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Background: Many countries have seen an unprecedented rise of cases of coronavi-
rus disease 2019 (COVID-19) associated mucormycosis (CAM). Cerebrovascular
involvement in CAM has not been studied so far. We describe clinico-radiological
manifestations of cerebrovascular complications observed in CAM. Methods: In this
multicentric retrospective observational study from India, patients with CAM who
developed cerebrovascular involvement were studied. Their demographics, risk
factors, clinical manifestations, imaging, laboratory profile and outcomes were
noted. Results: Out of 49 subjects with cerebrovascular involvement, 71.4% were
males while average age was 52.9 years. Ischemic stroke was commonest (91.8%)
followed by intracranial haemorrhage (6.1%) and subarachnoid haemorrhage (2%).
The incidence of cerebrovascular complications in CAM was found to be 11.8% in
one center. Cerebrovascular symptoms appeared a median of 8.3 days from the
onset of mucormycosis. Commonest presentation of mucormycosis was rhino-
orbito-cerebral syndrome in 98%. Diabetes mellitus was present in 81.7%. Forty per-
cent developed stroke despite being on antiplatelet agent and/or heparin. Amongst
subjects with ischemic strokes, location of stroke was unilateral anterior circulation
(62.2%); bilateral anterior circulation (17.8%); posterior circulation (11.1%) and com-
bined anterior and posterior circulation (8.9%). Vascular imaging revealed intracra-
nial occlusion in 62.1%; extracranial occlusion in 3.4% and normal vessels in 34.5%.
Mortality was 51% during hospital stay. Conclusions: Cerebrovascular involvement
was seen in 11.8% patients of CAM. Angio-invasive nature of the fungus,
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prothrombotic state created by COVID-19, and diabetes were important causative
factors. Subjects with CAM should be screened for involvement of the brain as well
as its vessel. Antiplatelet agents/heparin did not seem to provide complete protec-
tion from this type of stroke.
Key Words: COVID-19 associated mucormycosis, Mucormycosis associated
stroke, Cerebrovascular involvement, COVID-19—COVID-19, Mucormycosis,
Stroke
© 2021 Elsevier Inc. All rights reserved.
Introduction

Mucormycosis is an acute to subacute infection caused
by invasive fungus from the order Mucorales. It is ubiqui-
tous in soil and decaying plants. The most common gen-
era causing human infection are Rhizopus, Lichtheimia,
Apophysomyces, Mucor, Rhizomucor and Cunningha-
mella. Mucormycosis causes rhino-orbito-cerebral syn-
drome, pulmonary, gastrointestinal, cutaneous and
disseminated mycosis.2 This fungal infection occurs
almost exclusively in patients with uncontrolled diabetes
mellitus, hematological malignancies, hemopoietic or
solid organ transplant and iron overload state.2

In the ongoing coronavirus disease 2019 (COVID-19)
pandemic due to the severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2), there are multiple case
reports of COVID-19 associated mucormycosis (CAM)
causing pulmonary mucormycosis and rhino-orbito-cere-
bral mucormycosis (ROCM).3-6 In a review by Singh AK
et al, the majority (80%) of these reports are from India.4

Intracranial complications of mucormycosis include
contiguous spread, cavernous sinus thrombosis, fungal
abscess, meningitis and cerebrovascular disease.1 Due to
angioinvasion, the fungus involves intracranial vessels
leading to ischemic stroke, aneurysm, carotico-cavernous
fistula, sub-arachnoid haemorrhage (SAH) and intracere-
bral haemorrhage (ICH). Cerebrovascular events with
mucormycosis are a rarity and the exact incidence is not
known. In a systematic review, 78 cases of cerebrovascu-
lar involvement with invasive mycosis presenting over
60-years were included, of which 37 were due to mucor-
mycosis.7 India is the country with the second largest
numbers of COVID-19 infections.8 The western Indian
state of Maharashtra has recorded the maximum number
of COVID-19 infections in the country so far.9 The state
had reported 2770 cases of CAM till 5 Jun 2021 which was
second-highest in the country.6 In a previous retrospective
study of 122 patients of COVID-19 associated mycosis,
ischemic strokes were reported in 18 (14.8%) subjects.3 In
this study, we describe clinico-radiological manifestations
of cerebrovascular complications observed in CAM.

Methodology

This was a retrospective, observational, multi-centre
study where consecutive cases of laboratory-confirmed
CAM infection with cerebrovascular involvement from 13
urban tertiary care centres in state of Maharashtra, India,
were included. The study was conducted in the time
period from 1 Dec 2020 to 30 Jun 2021. The study was
approved by the institutional ethics committee and
waiver of consent for patients was granted.
COVID-19 was diagnosed if subjects had positive

reverse transcription polymerase chain reaction (RT-PCR)
for SARS-CoV-2 viral ribonucleic acid (RNA) or positive
rapid antigen test on nasopharyngeal and/or oropharyn-
geal swab. The diagnosis of mucormycosis was achieved
by potassium hydroxide (KOH) or calcofluor stain of tissue
obtained from scrapping of nose, palate or paranasal sinus,
histopathology of biopsied tissue, and/or fungal growth in
cultures. ROCM was defined as laboratory-proven fungal
infection of nose, paranasal sinuses, orbit and/or intracra-
nial structures due to mucormycosis. Meningitis was
defined as cerebrospinal fluid (CSF) pleocytosis with raised
proteins and/or meningeal enhancement on contrast com-
puterised tomography (CT)/magnetic resonance imaging
(MRI). Fungal infection occurring within 60 days of onset
of COVID-19 infection was considered as CAM.10 Cerebro-
vascular involvement was defined as presence of ischemic
stroke, intra-cerebral haemorrhage (ICH) or subarachnoid
haemorrhage (SAH) on clinical examination and/or on
appropriate imaging in subjects suffering from CAM.
C-reactive-protein (CRP) was considered to be elevated

if it was >6 mg/L; D-dimer was considered elevated if it
was >500 mcg/L; Ferritin was considered elevated if it
was >350 mcg/L and haemoglobin A1 C (HbA1C) was
considered elevated if it was >7 %.
A standardized form was used to extract data from

case-records of hospitalized patients with CAM. Data
regarding age, gender, medical comorbidities, details
about COVID-19 illness, onset of fungal infection after
COVID-19, onset of cerebrovascular events after fungal
infection, fungal syndromes, ongoing medications at time
of cerebrovascular involvement, clinical features, National
Institute of Health Stroke Score (NIHSS), type of cerebro-
vascular involvement, the site of involvement, relevant
laboratory and radiological investigations and treatment
done for the cerebrovascular event was collected. Ische-
mic strokes were classified according to the Oxfordshire
Community Stroke Project (OCSP) classification.11 The
outcome of the patients was recorded at the time of dis-
charge from hospital. The data was analysed by a central
team based at the first hospital.



Table 1. Characteristics of patients with cerebrovascular involvement in COVID-19 associated mucormycosis (CAM)

Number

(N=49)

Percentage

(%)

Age (years) Mean 52.92 (10.96)

Gender Male 35 71.4

Female 14 28.6

Onset of mucormycosis after COVID-19 (days) Median Duration 18 (IQR 13-25)

Onset of cerebrovascular involvement after mucormycosis (days)

Median 8.13 (IQR 3.75-10 days)

Medical illness Diabetes mellitus 31 63.3

Diabetes after COVID-19 9 18.4

Hypertension 18 36.7

Smoking 6 12.2

Dyslipidemia 5 10.2

Fungal syndrome Rhino-orbito-cerebral syndrome 48 98

Cavernous sinus involvement 17 34.7

Meningitis 5 10.2

Pulmonary mycosis 8 16.3

Others (subdural empyema) 1 2

Cerebrovascular involvement Ischemic stroke 45 91.8

Sub-arachnoid haemorrhage 1 2

Intracerebral haemorrhage 3 6.1

CEREBROVASCULAR INVOLVEMENT IN COVID MUCORMYCOSIS 3
To study the incidence of cerebrovascular involvement
in CAM, data from electronic medical records of the first
hospital from Pune, India was analysed. The total number
of COVID-19 subjects, total CAM subjects as well number
of subjects who had CAM with cerebrovascular involve-
ment during the study period were used to calculate inci-
dence of cerebrovascular involvement in CAM.
We describe baseline characteristics as mean (§SD) or

median (inter quartile range) as appropriate for continu-
ous variables and proportions for categorical variables.
All statistical analyses were performed using SPSS version
26 (SPSS for Windows, Chicago, SPSS Inc).
Observations and results

A total of 49 patients were seen during the study period
who had cerebrovascular involvement with CAM. Of the
49 cases, 18 cases were seen in earlier study3 while we
added 31 more cases. During the study period, a total of
4825 subjects with COVID-19 were admitted in one centre
in Pune, Maharashtra, while 102 were admitted with
CAM. Of these 102 patients, 12 subjects had cerebrovascu-
lar involvement. Thus, the incidence of cerebrovascular
involvement in CAM was found to be 117.6 per 1000 sub-
jects with CAM (11.8%).
The demographic features, details about mucormycosis,

medical illnesses and cerebrovascular events are pre-
sented in Table 1.
Most of the patients were above 50 years of age with

male preponderance. The diagnosis of COVID-19 was
confirmed by RT-PCR in 43 (87.8%) and by rapid antigen
in 6 (12.2%). The symptoms of mucormycosis started
median 18 days (IQR 13-25 days) after onset of COVID-19
while the symptoms of cerebrovascular involvement
occurred median 8.13 days (IQR 3.75-10 days) after onset
of mucormycosis. In one patient, ischemic stroke was the
presenting manifestation of CAM (case 1).
Diabetes is a well-known risk factor for mucormyco-

sis.12 In our study 31/49 (63.3%) of subjects had pre-exist-
ing diabetes while 9/49 (18.4%) subjects were detected to
have new onset diabetes after COVID-19. Apart from
hypertension noted in 36.7%, other medical illnesses were
uncommon. No subject had past history of stroke or ische-
mic heart disease. ROCM was the commonest presenting
syndrome of mucormycosis in 98% followed by associ-
ated cavernous sinus involvement in 34.7%. Other fungal
syndromes were rare. The diagnosis of mucormycosis
was made by staining in 38/49 (77.6%); histopathology in
34/49 (69.4%) and fungal culture in 10/49 (20.4%) sub-
jects.
Ischemic stroke was the most common cerebrovascular

event seen in 45/49 (91.8%) subjects; followed by intracra-
nial haemorrhage in 3/49 (6.1%) and sub-arachnoid hae-
morrhage in 1/49 (2.0%). Ongoing treatment, clinical
features, radiological features, treatment and outcomes of
ischemic stroke in CAM are presented in Table 2.
In addition to the clinical presentation of stroke

described in Table 2, one patient each also presented with
altered behaviour, cortical blindness, dysarthria, ataxia,
upper limb paraesthesia and seizure. The strokes were
mild (NIHSS<8) in 23 (51.1%), moderate (NIHSS 9-15) in
11 (24.4%) and severe (NIHSSS >15) in 11 (24.4%). One
patient presented with NIHSS 0 and never had any symp-
toms suggestive of stroke (case 2).



Table 2. Features of patients with ischemic strokes in COVID-19 associated mucormycosis (CAM) (N=45)

Number (N=45) Percentage (%)

Ongoing treatment before stroke Aspirin 8 17.8

Clopidogrel 4 8.9

Aspirin + clopidogrel 3 6.7

Statin 4 8.9

Heparin 3 6.7

Oral anticoagulation 0 0

Clinical features Motor weakness 34 75.6

Altered mentation 5 11.1

Aphasia 9 20

Hemianopia 2 4.4

Asymptomatic 1 2.2

NIHSS Mean 10.74 (SD 7.2)

Stroke classification (N=51) Total anterior 14 27.5

Partial anterior 25 49

Lacunar 0 0

Posterior 12 23.5

Infarct location on imaging Unilateral anterior circulation only

Complete MCA

Partial MCA

ACA

Watershed

11 24.4

15 33.3

0 0

2 4.4

Bilateral anterior circulation

Bilateral MCA

Bilateral watershed

5 11.1

3 6.7

Posterior circulation 5 11.1

Anterior + posterior circulation 4 8.9

Vascular imaging (N=29) Normal 10 34.5

Intracranial large vessel occlusion 18 62.1

Extracranial stenosis/occlusion 1 3.4

Investigations Echocardiography (N=31) Normal 27 EF <45% in 4 (12.9%)

D-dimer (N=22) 799 (SD 595) Elevated in 13 (41.9%)

C-reactive-protein (N=32) 78 (SD 65) Elevated in 30 (93.8%)

HbA1C (N=14) 8.6 (SD 2.4) Elevated in 10 (71.4%)

Blood glucose level (N=26) 270 (SD 94) Elevated in 21 (80.8%)

Ferritin (N=12) 707 (SD 644) Elevated in 8 (66.7%)

Treatment of stroke Thrombolysis 1 2.2

Endovascular thrombectomy 1 2.2

Aspirin 25 55.6

Aspirin + clopidogrel 17 37.8

Low molecular weight heparin 10 22.2

Heparin 2 4.4

Outcome Survived 24 53.3

Died 21 46.7

(NIHSS- National Institute of Health Stroke Scale, MCA- middle cerebral artery, ACA- anterior cerebral artery, EF-ejection fraction)
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Strokes were classified according to OCSP classification.
However, 12 (26.7%) patients had >1 arterial territory
involvement (8 bilateral and 4 anterior + posterior circula-
tion). All 45 patients had large artery infarcts and none had
lacunar infarct. Amongst the 28 unilateral anterior circula-
tion infarcts, 23 (82.1%) occurred on same side of sinus/
orbit/cavernous sinus involvement (Fig. 1a). There were 5
watershed infarcts in the study. Two patients had unilateral
watershed and 3 had bilateral watershed infarct (Fig. 1b). Of
the 5 patients with bilateral middle cerebral artery (MCA)
infarcts, 4 had simultaneous MCA infarcts on presentation
and one patient had developed infarct on opposite side dur-
ing the course of illness. Of the 4 posterior circulation
infarcts, 2 were in brainstem (Fig. 1c) and 2 involved both
brainstem and cerebellum (Fig. 1d). Four patients had com-
bined anterior and posterior circulation infarcts.
Eighteen patients had intracranial internal carotid

artery (ICA) occlusion, site of occlusion being in the
affected cavernous sinus. Two patients had progressive
ipsilateral ICA occlusion on follow up imaging (case 3).



Fig. 1. COVID-19 associated mucormycosisassociated infarcts involving both anterior and posterior circulation territories in 4 different patients. Extreme left
column shows DWI axial images of all patients and the rest of the columns show T1W axial sequences in patient A and C; T2 FLAIR axial in patient B and T2W
axial in patient D.
A: left middle cerebral artery territory infarct with fungal soft tissue surrounding the left internal carotid artery compromising its flow.
B: bilateral watershed territory infarcts with soft tissue abutting both internal carotid arteries around the cavernous sinuses. Also appreciated is poor flow across
the left middle cerebral artery in the sylvian fissure.
C: left pontine infarct and fungal soft tissue surrounding the basilar artery compromising its lumen.
D: right anterior cerebellar and lateral pontine infarct with basilar artery encased by the infective tissue.
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Fig. 2. Progressive occlusion of left internal carotid artery (ICA) over one and a half months because of invasive mucormycosis. A and C are T2 FLAIR, B and D
are T1W, E is DWI and F is ADC axial MRI brain images.
A and B: first MRI showing patent internal carotid arteries bilaterally and involvement of paranasal sinuses.
C and D: repeat MRI after one and a half months showing left ICA occluded by the invasive soft tissue.
E and F: show left middle cerebral artery territory infarct due to the diseased ICA.
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Forty percent patients were already receiving anti-
platelet and/or anticoagulation therapy prior to the
onset of the ischemic strokes. One patient was thrombo-
lysed and eventually underwent endovascular throm-
bectomy (case 4).
A 57-years-old lady with COVID-19 associated ROCM

developed sudden loss of consciousness on second day of
admission due to SAH secondary to rupture of vertebra-
basilar junction aneurysm (Fig. 3a-c). She succumbed
rather quickly, despite aggressive medical management.
Three patients developed intracerebral haemorrhage.
They were 48-, 62- and 70-years old men who developed
hemiparesis and reduced level of consciousness with
Glasgow coma scale (GCS) of 13, 4 and 9 respectively.
They developed ICH 3, 7 and 10 days after the onset of
mucormycosis. Two patients had right fronto-temporal
ICH and the third patient had left temporal ICH (Fig. 3d).
Two patients underwent emergency decompression cra-
niectomy with evacuation of the clot; however, all 3 suc-
cumbed despite all aggressive treatment.



Fig. 3. Intracranial haemorrhages due to invasive mucormycosis. A and B are T1W axial MRI images and C andD are CT brain plain images. A, B and C: scans of a patient
showing clival invasive soft tissue infiltrating both the internal carotid arteries and the basilar artery resulting in a subarachnoid haemorrhage appreciated on the CT brain.
D: right frontal parenchymal haemorrhage in another patient with invasive mucormycosis.
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Of the total 49 patients, 25 (51%) died during the
course of hospitalization while 24 (49%) survived with
disabilities.
Illustrative cases

Case 1: A 65-year-old diabetic man who presented with
right hemiparesis and aphasia 5 days after COVID-19. MRI
brain showed a left MCA infarct with left intracranial ICA
occlusion with extensive sinusitis. Further investigations
revealed positive fungal stains from tissue obtained from
nasal cavity. He subsequently underwent functional endo-
scopic sinus surgery (FESS) and orbital exenteration. How-
ever, the disease progressed and he expired after 2 weeks.
Case 2: A 38-year-old man who presented with left

facial pain, headache, left ophthalmoplegia after COVID-
19. His MRI showed patchy acute infarct in left frontal
and parietal regions with sinusitis and orbital involve-
ment. He was treated with intravenous and intraconal
Amphotericin B, underwent FESS and improved subse-
quently.
Case 3: A 55-year-old lady of ROCMwith left total oph-

thalmoplegia and vision loss had acute infarct in the ipsi-
lateral occipital and frontal lobe on MRI. Magnetic
resonance angiogrphy (MRA) of brain showed mild nar-
rowing of supra-clinoid portion of ICA. She was treated
with Amphotericin B and aspirin. After 2 months, the fol-
low-up MRI showed a new infarct in ipsilateral centrum
semiovale and repeat MRA showed complete thrombosis
of left intracranial ICA even though she showed clinical
improvement (Fig. 2).
Case 4: She was a 38-year-old lady who developed

right complete external ophthalmoplegia 12-days after
COVID-19. Mucormycosis was confirmed by micro-
scopic examination of nasal scrapping and Amphoteri-
cin B was initiated. Next day she had a secondarily
generalized seizure followed by left hemiplegia. MRI
brain revealed a right MCA/anterior cerebral artery
(ACA) watershed infarct, with right internal carotid
artery occlusion from its origin on MRA. She was
treated with intravenous recombinant tissue plasmino-
gen activator (rtPA). However, her sensorium wors-
ened. CT scan of brain revealed no intracerebral
haemorrhage. She was intubated and underwent endo-
vascular thrombectomy, with successful recanalization
of the ICA. A repeat CT scan 6 hours later revealed
minimal haemorrhage in bilateral frontal regions. She
worsened further the next day with absent brain stem
reflexes suggestive of brain death. Repeat CT scan of
brain showed worsening of haemorrhage and digital
subtraction angiography (DSA) showed no intracranial
blood flow after which she was declared brain dead.
Discussion

Mucormycosis is an uncommon fungal infection caused
by invasive mould belonging to the order Mucoarales that
affects multiple organs. Amongst all organ involvement,
rhino-orbito-cerebral form is the most common presenta-
tion.12 India has the highest burden on mucormycosis
with 140 cases per million.2 In the ongoing COVID-19
pandemic, there has been an increased incidence of this
fungal infection especially in India. The exact incidence of
mucormycosis in COVID-19 is not known, however in a
hospital-based study, there was more than 5-fold rise in
hospital admissions due to invasive fungal infection dur-
ing the COVID-19 pandemic compared to the previous 2
years.3

ROCM is an angio-invasive disease where the fungal
spores invade the nasal mucosa and spread to paranasal
sinuses; orbits and subsequently via superior orbital fis-
sure to the cavernous sinus.1 In the cavernous sinus, it
invades the carotid artery leading to carotiditis. Occlusion
of the carotid artery leads to ischemic strokes in the
carotid artery territory. It can also cause aneurysm forma-
tion and subarachnoid haemorrhage.7 If the fungal
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infection invades the skull base, then basilar artery can be
involved leading to posterior circulation stroke.13 Rarely,
hematogenous spread from the lungs or disseminated
mucormycosis can lead to infarcts in multiple territories.1

Other fungal species that can invade the vessels are
Aspergillus, Fusarium, Candida, Scedosporium, Paecilo-
myces, and rare phaeohyphomycosis like Exserohilum
rostratum.14 Mucormycosis is more likely to cause ICA
occlusion and thrombosis compared to aspergillus.7

Cerebrovascular involvement with mucormycosis is
uncommon. Its exact incidence is not known and there are
multiple case reports.7,13,15-23 Little et al have described a
total of 37 reported cases from literature over a period of
60 years.7 In the ongoing mucormycosis epidemic in
COVID-19 pandemic, the incidence of stroke seems to
have increased many-fold. The incidence of cerebrovascu-
lar involvement was estimated to be 11.8% in one partici-
pating hospital in the present study. In an earlier study,
the incidence of stroke was 14.8% amongst cases of
CAM.3 while 291 cases of cerebrovascular involvement
are reported in CAM.24 We saw 49 cases were seen in a
period of 7 months during the ongoing COVID-19 pan-
demic. There are several explanations of the unusually
high numbers which have been discussed hereafter.
India has the second highest burden of COVID-19 in the

world next to Unites States;8 second highest number of
diabetic patients in the world.25 and highest prevalence of
mucormycosis in the world.2 India has seen an unprece-
dented rise of CAM during the second-wave of COVID-
19 with 11,109 reported cases till 5 Jun 21.6 Due to an
increase in the absolute numbers of CAM, the numbers of
CAM associated cerebrovascular events also appear to
have increased.
COVID-19 is more likely to be severe in those with

comorbidities like diabetes mellitus.26 Diabetes is also one
of the most important risk factors for mucormycosis.12

Diabetes is a well-known risk factor for ischemic stroke.27

Thus, diabetic population is more vulnerable to COVID-
19, CAM as well as ischemic stroke. In our series more
than 81% subjects had diabetes.
The risk of ischemic stroke is higher with SARS-CoV-2

infection as compared to other infections like influenza.28

The virus does so through multiple mechanisms.29

COVID-19 is a hypercoagulable state as evident by throm-
botic events, elevated prothrombin time and D-dimer lev-
els, reduced fibrinogen levels and presence of
antiphospholipid antibodies. The prothrombotic state of
COVID-19 lasts for several days after COVID-19.30 SARS-
CoV-2 has a very high affinity for angiotensin converting
enzyme 2 (ACE2) receptors on the endothelium, thus
causing endothelial invasion and damage. Pro-inflamma-
tory cytokines released during the SARS-CoV-2 infection
produce endothelial inflammation. In CAM, both the
angio-invasive fungus and prothrombotic state due to
COVID-19 virus could have led to the high incidence of
stroke in our study. D-dimer was elevated in over 40% of
the subjects which is a marker of the prothrombotic state
due to COVID-19. Twelve (26.7%) of our subjects had
multiple territorial strokes, a finding that has not been
described before with mucormycosis. We suggest that the
procoagulant state due to COVID-19 could be responsible
for these multifocal strokes.31 Known vascular risk factors
like diabetes mellitus and hypertension are also risk fac-
tors for COVID-19. The same underlying medical comor-
bidities which predispose the subject to COVID-19 also
predispose them to further develop cerebrovascular
events with CAM.
Since these patients were primarily treated for mycosis,

detailed investigations for stroke were not performed in
all. All the ischemic strokes were large artery infarcts. ICA
territory infarct in MCA or watershed area either on one
side or both sides were seen in 35 (80%) patients. Though
we could not demonstrate ICA occlusion in all patients,
we saw at least 2 cases where initial angiogram showed
no or minor vascular involvement that progressed in sub-
sequent imaging. Thus, timing of imaging could have
made a difference in demonstrating the vascular abnor-
malities. Similar progressive vasculopathy has been previ-
ously described.15 The thrombus in the occluded artery is
often infective and histopathology of the clot may show
fungal elements.18 The posterior circulation strokes could
be due to basilar involvement. Remaining 5 (11.1%)
strokes involving both anterior and posterior circulation
may be due to prothrombotic state of COVID-19 or due to
haematogenous spread of infection. There were 5 (11.1%)
patients who had watershed infarcts. Hypotension during
the course of illness could have led to these strokes.
In the study, 40% patients were on antiplatelets and/or

anticoagulation when the stroke had occurred. These drugs
were started as part of treatment of COVID-19, do not
appear to provide protection from mucormycosis associated
ischemic strokes. There are no guidelines on treatment of
these type of strokes. In literature there are few reports of
use of mechanical thrombectomy or endovascular stenting
in treatment of mucormycosis associated stokes.18,23 Till fur-
ther guidelines are available, we suggest appropriate anti-
fungal drugs and surgical debridement of the infection is
the treatment strategy for these cerebrovascular events.
Due to the high numbers of cerebrovascular events seen

in this study, we recommend that the treating physicians
keep a rather low threshold for diagnosis of this complica-
tion. The cerebrovascular events can either be a presenting
feature of CAM or may occur anytime during the course
of illness. Hence, it is prudent to do appropriate imaging
of brain as well as its vessels, as and when brain imaging
is done during management of CAM. Ideally, weekly
imaging should be obtained while treating a patient with
CAM.32 The management of CAM often involves a team
of specialists from various fields, and it is worthwhile that
a neurologist is also part of the treating team.
ICH and SAH are uncommon complications of mucor-

mycosis and there are some case reports.7,33-36 The
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speculated mechanisms of ICH include venous congestion
due to cortical vein involvement, mycotic aneurysm or
arterial dissection.34 In some cases, aggressive vascular
interventions including coil embolization of aneurysms
have led to successful outcomes.37

ROCM with cerebral involvement has been earlier
reported to have 30-90% mortality rate and median time
before succumbing to the disease was 75 days.6,12 In the
meta-analysis by Little et al, the mortality rates in patients
with mucormycosis associated carotiditis were 46% at 6
weeks to 65% at 2 years. In our study, the in-hospital mor-
tality was 51%. These results may change over time as the
patients are followed up for longer duration. Increasing
awareness amongst physicians and the general public
about CAM has led to the early detection and improved
overall outcomes. Early treatment with multidisciplinary
team as well as availability of treatment protocols could
have led to reduced mortality.32

COVID-19 associated mucormycosis along with its
cerebrovascular complications appears to lead to pro-
longed hospital-stay and higher cost of treatment for the
patients. It is also very likely to cause an immense burden
on an already overworked healthcare system.
There are some limitations of the study. There could

have been a selection bias in our study because all patients
in our cohort have been included by neurologists. As the
study was conducted during the COVID-19 pandemic,
there are some limitations about access to investigations
including imaging. During the period of study, there was
an acute shortage of anti-fungal medicines in India.36 The
therapy had to be modified as per the availability of
drugs. Most subjects were not given Amphotericin B for
the prescribed 6-8 weeks duration and were treated with
oral triazoles instead. This could have altered the survival
rates. We did not study epidemiological features of CAM
associated cerebrovascular events or compare the differ-
ence between COVID-19 and non-COVID-19 associated
mucormycosis related cerebrovascular events.

Conclusions

Cerebrovascular involvement in the form of ischemic
stroke, ICH and SAH were seen in 11.8% patients with
CAM. These high numbers are due to the increase in num-
ber of cases of CAM during the ongoing COVID-19 pan-
demic, prothrombotic state of COVID-19, co-morbidities
like diabetes and increased awareness about CAM. All
infarcts were large artery infarcts and 26.7% involved
more than one arterial territory. Most commonly, strokes
were ipsilateral to the side of ROCM (82.1%). Intracranial
vascular involvement in cavernous sinus was the com-
monest vascular abnormality identified in 62.1% and 2
subjects had progressive vascular involvement. Forty per-
cent patients developed ischemic stroke despite being on
antiplatelets and/or anticoagulation. There are no guide-
lines for treatment or prevention of cerebrovascular
events in CAM. Subjects suffering from ROCM should be
screened for brain as well as vessel involvement. Morbid-
ity and mortality can often be reduced by early diagnosis
and interventions by a multidisciplinary team. Systematic
studies are needed to understand the natural history of
this angio-invasive disease, precise contribution of serial
imaging and usefulness of therapeutic modalities used
traditionally for stroke. This study is one of the first of its
kind to describe the patterns of both ischemic as well as
haemorrhagic strokes occurring in COVID-19 associated
mucormycosis.
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