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Abstract
Objective: Mucor-mycosis is a fungal infection which usually develops in severe immunocompromised patients, e.g., post-transplant,
uncontrolled Diabetes Mellitus, malignancies, and iatrogenic immunosuppression. We faced flood of post-Covid Rhino cerebral Mu-

cor mycosis cases at our institution after second wave of Covid from April to July 2021. We present our experience of ten patients who
underwent neurosurgical intervention.

Patients and Methods: This was a prospective study of ten patients who underwent neurosurgical intervention for Rhino cerebral

Mucor mycosis. All cases were operated by same surgeons from ENT and Neurosurgery. Disseminated brain abscess, multilobe involvement, brainstem involvement and isolated cavernous sinus thrombosis excluded from this study.

Results: Total forty-five patients referred for neurosurgical opinion, out of those ten patients taken for neurosurgical intervention.

Out of ten, nine patients had history of Covid infection (RT-PCR positive). They were treated with steroid and oxygen inhalation. One
patient had history of fever, but his Covid RT-PCR was negative. He was treated at home with oxygen. All patients were treated with
either liposomal amphotericin B or conventional Amphotericin B depending on the availability and affordability of the patient. Oral

Posaconazole (100 mg), six to eight hourly was given to all patients for 6weeks to 3 months in gradual tapering doses depending
on the nasal endoscopic findings in the follow up. Sinus surgery was performed in all ten patients by ENT Surgeons, two underwent

orbital exenteration by eye surgeon, eight patients underwent open craniotomy for cerebral infection while in two patients’ cerebral
exploration done endoscopically. Eight patients survived, while two patients died.

Conclusion: Patients with rhino-cerebral mucormycotic spreading outside the Sino nasal cavity to the base of brain is treatable by
early neurosurgical interventions when the abscess cavity is localized to frontal or temporal skull base.
Keywords: Rhino Cerebral; Mucor-mycosis; Post Covid; Immune Suppression

Introduction
Mucor mycosis is an infection caused by Mucorales fungi,

within the class zygomycetes [1]. Rhino cerebral Mucor mycosis
is the most common type and occurs usually in the immunocompromised patients with diabetic ketoacidosis, neutropenia, urae-

mia, burns, chronic corticosteroid therapy, severe malnutrition,

post-transplant, haematological malignancies, and iatrogenic immunosuppression [2-4]. Spores enter the nose by inhalation and

then spread to the paranasal sinuses and subsequently to the hard
palate, orbit, meninges, and brain by direct extension [1,5].
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The clinical manifestations of rhino cerebral mucormycotic

are swelling around nose, orbit and black discolouration due to
thrombosis of vessel for which it was named ‘black fungi. Other

presentations are fever, headache, lethargy, decreased vision and

ophthalmoplegia due to cavernous sinus thrombosis. Death may
follow in a few days, especially in undiagnosed and severely immu-

nocompromised patients due to dissemination, vascular invasion,
thrombosis, ischemia, and infarction.

Post-Covid rhino cerebral mucormycotic was completely new

experience for all of us. There are very few published series of

rhino cerebral mucormycotic having enough patients to analyse
the predictors of survival in these cases [1,6,7]. The purpose of this
study is to share our neurosurgical experience in these ten cases.
Patients and Methods

We prospectively studied the outcomes of patients who under-

went neurosurgical intervention for rhino cerebral mucormycotic

between June 2021 to July 2021. We analysed the following data
for all patients: age, gender, predisposing illness, clinical symptoms
and findings, imaging results, pathological diagnosis, microbiological results, laboratory findings, surgical procedures, and treatment

outcomes. Magnetic resonance imaging (MRI) scans were done in
all the cases.

Biopsies were taken from all patients for the histopathological

analysis and culture. In all the cases, histopathological examina-

tion identified invasive, broad, thick-walled, non-septate hyphae
branching at right angles (Figure 2A and 2B).

All patients received initial empirical treatment with liposomal

amphotericin B/Amphotericin B depending on the availability and

affordability of the drugs. All patients received Oral Posaconazole
(100 mg) six to eight hourly for 6 weeks to 3 months in tapering
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Results

Total 45 Mucor mycosis patients referred from ENT department

for neurosurgical opinion. 19 patients had skull base extension of
Mucor mycosis without penetration of durometer were managed

medically along with surgical debridement of Paranasal sinuses by

ENT surgeon. Among the remaining 26 patients, 6 patients had dis-

seminated cerebral involvement, 6 patients had isolated cavernous

sinus involvement and 4 patients had ischemic infarct. These 16
patients were managed medically, and the rest 10 patients were
having localized cerebral involvement were selected for neurosurgical intervention.

Out of 10 patients operated, there were 7 males and 3 females,

with a mean age of 59.1 years (range 30 to 75 years). Out of 10
patients, 9 were having RT-PCR positive Covid infection one and
half months back. They were admitted to hospital and treated with

steroids and inhalational oxygen. One patient was RT-PCR negative
with history of breathlessness and fever. He was treated with inhalational oxygen without steroids at home. They all recovered from

covid infection and discharged from hospital or recovered at home.

Out of 10 patients, 5 were diagnosed case of DM before covid

infection and were on oral hypoglycaemics. 2 patients developed

uncontrolled DM due to steroid during covid treatment. They were
treated with insulin on sliding scale during treatment course in
hospital and one patient remained euglycemic.

The common presenting symptoms in all patients were facial

oedema, facial pain, and nasal obstruction. On physical examina-

tion, findings were nasal discharge, grey or black nasal eschar,

periorbital cellulitis, proptosis, ptosis, and altered consciousness
(Figure 1).

doses.

Inclusion criteria
Patients with localized cerebral fungal abscess in the frontal and

temporal lobe with or without features of cerebral signs considered for neurosurgical interventions.
Exclusion criteria

Patients with disseminated cerebral involvement, involvement

of cavernous sinuses, cerebral infarct, or ischemia due to throm-

bosis of blood vessels by fungus were not taken for neurosurgical
interventions.

Figure 1: Showing pre-operative image of a patient with
periorbital cellulitis, proptosis, and ptosis.
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On initial examination, 6 patients had cutaneous and/or palatal
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Patients received a combination of medical and surgical treat-

necrosis (one had both palatal and skin necrosis). 2 had ophthal-

ment. In Medical management patients received liposomal am-

of personality changes and 1 patient also had left sided hemipare-

period treatment. All patients were discharged on Oral Posacon-

moplegia and blurring of vision. On neurological examinations 3
patients had one or two episodes of seizure. 2 patients had history
sis and altered level of consciousness.

On nasal endoscopy, grey or black mucosa was observed on the

middle turbinate in all patients. Four patients had large necrotic
areas in the nasal cavity. Biopsies were taken from all patients. All
patients had a histopathological diagnosis of Mucor mycosis.

photericin B or plain Amphotericin B depending on the availability

and affordability of the patient considering the high cost and long
azole (100 mg). This oral drug was started 6 - 8 hourly and were

tapered depending on the follow up endoscopic examination of the
nasal mucosa and paranasal sinuses over 6 weeks to 3 months. All

patients underwent surgical debridement of sinuses by ENT sur-

geon. In two patients exenteration of involved eyeball done by Eye
surgeons.

Neurosurgical intervention done in all 10 patients. In 8 patients

craniotomy done and fungal abscess along with capsule removed,

in 2 patients fungal abscess aspirated through endoscopic approach to Basi frontal lobe through cribriform plates. None of them
developed post-op neuro-deficit (Figure 4A and 4B).

(A)

(B)

Figure 2: A and B: Showing hyphae of Mucor mycosis in
microscopy.

Computed tomography (CT) and magnetic resonance imaging

(MRI) performed at initial evaluation, showed nonspecific sinusitis
findings unilaterally in 8 patients and bilaterally in two. 6 patients

had Basi frontal cerebral Mucor mycosis while 4 had Basi temporal
Mucor mycosis (Figure 3A and 3B).

(A)

(B)

Figure 4: A. Showing postop MRI B. Showing patient came for
review at 12 weeks.

The overall mortality rate was 20 per cent (2 of 10). The age of

one deceased patient was 75 years, and patient died on third post-

op day due to uncontrolled diabetic ketoacidosis and electrolytes

imbalance, the second patients age was 46 years, postoperatively

patient recovered and discharged, but on 3rd week patient died at

home. In surviving patients, the follow-up period ranged from 4 to

(A)

(B)

Figure 3: A. Showing MRI of two patients with Basi frontal
and B. Basi temporal Mucor mycosis.

12 weeks.

Discussion
Mucor-mycosis usually develops in severely immunocompro-

mised patients, e.g., those with diabetes mellitus, diabetic keto-

acidosis and post-transplant patients, haematological malignancy,
and iatrogenic immunosuppression [2-4,8]. After the 2nd phase
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of covid infections, hospitals flooded with rhino cerebral Mucor

resultant ischaemia and infarction [17]. In contrast to most fungi,

disease usually invades the nose probably through contaminated

tion, the diagnosis should be verified histologically rather than by

mycosis. We too faced many cases of post covid mucor-mycosis
specially those treated with steroids and inhalational oxygen. The
oxygen and spreads by direct extension and intravascular propaga-

tion to involve the paranasal sinuses, orbit, cribriform plate, meninges, and brain.

The patients presented with facial oedema, impaired vision, and

proptosis as the most common complaints [9-11]. Orbital symptoms include loss of function of the second, third, fourth and sixth

the aetiological agents of Mucor mycosis are readily seen on H and

E-stained tissue sections [18]. Due to the possibility of contaminapositive microbial cultures [7,19].

Waiting for cultures may also delay the initiation of treatment.

If a clinical picture of Mucor mycosis exists, positive direct smears
may be sufficient to justify treatment [14].

Computed tomography (CT) and MRI scans may be suggestive

cranial nerves, with resultant ptosis, proptosis, chemosis, orbital

of invasive Mucor mycosis, but they are often nondiagnostic. The

the high risk and all symptomatic patients. Endoscopies detect any

frank abscess and sinus opacification (often without air-fluid lev-

pain, mydriasis, and loss of vision due to cavernous sinus thrombosis [12-14]. Nasal endoscopy is best for the early diagnosis in

changes in mucosal colour (i.e., white, grey, or black) and/or texture (i.e., granulation or ulceration) [9] for early diagnosis. It can

also present with decreased mucosal bleeding or sensation [13,15].

Eighty per cent of cases presented with necrotic nasal mucosa during the disease in one study [16].

The cranial nerves, afferent pupillary reflex, visual acuity, and

facial sensation must be evaluated. Facial oedema associated with
rhino cerebral Mucor mycosis may be confused with periorbital

cellulitis; however, the periorbital oedema associated with rhino

cerebral Mucor mycosis is soft, cool and nontender, while the oedema of cellulitis is firm, warm, and tender. Rhino cerebral Mucor
mycosis produces a paralytic ptosis: the examiner can raise the

eyelid easily, but the oedematous ptosis of cellulitis resists active
lid opening [13].

Unilateral gangrene and perforation of the hard and soft palates

may be found due to involvement of the palatine arteries on examination of oral cavity and oropharynx [15,17].

The diagnosis of rhino cerebral Mucor mycosis is best confirmed

by histological evaluation of infected tissue. Infection usually be-

gins along the middle or inferior turbinate [18]. Biopsies can be
taken from commonly involved areas such as the middle turbinate

even in the absence of marked mucosal abnormality [15]. Most of
the patients presented in this study had evidence of necrosis on the
middle or inferior turbinate.

Histologically, the fungi are characterised by broad, thick-walled,

non-septate hyphae that branch at right angles. There is a distinct

proclivity for vessel wall invasion, which causes thrombosis with

most common CT findings include mild mucosal sinus thickening

and extraocular muscle thickening. Later findings may include
els), together with extension into the orbit, orbital apex, or brain. If
angio-invasion is present, bone erosion may be absent even in the

presence of progressive disease. Magnetic resonance imaging evi-

dence of sinus involvement may range from hyperintensity on T2weighted scans to marked hypo intensity on all sequences, often

with obliteration of normal fat planes. The T2-weighted modality
is typically more useful than T1-weighted scans for the evaluation

of extension into the orbital apex, cavernous sinus, or brain. Computed tomography is considered best for the evaluation of bony involvement, while MRI is best for evaluating the cranial nerves and
cavernous sinuses [20-22]. Overall, CT and MRI are most useful in

surgical planning rather than for the diagnosis of rhino cerebral
Mucor mycosis.

During our observations, CT scans showed nonspecific sinusitis

findings unilaterally in six patients and bilaterally in two. In MRI,
seven patients had Basi frontal cerebral Mucor mycosis while three

had Basi temporal Mucor mycosis. One more interesting finding
were that all female patients showed right cerebral involvement
while all males showed left sided involvement.

The mainstays of rhino cerebral Mucor mycosis therapy are

reversal of the cause of immunosuppression, high dose systemic
amphotericin B and surgical debridement of nonviable tissue
[2,18,23,24].

The predisposition of diabetes mellitus patients to rhino ce-

rebral Mucor mycosis is probably related to hyperglycaemia and

acidosis. The acidotic environment is believed to promote both
phagocytic dysfunction and a decrease in the iron-binding capacity
of the blood. In previous reports, up to 60 - 80 per cent of patients
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with Mucor mycosis had diabetes mellitus, and one-third to one-

half of these diabetic patients were in diabetic ketoacidosis at the
time of infection [19,25]. Recent studies have found a decreasing
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Irregular amphotericin B administration due to unavailability/

toxicity/intolerance high cost of treatment was major challenges
during the treatment. All patients discharged with Tablet Posacon-

incidence of diabetic ketoacidosis because the characteristic signs

azole 100 mg 6 - 8 hourly for 6 weeks to 3 months. Doses were

are known to have a lower survival rate for Mucor mycosis [10].

Conclusion

case of DM before covid infection and were on oral hypoglycaemics,

ed in time. A high index of clinical suspicion, early diagnosis and

and symptoms of the disease are now well recognised by physicians. Patients with underlying diseases that take longer to correct

During our observations, out of 10 patients 5 were diagnosed

while 2 patients developed uncontrolled sugar due to steroid during covid treatment and 1 patient remained euglycemic. They all

were treated with inhalation oxygen. The exact pathophysiology of

Mucor mycosis in these post covid patients are still subject of debate and need more research.

Upon diagnosis of rhino cerebral Mucor mycosis, high-dose am-

photericin B therapy should be instituted immediately. Because
of the potential for nephrotoxicity, patients’ renal function must

be closely monitored. Liposomal preparations of amphotericin B

may allow the use of this antifungal agent while reducing systemic

toxicity [18,24]. In general, liposomal amphotericin B is reserved
for clinically proven fungal infection in an immunocompromised
patient with an elevated serum creatinine concentration (greater
than 2.5 mg/dl), or progression of fungal disease while receiving

the maximal dosage of standard amphotericin B (1.25 mg/kg/day)

[15]. Liposomal amphotericin B is safer but more expensive than
conventional amphotericin B.

More extensive surgical treatment may include sinus surgery,

wide resection of necrotic soft tissue and bone, and exenteration

of the orbit if needed [26]. The orbit is the portal of entry for infection of the central nervous system. The most difficult decision in

the management of orbital Mucor mycosis is whether to undertake
orbital exenteration. In general, the indications for orbital exenteration are ophthalmoplegia, proptosis, cranial nerve involvement,
cranial involvement, and ocular involvement (e.g., central retinal

artery occlusion) [10,14,17,23]. However, several reports have

documented patient survival without exenteration, in the presence
of clinical orbital involvement [27-29].

Aggressive surgical debridement to remove disease outside

the Sino nasal cavity rarely attains negative margins or improves
long-term survival [9,11]. Patients with intracranial spread are less

likely to respond to radical surgery, and their prognosis is extremely poor [11,30]. When radical surgery is considered, such patients
should be appropriately counselled [15].

tapered depending on the endoscopic and MRI findings in follow
up of patients.

Mucor mycosis is a serious disease and may be fatal if not treat-

immediate correction of underlying medical disorders are impor-

tant factors for a favourable prognosis. The prognosis is good in pa-

tients with rhino-cerebral mucor-mycosis that has spread outside
the Sino nasal cavity and localized in brain with aggressive medical

and surgical therapy. Surgery should always be considered in those
who fit in criteria as there is good survival if done early and adequately following the microsurgical principles.

Previous
Covid
Age/
history
S.no.
sex
and
treatment
1
2
3

7
6

7

8

9

Left Basi
frontal fungal
abscess

Craniotomy Recovered

Left temporal
abscess

craniotomy

Recovered

Left Basi
craniotomy
frontal abscess

Recovered

Recovered

yes

68/F

yes

Right Basi
Endoscopic
frontal abscess

75/M

yes

Left Basi
Endoscopic
frontal abscess

yes

75/M

yes

46/F

Yes

67/F

Yes

Right temporal
craniotomy
abscess

Yes

Right Basi
craniotomy
frontal Abscess

52/M

10

Outcomes
Neurosurgical
after 6
approach
weeks

60/M

30/M

4

CT/MRI
findings

45/M

54/M

Yes

Yes

B/L Basi
frontal abscess Craniotomy
(R>L)
Left temporal
abscess
Right
Temporal

craniotomy

Recovered
Died 3rd
day
Died 3rd
week

Recovered
Recovered

Craniotomy Recovered

Table 1: Cases in which Neurosurgical intervention was done.
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