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ABSTRACT
Our aim is to report a rare case of beta Thalassemia major with Moya Moya syndrome (MMS) presenting as acute ischemic 
stroke who was managed with encephaloduroarteriomyosynangiosis (EDAMS). MMS is an intracranial angiopathy with 
progressive stenosis of the distal portion of internal carotid artery (ICA) causing development of small collaterals traversing 
the basal ganglia and thalamus, giving “puff of smoke” appearance. MMS presents commonly as ischemic stroke in children 
and haemorrhagic stroke in adults. There are only few reported cases of MMS associated with Thalassemia. We obtained 
an informed consent form from the patient involved. All procedures were carried out in accordance with the ethical rules 
and the principles of the Declaration of Helsinki. A 23-year-male with beta thalassemia major, diagnosed at 9 months 
of age on intermittent blood transfusion till the age of 22 years followed by chemotherapy (thalidomide 50 mg once daily). 
After chemotherapy he did not require transfusion. He presented with acute confusional and dysarthria for 10-12 days. On 
examination, he had mild pallor and hepatosplenomegaly. MRI Brain showed multiple acute infarcts in left parietal, left 
centrum semi ovale and corona radiata along with multifocal chronic infarcts. DSA showed Moya Moya like phenomenon, 
Suzuki grade IV. He was treated with single antiplatelet (acetyl salicylate 75 mg/day) and other supportive measures. Left sided 
(EDAMS) was done 1 month after stroke, which he tolerated well. We plan to re-introduce thalidomide on follow-up. MMS 
along with beta-thalassemia major is rare. Any neurological symptom indicating possible stroke warrants neuroimaging like 
MRI Brain and angiography of head-neck vessels in order to exclude MMS or other occlusive arteriopathy. Our case is unique 
as apart from MMS being rare in Thalassemia, very few such cases undergo surgical revascularization management.
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INTRODUCTION

Moya Moya syndrome (MMS) is an intracranial angiopathy 
in which there is progressive stenosis of the distal portion of 
the internal carotid artery (ICA), leading to development of 
small collaterals traversing the basal ganglia and thalamus, 
giving the characteristic “puff of smoke” appearance. 
Suzuki et al.1 described six angiographic stages from stage 1, 
revealing a narrowing of the carotid forks to stage 6 in which 
the moyamoya vessels disappear and collateral circulation 
is produced solely from the external carotid arteries.1 MMS 
presents commonly as ischemic stroke in children and 
haemorrhagic stroke in adults. Hypercoagulability followed 
by thromboembolic event is a known complication of chronic 
hemolytic anaemia like thalassemia.2,3 Endothelial cell 
damage and activation of oxidative stress due to hemolysis 
and iron overload might be contributory factors. There 
are only a few reported cases of MMS associated with 
Thalassemia, although other hemoglobinopathies like Sickle 
cell disease are a known risk factor for MMS.4-7

CASE 

We report a rare case of beta thalassemia major associated 
with MMS presenting as acute ischemic stroke who was 
managed with encephaloduroarteriomyosynangiosis (EDAMS).

A 23-year-young male diagnosed as beta thalassemia major 
at 9 months of age, on intermittent blood transfusion till the 
age of 22 years followed by chemotherapy (thalidomide 50mg 
once daily). He showed good response on tablet thalidomide 
and was transfusion independent for the past 1 year as his 
hemoglobin level was maintained between 10.4 to 11.2 g/dl. 
He was not splenectomised and was on tablet deferasirox for 
iron chelation 800 mg once daily. Due to financial constraint 
of the patient, genetic mutation analysis could not be done 
and the diagnosis of Beta-thalassemia major was made on the 
basis of his HPLC findings and that of his parents.

He presented with acute confusional state (typing wrong 
number on his phone, inability to recognize relatives and 
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repeating same words) for 10-12 days. He also had dysarthria 
and one episode of urinary incontinence. On examination, he 
had mild pallor and hepatosplenomegaly.

MRI Brain showed multifocal small areas of restricted 
diffusion in left parietal cortex and subcortical white 
matter, left centrum semi ovale, corona radiata and in the 
periventricular white matter adjacent to the temporal horn of 
the left lateral ventricle suggestive of acute infarcts along with 
multifocal chronic infarcts (Figure 1A, B).

DSA showed bilateral supraclinoid ICA occlusion with rete/
loco-regional collaterals supply reforming bilateral ACA, 
MCA territory with right PCA occlusion and loco-regional 
collaterals in posterior circulation reforming PCA territory 
suggestive of Moya Moya like phenomenon, Suzuki grade IV 
(Figure 1C-F)

He was treated with single antiplatelet (acetyl salicylate 75 
mg/day) and other supportive treatment. Additional work-
up revealed a hemoglobin 9.6 g%, microcytic hypochromic 
anaemia and total bilirubin 3.4 mg/dl, with increased indirect 
fraction of 2.6 mg/dl and a direct fraction of 0.8 mg/dl. 
Homocysteine 4.7 umol/L, ESR 14 mm/hr, serum Ferritin 
926 ng/ml. Subsequently, surgical intervention in the form of 
left sided (EDAMS) was done around 1 month after stroke, 
which he tolerated well. We plan to re-introduce thalidomide 
on follow-up. 

DISCUSSION

The incidence of MMS along with β-thalassemia major 
is rare occurrence, with only a few cases documented in 
literature (Table). Most of the cases in literature are beta 
thalassemia major and only one case was alpha-thalassemia.8 
The  absence  of β-globin subunits in thalassemia promotes 
the expression of pro-coagulant phospholipids like 
phosphatidylethanolamine, phosphatidylserine in red blood 
cells causing a hypercoagulable state mostly in patients not 
receiving blood transfusion. This leads to platelet aggregation, 
thromboembolism and atherosclerosis.17,18 Moreover, 
thalassemia may cause tissue hypoxia and hypertrophic 
vascular endothelium, leading to microvascular stenosis. 
There is evidence of increased angiogenesis-related factors, 
including endothelial colony-forming cells, several cytokines, 
vascular endothelial growth factor (VEGF), and basic 
fibroblast growth factor (bFGF) in thalassemia.19 Increased 

Figure 1. (A, B) MRI brain shows multifocal small areas of restricted 
diffusion in left parietal cortex and subcortical white matter, left centrum 
semi ovale, corona radiata and in the periventricular white matter adjacent 
to the temporal horn of the left lateral ventricle suggestive of acute infarcts 
along with multifocal chronic infarcts. (C-F) DSA shows bilateral supraclinoid 
ICA occlusion with rete/loco-regional collaterals supply reforming bilateral 
ACA, MCA territory with right PCA occlusion and loco-regional collaterals 
in posterior circulation reforming PCA territory suggestive of Moya Moya like 
phenomenon, Suzuki grade IV

Table. Beta thalassemia with MMS

Serial 
no Author/year Age/sex Neurological 

manifestation
MRI brain/MMS Suzuki grade 

(If available) Follow up/remark

1 Inati A et al.2/ 
2013 

14 mon/F, Lebanese 
β-thalassemia major

At 3mon of age: 
Seizure

At 14mon: episodes 
of left tonic posturing 
and mild hemiparesis

-Multiple acute infarcts: cortex of Lt 
frontal, parietal and occipital lobes, 
encephalomalacia in left superior 

parietal
-MMS stage III 

At 1 mon FU: asymptomatic 
with complete resolution of 

right hemiparesis 

2 Marden et al.3/ 
2008

9 Y/ F
hemoglobin Fairfax,

beta thalassemia
Left hemiparesis

At 19mon: Right cerebral infarction, 
MRA: no characteristic findings of 

MMS
MRI brain 7Y later: MMS 

Chronic transfusion 
therapy and bone marrow 

transplantation, which were 
demonstrated to diminish risk 
of stroke in sickle-cell disease 

and -thalassemia may not 
halt progression of MMS as 

occurred in this case

3 Sunil et al.4/ 
2023

5Y/M
Beta-thalassemia major

Left hemiparesis with 
loss of consciousness,

History of multiple 
blood transfusions 4 

months ago

MRI brain: subacute infarct of right 
parieto-temporal lobe.

Presented with a stroke due 
to MMS, and subsequent 
evaluation showed beta-

thalassemia-showed 
importance of MRI brain and 

angiography

4 Das et at.5/2019
13Y/M/beta-thalassemia major
9Y/F/beta-thalassemia major
30Y/F/Hb E beta thalassemia

6Y/F/HbE trait

Hemiplegia/
Hemiparesis in 4 

cases

3/4 cases: infarcts, 
1 case with HbE-β-thalassemia:

intracerebral hemorrhage.

Neither transfusion 
dependence nor the history 
of splenectomy was found 

to be associated with MMA 
development.

The table continues

https://www.sciencedirect.com/topics/pharmacology-toxicology-and-pharmaceutical-science/epileptic-absence
https://www.sciencedirect.com/topics/medicine-and-dentistry/phospholipid
https://www.sciencedirect.com/topics/pharmacology-toxicology-and-pharmaceutical-science/phosphatidylethanolamine
https://www.sciencedirect.com/topics/medicine-and-dentistry/thrombocyte-aggregation
https://www.sciencedirect.com/topics/pharmacology-toxicology-and-pharmaceutical-science/thromboembolism
https://www.sciencedirect.com/topics/medicine-and-dentistry/atherosclerosis
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bFGF levels may stimulate arterial growth and transforming 
growth factor beta-1 (TGFB1) mediates neovascularization, 
contributing to the pathogenesis of MMS.20 High serum 
ferritin levels ≥1000 mg/L in itself is a risk factor.21

Thalidomide has immunomodulating and anti-angiogenic 
properties and induces gamma-globin gene expression to 
increase the proliferation of erythroid cells. It represses 
cytokine-induced nuclear factor kB, tumor necrosis factor-

Table 1. Beta thalassemia with MMS (The table continues)

5 Das et al.6/ 2022

12 cases
M: F=1:2

β-thalassemia major 4, β-thal-
assemia carrier 4, HbE/β-thal-

assemia in 2, HbE-trait in 1 
and HbD/β-thalassemia in 1

Cerebral ischemic 
insult was 

predominant brain 
lesion and associated 

neurological 
manifestations were 

seen

MRI: Ischemic predominant:
91.7% cases

-MMS

Mean follow-up of 28.3±13.9 
months

All medically managed
8.3%: New onset neuro-deficit 

and subsequent mortality, 
rest 91.7% no silent cerebral 

infarction  

6 Doctor PN et al. 7/ 
2018

25Y/F
HbE-beta thalassemia

Choreoathetoid 
movements

-MRI Brain:  No basal ganglia stroke
-MMS

-PRBC transfusions, Aspirin
-Secondary prophylaxis 

measures essential to prevent 
progression or recurrence 

7 Zhu et al.8/2022 43Y/M
alpha-thalassemia

Headache, dizziness 
and nausea.

MMS with aneurysm rupture and 
bleeding

Haemorrhage from ventricular 
system and localized white matter 

hypodensity in left frontal lobe

Cerebral aneurysm 
embolization

At 1 month post discharge, CT 
confirmed that each ventricle 

was unobstructed.
Patients with MMS should 
undergo extracranial and 

intracranial revascularization 
as soon as possible.

8 El Beltage et al.9/ 
2014

16Y/F/ 
β-thalassemia intermedia

Headaches for 2Y, 
Recurrent focal 

seizures

Cranial MRI and MRA: Bilateral 
focal hyperintensities on FLAIR 
images with cortical, subcortical, 

sulcal, periventricular and anterior 
internal border zone.

-Ivy sign
-MMS

Development and degree of 
the ivy sign may be used as 
a predictor for developing 

symptomatic CNS ischemia 

9 Parker et al.10/ 
2009

15Y/M,
Cambodian,

HbE/b-thalassemia

-No neurological 
manifestation 

-GH deficiency, MRI 
performed in view of 

GH deficiency

Left MMS 18mon later: no abnormal 
neurological findings

10 Mukherjee et al.11/ 
1995

5-½ /F,
b-thalassemia major 

2-year history 
of alternating 
hemiplegia,

Two years later, 
tonic clonic seizures 

on the left side, 
which progressed to 
intermitted left sided 

hemiplegia

MMS -

11 Sanefuji et al.12/ 
2006

14Y/F Japanese,
beta-Thalassemia intermedia

One month after 
splenectomy, had 

episodes of transient 
right hemiparesis, 

headaches, and 
general malaise

MMS
Not clear whether MMS 

occurred before or after the 
splenectomy

12 Shaukat et al.13/ 
2025 6Y/F/ beta thalassemia major

Recurrent seizures 
for 3Y, dysarthria, 

difficulty walking 15 
days prior, headaches 

and vertigo for 2 
months

-Subacute ischemic infarct in the left 
occipital lobe.

-Acute infarct with postischemic 
hyperperfusion and adjacent cortical 
laminar necrosis in left occipital lobe

-Stage III MMD

6 months: No new 
neurological deficit

Neurosurgery referral for 
consideration of surgical 

intervention

13 Vikhe VB et al.14/ 
2021

16Y/M/ Beta-thalassemia 
major

-Old history of 
ischemic stroke

-Right hemiparesis, 
recurrent seizures

MRI: Right MCA, ACA territory 
acute non-haemorrhagic infarcts

-MMS

Blood transfusions and 
antiplatelet therapy

Transfusion dependency 
in beta thalassemia major 

might not be able to prevent 
progression of MMS

14 Kumar N et al.15/ 
2024

7Y/M/
Beta thalassemia major

Right upper limb 
monoparesis, focal 

seizures, right upper 
motor neuron type 
facial nerve palsy. 

CECT head: Left ACA and MCA 
territory infarct

-Aspirin, valproate, blood 
transfusion 

-Monoparesis resolved over 
1 week

-No focal neurological 
deficits/ seizures till 6 months 

of follow-up

15 Sarkar et al.16/ 
2016

11Y/M
HbE/beta thalassemia

Recurrent and 
progressive 
hemiplegia,

Right hemiplegia for 
1 year, left hemiplegia 

for 1 month

-MRI Brain: Encephalomalacia 
in bilateral cerebral hemisphere 

(left>right),
Old infarct of left basal ganglia and 

periventricular white matter,
-MMS

Children with thalassemia 
should be screened for future 

risk of MMS 

Mon: Month, MRI: Magnetic resonance imaging, MMS: Moya Moya syndrome, CT: Computed tomography, FU: Follow up, Y: Years, PRBC : Packed red blood cell, ACA: Anterior cerebral artery, MCA: Middle 
cerebral artery, MRA: Magnetic resonance angiography, CECT: Contrast enhanced computed tomography, FLAIR: Fluid attenuated inversion recovery, GH: Growth hormone

https://www.sciencedirect.com/topics/medicine-and-dentistry/ferritin
https://www.sciencedirect.com/topics/pharmacology-toxicology-and-pharmaceutical-science/brain-infarction
https://www.sciencedirect.com/topics/pharmacology-toxicology-and-pharmaceutical-science/brain-infarction
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alpha, vascular endothelial growth factor, and prostaglandin 
E2 synthesis, and increases the reactive oxygen species ROS 
p38 MAPK (mitogen-activated protein kinases) signalling 
pathway.22

Thalidomide is found to cause deep vein thrombosis in 22.5% 
of adult patients with multiple myeloma and 2.3% in those 
with nononcologic indications. Thrombotic events in children 
are known to be uncommon.23 Thromboembolic events 
occur with increased frequency in mostly in thalidomide 
combinations with other drugs, including steroids and 
particularly anthracycline-based chemotherapy. However, 
there is a low incidence of thrombosis with single-agent 
thalidomide treatment.24 In case of any stroke symptom, 
immediate neuroimaging facilitates early diagnosis of MMS 
to prevent future strokes or transient ischemic attacks. 
There is no literature of genetics of MMS associated with 
thalassemia. Our case is unique as apart from MMS being 
rare in thalassemia, very few such cases undergo surgical 
revascularization management.

CONCLUSION 

MMS may develop insidiously in patients of thalassemia and 
result in debilitating neurological manifestations like stroke 
or transient ischemic attack. Any neurological symptom 
indicating possible stroke warrants prompt investigation 
in the form of MRI Brain and angiography of head and 
neck vessels in order to exclude MMS or other occlusive 
arteriopathy. Apart from medical management with 
antiplatelet, surgical revascularization may be beneficial for 
cerebral perfusion to prevent further ischemic events. 
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