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Abstract

Introduction Moyamoya angiopathy (MMA) is a rare cerebrovascular disease with progressive bilateral narrowing of intrac-
ranial parts of the internal carotid artery and proximal parts of the anterior and middle cerebral artery resulting in recurrent
hemodynamic ischemic attacks, strokes and hemorrhages. If associated with other diseases, it is called Moyamoya syndrome
(MMS). Until now, MMS has rarely been described with thalassemia.

Methods Of the 75 cases of MMA collected in our Indian center in the last 3 years, 4 new patients with the rare cooccurence
of thalassemia and MMS were found. Thalassemia cases were confirmed by hemoglobin electrophoresis and MMA was
diagnosed on the basis of MR angiography. Other known secondary causes of MMA were ruled out by relevant investiga-
tions. Thirteen previously reported cases of thalassemia and MMA were retrieved by literature search in PubMed and Google
Scholar using the keywords “Moyamoya” AND “thalassemia”. Subsequently all the data were analyzed and compared by
using descriptive statistics.

Results Analysis of our 4 cases and those 13 found in the literature showed early childhood diagnosis of thalassemia and in
most cases later manifestation of MMS in the age of 14.5+10.72 years (mean + SD) in our cases and with 10.97 4 6.47 years
in previous cases. While 9 out of the former 13 and 3 of our 4 cases showed obvious infarcts in brain imaging, 1 case with
HbE-B-thalassemia presented with intracerebral hemorrhage. Hemiplegia/hemiparesis was present among all of our 4 cases,
while it was present in 69.23% cases of the previous 13 reports. Neither transfusion dependence nor the history of splenec-
tomy was found to be associated with MMA development.

Conclusion These four new cases of MMS in thalassemia enlarged our knowledge about MMS in patients with thalassemia.
MMS is a relevant complication in patients with thalassemia and early detection is essential to avoid disability.
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Moyamoya angiopathy (MMA) is an intracranial angiopathy
of unknown etiology, which is characterized by bilateral pro-
gressive steno-occlusive changes of the intracranial portion
of the internal carotid arteries (ICA) and proximal portions
of the anterior cerebral artery (ACA) and/or middle cerebral
artery (MCA). The compensatory development of a collat-
eral network of vessels resembles a “puff of smoke” (“moy-
amoya” in Japanese) at the base of the brain [1]. Although
bilateral involvement is typical of MMA, angiographically
proven unilateral steno-occlusion of terminal ICA has also
been included under the umbrella term MMA [2]. Posterior
cerebral arterial (PCA) or vertebra-basilar involvement has
increasingly been recognized [3]. In contrast to idiopathic,
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mainly genetic triggered forms (formerly known as Moy-
amoya disease, MMD), Moyamoya syndrome (MMS) refers
to MMA associated with other recognized diseases, such as
meningitis in childhood, neurofibromatosis type-11, Down
syndrome, cranial irradiation and different types of anemias,
particularly hemoglobinopathies [2]. Although sickle cell
disease is a well-described risk factor for MMS [4], there
are only few cases of MMS associated with thalassemia
[5-17] and other rarer variants of hemoglobinopathies [18,
19]. Here, we report four cases of MMA with p-thalassemia,
provide comparative analysis of these findings with previ-
ous reports and discuss biologically plausible associations
of these two entities.

Materials and methods

In the period of 3 years (2017-19), totally 75 angiographi-
cally proven MMA cases had been diagnosed at our center
(Bangur Institute of Neurosciences, IPGMER and SSKM
Hospital, Kolkata, India). While 61 of them were MMD, 14
were MMS. Out of those 14 MMS cases, 4 were found be
thalassemic (proven by hemoglobin electrophoresis). Three
of them were previously diagnosed with thalassemia and one
was simultaneously diagnosed with HbE trait. Each case was
evaluated by detailed history taking, neurological examina-
tion and review of additional symptoms. All patients under-
went magnetic resonance imaging (MRI) of the brain, fol-
lowed by MR angiography (MRA). To exclude other causes
of stroke, routine blood investigations (complete hemogram,
electrolytes, renal and liver function tests, viral serology,
random blood sugar, routine urine, lipid profile, coagulation
profile),vasculitis screening (anti-nuclear antibody profile,
cytoplasmic anti-neutrophil cytoplasmic antibody, perinu-
clear anti-neutrophil cytoplasmic antibody, anti-phospho-
lipid antibodies, rheumatoid factor, anti-cyclic citrullinated
peptide, angiotensin-converting enzyme), thrombophilia
workup (serum homocysteine, vitamin B ,, folate, protein
C, protein S, anti-thrombin III, factor V Leiden, prothrom-
bin gene mutation, fibrinogen, hemoglobin electrophoresis)
were done. Moreover, diagnostic workup included tests to
rule out cardioembolism or arteriosclerosis (electrocardi-
ography, 2D-echocardiography and bilateral carotid arterial
Doppler).

Literature search was performed in PubMed using the
keywords “Moyamoya” AND “Thalassemia”, which yielded
21 results. After screening these 21 references, ten cases
which described the association of MMS and thalassemia
were selected [5—12, 14, 16]. Considering the rarity of diag-
nosis and paucity of cases reported in literature, we further
extended the literature search in Google Scholar with the
same keywords. This revealed three more cases published

in non-PubMed indexed journals [13, 15, 17]. So, finally
13 published cases were included in this literature analysis.

Our’s and the previously reported cases were analyzed in
terms of gender distribution, type of -thalassemia, age of
diagnosis of thalassemia, age of onset of neurological prob-
lems (including seizures), history of any neuropsychiatric or
cognitive impairment, age at which diagnosis of MMS was
established, status of spleen, treatment received for thalas-
semia (including transfusion dependency), relevant family
history, neurological presentation, mode of treatment and
long-term neurological sequelae. Findings were summa-
rized in descriptive statistics. Due to the small number of
cases, no statistical comparisons were done. All patients
gave their permission for publication. They underwent no
study-specific procedures, so no permission from the ethical
committee was necessary.

Case presentations
Case-1

A 13-year-old male patient, suffering from transfusion-
dependent P-thalassemia major, experienced a sudden
onset of right-sided hemiparesis with loss of consciousness
and an episode of focal seizure with secondary generali-
zation. There was no conventional risk factor for vascular
diseases. There was no prior history of focal neurological
deficit (FND), seizures, cognitive or psychiatric manifesta-
tions. Family history was also non-contributory. Neurologic
examination revealed right-sided diminished muscle power
more in the lower limb with spasticity, brisk deep tendon
reflexes (DTR) and extensor plantar response. Review of
other systems (ROS) showed mild pallor and hepatospleno-
megaly. MRI of the brain revealed infarct in the left centrum
semi-ovale, adjoining the corpus callosum and the left fron-
tal lobe. MRA depicted bilateral terminal ICA narrowing
with narrowing of the right M1 segment of MCA with col-
laterals suggestive of MMA. All routine blood investigations
were within normal limits, except hemoglobin 7.8 g% and
peripheral blood smear showing microcytic hypochromic
anemia. Hemoglobin electrophoresis allowed diagnosing
B-thalassemia major. Additional workup (described above)
revealed no other abnormalities. The patient was managed
conservatively (with antiplatelets, statin, mannitol and physi-
otherapy) with uneventful clinical recovery.

Case-2
A 9-year-old female, known to have transfusion dependent
p-thalassemia major, presented with sudden onset of left-

sided complete hemiparesis. There was no conventional
risk factor for atherosclerotic vasculopathy. There was no
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prior history of FND, seizures, psychiatric manifestations
or cognitive impairment. There was no relevant family his-
tory. Neurologic examination revealed diminished muscle
power (more in lower limbs) with spasticity, brisk DTR and
extensor plantar response as well as upper motor neuron
(UMN) type of facial palsy on the left side. The girl pre-
sented with mild pallor, icterus and hepatosplenomegaly.
Acute infarction in the right fronto-temporo-parieto-occip-
ital region and right basal ganglia was found in MRI. MRA
showed bilateral, but left accentuated MMS showing plenty
of left-sided collateral formation (Fig. 1a). Routine blood
investigation revealed hemoglobin of 7.4 g%, microcytic
hypochromic anemia and total serum bilirubin 3 mg% (con-
jugated—2.1 mg%). Further workup was unyielding. The
patient was managed conservatively (with antiplatelets, sta-
tin, mannitol and physiotherapy) with uneventful clinical
recovery.

Case-3

A 30-year-old female patient, a known case of Hb E
B-Thalassemia, presented with sudden onset of loss of
consciousness. On regaining consciousness, she developed
left-sided hemiparesis and choreatic movements of the left
extemities. She was transfusion dependent since the age
of 6 years, requiring transfusion once or twice per month.
At the age of 21 years, she underwent splenectomy. There-
after, she had only three episodes of blood transfusion in
the last 9 years, the last being 5 years previously. There
was no conventional risk factor for vascular diseases.
There was no prior history of FND, seizures, cognitive
or psychiatric disturbances. There was no relevant family
history. Physical examination uncovered just mild pallor.
Neurologic examination revealed mild left-sided spastic

Fig. 1 a Computer tomography
of the brain of a 30-year-old
patient with right-sided basal
ganglia hemorrhage with edema
accompanied by intra-ventric-
ular extension. b Magnetic
resonance angiography of a
9-year-old patient with bilateral
but left accentuated MMS
showing plenty of left-sided
collateral formation
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paresis with UMN-type facial palsy. Computer tomog-
raphy of the brain depicted intracerebral bleeding with
intraventricular extension (Fig. 1b). Bilateral narrowing of
the supraclinoid ICA, bilateral ACA, MCA and PCA with
Moyamoya collateralization was evident in MRA. Rou-
tine blood investigation revealed hemoglobin of 8.4 g%
and total serum bilirubin 2.83 mg%. Other workup was
unremarkable. The patient was managed conservatively
(with trihexyphenidyl and clonazepam for dystonia, tetra-
benazine for chorea, mannitol as anti-edema measure, and
physiotherapy). Her weakness improved with no residual
hemiparesis, while choreodystonic movements persisted,
albeit its severity decreased.

Case-4

A 6-year-old female presented with history of recurrent tran-
sient left hemiparesis with left focal motor seizure with onset
8 months previously. There was no conventional risk factor
for vascular diseases. There was no prior history of FND,
seizures, psychiatric or cognitive impairment. Family history
was also non-contributory. Examination revealed mild pallor
with residual paresis of the left side of the body with spastic-
ity. MRI of the brain showed areas of subacute and chronic
infarct involving the frontoparietal cortical and subcortical
regions. MRA depicted narrowing of bilateral supraclinoid
ICA, MCA and ACA along with collaterals. Hemoglobin
was 9.2 g% and peripheral smear showed normocytic nor-
mochromic anemia. HbE trait was found in hemoglobin elec-
trophoresis. This was incidentally diagnosed, without prior
transfusion history. Further workup was normal. The patient
was managed conservatively (with antiplatelets, statin and
physiotherapy) with uneventful recovery.
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Results
Analysis of our cases

Our case series had female predominance
(male:female—1:3), two were B-thalassemia major and
one was a HbE- f-thalassemia patient and the other had
HbE-trait. The age at which they were diagnosed with
thalassemia was 5+ 1.41 years (mean + SD), while the
mean age at which they were diagnosed with MMS was
14.5+10.72 years (mean + SD). However, in one of our
cases thalassemia was diagnosed as a part of the workup
after diagnosis of MMS. All four of them presented with
hemiparesis, two had focal seizures with secondary gen-
eralization and one had involuntary movements. Three
of the four had not undergone splenectomy and two were
transfusion dependent at the time of the event. While three
of them had infarct on brain imaging, one with HbE-f-
thalassemia presented with intracerebral hemorrhage. All
our cases, though counseled for revascularization surgery,
were managed conservatively and have been clinically sta-
ble over a minimum of 6 months period (Tables 1 and 2).

Analysis of previous cases

Among the 13 cases reported till now of thalassemia asso-
ciated with MMS, 5 cases were of f-thalassemia inter-
media [6, 9, 10, 13, 14], 3 had HbE-p-thalassemia [8,
15, 17] and 2 of them had p-thalassemia major [5, 12],
while a single cases of p-thalassemia with HPFH [16],
Hb Fairfax [7] and sickle p + -thalassemia [11] have been
reported earlier. They were almost equally distributed
among males and females (M:F—1:1.16). The diagnosis
of thalassemia (mean age-2.87 +2.02 years) was made
earlier than MMS in most of the cases except two, one in
which MMS was diagnosed earlier to the hemoglobinopa-
thy [12] and another where both diagnoses were estab-
lished simultaneously [16]. The mean age of diagnosis
of MMS was 10.97 +6.47 year with the youngest diag-
nosis at 13 months and oldest at 25 years. The predomi-
nant symptom was hemiparesis or hemiplegia (9 out of 13
i.e., 69.23%). One case was neurologically asymptomatic.
41.67% of patients had no prior history of neurological
complaints before they presented with acute-onset focal
neurological deficit which led to the diagnosis of MMS.
50% of patients had earlier onset of neurological symp-
toms before they were finally diagnosed to be suffering
from MMS. The age of appearance of the first neurological
symptoms also preceded the age at diagnosis of MMS by
a duration of 35.57 +35.47 months (mean + SD). Splenec-
tomy was seen only in two out of the ten patients in which

the status of the spleen was reported [6, 9]. Out of the 12
cases describing the transfusion status, 6 were transfu-
sion independent [6, 8, 9, 11, 12, 14] at the time of acute
neurological event of MMS. Nine out of the 13 cases had
ischemic presentation on MRI. Out of ten cases mention-
ing management strategy, nine were managed conserva-
tively [6-8, 10, 12—-14, 16, 17], while only 1 underwent
revascularization surgery [11]. Nine references reported
follow-up, six were found to be clinically improved [6, 8,
10, 12, 13, 16], two described radiological progression of
the disease [7, 17] and the surgically managed one showed
impaired cognitive skills [11].

Discussion

In general, patients with MMS are at a high risk of suffering
hemodynamic transient ischemic attacks and stroke as well
as embolic stroke. Emboli are thought to form locally in the
intracranial stenosis and are hypothesized to become symp-
tomatic due to reduced washout of emboli in the hemody-
namically compromised state [20, 21]. Hypercoagulability,
followed by thromboembolic events, is a widely recognized
complication of thalassemia [22-24]. Risk factors include
family history of thrombotic event, previous splenectomy,
profound anemia, age above 35 years and a serum ferritin
level > 1000 mg/1, [25-27]. On the other hand, positive his-
tory of transfusion and a hemoglobin level > 9 g/dl were
found to be protective against thrombosis [28]. Hyperco-
agulability in chronic hemolytic anemia is multifactorial
and includes the following: (1) circulating oxidative stress-
dependent damaged red cell membrane increasingly expos-
ing negatively charged phosphatidylserine, more so in the
transfusion-independent patients [29]; (2) endothelial cell
damage and activation by the oxidative stress due to hemoly-
sis and iron overload [30, 31]; (3) higher plasma levels of
markers of coagulation and of fibrinolysis activation [32];
(4) increased platelet numbers and aggregation [33, 34]; (5)
deficiency of natural anticoagulants, such as protein C and
protein S and increased levels of thrombin—antithrombin III
complex [35].

Among hematological disorders, MMS has been more
commonly associated with sickle cell anemia, but has also
been reported with other disorders such as beta thalas-
semia, Fanconi’s anemia [36], hereditary spherocytosis
[37], iron deficiency anemia [38], Diamond—-Blackfan ane-
mia [39], paroxysmal nocturnal hemoglobinuria [40] and
few rare hemoglobinopathies [18, 19]. It could be hypothe-
sized that pathophysiologically obstructed flow in the vasa
vasorum by non-deformable red cells, especially sickle
cells, contributes to ischemia of vessel walls and subse-
quent intimal proliferation of the internal carotid artery
and thus occlusion. The decreased blood flow caused by
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Table 2 (continued)

Follow-up

Treatment
received

Manage-
ment

Type of

stroke

Neurologi-

Neuro-

diagnosis of logically

Sex Thalas- History of ~ Ageatthe  Previous Age atthe  Age at the
splenectomy diagnosis of history of onset of

Authors

cal presen-
tation

semia

[reference]

for thalas-

(infarct/

hemor-
rhage)

relevant

neurological MMS

problems

thalassemia neuro-

syndrome

semia and

family his-
tory

logical and
neuropsy-
chiatric

transfusion

dependence

manifesta-

tions

Transfusion Improved

Conserva-

Infarct

Left hemi-

Nil

6 years 6 years

Nil

6 years

p-Thal/ No

Male

Gupta et al.

neurologi-

dependent

tive

plegia

HPFH

[16]

cal deficits

Conserva-  Hydroxyu-  Radiological

Neither

Choreoathe-

Nil

25 years

25 years

Nil

4 years

Female HbE/ -Thal No

Doctor et al.

progression
seen on

MRA

rea; trans-
fusion

tive

infarct nor
hemor-
rhage

tosis

[17]

dependent

anemia, together with less deformable blood cells, may
also cause progressive endothelial proliferation and subse-
quent vascular occlusion [41].Another pathophysiological
hypothesis of cooccurrence could be seen in two or more
syngergistic genetic triggers. Just recently, it has been
demonstrated in MMS associated with neurofibromatosis
that the combination of two generic factors might con-
tribute to the development of vasculopathy [42]. Also in
European MMA, a synergistic gene constellation has been
discussed [43]. In Asia, MMA is highly associated with
the RNF213 gene variant p.R4810K; however, not all car-
riers of this variant will develop MMA, so a multigenetic
cause is highly probable. However, until now no genetic
links between these two entities has been described,
despite well-known genetic factors in thalassemia. Nitric
oxide has emerged as a missing link in the pathogenesis
of MMA in thalassemia. As in sickle cell anemia [44, 45],
NO deficiency might be the key reason for generating oxi-
dative stress, proinflammatory and prothrombotic cascades
and adverse vascular events among thalassemia patients
[46, 47]. Data from three unrelated family studies have
revealed that homozygous mutations in GUCY 1A3 (which
encodes the al subunit of soluble guanylate cyclase, the
major receptor for NO) result in MMA [48]. This further
strengthens the association between altered NO signaling
and MMA.

Reviewing existing literature, some similarities and differ-
ences could be found. The age at first neurological symptom
was not discordant with the age at diagnosis of MMS in our
case series, contrary to the previous findings where appear-
ance of neurological symptoms preceded MMS diagnosis
by many years. Splenectomy, thought to be a risk factor for
development of thromboembolic manifestation [49] owing
to thrombocytosis and hyperlipidemia, was seen only in two
out of the ten patients that described the status of spleen in
previous literature, [6, 9] suggesting that it might not be a
very important determinant for the development of MMS in
the background of thalassemia. Three of the four in our cases
had not undergone splenectomy, again undermining its risk
potential. In both our cases and previously reported cases,
50% of patients with thalassemia were transfusion independ-
ent at the time of acute neurological event. This indicates
that mere transfusion dependency may have a lesser role in
preventing the development of MMS in the background of
thalassemia, unlike in other types of hemoglobinopathies
[50, 51], rather keeping the hemoglobin above a desired level
so as to prevent chronic hypoxia is more important. While
all the prior reported cases had ischemic presentation in the
MRI of the brain, one of our cases with HbE-f-thalassemia
presented with intracerebral hemorrhage at 30 years of age.
This could be due to the the older age of presentation where
intracerebral hemorrhage is a common presenting feature
in MMS due to fragile collaterals and microaneuryms [52].
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Conclusion

Transfusion dependency in pB-thalassemia major might
not be able to prevent the progression of MMS. There is
usually a prolonged time gap between the diagnosis of
thalassemia and recognition of MMS, which hypothethi-
cally could be explained by a long time of good hemody-
namic compensation as well as with high rate of misdiag-
noses and false diagnoses. A higher index of suspicion and
screening might be helpful for early detection of MMS and
lead to better prognosis. It is important that neurological
deficit in the background of hemoglobinopathy should be
worked up carefully differentiating between a thrombo-
embolic event due to chronic hypercoagulable state and a
potential MMS. As the later is a progressive disease, early
surgical intervention with direct or indirect revascularisa-
tion might have great impact on prognosis of the patient
[53, 54].
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