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Abstract
BACKGROUND - Fungal infections of the central nervous system, especially cerebral
mucormycosis are rare. Usually, it is a secondary opportunistic infection than a primary
infection of the brain. Recently there has been a rise in cerebral mucormycosis in the patients
of COVID 19 due to various factors like impairment of barrier defense mechanisms and use
of immunosuppressive medications like steroids for the treatment of COVID 19. The
following observational study is conducted by the neurosurgery unit of the General surgery
department at Gandhi Medical College Bhopal and its associated hospital.
AIMS AND OBJECTIVES –
The aim of this study was to determine the pattern of cerebral involvement of mucormycosis
and the various associated factors in the patients of COVID 19 infection.
MATERIALAND METHODS- This is an observational study conducted by the
neurosurgery unit of the General surgery department of Gandhi medical college and
associated Hamidia hospital Bhopal. Details of 55 patients who were treated in various
departments of this hospital for post-COVID 19 mucormycosis infection with any kind of
cerebral involvement are collected and analysed. The study was undertaken for the duration
of 08 months from March 2021 to October 2021.
KEYWORDS – Post-COVID 19 mucormycosis, cerebral mucormycosis, neurosurgical
aspect of mucormycosis, a cerebral fungal infection.
CONCLUSION - Mucormycosis is a rare opportunistic infection. The patients with COVID
19 infection are found to be more susceptible to this fungal infection because of impairment
of barrier defense mechanism and the use of immunosuppressive medications like steroids
and tocilizumab for the treatment of COVID 19 disease. Most patients who encountered
mucormycosis were diabetic. Being vigilant in high-risk patients for this fungal infection can
improve the quality of patient care and outcome.
1. INTRODUCTION
Fungal infections of the central nervous system, especially cerebral mucormycosis are rare 1.It
is usually not an independent disease, but a secondary opportunistic infectious disease caused
by the members of the family mucoraceae2. During the recent rise in COVID 19 pandemic,
cerebral mucormycosis has been reported in an increasing number. This increase in the
number of cerebral mucormycosis cases in patients of COVID 19 infection can be attributed
to impairment of barrier defense, dysfunction of phagocytes and lymphocytes and the use of
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immunosuppressive medications such as steroids and tocilizumab for the treatment of
COVID 193. Due to the aggressive pattern of spreading in this disease, it rapidly involves the
surrounding structures. Cerebral extension of this fungal disease can occur either by direct
extension, hematogenous route, or perineural spread2. Local invasion by nasal and orbital
route is the reason for the majority of intracranial mucormycosis3. The disease`s hallmark is
attributed to tissue necrosis from angioinvasion and subsequent thrombosis and endarteritis,
causing dangerous black, necrotic eschars4,5. Clinically, the patient may complain of nasal
blockage, crusting, hyposmia or anosmia, headache, blurring of vision, facial pain, atypical
signs and symptoms like proptosis, ophthalmoplegia, or periorbital cellulitis, and various
other neurological signs and symptoms if the intracranial extension is present 4. In perineural
spread the enhancement in the affected nerve
represents neuritis. However, it can progress into a full-blown abscess. MRI stands to be the
best diagnostic and non-invasive imaging technology that produces three-dimensional
detailed anatomical images that help determine disease spreading and management 6. The
most frequent imaging findings in intracranial mucormycosis are cavernous sinus
thrombosis, brain infarction, brain abscess, and internal carotid artery occlusion. The
cavernous sinus is usually the first intracranial structure to be involved leading to cavernous
sinus thrombosis4. Surgical debridement is considered to be the mainstay of mucormycosis
treatment and was associated with improved patientoutcomes in several case series7,8.
Meanwhile extensive surgical debridement, such as orbital exenteration and craniofacial
resection is associated with significant morbidity and mortality. Recent studies have found no
evidence that such radical surgical procedures improve survival rates 9. Hence the extent of
surgical debridement warrants careful consideration taking into account the patients
underlying comorbidities and life expectancy10 . Therefore the decisions regarding the
surgical approach, its goals, and extent require careful discussion among neurosurgeons,
infectious disease specialist, radiologists, patient, and their families11. Accepted indications
for neurosurgery include relief of intracranial pressure, drainage of obstructive
hydrocephalus, and excision of lesions compressing the spinal cord. Radical excision of the
fungal brain abscess or granuloma should be avoided 12. The study undertaken has mainly
focused on the various cerebral manifestations of mucormycosis in patients who were
infected with COVID 19 and the neurosurgical overview of its outcomes. In our study, all the
patients were clinically evaluated by a team of doctors from otorhinolaryngology, medicine,
and neurosurgery specialties. All the patients were treated as per the standards and the results
were obtained.
AIMS AND OBJECTIVES
The aim of this study was to determine the pattern of cerebral involvement of mucormycosis
and the various associated factors in the patients of COVID 19 infection.
2. MATERIAL & METHOD
All the patients who were admitted in the departments of medicine, otorhinolaryngology, and
neurosurgical units of general surgery of GMC Bhopal; for the treatment of post-COVID 19
mucormycosis and had their MRI scan suggestive of cerebral extension of the disease were
involved in this study. This study was done for a period of 08 months from March 2021 to
October 2021. We collected the details of the patient’s symptoms at the time of presentation,
co-morbidities, and their MRI brain reports to see the pattern of occurrence of the disease.
all the patients were clinically evaluated by a team of doctors from otorhinolaryngology,
medicine, and neurosurgery specialties. All the patients were treated as per the standard
protocols of post-COVID 19 mucormycosis with the best of the facilities available in the
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hospital. No treatment protocols were breached and patient care was not compromised at any
level of the study. The collected data was analysed statistically and the results wereobtained.
3. RESULTS
General information:There wasa total of 55 cases of post-COVID 19 Mucormycosiswith
cerebral involvement studied which were aged between 24 years(the youngest) and 80 years
(the oldest), with a mean age of 50.92 years. Among them,the maximum no of patients was in
the age group of 51-60 (29%) years and the minimum was in the age groups of 21-30 and 7180(03.6%). 31 cases were male and 24 were female, with a male to female ratio of 1.29: 1.0.
Clinical presentation:out of the 55 cases studied 26 patients had an eye-related presentation at
the time of diagnosis which includes eye pain, eye swelling, and reduced visual acuity. 13
patients presented with hemiparesis, 12 patients presented with headache as primary
complaint and 04 patients had other non-specific complaints.
Risk factors:Of all the cases total of 35 (63.6%) patients had exclusively diabetes mellitus 2
as a co-morbidity, 16 (29.09%) patients had both diabetes mellitus 2 and hypertension at the
time of presentation, only one patient had only hypertension and 03 (05.45%) patients were
not diagnosed with either of the two co-morbidities.
Imaging: MRI brain of all the 55 patients was collected and studied for cerebral involvement.
21/55 (38.18%) patients had involvement of the left side of the brain and 13/55 (32.72%)
patients had the involvement of the right hemisphere. The manifestation of the disease in the
brain has been divided into the following 7 groups for the convenience of understanding
which is based on the MRI brain report.
1. Cerebral abscess (figure 2)
2. Cerebral infarct (figure 1)
3. Cerebral vascular thrombus
4. Thrombophlebitis
5. Ischaemic changes
6. Mixed presentation
7. Non-specific presentation
Out of the 55 patients; 11 (20%) patients had cerebral abscess, 20 (36.36%) patients had
cerebral infarcts, 05 (9.9%) patients had thrombus in various cerebral vessels, 02 (3.63%)
patients had thrombophlebitis, 04 (7.27%) patients had ischaemic changes, 06 (10.9%)
patients had mixed presentations and 07 (12.72%) patients had non-specific presentations.
Outcome: It was observed that 33 (60%) patients out of 55 having cerebral involvement of
post-COVID 19 mucormycosis had survived and were discharged of which most of
them(75%) were in the age group of 51-60 years. 22 (40%) patients out of 55 died maximum
of which was in the extremes of age groups[21-30, 71-80]. Out of all the deaths 71.5%
(highest) of the patients had nonspecific changes in the brain as per the MRI brain report
followed by cerebral infarct (50%).
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TABLE 6 MRI FINDING WITH OUTCOME
MRI FINDING
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TABLE 7 DISTRIBUTION OF PRESENTING COMPLAINTS
Fig. 1 Acute Infarcts and Chronic Small Vessels Ischemic Changes

Fig. 2 Left Frontal Abscess
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4. DISCUSSION
This research considered that intracranial mucormycosis in patients who had encountered
with COVID 19 was not an independent disease, but a secondary opportunistic infectious
disease. As the patients with COVID 19 who had been treated with immunosuppressive
medications such as steroids and tocilizumab had higher chances of developing secondary
opportunistic infections like mucormycosis3. This literature review suggested that almost all
the patients who had post-COVID 19 cerebral mucormycosis were having diabetes mellitus 2
as one of the most common comorbidities13,14. The intracranial extension of this opportunistic
fungal infection could be through local invasion or blood circulation and become an
intracranial infection-based systemic disease15,16. At present, the disease still needs to be
thoroughly studied. Therefore this study collected 55 cases of cerebral mucormycosis in
patients who were infected with COVID 19 disease and reviewed the related literature for the
analysis of this disease’s pattern of involvement, risk factors, clinical manifestations and
outcome with the aim of helping to understand and comprehend this disease and help in
further studies.
Opportunistic infections with fungi in nasal sinusitis are rare, yet it is being reported more in
the COVID 19 pandemic17. Mucormycosis caused by mucormycetes molds has five forms
based on site of spread being sinuses, orbit, and brain (rhino-orbito-cerebral), pulmonary,
gastrointestinal, cutaneous, and disseminated18.The infection begins with inhalation of the
spores into the oral and nasal cavity. In persons with an intact immune system infection rarely
develops because the fungal spores are phagocytized by macrophages. However, in
individuals with uncontrolled diabetes mellitus and in immunocompromised patients with
severe neutropenia, infection develops as their immune system is weak 19. From here infection
spreads to the paranasal sinuses and to orbit via ethmoid and maxillary sinuses or through the
nasolacrimal duct resulting in orbital cellulitis. The infection may extend posteriorly to the
orbital apex, leading to orbital apex syndrome. The fungus may gain access to the cavernous
sinus and to the brain parenchyma through the cribriform plate, orbital apex, or orbital
vessels20.Mucormycosis is diagnosed through different approaches. According to the centers
for disease control and prevention (CDC), facial swelling, headache, nasal or sinus
congestion, and blackish discoloration within the nose or palate are clinical diagnostic
approaches. Radiological diagnosis is reachable through CT or MRI, and laboratory diagnosis
is obtainable either by culture or pathology21.
Fifty-five cases in 08-month duration in a single hospital are considered a relative
breakthrough in incidence in such type of rare opportunistic disease. The following study
aims at obtaining a pattern of this disease’s cerebral involvement, related risk factors, and the
outcome of the disease from a neurosurgical perspective.
5. CONCLUSION
Mucormycosis is a rare opportunistic infection. The patients with COVID 19 infection are
found to be more susceptible to this fungal infection because of impairment of barrier defense
mechanism and the use of immunosuppressive medications like steroids and tocilizumab for
the treatment of COVID 19 disease. Most patients who encountered mucormycosiswere
diabetic.
Most of the patients of cerebral involvement of mucormycosis have evidence of nasal and
orbital involvement. The treating doctor needs to be vigilant for the occurrence of this fungal
infection in patients with comorbidities and treated for COVID 19 disease who are presenting
with the typical above-mentioned clinical features. This can help in early diagnosis and better
patient care.
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