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Case Report: A rare presentation
of rapidly progressive moyamoya
disease refractory to unilateral
surgical revascularization
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Moyamoya disease (MMD) is a chronic, occlusive cerebrovasculopathy typified
by progressive steno-occlusive disease of the intracranial internal carotid
arteries (ICAs) and their proximal branches. Moyamoya syndrome (MMS)
categorizes patients with characteristic MMD plus associated conditions. As
such, the most usual presentations are those that occur with cerebral
ischemia, specifically transient ischemic attack, acute ischemic stroke, and
seizures. Hemorrhagic stroke, headaches, and migraines can also occur
secondary to the compensatory growth of fragile collateral vessels propagated
by chronic cerebral ischemia. While the pathophysiology of MMD is unknown,
there remain numerous clinical associations including radiation therapy to the
brain, inherited genetic syndromes, hematologic disorders, and autoimmune
conditions. We describe the case of a 31-year-old woman who presented
with recurrent ischemic cerebral infarcts secondary to rapidly progressive,
bilateral MMD despite undergoing early unilateral surgical revascularization
with direct arterial bypass. She had numerous metabolic conditions and
rapidly decompensated, ultimately passing away despite intensive and
aggressive interventions. The present case highlights that progression of
moyamoya disease to bilateral involvement can occur very rapidly, within a
mere 6 weeks, a phenomenon which has not been documented in the
literature to our knowledge.
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Introduction

Moyamoya disease (MMD) entails stenosis or complete occlusion of the intracranial

ICA with clinical presentation including ischemic and/or hemorrhagic stroke as well as

bilateral involvement. MMD is differentiated from moyamoya syndrome (MMS) by the

fact that the former typically has bilateral stenosis while the latter tends to be unilateral

with vascular findings occurring in the presence of an underlying pathological process

associated with cerebral vasculopathy, such as cranial irradiation, Down syndrome,

neurofibromatosis type 1, sickle cell disease, and Grave’s disease (1–4). Both are
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distinguished from more common causes of vessel stenosis, such as

atherosclerosis and vasculitis, as MMD patients rarely have

atheromatous plaques observed in their arterial walls (1). There

is a 6%–12% risk of developing MMD in the setting of an

afflicted first-degree relative. It is more common in ethnic

Asians, particularly in patients with Korean or Japanese heritage

(2). MMD is a major cause of ischemic brain injury, seizures,

and hemorrhagic stroke in pediatric populations with a bimodal

age distribution in children and young adults (5–7).

MMD typically involves the terminal portions of the ICA and/

or the proximal parts of the anterior cerebral artery (ACA) or

middle cerebral artery (MCA), thus primarily affecting the

anterior circulation. Posterior circulation involvement (i.e.,

posterior cerebral artery, basilar artery) occurs less frequently.

Ischemia to the brain parenchyma can lead to a vascular

response in the form of recruitment of collateral vessels (1).

Though previously believed to be a process of angiogenesis with

entirely new vessels, recent research indicates that existing vessels

dilate and hypertrophy in response to the ischemia (1, 8).

Specifically, the lenticulostriate or thalamoperforating arteries

tend to be recruited. The enlarged collateral blood vessels give

the syndrome its characteristic name “moyamoya”, translating to

“puff of smoke”, which characterizes blood vessel appearance on

cerebral angiography (1). Compared to normal samples,

histological specimens from patients with MMD demonstrate

relative thickening of the tunica intima secondary to smooth

muscle cell hyperplasia (9), thinning of the tunica media with

abnormal duplication and coiling of the internal elastic lamina

(10), and micro-aneurysmal formation which could explain the

relatively high incidence of hemorrhage in MMD patients (11).

With this constellation of findings, histopathologic analysis of

surgical specimens could potentially be used to confirm the

diagnosis of MMD (12). Furthermore, apoptosis mediated by an

activated caspase seems to be responsible for the pathological

changes seen in specimens rather than necrosis, thus pointing

towards a potential autoimmune mechanism for MMD (13, 14)

with one study finding six autoantibodies associated with MMD

(15). Additional studies have found increased autoimmunity in

patients with MMD particularly those with unilateral involvement

(16, 17). Moreover, autoimmune conditions including autoimmune

thyroiditis (18), systemic lupus erythematosus (19), Sjogren’s

syndrome, neuromyelitis optica (20), and multiple sclerosis (21)

have been clinically linked to MMD in case reports.

Diagnosis is made by computed tomography angiography

(CTA), magnetic resonance angiography (MRA), or catheter-

based digital subtraction angiography (DSA), which is the gold-

standard. With disease advancement, vessels are recruited from

the leptomeninges and eventually form anastomoses with the

external carotid artery (ECA), a phenomenon coined as “ICA-to-

ECA conversion” by some authors. It is described by Suzuki

angiography staging and, more recently, Berlin moyamoya

grading (1, 6, 12). Treatment consists of surgical

revascularization via direct bypass (vessel-to-vessel), indirect

synangiosis (vessel-to-brain parenchyma), or combined

approaches to promote development of collateral circulation to

the brain the results of which are quantified by Matsushima
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grade. Surgical revascularization aims to decrease the risk of

ischemic or hemorrhagic stroke. However, pre-operative Suzuki

stage, collateral score, degree of stenosis, and post-operative

Matsushima grade appear to have mixed clinical correlation to

disease presentation and progression (5, 22).

Progression of MMD to bilateral involvement can occur very

rapidly, within just 6 weeks in the present case. Furthermore,

disease progression occurred despite early unilateral surgical

revascularization with direct arterial bypass, which is typically a

positive prognosticator.
Case presentation

A 31-year-old female with a past medical history of myocardial

infarction (MI) and coronary artery disease status post multiple

percutaneous coronary interventions for re-occlusive disease,

mostly bed-bound following her MI, presented with a two-to-

three day history of right sided upper and lower extremity

numbness and right leg weakness. Her past medical history was

also notable for poorly controlled insulin-dependent type 2

diabetes, hypertension, hyperlipidemia, tobacco use, and obesity

raising concern for acute stroke. Neurological examination was

remarkable for right cranial nerve five and seven palsies, bilateral

hemiparesis more pronounced on the right, right hemisensory

loss, and impaired cognition with a National Institutes of Health

Stroke Scale of 7.

Magnetic resonance imaging (MRI) brain without contrast

showed acute bilateral ischemic infarcts in the left ACA-MCA

border zone, involving the left paramedian frontal lobe, left

periatrial white matter, and lateral right frontal lobe (Figure 1).

Additional findings included a small chronic right parietal lobe

infarct and mild microvascular ischemic disease of the

periventricular and subcortical white matter. A transthoracic

echocardiogram (TTE) did not identify a mural thrombus or any

other cardioembolic phenomena. Bubble study was negative for

intracardiac or intrapulmonary shunting. CTA of the head and

neck and subsequent catheter-based cervicocerebral DSA

demonstrated occlusion of the right intracranial ICA just distal

to the posterior communicating artery (PCoA) with

collateralization to the right MCA and ACA territories through

posterior circulation collaterals, consistent with Suzuki stage 6, as

well as stenosis of the left distal intracranial ICA distal to the

PCoA, and left proximal MCA and ACA (Figure 2), consistent

with Suzuki stage 3.

The patient was started on dual antiplatelet therapy and

continued on a statin given MRI findings of bilateral stroke. She

subsequently underwent elective direct revascularization with

right superficial temporal artery-middle cerebral artery (STA-

MCA) bypass. On postoperative day one, CT head without

contrast demonstrated expected postoperative changes. On

postoperative day two, she had new right hemiparesis and

decreased speech output. Repeat CT head without contrast re-

demonstrated expected postoperative changes. Neurology was

consulted, levetiracetam levels were found to be therapeutic, and

electroencephalography demonstrated nonspecific encephalopathy
frontiersin.org

https://doi.org/10.3389/fsurg.2024.1409692
https://www.frontiersin.org/journals/surgery
https://www.frontiersin.org/


FIGURE 1

Preoperative MRI brain without contrast, DWI (A) and ADC (B) sequences, demonstrating acute ischemia involving the left frontal lobe at the ACA-MCA
border zone.

FIGURE 2

Preoperative DSA of the right ICA, anteroposterior (AP) (A) and lateral (B) views, early arterial phase, demonstrating occlusion of the right distal
intracranial ICA distal to the pCoA, and AP (C) and lateral (D) views, late arterial phase, demonstrating leptomeningeal collateralization. DSA of the
right VA, AP (E) and lateral (F) views, late arterial phase, demonstrating collateralization to the MCA and ACA territories. DSA of the left ICA, AP (G)
and lateral (H) views, early arterial phase, demonstrating moderate stenosis of the distal ICA and proximal MCA and ACA with lenticulostriate
collateralization.
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without epileptiform activity. MRI brain without contrast

demonstrated new acute infarcts involving the bilateral ACA and

MCA territories (Figure 3). CTA head and neck and subsequent

catheter-based cervicocerebral DSA demonstrated occlusion of

the left distal intracranial ICA distal to the PCoA with
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collateralization to the left MCA and ACA territories through

posterior circulation collaterals (Figure 4), consistent with rapid

progression to Suzuki stage 6 within 6 weeks of initial diagnosis.

A left STA-MCA bypass was scheduled to complete bilateral

revascularization, but prior to this, she developed acute hypoxic
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FIGURE 3

Postoperative MRI brain without contrast, DWI (A) and ADC (B) sequences, demonstrating acute ischemia involving the bilateral ACA and MCA
territories.

FIGURE 4

Postoperative DSA of the left ICA, AP (A) and lateral (B) views, demonstrating occlusion of the left distal intracranial ICA distal to the pCoA.

Leach III et al. 10.3389/fsurg.2024.1409692
respiratory failure necessitating intubation and initiation of

mechanical ventilation. CT chest, abdomen, and pelvis

demonstrated complete opacification of the left lung, with a

polymicrobial sputum culture indicating aspiration pneumonia,

for which the patient completed additional courses of broad-

spectrum antibiotics. The patient also subsequently underwent

bronchoscopy to alleviate mucous plugging. However, the

patient unfortunately suffered three cardiac arrest events

during the procedure with rapid return of spontaneous
Frontiers in Surgery 04
circulation after chest compressions and epinephrine. She was

unable to tolerate being weaned off mechanical ventilation

and underwent tracheostomy and percutaneous endoscopic

gastrostomy tube placement.

Following the patient’s cardiac arrest events, her neurologic

exam was found to be poor. She was a Glasgow Coma Score 3 T

with pupils fixed and dilated and exhibited no brainstem reflexes,

no responses to painful stimuli, and was not breathing over the

ventilator consistent with brain death. Consequently, the family
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decided to pursue comfort measures only and the patient expired

shortly thereafter.
Discussion

In the present case, diagnosis was determined by DSA, MRI,

and CTA which together showed (1) steno-occlusion of the

intracranial ICAs bilaterally and (2) vascular collateralization

near the steno-occlusive lesions with right more prominent than

left. Diagnosis of MMD can also be determined by MRI or MRA

alone, obviating the need for DSA (12). However, the MRI

studies here did not localize the steno-occlusive lesions of the

ICA nor reveal abnormal vascular networks so acute ischemic

stroke secondary to atheroembolism would remain in the

differential diagnosis based on MRI alone; cardioembolism was

ruled out by a negative TTE.

Unilateral revascularization was selected as DSA evidenced

advanced MMD on the right side (Suzuki stage 6) and the

patient exhibited left-sided hemiparesis on neurologic exam; she

likely did not report left-sided symptoms due to the degree of

bilateral frontal lobe infarction. While the patient did exhibit

clinical and radiographic signs of left-sided vasculopathy (Suzuki

stage 3) on her initial presentation, and surgical revascularization

is recommended for patients with at least Suzuki stage 2 disease

thus providing an indication for bilateral revascularization here,

patients with MMD are at high risk for anesthetic complications

due to tenuous blood supply (23). With her metabolic conditions

conveying additional perioperative risk, bilateral revascularization

was judged to entail less risk through successive operations by

reducing overall time under anesthesia.

Although the patient underwent right STA-MCA bypass to treat

ipsilateral disease soon after diagnosis, the rapid progression of her

disease with advanced bilateral involvement resulted in a second

ischemic stroke, the complications of which resulted in her death

before collateralization from the right-sided bypass could mature

or left-sided surgical revascularization could be performed. Her

young age entailed an increased risk of MMD progression to

bilateral involvement (24). Moreover, her advanced Suzuki stage

(greater than 3), female sex, and subsequent symptomatic

progression of her left sided MMD likely increased her risk of

additional stroke in the setting of classic stroke risk factors, namely

hypertension and hyperlipidemia (22, 25). Her metabolic

syndrome entailed increased cardiovascular mortality (26) which

occurred late after repeated hospital courses. Although there is up

to a 30% rate of progression with unilateral MMD (27), there is

no consensus on whether bilateral surgical revascularization is

required for bilateral MMD with one case series recommending

unilateral revascularization to the symptomatic side based on their

findings (28) as performed in our case. A case described by Li

et al. demonstrated that unilateral bypass was sufficient despite

bilateral involvement with no recurrent ischemic or hemorrhagic

stroke within a 3 year follow-up period (29). However, in a

retrospective study by Yu et al, bilateral revascularization appeared

more effective in preventing rebleeeding in hemorrhagic MMD

than unilateral revascularization, although there was no difference
Frontiers in Surgery 05
in functional outcomes between patients in the bilateral

revascularization and unilateral revascularization groups (30).

Three surgical revascularization techniques are appropriate

in the treatment of MMD: direct (i.e., bypass), indirect (i.e.,

synangiosis), and combined revascularization. While endovascular

treatment is the standard of care for MMD-associated aneurysms

(31–33), it is a controversial treatment modality for steno-occlusive

lesions as the procedure may propagate the vasculitis-like

angiopathy with concentric stenosis seen in MMD. However, some

studies have reported endovascular treatment can be applied to

MMD although it remains technically challenging (34). Generally,

surgical revascularization is recommended as it improves

functional outcomes and, in hemorrhagic MMD, reduces time to

rebleed on the operated side relative to conservative treatment (30).

With direct revascularization, STA-MCA bypass is the most

common as it provides early revascularization and addresses the

MCA territory as well as the ACA territory via leptomeningeal

anastomoses. As such, it was selected in this case. However, STA-

ACA, STA-PCA, and occipital artery-PCA anastomosis may be

performed to address the ACA and PCA territories discretely.

Radial artery or saphenous vein grafts may be utilized for

intermediate- or high-flow bypass, respectively, but entail potential

risk of reperfusion hemorrhage due to hyperperfusion syndrome

(6, 35). Direct revascularization has a robust evidence base

demonstrating efficacy in reducing hemorrhagic events in MMD

patients (35). While the same evidence is not currently established

for ischemic MMD, meta-analyses indicate that the direct

techniques are highly effective at secondary prevention of ischemic

events including ischemic stroke in adults. Aside from the arduous

demands of the surgery itself, direct bypass requires the

appropriate quantity of donor and recipient vessels. Consequently,

the rate of patency of the direct bypass technique is significantly

lower in children than adults. This combined with the fact that

there is an age-dependent decline in cerebrovascular plasticity in

patients with MMD points to indirect revascularization techniques

as a more effective strategy in children (6) although one study

found durable revascularization with pial synangiosis in adults (36).

Indirect revascularization is dependent on angiogenesis to the

cortical surface from transplanted blood vessels (typically the

STA), dura, galea, temporal muscle grafts (i.e., encephalo-myo-

synangiosis referred to as EMS), or omentum. A multifaceted

transplant approach, known as encephalo-duro-arterio-synangiosis

(EDAS), entails suturing a branch of the STA in between two

leaves of dura. Pial synangiosis is a variant of EDAS whereby the

STA is directly sutured to the pia mater followed by opening of

the arachnoid to facilitate ingrowth of new vessels (37). Additional

multifaceted indirect approaches include encephalo-arterio-

synagiosis with cranioplasty (38), encephalo-duro-myo-synangiosis

(39), encephalo-duro-pericranio-synangiosis (40), and encephalo-

duro-myoarterio-pericranio-synangiosis (41). Sternocleidomastoid

EMS using a tunneled muscle flap has been successfully employed

which facilitated revascularization, particularly in the parietal and

occipital lobes, in a patient with MMD refractory to bilateral

arterial bypass and temporalis EMS (42). Multiple burr-hole

surgery is another unique indirect method which appears to

provide good collateralization with good symptomatic control and
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low peri-operative risk (43, 44). In general, the revascularization

process is slower with indirect compared to direct approaches due

to the reliance on angiogenesis thus entailing a temporarily higher

risk of stroke within a 6 to 12-month period. However, indirect

approaches are technically less demanding and provide robust,

long-term revascularization potentially beyond the target vascular

territory (34, 35, 45).

Combined revascularization is typically selected when direct

revascularization fails with the objective of combining the early

hemodynamic improvement seen in direct bypass with the delayed

improvement of the indirect technique. A case described by

Couldwell et al. showed the success of combined revascularization

for the rare presentation of cerebellar hemorrhagic stroke in

MMD, which achieved good revascularization and premorbid

functional status with normal cognitive function over a 2 year

follow-up period (46). However, a case described by Zhang et al.

highlighted intraventricular hemorrhage secondary to postoperative

hyperperfusion syndrome as an acute consequence of combined

revascularization (34). Management of such postoperative sequelae,

particularly rebleeds, is unclear. Quantitative analysis of the flow in

patients undergoing combined revascularization suggests that there

is more than a simple additive effect between direct and indirect

techniques with some earlier studies indicating that direct bypass

tends to decline by the 6-month mark while the indirect collaterals

begin to compensate for this decline concurrently. While the

eventual hemodynamic result is unpredictable, recent studies have

shown that roughly half of children and adults still develop

sufficient direct and indirect bypasses as the result of the

combined revascularization (6).

No surgical technique has demonstrated superiority, each with

certain risks and benefits, but all improve neurological outcomes.
Conclusions

The present case highlights rapid progression of MMD disease to

bilateral involvement within just 6 weeks despite early unilateral

surgical revascularization, an aggressive presentation not previously

described. Thus, it is important for clinicians to be aware that

patients with MMD can rapidly deteriorate and select an

appropriate surgical intervention, each with innate risks and

benefits, as quickly as clinically feasible to provide patients with

the greatest chance of a positive outcome. However, as moyamoya

disease is rare with the described case representing a unique

presentation, further studies with greater patient populations are

required to determine optimal treatment and clinical outcomes.
Frontiers in Surgery 06
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