showing moderate mucosal thickening of the left 
maxillary sinus and both the ethmoidal sinuses. 
Thickened left optic nerve sheath can also be seen 

Fig. 15 Coronal section of MRI PNS shows moderate 
mucosal thickening of the maxillary sinus along with 
soft tissue in left sided middle ethmoidal air cells, 
eroding the medial orbital wall. Hypertrophied middle 
and inferior turbinates can also be seen 
 

Fig. 16 Significant improvement in ptosis on day 3 after 
FESS and TRAMB 

Fig. 17 KOH mount (40X) showing broad, aseptate 
hyphae of mucor 
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(>380 mg/ dl), which were finally controlled on 
insulin. Before, he had also received injection 
dexamethasone (4 mg) BD for 5 days. After 5 days, he 
was put on oral methylprednisolone (32 mg) BD for 1 
day, then 16 mg BD for 4 days, and subsequently 8 mg 
BD for 2 days. He was on supplemental oxygen 
therapy for 8 days. He was not vaccinated for Covid. 
His admission RBS was 178.27 mg/ dl (<140), 
admission blood urea nitrogen (BUN) was 28.56 mg/ 
dl (6-21) and serum urea was 61.11 mg/ dl (13-43). 
Serum lactate dehydrogenase (LDH) was 761.1 U/ l 
(240-480). The LFT showed increased serum alkaline 
phosphatase (ALP) 271.14 U/ l (<270), serum 
aspartate transaminase (AST) 263.48 U/ l (<35), 
serum alanine transaminase (ALT) 551.84 U/ l (0-45). 
The coagulation profile and CRP were within normal 
limits. Australia antigen HbsAg, anti-HCV, HIV1 and 
HIV2 were non-reactive. Total leucocyte count (TLC) 
was 12800 cells/ mm3 (4000-11000). The HbA1c was 
9.8%. 

The ocular adnexa and the anterior segment were 
within normal limits (Fig. 18). The VA was 20/ 30 in 
both eyes. Fundus examination of the RE showed a 
few soft exudates 1/ 3rd disc diameter below the 
inferotemporal arcade. The nasal cavity showed 
blackish debris in the left nostril (Fig. 19). 

 

 
 
 
 
 

 
 
 
 
 
 

CEMRI of the PNS showed mucosal thickening in 
both maxillary (left more than right), ethmoid sinuses 
with retained secretions with bulging of the medial 
wall/ lamina papyracea of the orbit (Fig. 20,21). 
Corroborative CT of PNS showed erosion of the 
medial wall of left maxillary sinus. No obvious 
extension in the orbit or the cranium was seen.  

 

 
 
 
 
 
 

 
 
 
 
 

Based on the above reports, the patient was taken 
in for an early functional endoscopic sinus surgery 
(FESS) with debridement and the tissue obtained was 
sent for histopathology. The hematoxylin and eosin 
(H&E) stained slide showed aseptate, broad hyphae 
branching at right angles, along with Candida spores 
(Fig. 22).  

 
 

Fig. 18 No ocular abnormality 

Fig. 19 Black debris in the left nostril 
 

Fig. 20 Coronal section of CEMRI PNS showed mucosal 
thickening of both maxillary (left more than right), 
ethmoid sinuses with retained secretions 

Fig. 21 Coronal section of CEMRI PNS showing frontal 
sinuses with retained secretions 
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The patient was started post-operatively on 
injection liposomal AMB along with 8 units of regular 
insulin injection. Injection Meropenem (500 mg) and 
injection Clindamycin (600 mg) were given TDS 
intravenously. After the histopathology confirmed 
Candida, injection Caspofungin was started 
intravenous (i.v.), 70 mg on day 1 and then 50 mg/ 
day for 14 days. The patient was discharged on the 
14th post-operative day on tablet Posaconazole (300 
mg/ day) and is currently being followed on an 
outpatient basis. 

 
CASE 5 
The patient, a 45-year-old male, a known diabetic 

for 5 months, well controlled on oral hypoglycaemic 
drugs, presented to our post-Covid facility with chief 
complaints of headache, right sided facial pain, 
bilateral periorbital pain, and reduced vision in the 
right eye for 3 days. The patient had a history of Covid 
infection. He was tested positive on RT-PCR on 24th 
April 2021, after which he was admitted in a Covid 
treatment facility for further management. He 
received supplemental oxygen therapy and 
intravenous injection dexamethasone along with 

budesonide nebulization thrice a day during his 
treatment. His RT-PCR was negative on 11th May 
2021, after which he was discharged. He was advised 
to take tablet Medrol 8 mg for a week, which he 
discontinued 5 days following discharge. Thereafter, 
he was readmitted to our facility with the above 
complaints on 22nd May, 2021. He received no dose of 
Covid vaccine. 

Upon admission, his blood investigations revealed 

an RBS of 139 mg/ dl, HbA1c 13.1%, elevated VLDL 

cholesterol 41 mg/ dl (12-32 mg/ dl). HIV1, HIV2, 

Australia Antigen and Anti-HCV antibodies were non-

reactive, CRP was reactive, serum LDH was 598.4 U/ l 

(240-480 U/ l), serum K+ 3.19 mmol/ l (3.5-5.3 

mmol/ l) indicating hypokalemia. LFT, RFT and 

coagulation profile were normal, and lymphocytes 

were 11.3% (moderate lymphopenia) along with low 

hematocrit of 35.5% (38-45%). 

Upon physical examination, a mild facial swelling 

on the right side of the face and tenderness over the 

right cheek and the right periorbital region (Fig. 23) 

were observed. The ocular and nasal cavity 

examinations were unremarkable. 

 

 
 
 
 
 

CEMRI of PNS and orbits revealed bilateral 
ethmoid, sphenoid, and right frontal sinusitis with 
periantral extension and involvement of right 
infratemporal fossa, along with bilateral inferior and 
middle turbinates hypertrophy (Fig. 24). 

Fig. 22 H and E-stained slide (40X) showing broad, 
aseptate mucor hyphae along with Candida spores 

Fig. 23 Right sided facial swelling 
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Functional Endoscopic Sinus Surgery (FESS) was 
performed to debride the tissues and to obtain 
samples for histopathological examination. 
Lactophenol cotton blue staining showed the 
presence of Rhizopus species characterized by the 
presence of sporangiophores arising from nodes 
directly above the rhizoids and globose sporangium 
that were multispored (Fig. 25). 

 

 
 
 
 
 
 

A diagnosis of invasive fungal sinusitis was made 
and injection liposomal AMB (5 mg/ kg/ day) was 
started along with insulin infusion.  

The patient did well post FESS and was kept on 
i.v. antibiotics and i.v. liposomal Amphotericin B 
(AMB) along with tab. Posaconazole 300 mg once a 
day. His serum electrolytes and RFT were monitored 
daily. TRAMB was performed in the right eye. An MRI 
scan was done following the FESS and TRAMB 
revealed soft tissue, along with fluid intensity signal 
in the left maxillary sinus (Fig. 26). 

 

 
 
 
 
 
 

A repeated endoscopy was performed on the 
patient 14 days later and the sample taken for 
histopathology revealed no fungal elements, thus 
concluding that the disease had been treated 
successfully and the patient was discharged on oral 
Posaconazole (300 mg). 

 
CASE 6 
A 22-year-old male presented to the triage facility 

of our hospital on 24.05.21, with complaints of 
headache and fever for 9 days, and drooping of the 
right eyelid and loss of vision in the RE for 5 days. 

His RT-PCR was positive for Covid and he was 
shifted to Covid ward. Along with i.v. antibiotics, he 
also received supplemental oxygen for 5 days and tab 
Medrol 4 mg for 4 days. He was non-vaccinated for 
Covid-19. 

His admission RBS was 290 mg% and the 
complete blood counts showed decreased 
polymorphs 35 (50-70%) and increased lymphocytes. 

Fig. 24 Axial MRI image showing extension into 
infratemporal fossa and periantral extension 
 

Fig. 25 Lactophenol cotton blue staining (10X) showing 
Rhizopus characterized by presence of sporangiophores 
arising from nodes directly above the rhizoids and 
multispored sporangia 
 

Fig. 26 T2 weighted coronal section image showing soft 
tissue in the left maxillary sinus and fluid intensity 
signal in the left maxillary sinus 
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The D-Dimer was 540 ng/ ml (<500 ng/ ml). His LFT 
and RFT and lipid profile were within normal limits. 
The HbsAg, anti-HCV, HIV1 and HIV2 were non-
reactive. The CRP was raised - 40.51 mg/ dl (<6). 

Oral cavity examination showed an isolated ulcer 
(2 cm × 2 cm) on the hard palate (Fig. 27). 

Mild ptosis (Fig. 28) and mid-dilated pupil with a 
relative afferent pupillary defect was present in the 
RE. The optic disc of the RE showed a cup-disc ratio of 
0.5 in RE and 0.3 in LE. An inferior bullous retinal 
detachment was present and no perception of light in 
the RE was observed. The left ocular examination was 
within normal limits and the VA was 20/ 30 in the LE. 

 

 
 
 
 
 

 
 
 
 
 

MRI of brain, PNS and orbits with Magnetic 
Resonance Angiography (MRA) showed right sided 
rhino-orbital mucormycosis involving right maxillary, 
ethmoid and sphenoid sinuses extending in anterior 
and posterior peri-antral region, right orbital apex 
with thickened optic nerve sheath and extension of 
lesion in ipsilateral pterygomaxillary, inferior orbital 
fissure, pterygopalatine and infratemporal fossa. MRA 
(brain) did not reveal any abnormality (Fig. 29-31). 

 

 
 
 
 
 
 
 

 
 
 
 
 
 

Based upon the MRI findings, a presumptive 

diagnosis of rhino-orbital mucormycosis was made 

and tablet Medrol was withdrawn from the 

therapeutic regimen. TRAMB was done in the right 

eye and (i.v) liposomal AMB was started. His RT-PCR 

highlighted a Covid-negative result on 01.06.21, after 

which a FESS was done. Tissue retrieved was sent for 

histopathology and showed Cryptococcus spores 

along with broad aseptate mucor hyphae (Fig. 32). 

The lactophenol cotton blue stain also showed mucor 

(Fig. 33).  
 

Fig. 27 Ulcer (2×2 cm) on hard palate 

Fig. 28 Mild ptosis in right eye 
 

Fig. 29 Axial section of MRI showing thickened optic 
nerve sheath in the right eye and involvement of the 
right ethmoidal air cells 
 

Fig. 30 T2 weighted coronal section on MRI showing 
involvement of the right frontal and maxillary sinuses 
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Post-operatively, he was started on tazobactam 
and piperacillin (4.5 gm 6 hourly) and AMB. After 
Cryptococcus was confirmed on histopathology, 
injection Caspofungin was added to the treatment 
regimen (70 mg i.v. on first day followed by 50 mg 
once daily). Serum creatinine increased to 2.77 mg/ dl 
after 6 days. A nephrology reference mandated 
stopping of i.v. liposomal AMB. This was substituted 
with i.v. Posaconazole (300 mg on the first day, 
followed by 100 mg on subsequent days). Doses of 
tazobactam and piperacillin were also reduced. His 
RFT finally came normal after 7 days.  

A repeated endoscopy was done after 2 weeks of 
surgery and the KOH staining of the tissue did not 
show any fungal elements. TRAMB was repeated on 
11.06.2021. On the 2nd post-injection day, his ptosis 
seemed to have improved marginally (Fig. 34,35). 
TRAMB was repeated on days 10, 12 and 14. No 
further improvement in the ptosis was noted. He was 
kept on i.v. liposomal AMB and tablet Posaconazole 
(300 mg OD) and his serum electrolytes and RFT 
were monitored daily. He was discharged after having 
received 30 injections of i.v. liposomal AMB. 

 

 
 
 
 
 

 
 
 
 
 

Discussion 

Mucormycosis are a range of infections that are 
caused by fungi known as Zygomycetes. These 
saprophytic fungi are freely found in soil, bread, air, 
dust, hospital ward rooms [13,14].  

A recent study in India [15] on mucormycosis 
cases showed the use of corticosteroids (either oral or 

Fig. 31 MRI axial section showing marked mucosal 
thickening of the right maxillary sinus 

Fig. 32 H & E-stained slide (x40) showing broad, 
aseptate, mucor hyphae along with Cryptococcus 
spores 
 

 
 
Fig. 33 Lactophenol 
cotton blue staining 
(x40) showing 
mucor 
 

Fig. 34 Before second injection of TRAMB 

Fig. 35 Marginal improvement in ptosis (OD) after 
second injection of TRAMB 
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intravenous or both) as the most common risk factor. 
Immunocompromised status of the host due to factors 
like diabetes mellitus, immunosuppressive therapy, 
leukemias, neutropenias and malnourishment also 
serve as important risk factors for the disease [16]. 
Diabetic ketoacidosis, hematopoietic stem cell 
transplantation, HIV/ AIDS and iron overload are 
some other important risk factors.  

According to an Indian study, Rhizopus oryzae is 
the most common isolate followed by 
Apophysomyces elegans [17]. Other fungi implicated 
are Mucor spp., Saksenaea, and Cunninghamella [18].  

According to the anatomical site of involvement, 
mucormycosis can be rhino cerebral, pulmonary, 
cutaneous, gastrointestinal, and disseminated. Rhino-
orbital-cerebral mucormycosis (RCOM) is the most 
common presentation in mucormycosis, comprising 
about two-thirds of all its cases [19]. An 
immunocompetent person who inhales these fungal 
spores or if they gain entry through the oral cavity, 
the phagocytic response in the body limits their 
spread and any harm caused by the fungus. But, in an 
immunocompromised host, these spores are 
deposited on the mucosa of the nasal turbinates, 
where they germinate, develop hyphae, and 
subsequently infect the paranasal sinuses, the orbits 
and the brain. The fungus reaches the cranium either 
through the orbital apex or breach in cribriform plate 
of the ethmoid bone, or through spreading within the 
vasculature. This is an aggressive angioinvasive 
phenomenon. The fungus proliferates within the 
internal elastic lamina of the vessel, giving rise to 
thromboembolisms and infarction and necrosis of the 
involved tissues. 

DKA is the most common risk factor. Ketone 
bodies found in this condition allow the fungi to 
produce ketoreductase, which helps in the growth of 
the fungus. Diabetes mellitus is associated with 40% 
of all mucormycosis cases and about 70% of cases of 
RCOM [20]. In our study, all patients were diabetic.  

The confirmation of the diagnosis is based on the 
histological analysis, culture, or wet mount 
characteristics of the tissue biopsy. Microscopic 
examination reveals broad, aseptate hyphae, which 
branch irregularly at right angles [21]. One patient’s 
histology revealed superadded actinomyces infection. 
One patient’s specimen showed Candida spores along 
with mucor hyphae and yet another’s showed the 
presence of Cryptococcus spores. 

Most clinicians would start the treatment if the 
clinical picture of the patient is corroborated by a 
positive direct smear report because waiting for 
culture positivity may result in delay in initiating a 
timely treatment, which greatly increases the risk of 
mortality. Even the diagnostic nasal endoscopy can be 
used in RCOM suspects and is good for diagnostic 
sampling from the nasal cavity as well. It is helpful 

even before the clinical and radiological signs become 
evident. We performed a pre-operative endoscopy in 
two cases to directly receive the sample from the area 
of necrosis and in one of our patients post-
operatively, to retrieve sample for histopathology 
again. 

Radiological imaging plays a very important role 
in establishing the diagnosis and extent of the disease. 
A timely MRI of paranasal sinuses, the orbits, and the 
cranium can bring essential light on the extent and 
spread of this very aggressive infection. Although 
CEMRI was our preferred imaging modality, a 
contrast-enhanced CT scan is relatively faster and can 
be used in patients in whom MRI is not possible. 

Clinical signs that are most common, include 
palatal ulceration or necrosis, a blood-stained nasal 
discharge, facial swelling, and black eschar in the 
nasal cavities [13]. Ocular signs most commonly 
reported were ophthalmoplegia, loss of vision, 
conjunctival chemosis and proptosis [22]. In our 
study, 33% of the cases presented with no ocular 
signs, and 100% of the cases had a history of 
headache. Also, one patient presented with the 
history of loss of 1 tooth.  

Almost all patients in our study presented within 
12 days of the onset of their symptoms, and two-
thirds presented within the first 6 days. Prompt 
institution of treatment in the form of liposomal AMB 
and surgery was lifesaving in them. In our series, a 
timely treatment was initiated in all patients and 
surgery was offered. Literature shows that patients 
whose treatment is started within 6 days have a 
survival rate of 76-81% and if delayed to more than 
12 days, this rate drops down to 36-42%. One of our 
patients, who requested an early discharge 25 days 
post maxillectomy surgery, died. 

AMB dramatically increases the survival rate to 
60% [23] and constitutes the first line medical 
therapy for the disease. This is continued for at least 
six weeks in the dosage of 5-10 mg/ kg body weight 
per day. During the therapy, stringent monitoring of 
the RFT and serum electrolytes is recommended. 
However, its liposomal preparation is considered 
much safer. 

If a person develops nephrotoxicity on AMB, 
Posaconazole can be reconstituted. In our case series, 
only one patient needed to be administered i.v. 
Posaconazole. Also, 2 patients developed 
hypokalaemia, and were offered corrective therapy. 
In these two, liposomal AMB was replaced by i.v. 
Posaconazole only for a short duration and after a 
medicine reference, liposomal AMB was restarted 
along with potassium supplementation, when their 
serum electrolytes showed a normal serum potassium 
level. All patients were discharged on oral 
Posaconazole (300 mg) once a day.  
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The blood sugar levels were monitored thrice 
daily in all patients and all were kept on insulin. It is a 
remarkable fact that all our study subjects had either 
a history of DM or developed increased sugar levels 
while on treatment with oral steroids during their 
Covid phase. Published literature [19] shows that the 
history of systemic steroid use was found in 76% of 
patients with Covid-19 associated RCOM. In India, this 
fraction is still higher [24]. So, injudicious use of 
corticosteroids can be a possible cause for RCOM. DM 
itself has been identified as an independent risk factor 
in mucormycosis [25].  

Surgical debridement of necrotic tissue, 
sometimes repeatedly, may be necessary to ensure no 
further progression of the disease. All our patients 
underwent a surgical procedure (2 underwent 
maxillectomy and 4 had FESS).  

TRAMB has been reported as a minimally invasive 
and globe sparing intervention for orbital disease. We 
gave injections in two of our patients who had a 
confirmed orbital involvement and used the 
liposomal preparation of AMB for that. This injection 
may be a viable therapeutic option in those cases in 
which either the burden of orbital disease is not 
substantial or the patient refuses consent for 
exenteration due to cosmetic disfigurement that 
ensues. One patient refused exenteration and his 
perception of light was negative, so he was managed 
with repeated injections of TRAMB [26] (on days 1, 8, 
10, 12, 14). The intraocular pressures in both patients 
were slightly raised (21-25 mmHg), which were 
normalized in one day with orally given carbonic 
anhydrase inhibitor and were continued for 3 days 
post TRAMB. One of the patients showed a retro-
orbital extension despite repeated TRAMB injections. 
What should be mentioned is that although orbital 
exenteration could be lifesaving, the decision to 
exenterate is the most difficult one for the treating 
ophthalmologist.  

All patients were followed on an outpatient basis 
and mortality occurred only in one case. Early 
recognition and timely initiation of medical and 
surgical therapy along with a good glycemic control 
form the basic crux of the treatment of mucormycosis.  

 
Study Limitations  
Our data is limited and is representative of the 

cases admitted in our Institute. Most of them are in 
active follow-up. Therefore, the data needs to be 
interpreted with caution and we hope it may provide 
some insight into the management of the patients. 

Conclusion 

There has been a surge in the number of 
mucormycosis cases in the Covid era. This can be 

attributed to supplemental oxygen therapy, 
indiscriminate use of steroids, or prolonged 
admission in hospital wards. Although the exact 
etiology remains unclear, a state of prevailing 
hyperglycemia seems to serve as an important 
association. A high index of suspicion must be 
maintained for all such cases and early intervention 
plays a very important part. Timely institution of anti-
fungal treatment along with a debridement surgery 
and controlling the blood sugar are the mainstay of 
management. Also, patients who have been put on 
immunosuppressives need to be monitored vigilantly.  
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