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Indroduction: Thrombotic complications leading to cerebrovascular events occuring in conjunction with Covid-19
vaccination though rare, is well-documented. Moyamoya Angiopathy is a progressive intracranial vasculopathy
leading to recurrent strokes.

Case presentation: We present two index cases of young patient presenting with stroke and TIA following Covid-19
vaccination (COVISHIELD) leading to unmasking of Moyamoya Angiopathy.

Conclusion: Arterial stroke following Covid-19 vaccination is documented, but uncommon. However, in the
background of a vasculopathy, it may not be so rare. Moyamoya Angiopathy has been closely studied in the
model of inflammatory pathophysiology in genetically predisposed patients leading to progressive vaso-occlusive
disease. Few reports of Covid-19 infection potentiating Moyamoya Angiopathy symptoms are also documented.
Thus, as an extrapolation of the inflammatory etiopathogenesis of Moyamoya Angiopathy, Covid-19 vaccination
can similarly affect the Moyamoya symptomatology. These two index cases open new lines of enquiry regarding
the interplay of Covid-19 vaccination and neurological destabilization in patients with underlying vasculopathy

of inflammatory pathophysiology.

Introduction

Vaccination against SARS-CoV-2 has been an important break-
through to manage the COVID-19 pandemic (Alammar, 2021). How-
ever, as our experiences with the vaccine side effects continue to grow,
several cerebrovascular events in close temporal association to vaccina-
tion are being reported.

Cerebral venous sinus thrombosis (CVT) has been the more fre-
quently reported cerebrovascular side effect compared to arterial stroke
(Garg and Paliwal, 2021; Dutta et al., 2021). Moyamoya angiopathy
(MMA) is a chronic progressive occlusive intracranial vasculopathy
characterized by steno-occlusive lesions of terminal internal carotid
artery (ICA) or proximal anterior cerebral artery (ACA) and/or middle
cerebral artery (MCA) with formation of abnormal vascular network at
the base of the brain, classically appearing as a “puff of smoke”. Inflam-
matory state has been postulated to initiate and enhance progression of
changes of MMA influencing the cytokine pathways (Das et al., 2019,
2020, 2021a,b,2021¢c, 2022a,2022b). We herein report two index case
of young patient presenting with acute ischemic stroke and TIA finally
diagnosed to be MMA, with neurological symptoms precipitated in close
temporal association to COVISHIELD vaccination.
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Case report

Case 1: A 25-year-old female, without any previous neurological
complaints, presented to us with acute onset right hemiparesthesia, 3
days following vaccination with the second dose of COVISHIELD. There
was no other neurodeficits. Magnetic resonance imaging (MRI) Brain
revealed acute DWI restriction in high left parietal region with corre-
sponding changes in ADC. Magnetic resonance angiography (MRA) re-
vealed bilateral terminal ICA, and proximal MCA and ACA narrowing
with collateral formation suggestive of Moyamoya angiopathy (Fig. 1).

Case 2: A 28-year-old male, without any previous neurological com-
plaints, presented to us with recurrent episodes of transient left upper
limb monoparesis with slurring of speech lasting for 1-2 min with self-
resolution. This started 15 days following vaccination with the first dose
of COVISHIELD. There was no other neurodeficits on history or physical
examination. MRI Brain didn’t reveal any acute DWI restriction. Mag-
netic resonance angiography (MRA) revealed bilateral terminal ICA with
collateral formation suggestive of Moyamoya angiopathy (Fig. 2).

Both the cases were extensively evaluated for secondary causes.
Complete blood count including platelet count, erythrocyte sedimen-
tation rate (ESR), serum electrolytes, blood sugar, lipid profile were
normal. High sensitivity C-reactive protein (hsCRP), coagulation pro-
file, anti-nuclear antibody (ANA), vasculitis profile, thyroid profile,
viral markers, screening for hyper-coagulable state (serum homocys-
teine, protein-C, protein-S, anti-thrombin III, factor V mutation, anti-
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Fig. 1. LEGEND: MRI Brain Diffusion weighted imaging sequence shows acute restrictions in the left parietal region(A,B); with corresponding hypodensity in ADC
sequence(C); MR Angiography shows bilateral terminal ICA, proximal MCA and ACA stenosis with formation of compensatory collaterals suggestive of Moyamoya

Angiopathy(D).

phospholipid antibodies profile), hemoglobin electrophoresis, serum
lactate, and serum angiotensin converting enzyme (ACE) levels were un-
yielding. Basic cardiothoracic work-up (chest X-ray, electrocardiogram,
and echocardiography) and Carotid Doppler didn’t reveal any poten-
tial source for thrombo-embolism. Anti-platelet factor-4 (PF4) antibod-
ies were negative. Both the patient were managed conservatively and
counseled for revascularization surgery.

Discussion

Covid-19 infection has been seen to be a risk factor for stroke. It
was reported in an estimated 1.4% Covid-19 infected patients. The
major mechanisms implicated were hypercoagulability, vasculitis and
cardiomyopathy. In comparison to Covid-19 infection itself, the cere-
brovascular adverse effects seen with vaccination against Covid-19 is
much less. Among the several reported cases of vaccine associated cere-
brovascular events, CVT appears to occur more frequently than arterial
stroke (Garg and Paliwal, 2021; Dutta et al., 2021; Das et al., 2021c;
Markus, 2021).

The pathophysiological mechanism underlying these events has been
termed vaccine-induced immune thrombotic thrombocytopenia (VITT),
generally clinically manifests within 5 to 30 days after administration
of adenovirus vector-based vaccines. It mimics heparin-induced throm-

bocytopenia (HIT) with a positive platelet-activating antibody to PF4
(anti-PF4)/heparin complexes, thrombocytopenia and a predisposition
to forming thrombi. Microscopic findings showed vascular thrombotic
occlusions occurring in the vessels of multiple body organs along with
marked inflammatory infiltration (Garg and Paliwal, 2021; Dutta et al.,
2021; Markus, 2021; Blauenfeldt et al., 2021; Malik et al., 2021). How-
ever, our patient didn’t have any evidence of thrombocytopenia or re-
activity to anti-PF4 autoantibodies.

Stroke following varicella and influenza vaccination has been de-
scribed and it was contemplated that similar to their natural infec-
tions, these vaccines can lead to intracranial angiopathy leading to
narrowing and occlusion of the vessels and resultant ischemic stroke
(Alammar, 2021). A similar possible mechanism may also be involved in
the COVISHIELD vaccines, besides causing hypercoagulable state lead-
ing to thromboembolisms.

Moyamoya Angiopathy is considered to be an immune reactive Vas-
culitis resulting from vascular immune injury and inflammation re-
sponse via (I) anti-inflammatory mediators (IL-4, IL-10, IL-13, IFN-a
and TGF-p) leading to acceleration or acute aggravation of MMA by
affecting vascular reactivity and auto-regulation, (II) pro-inflammatory
mediators (IFN-g, IFN-y, TNF-q, IL-1, IL-6) influencing initiation and of-
ten fulminant progression of MMA by activating RNF dependent signal
transducing pathway. Thus, any acute systemic inflammatory response
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might lead to hyperplasia of intimal vascular smooth muscle cells and
neovascularization by proliferation of endothelial cells, leading to an-
giogenesis causing luminal narrowing and collateral formation in ge-
netically predisposed patients. Das et al. observed worsening of neuro-
logical symptoms among 64.3% MMA patients with Covid-19 infection
in their study (Das et al., 2021c; Ghosh et al., 2020; Mikami et al., 2019;
Bersano et al., 2016). We propose that vaccine related aberrant inflam-
matory pathway activation can possibly influence these down-signaling
pathways leading to aggravation of Moyamoya symptoms similarly.
These two cases of MMA in whom symptoms were precipitated fol-
lowing COVISHIELD vaccination, opens up a new line of enquiry regard-
ing its safety among patients with pre-existing intracranial vasculopa-
thy. The presence of an association may not necessarily imply causality.
However, in the light of a possible unifying inflammatory pathophysio-
logical basis between Moyamoya Angiopathy and Covid-19 vaccination,
caution must be exercised till future robust observations are available.
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Fig. 2. LEGEND: MRI Brain Diffusion weighted imag-
ing sequence shows no acute restriction(A); T2
weighted sequence showing scattered hyperintensities
in right Globus Pallidus and Caudate(B) and right Cen-
trum Semi-ovale(C); MR angiography showing bilat-
eral terminal ICA, proximal MCA and ACA stenosis
with formation of compensatory collaterals suggestive
of Moyamoya Angiopathy(D).
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