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ABSTRACT

Background

Rhino-orbito-cerebral mucormycosis (ROCM) is an aggressive angioinvasive fungal
infection that predominantly affects immunocompromised patients. During the COVID-19
pandemic, India experienced a marked surge in ROCM, attributed to SARS-CoV-2-related
immune dysregulation, corticosteroid exposure, and uncontrolled diabetes. Intracranial
extension represents the most severe form and is associated with high mortality.

Objective

To analyze the clinical profile, radiological features, surgical management, and outcomes of
patients with post-COVID rhino-orbito-cerebral mucormycosis with intracranial extension
undergoing neurosurgical intervention.

Methods

A retrospective observational study was conducted at a tertiary referral center between April
2021 and June 2022. Among 316 patients diagnosed with mucormycosis, 70 had intracranial
involvement. Ten patients with surgically amenable lesions underwent neurosurgical
intervention. Demographic, clinical, radiological, operative, and outcome data were
analyzed.

Results

All patients had recent COVID-19 infection, with diabetes mellitus and corticosteroid
exposure as the predominant risk factors. Frontal lobe abscess was the most frequent
intracranial presentation, commonly associated with ethmoid and frontal sinus disease. Early
neurosurgical drainage or excision combined with systemic antifungal therapy resulted in
favorable neurological recovery and complete radiological resolution on follow-up imaging.
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Conclusion

Post-COVID cerebral mucormycosis is a life-threatening condition requiring prompt
recognition and aggressive management. Early neurosurgical intervention, combined with
antifungal therapy and strict metabolic control, plays a critical role in improving outcomes.
Multidisciplinary management is essential to reduce morbidity and mortality in advanced
ROCM,

Keywords: Mucormycosis, COVID-19, Brain Abscess, Neurosurgical Procedures,
Antifungal Agents, Diabetes Mellitus.

INTRODUCTION

Mucormycosis is a rare but rapidly progressive opportunistic fungal infection caused by
filamentous fungi of the order Mucorales. The disease is characterized by aggressive
angioinvasion, vascular thrombosis, and extensive tissue necrosis, frequently resulting in
high morbidity and mortality if diagnosis and treatment are delayed.! Among its clinical
forms, rhino-orbito-cerebral mucormycosis (ROCM) is the most common and clinically
devastating presentation.?

ROCM typically originates in the nasal cavity and paranasal sinuses following
inhalation of fungal spores. In susceptible hosts, the infection rapidly spreads to the orbit,
skull base, cavernous sinus, and intracranial compartment. Angioinvasion leads to vascular
occlusion, tissue infarction, and impaired penetration of antifungal agents, thereby
complicating treatment and contributing to poor outcomes.?

Traditionally, mucormycosis occurs in patients with uncontrolled diabetes mellitus,
particularly diabetic ketoacidosis, as well as in those with hematologic malignancies, organ
transplantation, prolonged neutropenia, or chronic immunosuppression.* However, the
COVID-19 pandemic dramatically altered its epidemiology. During the second wave of
COVID-19, India experienced an unprecedented surge in cases of COVID-associated
mucormyecosis, attributed to virus-induced immune dysregulation, widespread corticosteroid
use, and poorly controlled hyperglycaemia.*

Intracranial extension represents the most advanced stage of ROCM and is associated
with markedly increased mortality. Cerebral involvement may occur through direct extension
across the skull base, perineural or perivascular spread, or hematogenous dissemination.® In
such cases, neurosurgical intervention becomes critical to reduce fungal burden, drain
intracranial abscesses, and prevent further disease progression.®’

Despite the large burden of COVID-associated mucormycosis reported during the
pandemic, literature focusing specifically on intracranial involvement and its neurosurgical
management remains limited. Most published studies have primarily addressed
otorhinolaryngological and ophthalmological aspects of the disease, while data on surgical
management of cerebral complications and associated outcomes are scarce. Given the rapid
progression and high mortality associated with cerebral mucormycosis, timely neurosurgical
intervention may play a crucial role in disease control and survival.

In this context, the present study aims to analyze the clinical presentation,
radiological characteristics, surgical strategies, and outcomes of patients with post-COVID
cerebral mucormycosis managed at a tertiary care referral Centre, highlighting the role of
neurosurgical intervention in advanced ROCM.

MATERIALS AND METHODS
This retrospective observational case series was conducted at the Department of
Neurosurgery, Karnataka Medical College and Research Institute, a tertiary referral center in
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South India, after approval from the Institutional Ethics Committee. Medical records of
patients diagnosed with rhino-orbito-cerebral mucormycosis (ROCM) between April 2021
and June 2022 were reviewed.

Diagnosis of ROCM was established based on clinical features, diagnostic nasal
endoscopy, microbiological confirmation via potassium hydroxide mount, and radiological
imaging. All patients underwent contrast-enhanced computed tomography and magnetic
resonance imaging of the brain, paranasal sinuses, and orbits to evaluate disease extent and
intracranial involvement.

Of 316 patients diagnosed with mucormycosis during the study period, 70
demonstrated radiological evidence of cerebral involvement and were included. Patients with
isolated sinonasal disease without neurological manifestations were excluded. Data collected
included demographics, COVID-19 history, corticosteroid exposure, diabetic status,
neurological presentation, imaging findings, surgical interventions, antifungal therapy, and
outcomes. All patients received systemic liposomal amphotericin B according to current
guidelines, with optimization of glycemic control and discontinuation of corticosteroids
where feasible. Neurosurgical intervention was performed for localized cerebral abscesses,
significant mass effect, or surgically accessible skull base involvement.

RESULTS

During the study period, 316 patients were treated for mucormyecosis, of whom 70 (22.2%)
demonstrated cerebral involvement. The cohort with cerebral disease was predominantly
middle-aged males. All patients had a recent history of COVID-19 infection, with most
having received corticosteroids. Diabetes mellitus, either pre-existing or newly diagnosed,
was the most common comorbidity.

Neurological presentations ranged in severity. Headache was the most frequent
symptom, followed by vomiting and altered sensorium. Several patients presented with
reduced Glasgow Coma Scale scores, and exaggerated deep tendon reflexes were commonly
observed, indicating corticospinal tract involvement.

Radiological evaluation revealed frontal lobe abscesses as the predominant
intracranial manifestation, frequently associated with extensive ethmoid and frontal sinus
disease, suggesting contiguous spread across the anterior cranial fossa. Orbital involvement
was also common, with anterior cranial fossa breach noted in select cases.

Neurosurgical intervention was performed in 10 patients (14.3% of cerebral cases)
due to localized cerebral abscesses or skull base involvement. Craniotomy was the primary
procedure, with anterior cranial fossa (ACF) base repair undertaken in select cases.
Postoperative outcomes varied: six patients recovered, while four succumbed, primarily due
to postoperative complications such as meningitis or hydrocephalus.

. . . Post-Operative
Patient | Age/Sex Diagnosis Surgery Status

1 55y/M Left frontal abscess Craniotomy Recovered

2 65y/M |Post-COVID hydrocephalus EVD Died

3 45y/M Right frontal abscess Cramotop;géi,?CF base Recovered

4 52y/M Right temporal abscess Craniotomy Meningitis, Died
5 40y/M Right temporal abscess Craniotomy Died

6 33y/F |Left frontal abscess with DM Craniotomy Recovered

7 54y/M | Right frontal abscess with | Craniotomy, ACF base Recovered
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DM repair
8 35y/F Left frontal abscess Craniotomy Recovered
9 54y/M Right frontal abscess Craniotomy Recovered

Craniotomy with ACF

X Recovered
base repair

10 35y/M Left frontal abscess

Table 1 Clinical characteristics, surgical procedures, and post-operative outcomes of

patient with post-covid cerebral Mucormycosis.

The majority of patients were middle-aged males. All patients had a documented
history of COVID-19 infection within weeks prior to presentation. Corticosteroid exposure
during COVID-19 treatment was noted in most cases. Diabetes mellitus, either pre-existing
or newly diagnosed, was the most common comorbidity.

Radiological evaluation revealed frontal lobe abscess as the predominant intracranial
manifestation (Figure 1). This was commonly associated with extensive ethmoid and frontal
sinus disease (Figure 2), supporting contiguous spread across the anterior cranial fossa.
Orbital involvement was frequently observed (Figure 3).

Figure 1: NCCT head shows mucosal thickening in the right frontal and ethmoid sinuses
with left frontal abscess.
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Figure 2, 3: MRI Brain coronal view shows left frontal abscess with involvement of sinuses
and orbit. MRI brain axial view shows left optic nerve thickening with contrast
enhancement.

Ten patients (14.3% of cerebral cases) underwent neurosurgical intervention, most
commonly frontal craniotomy with abscess excision. Anterior cranial fossa base repair was
performed in cases with skull base defects (Figure 4). All patients continued systemic
antifungal therapy postoperatively. Postoperative imaging confirmed complete evacuation of
abscesses, and neurological improvement was observed in the majority. No postoperative
mortality occurred in the operated cohort during follow-up.

-~

Figure 4: Mucormycosis with intracranial extension

Postoperative imaging confirmed complete evacuation of abscess cavities with no
residual disease. Neurological improvement was observed in the majority of surgically
treated patients. No postoperative mortality was recorded in the operated cohort during
follow-up.
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DISCUSSION

The present study highlights the clinical spectrum and neurosurgical outcomes of post-
COVID Rhino-Orbito-Cerebral Mucormycosis (ROCM) with intracranial extension, a subset
associated with particularly high morbidity and mortality. In our cohort, approximately 22%
of patients with mucormycosis showed cerebral involvement, highlighting the aggressive
angioinvasive nature of COVID-Associated Mucormycosis (CAM). This proportion is
notably higher compared to the 11.8% reported by Kulkarni et al.> Frontal lobe abscesses
emerged as the most common intracranial manifestation, typically in association with
ethmoid and frontal sinus disease, suggesting direct contiguous spread across the anterior
cranial fossa. These findings are consistent with previously reported patterns in ROCM by
Sharma et al® & Patel et al,® where anterior skull base invasion represents the most frequent
route of intracranial extension.

The surge in CAM observed during the COVID-19 pandemic has been attributed to a
combination of host and iatrogenic factors, including immune dysregulation, widespread
corticosteroid use, and uncontrolled diabetes mellitus as similarly reported by Singh et al* &
Lantemier et al.® In our study, all patients had recent COVID-19 infection, and diabetes
mellitus was the predominant comorbidity, in line with large Indian series reporting diabetes
in up to 80-90% of ROCM cases by Sen et al*® and Bala et al.'! These findings reinforce the
critical role of metabolic derangements in facilitating fungal proliferation and vascular
invasion.

Intracranial involvement in mucormycosis markedly worsens prognosis, as
angioinvasion, vascular thrombosis, and resultant tissue necrosis impede effective antifungal
drug penetration, as reported by Ibrahim et al.'? While the majority of literature on ROCM
has focused on sinonasal and orbital disease, data specifically addressing cerebral
involvement and neurosurgical outcomes remain limited. In this context, our study
contributes important insights into the role of neurosurgical intervention in carefully selected
patients with localized intracranial disease.

In our series, neurosurgical intervention was performed in a subset of patients with
surgically accessible lesions, primarily frontal lobe abscesses. Early surgical drainage or
excision, combined with systemic antifungal therapy, resulted in favorable neurological
recovery and radiological resolution in the majority of cases. These findings align with
existing evidence suggesting that combined medical and surgical management offers a
survival advantage over antifungal therapy alone by Chamilos et al*®* and Cornely et al.'*
Similar neurosurgical series by Rao et al’ have reported improved outcomes with timely
abscess evacuation and skull base repair, particularly when performed before the onset of
extensive vascular or cavernous sinus involvement.

An important observation in our study is the predominance of frontal lobe
involvement, which may be explained by the anatomical proximity of the frontal and ethmoid
sinuses to the anterior cranial fossa. This pattern has been consistently reported in imaging-
based studies of ROCM, where erosion of the cribriform plate and anterior skull base
facilitates direct intracranial spread by Sharma et al.> Recognition of this pattern is clinically
relevant, as early imaging detection of anterior cranial fossa breach can prompt timely
neurosurgical referral and intervention.

Despite the favorable outcomes observed in surgically treated patients, the overall
disease remains associated with significant mortality, particularly in cases with advanced
intracranial spread or postoperative complications such as meningitis and hydrocephalus.
This underscores the importance of early case selection and intervention before irreversible
vascular and parenchymal damage occurs.

The present study has certain limitations. Its retrospective design and relatively small
number of surgically treated patients limit the generalizability of the findings. Additionally,
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selection bias may exist, as only patients with surgically amenable lesions were included in
the operative cohort. Nevertheless, the study provides valuable real-world data on
neurosurgical management in cerebral mucormycosis, an area that remains underrepresented
in current literature.

CONCLUSION

Cerebral mucormycosis following COVID-19 is a highly aggressive infection requiring early
recognition and prompt antifungal therapy. Timely neurosurgical intervention, combined
with  strict metabolic control, significantly improves neurological outcomes.
Multidisciplinary management is essential to reduce morbidity and mortality in this life-
threatening condition.
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