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Abstract

In this article, we describe a rare and complex case of moyamoya syndrome in a 7-year-old boy with Down syndrome and
atlantoaxial subluxation. The patient presented with an ischemic stroke in the left hemisphere and cervical cord compression
with increased cord edema. Diagnostic digital subtraction angiography revealed unique patterns of vascular involvement,
with retrograde flow through the anterior spinal artery, ascending cervical artery, occipital artery, and multiple leptomenin-
geal arteries compensating for bilateral vertebral artery occlusion. This case underscores the underreported phenomenon of
upward retrograde flow through the anterior spinal artery in bilateral vertebral artery occlusion. We address the rare manifes-
tation of posterior circulation involvement in moyamoya syndrome, highlighting the importance of considering atlantoaxial
instability as a contributing factor, as the absence of atlantoaxial stability is a risk factor for vertebral artery dissection. This
study contributes valuable insights into the intricate relationship of moyamoya syndrome, Down syndrome, and atlantoaxial
instability, urging clinicians to consider multifaceted approaches in diagnosis and treatment. It also emphasizes the potential
significance of the anterior spinal artery as a compensatory pathway in complex vascular scenarios.
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Introduction

Moyamoya disease (MMD) is a rare cerebrovascular disor-
der marked by internal carotid artery (ICA) stenosis. Patients
with characteristic moyamoya vasculopathy plus associated
conditions are categorized as having moyamoya syndrome
(MMS) [1]. We present a case involving a 7-year-old boy
with MMS and Down syndrome (DS) who was admit-
ted with an ischemic stroke and worsening atlantoaxial
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subluxation. The digital subtraction angiography (DSA)
demonstrated MMD and bilateral vertebral arteries (VAs)
occlusion with upward retrograde flow through the anterior
spinal artery (ASA), ascending cervical artery, occipital
artery, and multiple leptomeningeal arteries. We report this
unique case due to its rarity and discuss its mechanism, con-
sidering MMD and atlantoaxial instability (AAI) as potential
causes of the VA occlusion.

Case description

The patient, a 7-year-old boy with DS, presented with a
change in mental status, right-sided facial twitching, and
right upper extremity weakness. Previous spinal imaging
had revealed an increased atlantodental interval of almost
9 mm in flexion, indicating atlantoaxial stenosis. Mag-
netic resonance imaging (MRI) revealed a large infarct in
the left fronto-temporo-parietal region, a small infarct in
the left temporal lobe posteriorly (Fig. 1), and worsening
atlantoaxial subluxation with cervical cord compression and
increased cord edema (Fig. 2).
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Fig. 1 Axial view of a diffusion-weighted magnetic resonance imag-
ing (DW-MRI) showing a large infarct in the left fronto-temporo-
parietal region (A) and a small infarct in the left temporal lobe pos-
teriorly (B)

The DSA demonstrated stenosis of the right supraclinoid
ICA beyond the ophthalmic artery and stenosis of the right
proximal anterior cerebral artery (Suzuki stage III, Fig. 3A
and B). Extensive neovascularization and collateral flow
were seen from the branches of the intracranial ophthalmic
artery to the skull base and from the branches of the right
external carotid artery (occipital artery, proximal branches

Fig.2 Sagittal view of a T2
cervical magnetic resonance
imaging (MRI) showing atlanto-
axial subluxation with cervical
cord compression and increased
cord edema (white arrow)
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of the middle meningeal artery, superficial temporal artery,
internal maxillary artery, Fig. 3C). The same branches of
the left external carotid artery also demonstrated extensive
intracranial collateral circulation and neovascularization
with blood perfusion of the left ICA distribution (Fig. 3F).
Left ICA was completely occluded in the cavernous segment
(Suzuki stage IV, Fig. 3D and E).

Notably, there was an occlusion of both the right VA
(Fig. 4C and D) and left VA (Fig. 4E and F) in the region of
C2-C4 vertebrae with multiple collaterals from the thyrocer-
vical and costo-cervical trunks which communicated with
the ASA. Eventually, the retrograde flow from the ASA,
ascending cervical artery, occipital artery, and multiple lep-
tomeningeal arteries reconstituted the intracranial VAs for
posterior fossa blood perfusion (Fig. 4).

Due to the patient’s lateral axial stenosis and subluxation
with AAI and physical findings concerning for decreased
head and upper extremity movement, structural compro-
mise was also investigated. The patient underwent surgery
for cord decompression and posterior spinal fusion from
the occiput to C2 cervical spine with right iliac crest bone
graft, removal of the posterior arch of C1 for decompres-
sion, and insertion of a halo vest. The patient tolerated the
procedure well.
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Fig.3 A, B Right ICA angiogram in frontal (A) and lateral view (B)
showing severe stenosis (white arrow) of the right supraclinoid ICA
and right proximal A1/ACA (Suzuki stage III). C Right ECA angio-
gram in lateral view showing collateral flow from the branches of
occipital artery, middle meningeal artery, superficial temporal artery,
and internal maxillary artery. D, E Left ICA angiogram in frontal (D)

Also, due to the patient’s extensive history of MMS, pre-
vious ischemic stroke, and noted bilateral VA occlusion,
vascular compromise remained high on the differential.
Surgical revascularization was considered a viable option to
establish alternative blood supply to the brain, reducing the
risk of future recurrent ischemic events. Typically planned
at least 3to 6 months later, the revascularization procedure
was delayed due to increased risks of perioperative strokes
and complications when performed within the initial months
following the last stroke in MMD patients, as well as con-
sidering the post-operative recovery after posterior spinal
fusion surgery.

Discussion

MMD is a rare cerebrovascular condition characterized by
the progressive stenosis of the distal ICAs. An understand-
ing of the etiology of MMD as well as the best treatments for
this disorder have remained elusive, although several genes

..

and lateral view (E) demonstrates occlusion of the ICA in the cavern-
ous segment (Suzuki stage IV, black arrow). F Left ECA angiogram
in lateral view showing extensive neovascularization and collateral
flow from the branches of middle meningeal artery, superficial tem-
poral artery, and internal maxillary artery

such as RNF213 [2], ANOI1 [3], and DIAPH1 [4] have been
associated with the risk of developing MMD.

Although rare, some case reports and case series have
described patients with both DS and MMS [5-8]. Kainth
et al. determined the estimated prevalence of DS as 3.8%
(3760 per 100,000) among patients admitted with MMD
and 9.5% (9540 per 100,000) among moyamoya patients
younger than 15 years of age [9]. It has been hypothesized
that overexpression of a gene on chromosome 21 could lead
to the onset of MMS, although no such association has been
discovered yet [6, 7]. Some studies report the RNF213 gene
may interact with the genes on chromosome 21 that influ-
ence vascular physiology and elasticity in patients with DS,
resulting in the picture of MMS [5].

MMD is most often known as a disorder of the ante-
rior circulation. However, in rare cases, the involvement of
the posterior circulation has been reported. Cramer et al.
reported occlusion of the posterior cerebral artery to be pre-
sent in 1 out of 7 patients with MMD and DS [6]. Studies
estimate that occlusion of at least one of the VAs in MMD
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Fig.4 A, B Neck computed tomography angiography showing the
tortuous and dilated ASA (black arrow). C, D Right VA angiogram in
frontal (C) and lateral view (D) demonstrates occluded right VA (C,
black arrow) and multiples collaterals (D, black arrow) which recon-
stituted the intracranial VAs. E, F Left VA angiogram in frontal (E)
and lateral view (F) demonstrates occluded left VA (E, black arrow)
with reconstituted by multiple collaterals basilar artery (E, white
arrow) and posterior inferior cerebellar artery (F, black arrow)

occurs in approximately 3% of patients, with bilateral occlu-
sion being even rarer [10, 11]. Although unilateral presenta-
tions of MMD have been reported [12], bilateral involvement
is a more common presentation in patients with DS, possibly
reflecting the difficulty in making an early diagnosis rather
than a vascular pathology specific to these patients [6]. In
our case, the patient presented with right-sided facial twitch-
ing and upper extremity weakness, most likely attributed to
a large ischemic stroke in the left fronto-temporo-parietal
region of the left hemisphere. Additionally, the patient’s
reduced head and upper extremity movement were possibly
associated with atlantoaxial subluxation causing cervical
cord compression.

The patient’s atlantoaxial and subaxial spinal instabil-
ity may contribute to bilateral VA dissection and occlu-
sion, given the assumed risk factor of instability induced by
AAI [13]. AAI is a common co-morbidity among patients
with DS, resulting from ligament laxity and odontoid dys-
plasia. About 10-30% of patients having trisomy 21 will
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traditionally develop AAI, yet some reports mark the risk
to be more than 60% in adult population [14-16]. The inci-
dence may vary in the pediatric population. Takeoka et al.
and Alfhmi et al. both noted an incidence of AAI in the
pediatric population ranging from 14.6 to 22.2%, with the
majority being asymptomatic [17, 18]. Instability in the
atlantoaxial joint, crucial for head rotation, can potentially
lead to VA compression, dissection, and subsequent occlu-
sion. It is essential to perform not only cranial but also cer-
vical MRI for a patient with DS presenting neurological
complications [8].

In patients with VA occlusion, spontaneous flow reversal
may occur in the ASA as a source of compensatory blood
supply to the posterior circulation. Although rarely reported,
our case observed upward retrograde flow through the ASA,
feeding the basilar artery through collateral vessels from the
ASA, ascending cervical artery, occipital artery, and multi-
ple leptomeningeal arteries. The possible etiology of the VAs
occlusion could vary because of the patient’s MMD and DS
with AAI ASA is found to be an important potential source of
posterior fossa perfusion if blood supply from the VAs is tenu-
ous or absent, and the degree and extent of contribution from
the ASA to the intracranial blood perfusion depends on pres-
ence or absence of another source of collateral supply (such
as posterior communicating artery), and on the patency of the
adjacent vertebrobasilar junction as a route for the further flow.

Conclusion

The rare pattern of upward retrograde flow through the ASA
in the case of the bilateral VA occlusion is underreported in
the literature. In the presented case, the unique combination
of MMS, DS, AALI, and bilateral VA occlusion highlights the
need for comprehensive understanding and individualized
management strategies. The observation of upward retrograde
flow through the ASA emphasizes its potential significance as
a compensatory pathway in complex vascular scenarios.
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