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and EDMAPS are safe and feasible surgical proce-
dures for pediatric and adult patients with
moyamoya disease. These procedures include direct
STA-MCA anastomosis and indirect synangiosis.
Combined bypass can provide the advantages of
both direct and indirect bypass procedures. Clinical
results were described previously. Briefly, overall in-
cidences of mortality and morbidity in 123 opera-
tions for 75 patients were 0% and 5.7%, respectively.
The annual risk of cerebrovascular events during
follow-up periods was very low, at 0% in pediatric
patients and 0.4% in adults over about 67 months.?¥
Here we discuss the theoretical basis and surgical
techniques of direct and indirect bypass procedures
separately.

Direct Bypass Procedure

Direct bypass is useful to improve cerebral
hemodynamics and to resolve ischemic attacks im-
mediately after surgery. The frequency of periopera-
tive ischemic stroke is lower after direct or com-
bined bypass than after indirect bypass.®) Surgery
can be technically challenging in a certain subgroup
of pediatric patients, because their cortical branches
have smaller diameters and are more fragile than
those of adults. Therefore, thorough surgical train-
ing in vessel anastomosis is essential. To safely com-
plete direct bypass procedures, the following tech-
niques are quite important. First, complete hemosta-
sis of the entire surgical route, including the scalp,
muscle, cranium, and dura mater, is essential to pre-
vent disturbance of fine manipulations during the
procedures. Elimination of cerebrospinal fluid from
the operative field also facilitates direct bypass
procedures. Second, clear visualization of the orifice
of arteriotomy by staining blue with methylrosani-
line chloride (pyoctaninum blue) is quite useful. Blue
silicone rubber should be placed beneath the
recipient artery to clearly visualize the semi-translu-
cent recipient vessel, especially in pediatric
patients.’? Qur personal experience suggests that
these preparations enable safe STA-MCA anastomo-
sis even in a one-year-old baby (Fig. 1).

Although the incidence of ischemic stroke is low-
er after direct or combined bypass surgery, recent
clinical studies have clarified that careful manage-
ment of patients is quite important to avoid
perioperative complications after bypass surgery be-
cause pronounced postoperative changes in cerebral
hemodynamics may induce hyperperfusion syn-
drome, particularly in patients with profound ische-
mia before surgery.! Dramatic postoperative
changes in cerebral hemodynamics may also cause
rapid diminishment of the basal moyamoya vessels
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and lead to transient cheiro-oral syndrome or small
frontal lobe infarction.?®4? Therefore, pre- and
postoperative blood flow studies can be important to
identify and prevent such serious complications af-
ter direct or combined bypass surgery.

Moyamoya disease is often associated with altered
cerebral hemodynamics in the frontal lobe, includ-
ing the territory of the anterior cerebral artery
(ACA).26:3947) However, direct STA-ACA anastomo-
sis is not always essential in all patients with
moyamoya disease,'%1) probably because the surgi-
cal collaterals to the MCA territory may also provide
blood flow to the ACA territory through the pial
anastomosis. Thus, the collateral blood flow may be
redistributed after surgery.? However, direct
STA-ACA anastomosis is essential in specific
patients with pronounced ischemia in the ACA terri-
tory, although the number of such cases may be
rather small. The frontal branch of STA should be
dissected from the scalp to as great a length as possi-
ble, which enables easier handling during STA-ACA
anastomosis.!®'”) The frontal branch of STA can be
anastomosed to the cortical branch of ACA close to
the midline with the usual technique, but the direct
bypass procedure should be performed more care-
fully, because the calibers of both donor and
recipient vessels are often smaller than the usual
situation in STA-MCA anastomosis (Fig. 2).
Postoperative angiography and blood flow studies
show improvement or normalization of the cerebral
hemodynamics in the involved ACA territory.10.17)

The posterior cerebral artery (PCA) is also in-
volved in a certain subgroup of patients with
moyamoya disease, and PCA lesions can be obser-
ved in approximately 25% to 60% of cases.?7:34:35,37,43)
These patients are considered at higher risk for sub-
sequent ischemic stroke, because the PCA functions
as an important collateral route to the ICA territory
in moyamoya disease. Some patients are known to
develop cerebral infarction in the occipital lobe or
temporo-occipital lobe at initial presentation. Surgi-
cal revascularization should be planned for both the
ICA and PCA territories in these patients.?7,3435:37,43)
We have developed one-stage bypass surgery that
can provide extensive collateral blood flow to the en-
tire hemisphere, as reported elsewhere.?®) Briefly,
the technique includes STA-MCA anastomosis tar-
geted to the angular artery and indirect bypass
through large craniotomy extended from the frontal
to the temporo-parietal area. Follow-up cerebral an-
giography reveals that surgical collaterals supplied
blood flow widely to the operated hemispheres in-
cluding the posterior temporal and parietal lobes.
Postoperative blood flow studies also demonstrated
marked improvement of cerebral hemodynamics
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Fig. 1 Intraoperative photographs of superficial tem-
poral artery to middle cerebral artery (STA-MCA) dou-
ble anastomosis and encephalo-duro-mye-arterio-
pericranial synangiosis for a one-year-old baby who de-
veloped sudden onset of cerebral infarction. A: Skin
incision is designed based on the course of the parietal
branch of STA. Red lines represent the course of the
frontal and parietal branches of STA. Black line
represents the design of skin incision. B: Both the fron-
tal (arrow) and parietal branches (arrowhead) of STA are
carefully dissected under surgical microscope. Note that
both branches remain patent even after complete dissec-
tion. C: The temporal muscle (M) and frontal
pericranial flaps (P) are carefully dissected and the
cranium is exposed. D: Fronto-temporal craniotomy is
performed, leaving the STA and middle meningeal ar-
tery intact. Note the wide extension of craniotomy to the
frontal area. E-G: Step-by-step photographs of STA-
MCA anastomosis. Note that the orifice of the arterio-
tomy is clearly visualized by the use of pyoctaninum
blue staining and blue silicone rubber.

and metabolism in the operated hemispheres includ-
ing the occipital lobe (Fig. 3).2%

Delayed wound healing or scalp necrosis is
known as one of the most serious complications af-
ter STA-MCA anastomosis in patients with
moyamoya disease.’®??) We have used a modified
surgical technique to dissect the STA to avoid this
problem for 15 years. No serious complications of
wound healing and scalp necrosis have occurred.
First, the STA branches are carefully dissected from
the surrounding galeal tissue under the surgical
microscope. The dissected STA should be “naked,”
because the surrounding galeal tissue is quite im-
portant for wound healing. Next, the galeal “track”
is always repaired after STA dissection by suturing
the galeal tissue. The small amounts of time and ef-
fort contribute to the preservation of scalp blood
flow, thus supporting wound healing (Fig. 4). The
technique can be applied to STA-MCA anastomosis
for patients with atherosclerotic carotid artery dis-
eases (Kuroda et al., unpublished data).

Neurol Med Chir (Tokyo) 52, May, 2012

120

289

Fig. 2 Radiological and intracperative findings of a 4-
year-old girl who developed transient weakness of the
right leg after crying. Her cousin was also diagnosed
with moyamoya disease and was surgically treated at
our hospital. A: Preoperative left internal carotid an-
giogram showing almost no filling of contrast material
in the left anterior cerebral artery (ACA) territory even
at late arterial phase (arrows). B: Iodine-123 N-
isopropyl-p-iodoamphetamine single photon emission
computed tomography scans demonstrating moderate
reduction of cerebral blood flow in the left frontal lobe at
rest (left column) and markedly impaired reactivity to
acetazolamide in the bilateral frontal lobes (right
column). C-F: Intraoperative photographs. Design of
skin incisien and partial hair shaving (C). The frontal
(arrow) and parietal branches (arrowhead) of superficial
temporal artery (STA) are carefully dissected under the
surgical microscope (D). Note the very long graft of the
frontal STA branch. Two-flap cranictomy is useful to
widely expose the medial frontal lobe and perform STA-
ACA anastomosis (E). The dura mater is opened, and the
main branches of middle meningeal artery are kept in-
tact (F). The frontal STA branch is passed beneath the
cranial strip, and anastomosed to the cortical branch of
the ACA near the midline.

In patients with advanced-stage moyamoya dis-
ease, the vault moyamoya vessels are frequently
identified through the middle meningeal artery
(MMA) and STA.?Y Therefore, the STA branches
should be preserved during surgical revasculariza-
tion if these vessels are involved in the vault
moyamoya vessels. A representative case is present-
ed in Fig. 5. This 52-year-old male had spontaneous
collaterals to the ACA branches through the frontal
branch of STA. Thus, the frontal branch of STA was
preserved and used as the donor artery for en-
cephalo-arterio-synangiosis by positioning on the
brain surface.

As described above, direct STA-MCA and/or STA-
ACA anastomoses are considered to contribute to
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Fig. 3 Radiological and intraoperative findings of a 38-

year-old female who developed ischemic stroke. A:
Diffusion-weighted magnetic resonance (MR) image
demonstrating cerebral infarction in the left posterior
temporal and occipital lobes at onset. B: MR angio-
gram revealing severe stenosis of the left posterior
cerebral artery (arrow) as well as occlusive lesions in the
bilateral internal carotid arteries. C: Preoperative oxy-
gen-15 gas posiiron emission tomography (1°0-gas PET)
scans showing marked reduction of cerebral blood flow
in the entire left hemisphere (left column). Oxygen ex-
traction is elevated in the left pariete-occipital lobe
(right column, arrowhead). D: Intraoperative photo-
graph shewing a wide cranictomy exposing the posterior
temporal and parietal lobes. The parietal branch of the
superficial temporal artery (STA) is anastomosed to the
angular artery to directly supply bloed flow to the oxyg-
en extraction-elevated area (arrow). The frontal branch
of STA is anastomosed to the prefrental artery (ar-
rowhead). E: Postoperative three-dimensional skull
computed tomography scan demonstrating the extent of
craniotomy. F: Postoperative 1°0-gas PET scans show-
ing improvement of the cerebral hemodynamics (left
column) and oxygen metabolism (right column) in the
operated hemispheres.

good short- and long-term outcomes of patients with
moyamoya disease. However, the course of the fron-
tal STA branch should carefully be checked prior to
surgery. As reported before, the frontal branch of
STA runs tortuously upward and forward to the
forehead, where it supplies the muscles, integument,
and pericranium in this region, and anastomoses
with the supraorbital and frontal arteries.’® In a cer-
tain subgroup of patients, it runs in an extremely
caudal direction. In such cases, full dissection of the
frontal STA branch may injure the temporal branch
of the facial nerve and cause postoperative palsy of
the frontalis muscle.?® Therefore, only the distal por-
tion of the frontal STA branch should be dissected
from the scalp to avoid postoperative frontalis palsy,

121

Fig. 4 Intraoperative photographs of left superficial
temporal artery (STA) to middle cerebral artery double
anastomosis and encephalo-dure-myo-arterio-pericrani-
al synangiosis for a 6-year-old boy who developed tran-
sient weakness of the left exiremities. A: The main
trunk of STA and its two main branches are carefully
dissected from the surrounding galeal tissue under sur-
gical microscope. Note that there are no galeal tissues
around the dissected STA branches. B: The main trunk
of STA and its frontal and parietal branches are still pa-
tent after complete dissection. Note that dissection of
the STA branch resulted in the track-like galeal injury,
where subcutaneous fatty tissue is exposed (arrow). C:
After STA dissection, the galeal injury should be care-
fully repaired to preserve bloed flow in the scalp, using
absorbable surgical sutures (arrow). D: The galeal inju-
ry after dissection of the frontal STA branch is com-
pletely repaired, contributing to good wound healing
(arrows).

if the course is extremely caudal. The artery close to
the temporal branch of the facial nerve should be left
intact (Fig. 6). The dissected length is enough for
direct bypass to the frontal branches of the MCA. Af-
ter STA-MCA anastomosis, the frontal branch of
STA can be guided into the intracranial space
through the burr hole at the pterion (Fig. 6).

Indirect Bypass Procedure

Surgical procedures for indirect bypass are specific
for moyamoya disease. Indirect bypass surgery that
induces spontaneous angiogenesis between the
brain surface and the vascularized donor tissues is
technically simple to do and has been widely used.
Donor tissues include the STA, dura mater, tem-
poral muscle, and galeal tissue.?.1316.20.32) However,
several important issues should be considered when
performing indirect bypass procedures. First, the
beneficial effects are not immediate because surgi-
cal collaterals require 3 to 4 months to develop,?7:48
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Fig. 5 Intraoperative photographs of superficial tem-
poral artery to middle cerebral artery (STA-MCA) single
anastomosis and encephalo-duro-mye-arterio-pericrani-
al synangiosis for a 52-year-old male who developed
minor ischemic stroke. A: Preoperative right external
carotid angiogram showing the collateral circulation to
the anterior cerebral artery branches spontaneously de-
veloped through the frontal branch of STA (arrows). B:
Skin incision (black line) and course of two branches of
STA (red lines). Note that the frontal branch of STA (ar-
row) is crossing the line of the skin incision. C: The
STA branches are carefully dissected, and the scalp flap
is reflecied. Then, the temporal muscle and frontal
pericranial flap are dissecied. The fromtal branch of
STA is still intact (arrow). D: The dura mater is
opened, leaving the middle meningeal artery branches
intact. The parietal branch of STA is anastomosed to the
cortical branch of MCA (arrowhead). The frontal branch
of STA is still intact (arrow). E: The dural window is
covered by the temporal muscle (M) and frontal
pericranium (P). Note that the frontal branch of STA is
still intact (arrow) and is used as the donor artery for en-
cephale-arterio-synangiosis. F: Postoperative right ex-
ternal carotid angiogram demonstrating collateral blood
flow through the STA-MCA anastomosis and indirect
bypass. Note the preserved frontal branch of the STA
(arrows).

suggesting that there is a potential risk of periopera-
tive ischemic stroke.®*! Second, previous studies
have demonstrated that collateral pathways through
indirect bypass extensively develop in almost all
pediatric patients, but not in about 40% to 50% of
adult patients.? In fact, combined, but not indirect,
bypass surgery could reduce the incidence of re-
bleeding in adult moyamoya disease.'® Third, surgi-
cal design is quite important because the extent of
surgical collateral pathways depends on the size of
the craniotomy and the extent of the indirect bypass.
Thus, the revascularized area is confined to the
craniotomy field after indirect bypass. Recent mul-
tivariate analysis has proven that ‘small
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Fig. 6 A: Apatomy of the superficial temporal artery
{STA; red) and facial nerve {yellow). The facial nerve has
the temporal branch (*} and zygematic branch (**). Note
that the frontal branch of the STA runs very close to the
temporal branch of the facial nerve because of its unusu-
ally caudal course in some patients {arrow). B: In-
traoperative photograph of a 54-year-old female who ex-
perienced transient weakness of the left extremities. The
frontal branch of STA runs very caudally, and only the
distal part is dissecied from the scalp (arrows). GC: In-
traoperative photograph showing that STA to middle
cerebral artery double anastomosis is completed. Nete
that the frontal STA branch is guided into the in-
tracranial space through the burr hole made at the
pterion (arrows). The parietal branch of STA follows the
usual course (arrowheads). D: Postoperative right ex-
ternal caretid angiogram showing that the frontal
branch of the STA (arrow) is guided inio the subdural
space through the burr hole at the pterion. The parietal
branch of the STA is guided into the iniracranial space
with a usual fashion (arrewhead).

craniotomy”’ surgery can be an independent predic-
tor for poor intelleciual ouicome in pediatric
moyamoya disease, probably because of persistent
cerebral ischemia in the frontal lobes even after sur-
gery.?® Figure 7 shows representative cerebral an-
giography and three-dimensional skull computed
tomography findings after various types of indirect
bypass surgery, demonsirating that indirect bypass
through a smaller craniotomy develops less exten-
sive surgical collaterals.

Based on these observations, we have recently de-
veloped a novel indirect bypass procedure by using
the vascularized frontal pericranial flap, named
EDMAPS (see above).?¥ The frontal pericranial flap
is large enough to widely cover the frontal lobe (Figs.
2, 3, and 5). Postoperative cerebral angiography and
blood flow studies have shown that the pericranial
flap functions well as a donor tissue for indirect by-
pass, especially in pediatric patients with
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Fig. 7 Postoperative carotid angiograms
(A-C) and three-dimensional skull compuied temogra-
phy scans (D-~F) showing the relationship between
craniotomy size and the extent of surgical collaterals
through indirect bypass after encephalo-duro-arterio-
synangiosis (A, D), encephalo-mye-synangiosis (B, E),
and encephalo-dure-arterio-mye-synangiosis (C, F).

moyamoya disease. Figure 8 demonstrates the
representative radiological findings before and after
STA-MCA single anastomosis and EDMAPS in an
adult patient with hemorrhagic onset. Surgical col-
lateral pathways have extensively developed and
provide blood flow widely to the operated
hemisphere. Finally, the basal moyamoya vessels are
markedly diminished.

The MMA can function as one of the important
surgical collaterals through the dura mater. There-
fore, the MMA should carefully be preserved during
craniotomy. However, the course of the anterior
{(frontal) branch of the MMA in the region of lesser
wing of the sphenoid and adjacent parietal bone
greatly varies in adults. Generally, the anterior
branch of the MMA is believed to run within the
groove in the medial surface of bone, but this pattern
is observed in less than 30% of adults. Alternatively,
the course of the anterior branch of the MMA is
completely enclosed within a bony canal in the less-
er wing of the sphenoid and parietal bone in about
50% to 75% of adults.??%9 Therefore, the MMA can
easily be damaged during usual fronto-temporal
craniotomy. As shown in Fig. 8G and H, we have
modified the design of fronto-temporal craniotomy
to avoid this problem. The MMA can be kept intact
by carefully drilling out the lesser wing of the sphe-
noid. Figure 8E and F demonstrate that the dilated
anterior branch of the MMA remains intact and
functions as one of collateral pathways even after
surgery.

S. Kuroda et al.

Fig. 8 Radiological findings of a 55-year-old female
who developed transient ischemic attacks followed by
right thalamic hemorrhage. She underwent right super-
ficial temporal artery to middle cerebral artery (STA-
MCA) single anastomosis and encephalo-duro-myo-
arterio-pericranial synangiosis (EDMAPS) safely. A:
Postoperative three-dimensional skull computed tomo-
graphy scan showing the extent of craniotomy. B, C:
Pre- (B) and postoperative (C) right internal carotid an-

-giograms revealing marked diminishment of the basal
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meoyamoya vessels after surgery (C, arrows). D-F: Pre-
(D) and postoperative (E, F) right external carotid angio-
grams shewing extensive developments of the surgical
collaterals through the STA-MCA anastomosis (E, F; ar-
row) and indirect bypass. Note that the middle menin-
geal artery (MMA) is preserved even after surgery (D-F,
arrowhead) and that the deep temperal artery has in-
creased diameter after surgery (E, asterisk]. G, H: In-
traoperative photographs of right STA-MCA single
anastomosis and EDMAPS. Fronto-temporal cranio-
tomy is designed to aveid injury of the MMA during
craniotomy (G). The MMA can be preserved intact by
carefully drilling out the bone surrounding the MMA
(H).

Conclusions

In this article, we describe the basic concepts of sur-
gical revascularization for moyamoya disease. In
particular, STA-MCA anastomosis combined with a
novel indirect bypass, EDMAPS, can be a safe and
effective procedure for pediatric and adult patienis
with moyamoya disease. However, it is quite im-
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portant to achieve the optimum effects by modifying
the surgical procedures according to the cerebral
hemodynamics and spontaneous collateral path-
ways in each case. Also, it is essential to understand
the anatomy of the scalp, STA, and MMA to avoid
surgical complications and improve ouicome. In ad-
dition to surgical techniques, careful management of
the patients is critical to reduce the incidence of
perioperative complications, including ischemic
stroke and hyperperfusion syndrome.
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Incidence, Locations, and Longitudinal Course of Silent
Microbleeds in Moyamoya Disease
A Prospective T2*-Weighted MRI Study

Satoshi Kuroda, MD, PhD; Daina Kashiwazaki, MD; Tatsuya Ishikawa, MD, PhD;
Naoki Nakayama, MD, PhD; Kiyohiro Houkin, MD, PhD

Background and Purpose—Clinical significance of silent microbleeds is unknown in moyamoya disease. This study was
aimed to clarify the incidence, locations, and longitudinal course.

Methods—This prospective cohort study included 78 nontreated patients with moyamoya disease. The incidence and
locations of silent microbleeds were evaluated on T2*-weighted MRI. MR examinations were repeated every 6 or 12
months during a mean follow-up period of 43.1 months.

Results—T2*-weighted MRI identified silent microbleeds in 17 (29.3%) of 58 adult patients with moyamoya disease, but
in none of 20 pediatric patients. During follow-up periods, de novo silent microbleeds developed in 4 (6.9%) of 58 adult
patients. Hemorrhagic stroke occurred in 4 patients (6.9%), all of who had silent microbleeds on initial examination. The
presence of silent microbleeds was a significant predictor for subsequent hemorrhagic stroke in adult moyamoya disease
(P<0.001).

Conclusions—Careful and long-term follow-up of silent microbleeds would be essential to improve their outcome in adult
patients with moyamoya disease. (Stroke. 2013;44:516-518.)

Key Words: microbleeds @ moyamoya disease 8 MRI & outcome

Moyamoya disease is characterized by progressive occlu- 2003 and October 2011. All met the guideline for the diagnosis set
sion of the supraclinoid internal carotid artery and its by the Research Committee on Moyamoya Disease of the Ministry

. L . of Health, Labor and Welfare of Japan. There were 18 males and 60
main branches, resulting in the formation of moyamoya ves- females. There were 20 children and 58 adults. The mean ages were

sels at the bas:e of.the bra.in,‘ The maj Qrity of 'pediatric patients 10.1+5.6 and 46.6x14.0 years in pediatric and adult patients, respec-
develop transient ischemic attack and ischemic stroke, whereas tively. All pediatric patients developed transient ischemic attack or
about half of adult patients develop intracranial bleeding.' The ischemic stroke. In adult patients, clinical diagnosis included asymp-

tomatic in 20, transient ischemic attack or ischemic stroke in 27, and
intracranial bleeding in 11.
MR imaging was performed before surgery, using a 1.5-Tesla

moyamoya vessels may rupture because of persistent hemo-
dynamic stress, thus intracranial bleeding occurs in the basal

ganglia, thalamus, and periventricular region.*? scanner, as reported previously.* The involved hemisphere with im-
According to recent studies, silent microbleeds are identified paired reactivity to acetazolamide was considered as the candidate
on T2*-weighted MRI in moyamoya disease.*® They are found for surgical revascularization. Totally 46 patients underwent surgical

revascularization after initial examinations.” All patients were fol-
lowed up in the outpatient clinic. Both MRI and magnetic resonance
angiography were repeated every 6 or 12 months. Hypertension was

in the basal ganglia, thalamus, and periventricular region, where
intracranial bleeding often occurs.** They may predict subse-

quent hemorrhagic stroke.® However, the information on their noted in 10 adult patients. None of them received antiplatelets and
clinical significance is still limited. Especially, none of previ- anticoagulants.
ous studies could disclose actual features of silent microbleeds, Continuous data were expressed as mean=SD. Categorical data

were compared by using x> test. Cumulative hemorrhagic stroke-free

because the majority of subjects in these studies had already survival rate was compared between 2 groups with the Kaplan-Meier

un(%ergone surgical rev.asculanzauon before initial MR exami- method and Cox-Mantel log-rank statistics. Multivariate analysis us-
nation.** Therefore, this study enrolled nontreated patients and ing the Cox proportional hazards model determined the joint effect of
prospectively assessed the incidence, locations, and longitudi- multiple variables on hemorrhagic stroke over time. Differences were

nal course of silent microbleeds in moyamoya disease. considered statistically significant when P value was <0.05.

Methods Results
This prospective cohort study included 78 patients who were admit- No silent microbleeds were detected in 20 pediatric patients,
ted to our hospital because of moyamoya disease between November whereas silent microbleeds were detected in 17 (29.3%) of
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Table. Clinical Data of 8 Patients With Clinical or Radiological Events During Follow-Up Periods

Surgical Follow-up
Age, Sex  Initial Presentation Silent Microbleeds Treatment (mo) De Novo Silent Microbleeds Hemorrhagic Sstroke
De novo silent microbleeds during follow-up periods
1 36, F Hemorrhagic stroke Left putamen Yes 23 Left periventricular white
matter
2 62, F Asymptomatic Corpus callosum None 6 Right insula, right
periventricular white matter
3 51,F Asymptomatic None None 8 Right periventricular white
matter
4 29, F TIA None None 32 Right peduncle
Hemorrhagic stroke during follow-up periods
1 56, F Hemorrhagic stroke Right periventricular Yes 11 Right periventricular white
white matter matter
2 33,F Asymptomatic Left putamen, Bilat. None 72 Left putamen
periventricular
white matter ’
3 52,F TIA Right thalamus None 0.2 Right thalamus
4 83, M TIA Right periventricular None 15 Right periventricular white
white matter matter

Bilat indicates bilateral; and TIA, transient ischemic attack.

58 adult patients. Of these 17 patients, 11 had 1 silent micro-
bleed and the other 6 had >2 silent microbleeds (total number
of silent microbleeds =27). Silent microbleeds were found in
the basal ganglia, thalamus, and periventricular white mat-
ter. There were no significant differences in clinical variables
between patients with silent microbleeds and those without.
Silent microbleeds were found in 5 (25.0%) of 20 asymptom-
atic patients, in 6 (22.2%) of 27 ischemic-type patients, and
in 6 (54.5%) of 11 hemorrhagic-type patients. The incidence
of silent microbleeds did not differ among them, although the
incidence of silent microbleeds in hemorrhagic-type patients
was higher (P=0.121).

During follow-up periods, T2*-weighted MRI did not
detect any new microbleeds in pediatric patients. However,
radiological and clinical events occurred in 8 (13.8%) of 58
adult patients during a mean follow-up period of 48.8 months
(Table). Thus, silent microbleeds newly developed in 4 adult

patients (6.9%). Two of them had silent microbleeds on initial
examination, and de novo silent microbleeds were identified
in the area apart from the original ones. These de novo silent
microbleeds were identified in 2 asymptomatic, 1 ischemic-
type, and 1 hemorrhagic-type patients. The annual incidence of
de novo microbleeds was 1.7% in adult patients. Hemorrhagic
stroke occurred in other 4 patients (6.9%). Their clinical diag-
nosis included transient ischemic attack in 2 patients, hem-
orrhagic stroke in 1, and asymptomatic in 1. All of these 4
patients had silent microbleeds on initial examination, but had
no de novo ones during follow-up periods. Of 11 patients with
single microbleeds, 3 (27.3%) developed hemorrhagic stroke.
Of 6 patients with multiple microbleeds, 1 (16.7%) developed
it. Their locations did not differ among them. Therefore, there
were no associations with the number and location of silent
microbleeds on initial examination (Table). Two of them were
fatal. Another developed severe hemiparesis (Figure 1). The

Figure 1. Radiological findings in a 52-year-old female who experienced transient ischemic attack attributable to moyamoya disease.
Silent microbleed in the right thalamus on initial T2*-weighted MRI (A, arrowhead). Markedly dilated moyamoya vessels originating from
the lenticulostriate, anterior and posterior choroidal arteries (B, arrows) and ethmoidal arteries (B, arrowhead) on right cerebral angiogra-
phy. One week later, she developed right thalamic hemorrhage (C, arrow).
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annual risk of hemorrhagic stroke was 1.7% in whole adult
patients with moyamoya disease. The value was 6.6% in
adult patients with silent microbleeds on initial T2*-weighted
MRI, being significantly higher than those without (P<0.001;
Figure 2).

Discussion

This study prospectively investigated clinical features of
silent microbleeds in patients with moyamoya disease. Silent
microbleeds were detected in about 30% of adult patients. The
lesions were identified in the hemorrhagic stroke-prone areas. !
Ishikawa et al* found them in 4 (14.8%) of 27 adult patients.
They were detected in 2 (33.3%) of 6 nonoperated patients,
butin 2 (9.5%) of 21 operated patients. There was a significant
difference in their incidence between them.* Subsequently,
Kikuta et al® also reported that their incidence was 28% and
44% on 1.5- and 3.0-Tesla MR apparatus, respectively. No
silent microbleeds were identified in pediatric moyamoya dis-
ease. Shorter disease periods in pediatric patients may explain
no or very low incidence of silent microbleeds.’

The principle finding in this study is that de novo silent
microbleeds occurred even in asymptomatic patients, in
patients without silent microbleeds on initial examination,
or in surgically treated patients. Furthermore, hemorrhagic
stroke occurred in 4 patients who had silent microbleeds on
initial examination. Annual risk of hemorrhagic stroke was
quite high, 6.6% in adult patients with silent microbleeds
on initial examination. The value was significantly higher
than those without. Intracranial hemorrhagic is still one of
the most serious events that cause poor outcome in adult
moyamoya disease. The present finding strongly suggests that
the adult patients with silent microbleeds may carry the high
risk for hemorrhagic stroke. Kikuta et al® also reported that
hemorrhagic stroke occurred in totally 4 (8.0%) of 50 patients
during a mean follow-up period of 16.6 months. However, their
study included 23 (46%) of 50 patients who had undergone
surgical revascularization before initial MR examination.

In conclusion, silent microbleeds are not rare and may
predict subsequent hemorrhagic stroke in adult moyamoya
patients. The incidence of de novo silent microbleeds is not
small. Careful and long-term follow-up of silent microbleeds
would be essential to improve their outcome in adult moy-
amoya disease.
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WTRODUCTION

Moyamoya disease is an uncommon cere-
brovascular disease that is characterized
by progressive steno-occlusion of the
supraclinoid internal carotid artery and its
main branches within the circle of Willis.
This occlusion results in the formation of
a fine vascular network (the Moyamoya
vessels) at the base of the brain. Clinical
presentations of Moyamoya disease are
very unique. Most children with Moya-
moya disease develop transient ischemic
attack (TIA) or cerebral infarction,
whereas about half of adult patients
develop intracranial bleeding, and half
develop TIA or cerebral infarct (11). On the
other hand, headache is one of the serious
symptoms associated with Moyamoya
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disease, especially in pediatric patients.
Typically, they present with migraine-like
severe headache in the frontal area in
the morning. They cannot go to school
because of severe headache. Headache is
often associated with vomiting and spon-
taneously resolves within several hours (x,
23, 27, 30, 35). Migraine-like headache is
also observed in some adult patients with
Moyamoya disease (27, 31, 35). According
to previous studies, persistent cerebral
ischemia may be closely related to the
occurrence of headache in pediatric
Moyamoya disease because surgical
revascularization may improve or resolve it
(30). However, there are almost no studies
that denote the relationship between
cerebral hemodynamics and headache in
pediatric patients with Moyamoya disease.
Therefore, the authors believe that it is
important to explore the wunderlying

mechanism to establish more effective
treatment and improve quality of life.
Based on these considerations, this study
aimed to clarify the role of cerebral
hemodynamics in headache and to survey
the effects of surgical revascularization on
headache in pediatric Moyamoya disease.

This study included 29 pediatric patients
who were admitted because of Moyamoya
disease and underwent surgical revascu-
larization at Hokkaido University Hospital
between 1997 and 2010. All of them were
Japanese and met the guidelines for the
diagnostic criteria of the Research
Committee on Moyamoya Disease of the
Ministry of Health, Labor, and Welfare of
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Japan. There were 7 boys and 22 girls.
Their ages ranged from 5 to 17 years, with
a mean age of 10.0 years.

Before surgery, the frequency, timing,
region, and severity of headache were
precisely evaluated in all patients. Based
on functional impairment, severity of
headache was classified into 4 categories:
1) mild, patient is aware of a headache but
is able to continue daily routine with
minimal alteration; 2) moderate, the

headache inhibits daily activities but is not
incapacitating; 3) severe, the headache is
incapacitating; and 4) status, a severe
headache that has lasted more than 72
hours (4).

Before surgery, all patients underwent
precise neuroradiological examinations,
including magnetic resonance (MR}
imaging, MR angiography, and cerebral
angiography. Disease was classified into 6
stages according to Suzuki angiographic
stage (33). Using 3xenon or 3I-IMP
single-photon emission computed
tomography (SPECT) or ™O-gas positron
emission tomography (PET), cerebral
blood flow (CBF) before and after intra-
venous injection of 10 mg/kg acetazol-
amide was quantitatively measured, as
reported previously (12, 15-18). In this
study, the involved hemisphere was
considered as the candidate for surgical
revascularization when having impaired
reactivity to acetazolamide (13, 28). Cere-
brovascular reactivity (CVR) to acetazol-
amide was determined as follows: CVR
(0/0) = I00 X (CBFACZ - CBFrest) / CBFrest’
where CBF,., and CBF,c; represent CBF
before and after intravenous injection of
acetazolamide,  respectively.  Because
a normal CBF value dramatically changes
with growth in children, CBF was rated as
reduced when the value was lower than
80% of the cerebellum in each patient (g,
16, 26). CVR was rated as reduced when it
was lower than 14% (17).

The patients
temporal artery to middle cerebral artery
(STA-MCA) anastomosis and encephalo-
duro-myo-arterio-pericranial synangiosis
(EDMAPS) for surgical revascularization,
as described previously (13, 28). Briefly,
the skin incision was made along the
course of the parietal branch of the STA

and extended upward to the midline near
the bregma and then along the midline
downward to the hairline. The parietal
branch of the STA was dissected from the
surrounding tissues, being kept patent,
and the point where the STA crosses the
skin incision. After the scalp flap was re-
flected laterally, the frontal branch of the
STA was also dissected under a surgical
microscope. The temporal muscle was
dissected as widely as possible and was
made as a vascularized flap. Then, the
vascularized frontal pericranium was also
dissected. A standard frontotemporal
craniotomy was made, preserving the
middle meningeal artery. The size of
craniotomy was matched to that of the
temporal muscle flap. Then, a medial
frontal craniotomy was made separately,
which should fit the size of the pericranial
flap. The dura was incised, preserving the
main braches of the middle meningeal
artery. Subsequently, STA-MCA single or
double anastomosis was performed in an
end-to-side fashion with 10-0 or 11-0 nylon
threads. The frontal branches of the MCA
were usually used as - the recipients of
anastomoses because - cerebral hemody-
namics are impaired, especially in the
frontal lobe, in Moyamoya disease. The
clamping time was about 20 minutes.
Then, the dural flaps were turned into the
epiarachnoid space to make an indirect
bypass. The dural opening through the
frontotemporal craniotomy was covered
with the temporal muscle flap. The dural
opening- through the medial frontal
craniotomy was covered with the frontal
pericranial flap. Cranioplasty was per-
formed for both craniotomies, and the
wound was closed. Total surgery time
ranged from 5 to 7 hours. No blood
transfusion was performed.

After surgical revascularization, all
patients were followed up in the outpa-
tient clinic. The mean follow-up period
was 85.3 £ 45.7 months, ranging from
3 months to 162 months. Episodes of
TIA, cerebral infarction, and intracranial
hemorrhage as well as the clinical features
of headache during follow-up periods
were precisely recorded. Overall clinical
outcomes were classified into 4 categories:
1) excellent, preoperative symptoms (such
as TIA) had totally disappeared without
fixed neurological deficits; 2) good,

symptoms had totally disappeared but
neurological deficits remained; 3) fair,
symptoms persisted, albeit less frequently;
and 4) poor, the symptoms remained
either unchanged or worsened (20).

Cerebral angiography and blood flow
study were repeated 3 to 6 months after
surgery. Both MR imaging and MR angi-
ography were performed every 6 or 12
months with a 1.5-T whole-body MR
imager.

Continuous variables were expressed as
mean + SD. Statistical analysis was per-
formed using a y* test and a Kruskal-
Wallis test as appropriate. The statistical
level of significance was set at P < .05.

MBS

i

STA-MCA anastomosis and EDMAPS were
performed on 50 hemispheres of 29
patients. Perioperative ischemic stroke
occurred in 3 (6.0%) of these 50 surgical
procedures. Cerebral infarct developed in
the ipsilateral hemisphere in 2 patients
and in the contralateral hemisphere in
another. However, their neurological
sequelae completely disappeared within 30
days after surgery.

During  follow-up  periods, TIA
completely disappeared in all but 1
patient. Only a 7-year-old girl continued to
develop transient weakness of the bilateral
legs for 1 year after surgery, although its
frequency decreased markedly. No
ischemic or hemorrhagic stroke occurred
in 29 patients during follow-up periods.
Therefore, clinical outcome was catego-
rized as excellent in 26 patients (89.7%)
and good in 3 (10.3%). Three patients
categorized as having good outcomes had
mild neurological sequelae because of
their initial ischemic stroke, but were
independent in their daily life.

Before surgery, headache was observed in
11 (37.9%) of 29 patients. Their clinical
data are shown in ¥kl 1. The clinical
diagnosis was TIA in 10 patients and
ischemic stroke in 1. The frequency of
headache widely varied: once every day in
2 patients (18%), a few times per week in
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Clinical Region of Severity of Decreased Impalred Postoperative Postoperative - Postoperative =~ Follow-Up
Number Age, Sex Diagnosis Headache Headache CBF CVR Headache CBF CVR (months)
1 6, Male TIA Bilateral frontal 3 FTP ETP 0 Improved Improved 4
2 8, Female  TIA Right temporal 3 FETP Not done 0 improved Not done 6
3 12, Female TIA Bilateral frontal 3 FTP ETP 0 Improved Improved 16
4 14, Female  TIA Bilateral frontal 3 FT ETP 0 Unchanged Improved - 20
5 16, Female TIA Right temporal 3 ET FETP 0 Improved Improved 35
6 7, Female  TIA Right frontal 3 FT ET 0 Improved Improved 55
7 8, Male TIA Right frontal — 3 F F 0 Improved Improved 100
left frontal
8 12, Male Ischemic  Right frontal 3 FT FETP 0 Improved Unchanged 100
stroke
9 17, Female TIA Left temporal 3 TP TP 0 Improved Improved 116
10 11, Male  TIA Left frontal 3 ET ET 0 Improved Improved 17
1 8, Female  TIA Left frontal 3 FETP FETP 0 Improved Improved 139
The headache was classified as 0) no pain; 1) mild pain, does not interfere with usual activities; 2) moderate pain, inhibits but does not wholly prevent usual activities; 3) severe pain, prevents
all activities.
CBF, cerebrai blood flow; CVR, cerebrovascular reactivity; F, frontal lobe; T, temporal lobe; P, parietal lobe.

6 (54%), and a few times per month in 3
(27%). Headache developed in the
morning in g (81.8%) of 11 patients and
during hyperventilation such as exercising
in 1 patient (9.1%). The timing of head-
ache could not be defined in another
patient (9.1%). Severity of headache was
graded as severe in all 11 patients because
they could not go to school or kinder-
garten during a headache attack. Nausea
and vomiting were often associated with
headache. Abdominal pain was simulta-
neously observed in 1 patient. Headache
could be localized in the bilateral frontal
area in 3 patients (27.3%), the frontal area
in 5 (45.5%), and the temporal area in 3
(27.3%). Headache spontaneously resolved
within 3 to 4 hours after onset in all 1x
patients (Figura 7).

Preoperative demographic and radio-
logical data were precisely evaluated
between 1x patients with headache and 18
patients without. There were no signifi-
cant differences in age, gender, and clin-
ical diagnosis between them (Tziie %). As
the next step, the relationships between
headache and cerebral hemodynamics
were assessed between 14 hemispheres
with headache and 44 without (Taiiz Z).
Suzuki angiographic stage in the hemi-
spheres with headache was significantly
more advanced than in those without (P =

.029). Furthermore, a decreased CBF (P <
.01) and impaired CVR (P = .028) were
significant  predictors for headache.
Localization of headache closely correlated
with the area with disturbed cerebral
hemodynamics in all 11 patients.

Surgical effects on headache in each
patient are shown in Tahiz i. Headache
completely disappeared in all 11 patients
within 2 weeks after surgery. Patients did
not complain of headache during follow-
up periods. Postoperative cerebral angi-
ography revealed that surgical collaterals
supplied blood flow to the areas where
headache was repeated before surgery.
Pollow-up SPECT/PET also showed that
both CBF and CVR normalized or
improved in the hemispheres that under-
went surgery, including the area where
patients complained of headache before
surgery (Talisz 1).

Of 18 patients without headache before
surgery, 17 did not complain of headache
after surgery. However, a 5-year-old boy
developed severe headache on the right
side after surgical revascularization on
both sides. He often had severe headache,
although  postoperative  examinations
revealed a marked improvement of both
CBF and CVR.

Hlustrative Casss
Case 7. A 7-year-old girl experienced tran-
sient weakness of the left extremities and
severe right frontal headache. She often
complained of severe headache when she
woke up in the morning. MR imaging
revealed no cerebral infarction (Figssrs 24).
MR angiography and cerebral angiography
showed severe stenosis of the terminal
portion of the ICA and marked develop-
ment of Moyamoya vessels on the right
side, defined as Suzuki stage 3. The lesion
was less pronounced on the left side,
defined as Suzuki stage 2 (Figurs 28). On
>O-gas PET, both CBF and CVR were
reduced in the right cerebral hemisphere,
especially in the right frontal lobe, where
she complained of headache (Figurs 28).

The patient underwent STA-MCA anas-
tomosis and EDMAPS on the right side. The
postoperative course was uneventful. After
surgery, she has experienced neither TIA nor
headache. Follow-up examinations were
repeated 4 months after surgery. Both CBF
and CVR almost normalized on *3[-IMP
SPECT (Figure 21%). On cerebral angiog-
raphy, surgical collaterals widely supplied
blood flow to the operated hemisphere,
including the frontal lobes (Figusre 2E).

)

Case 8. A 12-year-old boy had complained
of right frontal headache and involuntary
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Figure 1. Clinical features of headache in pediatric patients with Moyamoya disease.:
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movement of the left arm since he was
5 vyears old. His headache gradually
increased in severity and frequency, and
he was admitted to our hospital. MR
imaging showed a small cerebral infarct in
the right frontal lobe (Figurs 34). Cerebral
angiography showed severe stenosis of
the terminal portion of the ICA and
marked development of Moyamoya vessels
on both sides, defined as Suzuki stage 3.
On 33Xe SPECT, both CBF and CVR were
reduced in the right frontal lobe, where he
often complained of headache (Figurs 38).
He underwent STA-MCA anastomosis and
EDMAPS on the right side. The post-
operative course was uneventful, and he
became free from headache and involun-
tary movement.

However, the patient started to complain
of severe headache in the left frontal area
4 months after the first surgery. The patient
could not go to school because of severe
headache. MR imaging showed the devel--
opment of cerebral infarction in the left
caudate head and putamen (Figurs 38). MR
angiography showed progression  of
disease stage in the left side. Repeated "3Xe
SPECT revealed that surgical revasculari-
zation almost normalized cerebral hemo-
dynamics in the right frontal lobe, but
both CBF and CVR markedly deteriorated
in the left frontal lobe (Figurs 3i3). There-
fore, STA-MCA anastomosis and EDMAPS
were performed on the left side. Headache

attack completely disappeared after the
second surgery. Follow-up **3I-IMP. SPECT
demonstrated normalization of cerebral
hemodynamics on both sides (Fgurs 3E).
Cerebral angiography also. showed well-
developed surgical collaterals in the oper-
ated hemispheres, including the bilateral
frontal lobes.

Bisnussn

This study explores new aspects of head-
ache in pediatric Moyamoya disease. About
40% of pediatric patients with Moyamoya
disease “complain of headache before
surgery. Although the frequency widely
varies. among patients, most of them
complain of severe morning headache in
the frontal area. Headache spontaneously
resolves within 3 to 4 hours. The hemi-
spheres with headache have a more
advanced disease stage. The incidence of
reduced CBF and CVR is significantly
higher in the hemispheres with headache
than in those without. The location of
headache correlates very well with the area
with disturbed cerebral hemodynamics.
STA-MCA anastomosis and EDMAPS
completely resolved headache in all
patients who complained of it before
surgery. This is the first report that denotes
the close relationship between headache
and cerebral hemodynamics in pediatric
patients with Moyamoya disease.

Glinical Features of Hesdache in Padintie
Moysmoyy Hiseass

As described earlier, there are a limited
number of studies that precisely analyzed
clinical features of headache in pediatric
Moyamoya disease. The incidence of
headache in pediatric Moyamoya disease
widely varied among previous studies,
probably because of different methods of
survey and different definitions of head-
ache. Matsushima et al. have precisely
reported its clinical features. A total of 47
(34.3%) of 137 pediatric patients com-

“plained of headache at initial diagnosis. A

morning headache was recorded in more
than 60%. Headache significantly affected
the -activities of daily life in more than
60%. Headache was localized in the

“frontal region in 40% and in the temporal

region in 25%. Headache spontaneously
resolved within 1 hour in 25%, within 2 to
3 hours in 22%, and within 4 to 5 hours in
25% (24). Recently, Seol et al. also re-
ported that headache was described in
44 (21.6%) of 204 pediatric patients with
Moyamoya disease before surgery. A
morning headache was observed in 14
patients. However, headache could be
localized in only g5 patients (2 frontal, 1
parietal, and 2 temporal) (30).

The type of headache in pediatric
Moyamoya disease can often be catego-
rized into migraine-like headache with or
without an aura (1, 19, 24, 30) and hemi-
plegic migraine (2). However, the under-
lying mechanisms are still unknown.
Park-Matsumoto et al. reported a 49-year-
old woman in whom severe migraine with
aura developed due to Moyamoya disease.
Brain CT scans revealed cerebral infarction
in the left occipital lobe. It was speculated
that borderline perfusion of the occipital
lobe cortex could be a trigger for the
development of migraine with aura-like
headache in susceptible patients, although
it is unclear whether or not this hypothesis
can be adapted to pediatric Moyamoya
disease (27). The present study precisely
analyzed the clinical data of pediatric
patients with or without headache. No
significant differences in age, gender, or
clinical diagnosis were observed among
them. However, disease stage was signif-
icantly more advanced in the hemispheres
with headache than in those without,
although the difference was very small
(3.2 £ 0.4 and 2.6 + 1.1, respectively).
More importantly, a decreased CBF and
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M

Preoperative Headache

_

Clinical Factors Yes (n = 11) No (n = 18) Significance
Age 10.8 £ 37 92 £34 NS
Gender NS
Boy 3 3
Girl 8 15
Clinical diagnosis NS
Asymptomatic 0 1
Transient ischemic attack 10 15
Ischemic stroke 1 2

Preoperative Headache

Significance

Clinical Factors Yes (n = 14) No (n = 44) ; P
Angiographic stage 324+04 26 4+ 1.1 029
Cerebral blood flow ‘ 01
Normal 0 28
Reduced ) 14 16
Cerebrovascular reactivity .028
Normal 0 15
Impaired 14 29

those without. NS, not significant.

Age, gender, and clinical diagnosis were analyzed between the patients with headache and those without. Angiographic
stage, cerebral blood flow, and cerebrovascular reactivity were analyzed between the hemispheres with headache and

impaired CVR were closely related to
headache. Therefore, persistent cerebral
ischemia may be one of the powerful
inducers of headache attack in pediatric
Moyamoya disease. In fact, as presented in
illustrative cases, the localization of
headache was closely associated with the
area with disturbed cerebral hemody-
namics in all 11 patients. However, other
factors would be involved in the develop-
ment of their headache, because many of
the patients without headache also had
disturbed cerebral hemodynamics. Further
study is necessary to fully understand the
precise mechanism of headache in pedi-
atric Moyamoya disease.

§ stoal Bevasculavization on

s in Pediatie Movameys Diseass
In this study, postoperative courses in
the subjects strongly support the involve-
ment of cerebral hemodynamics in the

development of headache in pediatric

Moyamoya disease. Thus, STA-MCA anas-
tomosis ~and EDMAPS normalized or
significantly improved both CBF and CVR
in the operated hemispheres, as reported
previously (13). The beneficial effects on
cerebral hemodynamics could widely be
observed in the operated hemispheres,
including the frontal lobe. After surgery,
headache completely resolved in all 11
patients (¥ziiz 1). Especially, the clinical
course of case 8 is quite interesting when
considering the underlying mechanism of
headache in pediatric Moyamoya disease.
He complained of severe headache in the
right forehead at onset. Blood flow
measurements revealed disturbed cerebral
hemodynamics in the right frontal lobe.
STA-MCA anastomosis and EDMAPS on
the right side improved cerebral hemody-
namics and completely resolved his head-
ache. However, the progression of disease
stage in the left side led to a marked
reduction of cerebral perfusion pressure in

the left frontal lobe, causing frequent
headache in the left forehead. Additional
surgery on the left side also normalized
cerebral hemodynamics in the left frontal
lobe and resolved his headache (Figurs 3).

Previously, Matsushima et al. also re-
ported the beneficial effect of surgical
revascularization on headache in pediatric
Moyamoya disease (25). Subsequently,
they also reported that headache improved
or completely disappeared in 75% of
pediatric patients after indirect bypass
procedure,  encephalo-duro-arterio-syn-
angiosis (EDAS) (22). Seol et al. recently
surveyed their clinical data after EDAS and
found that postoperative headache was
observed in more than 60% of the patients
with preoperative headache (30). There-
fore, there is a significant difference in
postoperative improvement of headache
between the present and previous studies.
The discrepancy may result from the
difference in surgical procedures. Thus, the
majority of patients in these previous
studies underwent bilateral EDAS (22, 25,
30). Indirect bypass surgery induces spon-
taneous angiogenesis between the brain
surface and the vascularized donor tissues
and is known to function well in most
pediatric patients with Moyamoya disease.
The procedures are technically easy and can
even be performed by surgeons with little
experience with Moyamoya disease.
According to a recent review by Fung et al.,
indirect bypass procedures have been per-
formed in about 75% of patients in 57
studies including 1448 surgically treated
patients between 1966 and 2004 (3).
However, indirect bypass such as EDAS is
performed through temporoparietal crani-
otomy, and the revascularized area is
confined to the craniotomy area. Thus,
EDAS is useful for resolving ischemic
attacks such as hemiparesis because
surgical collaterals develop in and around
the primary cortex after surgery. As pointed
out by several investigators, however, the
procedures do not improve disturbed
cerebral hemodynamics in the frontal lobe
even after surgery (8, 10, 12-14, 21, 29, 34).
Considering the high incidence of frontal
headache in pediatric Moyamoya disease, it
is most likely that many pediatric patients
still suffered headache due to impaired
cerebral hemodynamics in the frontal lobe
after EDAS. In fact, we have developed STA-
MCA anastomosis and EDMAPS by
extending the exposure of the brain surface
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Figure 2. Radiological findings from a 7-year-old girl who underwent right
superficial temporal artery to middle cerebral artery anastomosis and
indirect bypass for Moyamoya disease. (A) Preoperative magnetic
resonance imaging showed no parenchymal lesion. (B} Preoperative
magnetic resonance angiography showed marked stenosis in the right
carotid fork. (C) Preoperative '°0-gas positron emission tomography
showed that cerebral blood flow and its reactivity to ACZ were reduced in

the right cerebral hemisphere, especially in the right frontal lobe. (D)
Postoperative *23I-IMP single-photon emission computed tomography
performed 4 months after surgery showed the normalization of cerebral
blood flow before and after ACZ injection. (E) Postoperative right external
carotid angiogram showed that surgical collaterals widely supplied blood
flow to the operated hemisphere, including the frontal lobes. ACZ,
acetazolamide.

to the medial frontal area and covering the
brain surface with the vascularized peri-
cranial flap. Postoperative angiography
showed that surgical collaterals supply
blood flow to the frontal lobe very widely.
Blood flow studies also showed significant
improvement in cerebral hemodynamics in
both the MCA and the ACA territories
after surgery (r3). Therefore, STA-MCA
anastomosis and indirect bypass through
large frontotemporal craniotomy may play
a critical role in resolving headache after
surgery in pediatric Moyamoya disease.
Very recently, Shirane and Fujimura re-
ported that STA-MCA anastomosis and
indirect bypass markedly improved head-
ache in 11 (84.6%) of 13 patients with
Moyamoya disease (32). '

In addition, the present study demon-
strated that headache resolved within
2 weeks after STA-MCA anastomosis and
EDMAPS. However, previous a study
concluded that EDAS required a mean
period of about 2 months to resolve
headache after surgery (24, 25). Direct
STA-MCA anastomosis may explain the
difference between the 2 studies. Thus,

a direct bypass procedure may be techni-
cally challenging in some pediatric
patients because their cortical branches
have a smaller caliber and are more fragile
than those of adults. However, direct
bypass ‘is wuseful to improve cerebral
hemodynamics, reduce the incidence of
perioperative complications, and resolve
ischemic attacks immediately after surgery
(5, 8, 13). On the other hand, indirect
bypass requires 3 to 4 months to develop
surgical collaterals (6, 7). Therefore, direct
STA-MCA anastomosis may improve or
resolve headache as well as ischemic
attacks more promptly.

Postoperative Headuche In Pediavie
Movamova Diseass

In this study, surgical revascularization
completely resolved headache in 11 patients
who complained of headache before
surgery. However, 1 of 18 patients without
preoperative headache started to experi-
ence headache after surgery. Blood flow
measurements demonstrated that he had
normal CBF and CVR after surgery. Indeed,
newly developed headache after surgery has

been reported previously. Matsushima et al.
reported 2 patients who started to develop
headache attack after EDAS, although they
did not complain of it before surgery (22).
Seol et al. also reported that postoperative
headache was observed in 10 (6.3%) of 160
patients without preoperative headache
after EDAS (30). These facts strongly indi-
cate that headache in pediatric Moyamoya
disease may partly occur through mecha-
nisms other than cerebral ischemia.
Further study is warranted to fully explore
the mechanism of postoperative headache
in pediatric Moyamoya disease.

SONCLUSIONG
This study clearly demonstrates clinical
features of headache in pediatric patients
with Moyamoya disease. Persistent distur-
bance of cerebral hemodynamics may be
one of the powerful factors that induce
headache. STA-MCA anastomosis and
EDMAPS can rapidly resolve headache by
widely supplying collateral blood flow to
the operated hemispheres, including the
frontal lobes. Bypass surgery should be
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Figure 3. Radiological findings from a'12-year-old boy who complained of
right frontal headache and involuntary movement of the left arm. His
headache gradually increased in severity and frequency, and he was
admitted to our hospital. {A) Preoperative magnetic resonance imaging
showed a small cerebral infarct in the right frontal lobe. (B} Preoperative
133%e SPECT showed that CBF and its reactivity to ACZ were reduced in
the right frontal lobe (arrows). He underwent right superficial temporal
artery to middle cerebral artery anastomosis and indirect bypass. He
became free from headache and involuntary movement. However, he
started to complain of severe headache in the left frontal area 4 months
after the first surgery. (C) Follow-up MRI showed the development of

cerebral infarction in the left caudate head and putamen. (D) Follow-up
133%e SPECT revealed that bypass surgery markedly improved cerebral
hemodynamics in the right frontal lobe, but both CBF and its reactivity to
ACZ markedly deteriorated in the left frontal lobe (arrows). Therefore, he
underwent left superficial temporal artery to middle cerebral artery
anastomosis and indirect bypass. Headache attack completely disappeared
after the second surgery. (E) Follow-up '2I-IMP SPECT demonstrated
normalization of cerebral hemodynamics on both sides. ACZ,
acetazolamide; CBF, cerebral blood flow; SPECT, single-photon emission
computed tomography.
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planned to revascularize the whole area

with cerebral

ischemia, especially in

patients who complain of headache.
However, these patients should be carefully
followed up because a certain subgroup of
patients may develop postoperative head-
ache. Furthermore, these results should be
confirmed by analyzing the data in a greater
number of patients in the future.
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Abstract

Stroke during pregnancy associated with moyamoya disease (MMD) has been reported sporadically, but
no systematic surveys have been undertaken. To reveal the current clinical situation, the authors con-
ducted Japan’s first nationwide survey of pregnancy and delivery associated with MMD. A question-
naire was sent to all 270 perinatal medical centers across Japan to survey their experiences with deliv-
ery associated with MMD within the preceding 5 years (Survey I); another questionnaire was sent to 554
adult female patients with MMD regarding their experience with childbirth (Survey II). Survey I includ-
ed 59 deliveries among patients with previeusly diagnosed MMD. The incidence of perinatal neurelogi-
cal events and morbidity was 5.1% and 1.7%, respectively. In another five cases, newly diagnosed after
perinatal attacks, disability was noted in three cases, including one death from intracranial hemor-
rhage. Survey II included 278 deliveries. The perinatal attack rate was 6.6% in 76 previously diagnosed
cases and 2.0% in 202 cases undiagnosed at pregnancy, but neither group reported permanent morbidi-
ty. Caesarean section in previously diagnosed cases accounted for 76.3% of deliveries in Survey I and
69.7% in Survey II, but no significant difference in event rate was found between caesarean section and
vaginal delivery in either survey. Although the incidence of perinatal neurological events is low when
MMD has been diagnosed, careful monitoring is required in light of the potential for stroke. Serious
events, especially intracranial hemorrhage, can occur if MMD has not been diagnosed at pregnancy.
Further efforts to establish management guidelines are required to ensure safer childbirth in patients

with MMD.
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Introduction

Moyamoya disease (MMD) is a cerebrovascular dis-
ease characterized by progressive bilateral steno-
occlusion of the terminal internal carotid arteries
accompanied by the extensive formation of collater-
al vessels (moyamoya vessels) at the base of the
brain.?!% MMD causes cerebral ischemic attacks as
well as intracranial hemorrhage that is supposedly
the result of excessive long-term hemodynamic
stress to the moyamoya vessels.¥) MMD is more
prevalent in females than in males and occurs most
frequently during childhood and early adulthood?®)
thus, it is not uncommon for patients to become
pregnant and give birth. Pregnancy and delivery are
known to significantly affect a woman’s physical
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pregnancy, stroke

condition, and the incidence of brain attacks can in-
crease in the perinatal period.5'”) Since the 1970s,
several cases of stroke in pregnant patients with
MMD have been reported,'” and these sporadic
reports were reviewed in 1998.9 However, no sys-
tematic surveys have ever been conducted, and no
guidelines have been established for managing preg-
nancy and delivery associated with MMD. Even
recommendations regarding delivery method (natur-
al labor, painless labor, or caesarean section), for ex-
ample, seem to differ between hospitals. Conse-
quently, the authors designed and conducted a
nationwide survey in Japan on the management of
pregnancy and delivery in patients with MMD.

Methods

This survey comprises two sections: a survey of
perinatal medical centers {Survey I) and a survey of



MMD and Pregnancy

Table 1 List of questions for obstetricians regarding
pregnancy, delivery, and moyamoya disease (MMD)

I. Number of deliveries associated with MMD during the
preceding 5 years
Clinical data for each patient

1. Age at delivery

IL.

2. Weeks of gestation at delivery

3. Number of previous deliveries

4. MMD diagnosed before pregnancy

5. Had undergone bypass surgery (when diagnosed before
pregnancy)

6. Detailed information on perinatal cerebral events
leading to the diagnosis (when not previously diag-
nosed)

7. Selection of delivery method

8. Information on cerebral events during gestation

9. Information on cerebral events during labor and
puerperium

10. Clinical outcome of patient at discharge (mRS)
11. Clinical outcome of child at discharge

mRS: modified Rankin scale.

adult female patients with MMD (Survey II). The
survey was conducted with the approval of the
Ethical Committee of the National Cerebral and
Cardiovascular Center, and great care was taken to
protect all personally identifiable information.

I. Surveyl

The survey questionnaires were sent to all 270
centers for maternal, fetal, and neonatal medicine
across Japan regarding their experience during the
preceding 5 years (January 2003-December 2007).
These centers are designated to deal with high-risk
pregnancies and deliveries. The questionnaire
sought to determine the number of deliveries associ-
ated with MMD in each unit, the demographics of
these patients, the details of any cerebrovascular
events that occurred, and their clinical outcomes.
Table 1 shows the questions contained in the ques-
tionnaire.

II. Survey II

This survey was conducted in cooperation with
the Association of Persons with Moyamoya Disease
and Their Families, which is the only Japanese as-
sociation for patients with MMD, and represents
1,300 patients and their family members. The survey
questionnaires regarding experiences with pregnan-
cy and delivery were sent from the association’s
headquarters to all 554 adult female members. Table
2 lists the questions contained in the questionnaire.
All reply forms were collected at the headquarters,
and the data were provided to the authors for analy-
sis after all personally identifiable information had
been deleted.
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Table 2 Questions for female patients with moyamoya
disease (MMD) about their experiences with pregnancy
and delivery

L
1I.
IIL

Age at time of questionnaire

Age upon diagnosis of MMD

Clinical type of MMD (ischemic, hemorrhagic, hemorrhagic

transformation from ischemic type, others)

Occurrence and timing of EC-IC bypass surgery

Ongoing medication for MMD

Previous delivery (yes or no)

Detailed information about previous deliveries

1. Number of deliveries before diagnosis of MMD, method
of each delivery, details of any perinatal cerebral events

Iv.
V.
VI
VIL

2. Number of deliveries after diagnosis of MMD, method
of each delivery, details of any perinatal cerebral events
3. Please describe any problems you experienced during

your pregnancy and delivery.

EC-IC: extracranial-intracranial.

III. Statistical analysis

The maternal prognosis was expressed with the
modified Rankin scale (mRS)'") at discharge. The
data were presented as frequency or means * stan-
dard deviation. Fisher’s exact probability test was
applied for categorical data. The analyses were per-
formed with Statcel 3 (OMS Publishing Inc.,
Tokorozawa, Saitama).

Results of Survey I

Feedback was obtained from 132 medical centers
{(for a response rate of 48.9%). Among these centers,
33 (25.0%) had experienced a delivery associated
with MMD, and 64 cases were recruited. These
cases were divided into two groups: 59 cases in
which MMD had been diagnosed before pregnancy
(Group I-A); and 5 cases in which MMD had been
newly diagnosed as a result of neurological inci-
dents during pregnancy, delivery, or puerperium
(Group I-B).

I.
ly)
Table 3 shows the clinical data. The mean age of
the patients at delivery was 29.2 + 4.1 years, with
54.2% being primipara. Thirty-four (57.6%) patients
had previously undergone extracranial-intracranial
{EC-IC) bypass surgery. Fourteen (23.7%) cases were
managed with vaginal delivery (natural labor in 3
cases and painless labor with spinal epidural
anesthesia in 11), whereas 45 (76.3%) cases were
managed with caesarean section (scheduled in 41
cases, emergent change from vaginal delivery in 2,
and others in 2). Although caesarean section tended
to be selected more frequently for those who had not

Group I-A (cases of MMD diagnosed previous-



