
Successful multiple burr hole openings for limb-shaking transient ischemic attack
due to moyamoya disease: illustrative case

Yusuke Ikeuchi, MD, Noriaki Ashida, MD, PhD, Masamitsu Nishihara, MD, PhD, and Kohkichi Hosoda, MD, PhD

Department of Neurosurgery, Nishi-Kobe Medical Center, Kobe, Japan

BACKGROUND Limb-shaking transient ischemic attacks (LS-TIAs) are a rare form of TIAs that present as involuntary movements of the limbs and
indicate severe cerebral hypoperfusion. LS-TIAs are often reported in patients with carotid artery stenosis but can also affect patients with intracranial
artery stenosis and moyamoya disease (MMD).

OBSERVATIONS A 72-year-old woman presented with repeated episodes of involuntary shaking movements of the right upper limb. Cerebral
angiography revealed complete occlusion of the M1 segment of the left middle cerebral artery (MCA), and the left hemisphere was supplied by
moyamoya vessels. She was treated with left direct revascularization without complications, and her involuntary movements subsided. However, she
demonstrated involuntary shaking movements of the right lower limb 2 months postoperatively. Cerebral angiography revealed complete occlusion of
the A1 segment of the left anterior cerebral artery (ACA). The multiple burr hole opening (MBHO) procedure was performed to improve perfusion in the
left ACA territory and after 3 months, the patient’s symptoms resolved.

LESSONS This case demonstrated that LS-TIAs can also develop as ischemic symptoms due to MMD. Moreover, instances of LS-TIA of the upper
and lower limbs developed separately in the same patient. The patient’s symptoms improved with direct revascularization and MBHO.

https://thejns.org/doi/abs/10.3171/CASE21401
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Limb-shaking transient ischemic attacks (LS-TIAs) are a rare
form of TIAs that present as involuntary movements of the arms or
legs or both and are often confused with focal motor seizures.1,2

This distinction is crucial because this form of TIA often indicates
severe carotid occlusive disease, and patients with LS-TIAs are at
high risk of future stroke.3,4 Recently, some authors have reported
that anterior cerebral artery (ACA) or middle cerebral artery (MCA)
stenosis or moyamoya disease (MMD) can induce LS-TIA.5–8 The
pathophysiology of this syndrome has not yet been completely iden-
tified. LS-TIA is believed to be associated with the basal ganglia,
the dorsolateral frontal cortex, or both in cases of cerebral hypoper-
fusion.7,9–12 Moreover, there have been only a few reports of LS-
TIA resolution via surgical revascularization procedures.8,13–15

Here, we report a case of MMD presenting with LS-TIA in the
upper limb, which improved after superficial temporal artery (STA)
MCA anastomosis and encephalo-duro-myo-arterio-pericranial syn-
angiosis (EDMAPS).16 The patient subsequently developed LS-TIA
in the lower limb due to ACA occlusion, which was treated using
the multiple burr hole opening (MBHO) procedure.17 We believe
that this is the first report of improved LS-TIAs in the upper and
lower limbs after two revascularization surgeries.

Illustrative Case
History and Examination

A 72-year-old woman presented with reports of episodes of involuntary
shaking movements of the right upper limb. The shaking movements were

ABBREVIATIONS ACA = anterior cerebral artery; CEA = carotid endarterectomy; DSA = digital subtraction angiography; EDAS = encephalo-duro-arterio-synangiosis;
EDMAPS = encephalo-duro-myo-arterio-pericranial synangiosis; LS-TIA = limb-shaking transient ischemic attacks; MBHO = multiple burr hole opening; MCA = middle
cerebral artery; MMD = moyamoya disease; MRA = magnetic resonance angiography; MRI = MR imaging; SPECT = single photon emission computed tomography;
STA = superficial temporal artery; TIA = transient ischemic attack.
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restricted to the upper limbs, occurred at 3 to 4 Hz, lasted for 10 seconds
each, and occurred approximately once a week over the past year. The
patient’s consciousness was never impaired, and there were no other
symptoms. Interictal electroencephalography results were unremarkable.
She had a history of diabetes and anemia and no history of alcohol abuse,
drug abuse, or syncope. Brain magnetic resonance imaging (MRI)
revealed a small, old-appearing white matter cerebral infarction (Fig. 1A).
MR angiography (MRA) and digital subtraction angiography (DSA)
revealed complete occlusion of the M1 segment of the left MCA and
development of moyamoya vessels on the left side of the brain (Fig. 1B).
Baseline single photon emission computed tomography (SPECT) showed
diffuse hemispheric hypoperfusion in the left MCA territory. After acetazol-
amide was administered, SPECT revealed markedly decreased left hemi-
sphere vascular reserve capacity, including the MCA territory (Fig. 2A).

Treatment and Posttreatment Course
The patient received left STA-MCA anastomosis and EDMAPS

of the left MCA territory (Fig. 1C). After the operation, she devel-
oped no new neurological deficit, and the involuntary movement of
the right upper limb disappeared. In addition, MRI/MRA of the brain
showed bypass patency and no new cerebral infarction.

Two months postoperatively, she developed episodes of involun-
tary right lower limb shaking, which lasted for 10 seconds each and
occurred approximately twice a week. DSA showed complete occlu-
sion of the A1 segment of the left ACA and good patency of the
STA-MCA graft and EDMAPS (Fig. 1D and E). Baseline and posta-
cetazolamide SPECT confirmed improved brain perfusion in the left
MCA territory. However, it also revealed markedly decreased left
ACA territory vascular reserve capacity (Fig. 2B). MBHO was used
to improve perfusion in the left ACA territory; four burr holes were
created in the left frontal region under general anesthesia (Fig. 3A).

Three months later, the patient’s involuntary lower limb movements
disappeared. A follow-up DSA performed 10 months after surgery
revealed good blood flow through multiple burr holes to the left ACA terri-
tory (Fig. 3B–D). In addition, baseline and postacetazolamide SPECT
confirmed improved perfusion of the left ACA territory (Fig. 2C).

Discussion
Observations

LS-TIA is a rare clinical feature of TIA associated with markedly
impaired intracranial blood flow.1,2,4 It is characterized by brief,
arrhythmic flailing or jerking arm or leg movements, which usually

FIG. 1. A: Preoperative fluid-attenuated inversion-recovery MRI shows old infarctions in the bilateral deep white matter. B: Preoperative
common carotid artery angiography (frontal view) reveals occlusion of the left M1 segment and moyamoya-like vessels. C: Preoperative
external carotid artery angiography (lateral view). D: MRA shows good bypass patency (white arrow) on the next day of surgery. E: Postop-
erative common carotid artery angiography (frontal view) shows complete occlusion of the A1 segment of the left ACA and good patency of
the STA-MCA graft and EDMAPS. F: External carotid artery angiography (lateral view) shows good patency of the STA-MCA graft (black
arrow) and EDMAPS.
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have a course and a wavering character.4 Because TIAs are typi-
cally associated with negative neurological symptoms, symptomatic
LS-TIA can be misdiagnosed as focal motor seizures because of its
short period and recurrent incidence.18 These distinctions are

crucial because LS-TIA is usually a sign of severe carotid stenosis,
and patients are at high risk of future stroke.18 LS-TIAs are often
reported as severe internal carotid steno-occlusive disease. How-
ever, there are also reports of other diseases associated with poor

FIG. 2. SPECT before and after cerebral revascularization. A: SPECT before STA-MCA bypass and EDMAPS. B: SPECTafter
STA-MCA bypass and EDMAPS and before MBHO.White arrow indicates reduced cerebral vasoreactivity in the ACA territory
compared with panel A. C: SPECTafter MBHO.White arrowhead indicates improved cerebral vasoreactivity in the ACA terri-
tory compared with panel B. Rainbow displaying cerebral blood flow from 0 to 60 mL/100 g per minute appears on the right.

FIG. 3. A: Sagittal view of post-MBHO. Four burr holes are pierced in the left frontal region. B and C: A follow-up DSA 10 months after MBHO revealing
blood flow through multiple burr holes to the left ACA territory from both the left (B, frontal view; C, lateral view) external carotid arteries (black arrows).
No blood flow in ACA territory in Fig. 1E compared with positive blood flow in Fig. 3B.
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intracranial blood flow, such as intracranial large vessel occlusion,
external carotid artery occlusion, and MMD.2,5–8 Some reports in-
dicated that revascularization, such as carotid endarterectomy
(CEA) and extracranial-intracranial anastomosis, improved LS-TIA
symptoms.8,13–15

Lessons
The exact mechanism underlying limb-shaking movements is unclear.

Associations of LS-TIA with the basal ganglia, the dorsolateral frontal
cortex, or both have been suggested.7,9–12 Jiang et al. used ictal SPECT
scans to detect predominant right cortical hypoperfusion without basal
ganglia involvement. The authors suggested that the dorsolateral frontal
cortex is responsible for LS-TIA.5 On the other hand, Joseph et al.
reported a case in which hemiballism was improved by CEA. The
authors believed that the LS-TIA was caused by subthalamic nucleus
ischemia caused by the arterial border zone between perforators off the
anterior choroidal artery, posterior communicating artery, and posterior
cerebral artery.19 Involuntary movements are caused by disrupted bal-
ance between excitatory and inhibitory signals connecting the basal gan-
glia and cerebral cortex via direct and indirect pathways.20 Ischemic
dysfunction of the basal ganglia, thalamus, and cerebral cortex may
cause LS-TIA.

In our case, LS-TIA was first developed in the upper limbs and
improved with extracranial-intracranial anastomosis of the MCA ter-
ritory. Postoperative SPECT revealed improved cerebral perfusion
in the MCA territory. After that, the patient developed decreased
cerebral perfusion in the left ACA territory because of the left ACA
occlusion, which resulted in lower-limb LS-TIA. There are two possi-
ble mechanisms for this. First, the progression of MMD may have

caused ACA occlusion. According to Suzuki’s vascular criteria,
MMD causes narrowing of MCA and ACA in stage III.21 Second,
the revascularization surgery for the territory of the MCA may have
prompted rapid progress of carotid fork stenosis, resulting in ACA
occlusion and reduction of blood flow in the ACA territory.22,23

This time, the patient’s lower limb LS-TIA improved after MBHO
in the left ACA territory. SPECT also indicated improvements within
the ACA territory after MBHO. Because it was after EDMAPS and
bypass surgery, ipsilateral direct revascularization had a risk of graft
damage. For direct revascularization from the contralateral side, the
length of the graft was insufficient. Uchino et al. reported that indi-
rect bypass is effective when direct bypass is difficult in repeat
bypass surgery for anterior/posterior circulation in refractory MMD.24

We reviewed the previous reports of LS-TIAs in which vascular
reconstruction surgeries were performed and estimated the pre-
and postoperative cerebral blood flow by SPECT or positron emis-
sion tomography, as in our case. The clinical characteristics and
outcomes of these patients are shown in Table 1.16,25–28 The eight
patients (seven from previous reports plus our patient) had an age
range of 8 to 84 years. The causative diseases were bilateral MMD
(n = 3), unilateral MMD (MCA occlusion and then ACA occlusion;
present case) (n = 1), severe MCA and ACA stenoses (n = 1),
severe external carotid artery stenosis (n = 1), and severe internal
cerebral artery stenosis (n = 1). Except for our case, acetazol-
amide-enhanced SPECT scans were performed before and after
surgery in three cases and only before surgery in two cases, and
they were missing in two cases. The surgeries included carotid end-
arterectomy (CEA; n = 3), STA-MCA bypass alone (n = 2), ence-
phalo-duro-arterio-synangiosis (EDAS) only (n = 1), STA-MCA plus

TABLE 1. Literature review of patients with LS-TIAs who underwent vascular reconstruction

Authors &
Year Age Sex Presentation Diagnosis Preoperative SPECT

Postoperative
SPECT Treatment

LS After
Surgery

Im et al.,
200425

44 M Lt upper &
lower LS

Bilat MMD Hypoperfusion in rt
frontal regions

Improved EDAS Disappeared

50 M Lt upper &
lower LS

Severe rt MCA &
ACA stenosis

Hypoperfusion in rt
frontal regions

Improved STA-MCA Disappeared

28 F Lt upper &
lower LS

Bilat MMD Hypoperfusion in rt
frontal regions

Improved STA-MCA Disappeared

Morigaki et al.,
200626

75 M Lt upper LS Severe rt ICA
stenosis

Severe hypoperfusion in
rt hemisphere

Improved Rt CEA Disappeared

77 F Lt lower LS Severe rt ICA
stenosis

Severe hypoperfusion in
rt hemisphere, including BG

Improved Rt CEA Disappeared

Pandey et al.,
201027

8 F Rt upper &
lower LS

Bilat MMD Lt frontal subcortical
hypoperfusion

Improved Bilat STA-MCA,
EDAS

Disappeared

Bund et al.,
201815

84 M Lt lower LS Lt ECA stenosis & low
flow of rt MCA

Hypoperfusion in bilat
carotid territories

Improved Lt CEA Disappeared

Present case 72* F Rt upper LS Lt MMD; lt MCA
occlusion

Diffuse hemispheric
hypoperfusion in lt
MCA territory

Improved, severe
hypoperfusion in
lt ACA territory

Lt STA-MCA,
EDMAPS

Disappeared

72† F Rt lower LS Lt MMD; lt ACA
occlusion

Marked CVR decrease in
lt ACA territory

Improved MBHO Disappeared

BG = basal ganglia; CVR = cerebrovascular reserve capacity; ECA = external carotid artery; ICA = internal cerebral artery.
* Before STA-MCA anastomosis and EDMAPS.
†Before MBHO.
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EDAS (n = 1), and STA-MCA plus EDMAPS (n = 1). All patients
experienced complete symptom resolution, and cerebral blood flow
was improved on all SPECT scans. The results of our review sug-
gest that widespread cerebral hypoperfusion causes LS-TIA and
recovery of blood flow by direct and indirect revascularization
improves the symptoms.

Some reports also indicate that LS-TIAs are related to MMD, which
may be treated with surgery.7,14,27,28 Surgery includes extracranial-
intracranial anastomosis or EDAS, with improved symptoms following
treatment. However, there has been no report of MBHO to treat LS-
TIA related to MMD. MBHO, which involves multiple burr holes and
opening of the dura mater in an area of reduced cerebral blood flow,
was previously described by Kawaguchi et al.17 Angiogenesis occurs
early after surgery. However, blood flow from angiogenesis, which can
alleviate the symptoms, is highly individualized. Because our patient
was 72 years old, it may have taken 3 months for her symptoms to
disappear. Eventually, however, MBHO increased cerebral blood flow
and improved our patient’s symptoms.

This case is rare and important for the following three reasons.
First, LS-TIA of the upper and lower limbs developed separately in
the same patient. Second, SPECT was used to evaluate cerebral
blood flow before and after surgery. Our SPECT findings corre-
sponded with improved symptoms and blood flow after surgery.
Third, MBHO was an effective means of indirect revascularization
for LS-TIA in a patient with MMD.
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