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Unilateral Moyamoya Vasculopathy in Sickle Cell Disease: Clinical and 
Neuroimaging Insights from a Case Report

Abstract

Unilateral Moyamoya Disease (U-MMD) is an uncommon cerebrovascular disorder characterized by progressive steno-occlu-
sive changes affecting a single cerebral hemisphere. Its natural history, particularly the risk of progression to bilateral disease, 
remains incompletely understood. We report the case of a 21-year-old patient with sickle cell disease who exhibited progres-
sive radiological changes consistent with unilateral Moyamoya vasculopathy over long-term follow-up. Serial magnetic reso-
nance imaging demonstrated worsening hemispheric atrophy and the appearance of cortical hyperintensities associated with 
the ivy sign, while angiography confirmed progressive stenosis of the terminal internal carotid artery and its branches with the 
development of collateral circulation. This case highlights the dynamic nature of unilateral disease and underscores the impor-
tance of longitudinal imaging and early therapeutic consideration. A review of current literature is provided to contextualize 
clinical, radiological, and pathophysiological aspects of U-MMD.

Introduction
Moyamoya disease is a chronic, progressive cerebrovascular 
arteriopathy of unknown etiology, characterized by progres-
sive stenosis or occlusion of the terminal portions of the inter-
nal carotid arteries and their proximal branches. This process 
leads to the formation of a compensatory network of fragile 
collateral vessels at the base of the brain, which gives rise to 
the characteristic angiographic appearance described as a “puff 
of smoke.” Although the classical definition requires bilateral 
vascular involvement, unilateral forms have increasingly been 
recognized and were formally incorporated into diagnostic cri-
teria in the 2012 Japanese guidelines [1].

Unilateral Moyamoya disease is defined by the presence of 
typical angiographic abnormalities confined to one hemi-
sphere, with the contralateral side remaining either normal or 
only minimally affected. While initially considered an early 
stage of bilateral disease, accumulating evidence suggests that 
unilateral presentations may represent a distinct clinical entity 
in some patients. The reported prevalence varies but is general-
ly estimated at approximately 10–15% of all Moyamoya cases. 
Despite growing recognition, the clinical course and predictors 
of progression remain subjects of ongoing investigation [2]. 

Case Presentation
We report the case of a 21-year-old patient with a history of 
sickle cell disease diagnosed in childhood, born to parents with 
heterozygous sickle cell trait. The patient had been followed 
clinically since the age of nine years for hematological and 
neurological complications.

Initial brain magnetic resonance imaging revealed sequelae 
of a left sylvian ischemic insult associated with marked left 
hemispheric atrophy, attributed to chronic hypoperfusion. Over 
time, serial neuroimaging demonstrated progressive worsen-
ing of cerebral atrophy. Follow-up fluid-attenuated inversion 
recovery sequences showed the emergence of cortical hyper-
intensities, reflecting slow flow within leptomeningeal vessels. 
Notably, the appearance of a bilateral ivy sign was observed, 
indicating the presence of compensatory pial collateral circula-
tion and impaired cerebral hemodynamics (Figure 1).

Subsequent arterial time-of-flight angiography and conven-
tional angiographic studies confirmed significant stenosis of 
the terminal internal carotid artery, as well as involvement 
of the anterior and middle cerebral arteries (Figure2). These 
abnormalities were predominantly localized to the left hemi-
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Figure 2: Arterial time-of-flight (TOF) angiography demonstrating stenosis of the terminal 
internal carotid arteries with a left-sided collateral vascular network.

Figure 1: Axial FLAIR MRI images. 
(a) Initial study showing leptomeningeal hyperintensity corresponding to the ivy sign (red ar-

row), suggestive of impaired cortical perfusion. 
(b) Follow-up study demonstrating left hemispheric cerebral atrophy consistent with chronic 

ischemic changes in Moyamoya vasculopathy.

sphere and were associated with the development of an exten-
sive collateral vascular network. The contralateral circulation 
remained relatively preserved, supporting the diagnosis of uni-
lateral Moyamoya vasculopathy with progressive radiological 
evolution.

Discussion
Unilateral Moyamoya disease represents a less common mani-
festation of Moyamoya vasculopathy and poses important 
diagnostic and therapeutic challenges. Epidemiological data 
indicate a heterogeneous distribution across populations, with 
some studies reporting a bimodal age distribution character-
ized by a peak in childhood and another in adulthood. Clinical 
presentation varies but is most often dominated by ischemic 
events, including transient ischemic attacks and completed 
strokes, although hemorrhagic manifestations may also occur 
[3]. 

In the present case, the coexistence of sickle cell disease is par-
ticularly noteworthy, as it suggests a diagnosis more consistent 
with Moyamoya syndrome rather than idiopathic Moyamoya 
disease. Sickle cell disease is a well-recognized risk factor for 
progressive cerebral vasculopathy, and its association with 
Moyamoya-like changes has been extensively documented. In 
such patients, chronic endothelial injury, inflammation, and ab-

normal rheology contribute to vascular stenosis and collateral 
formation, thereby increasing the risk of ischemic stroke at a 
young age.

The radiological evolution observed in this patient is consistent 
with previously reported findings in unilateral disease. Pro-
gressive arterial narrowing, increasing reliance on collateral 
circulation, and the appearance of the ivy sign reflect worsen-
ing hemodynamic compromise. The ivy sign, in particular, is 
considered a marker of slow cortical perfusion and has been 
correlated with reduced cerebrovascular reserve. Its bilateral 
presence in this case, despite predominantly unilateral angio-
graphic involvement, may indicate more widespread hemody-
namic stress than initially apparent.

A central issue in unilateral Moyamoya disease is the poten-
tial for progression to bilateral involvement. Although not all 
patients experience such progression, several risk factors have 
been identified, including younger age at diagnosis, the pres-
ence of subtle contralateral vascular abnormalities, and genetic 
predisposition. Variants in the RNF213 gene, especially the 
p.R4810K mutation, have been strongly associated with Moy-
amoya disease in East Asian populations and may also influ-
ence disease progression. Emerging evidence also implicates 
additional genetic factors, such as FOXM1, suggesting a more 
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complex molecular basis than previously appreciated.

The management of unilateral Moyamoya disease remains a 
matter of clinical judgment and is largely guided by symptom-
atology and hemodynamic status. Surgical revascularization, 
either through direct or indirect bypass techniques, constitutes 
the cornerstone of treatment in symptomatic patients. These 
procedures aim to restore adequate cerebral perfusion and re-
duce the risk of recurrent ischemic events. In asymptomatic or 
minimally symptomatic individuals, a conservative approach 
with close radiological surveillance may be adopted. However, 
the progressive changes observed in this case highlight the im-
portance of early recognition and timely intervention [4]. 

Prognosis in unilateral Moyamoya disease is generally favor-
able when appropriate management is instituted. Nevertheless, 
long-term follow-up is essential, particularly in younger pa-
tients and in those with underlying conditions such as sickle 
cell disease, given the risk of disease progression and recurrent 
neurological events.

Conclusion
This case illustrates the progressive nature of unilateral Moy-
amoya disease and emphasizes the critical role of longitudinal 
imaging in detecting hemodynamic deterioration. The associa-
tion with sickle cell disease further underscores the complex-
ity of Moyamoya syndrome and the need for multidisciplinary 
management. While surgical revascularization remains the 
most effective strategy for preventing ischemic complications, 
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optimal timing and patient selection require further clarifica-
tion. Future research, particularly multicenter prospective 
studies and investigations into genetic and molecular mecha-
nisms, will be essential to improve our understanding of dis-
ease progression and to refine therapeutic approaches.
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