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Moyamoya disease is a rare entity charac
terized by progressive occlusion of the arter
ies of the circle of Willis leading to ischemic 
events or hemorrhage (Fig. 1). The disease is 
most commonly found in Japan, where the inci
dence is estimated to be between one and three 
per million per year and where it has a bimodal 
age of presentation in the first decade of life 
and in the fourth decade of life.7· 29 The dis
ease has a significant female preponderance, 
with a ratio of approximately 40 women to 
1 man in adults.29 Although the disease is a 
well-recognized entity in Japan, it has been 
increasingly reported in the United States in 
patients of all ethnic descents. Cloft et a!S re
ported on 18 US adults with moyamoya dis
ease, 16 of whom were women. No significant 
risk factors were found, although four of the 
patients had evidence of fibromuscular dyspla
sia in the cervical internal carotid artery. In a se
ries of 93 young US adults who presented with 
stroke, five were diagnosed with moyamoya 
disease, all of whom were women in the 24- to 
40-year-old age group.27 The role of inflamma
tory disease in the head and neck is not clear, 
nor is the contribution of genetic factors. In ad
dition to primary moyamoya disease in which 
the cause of the arterial occlusion is unknown, 

secondary moyamoya disease may occur in the 
adult population. Conditions that may lead to 
moyamoya disease include arteriosclerotic dis
ease, sickle cell disease, collagen vascular dis
ease, and radiation therapy.2 The angiographic 
findings in these latter patients are the same as 
those in patients with the primary disease. 

PRESENTATION 

Although children with moyamoya disease 
most commonly present with ischemic symp
toms, this is not true for adults. Houkin et aP0 

reported on 35 consecutive cases of adult moy
amoya disease; they found a hemorrhagic pre
sentation in 65% of cases and an ischemic pre
sentation in 35% (see Fig. 1C-F). Similarly, 
Iwama et aP1 also studied 55 Japanese patients 
with adult moyamoya disease and found a 
hemorrhagic presentation in 60% of patients. 
In another report, however, Houkin7 studied 
48 adults and found a hemorrhagic presenta
tion in only 38%. The most common hemor
rhage is intraventricular in nature secondary 
to rupture of the fragile moyamoya vessels of 
the basal ganglia, thalamus, and ventricle. A 
few patients present with true subarachnoid 
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Figure 1. CT scan demonstrating an ischemic stroke (arrows) in the left posterior temporal, occipital, 
and parietal region in a young female patient who was later diagnosed with moyamoya disease (A 
and 8). C, MR image with exacerbation of symptoms during preoperative evaluation that now demon
strates both the old stroke (C and 0) and a new area of infarction demonstrated on the diffusion MR 
image (E). 

hemorrhage, and the moyamoya disease is re
vealed on imaging studies. The pathophysiol
ogy of the hemorrhage in adults is thought to 
be related to two factors: long-term hemody
namic stress on the moyamoya vessels and ar
teriosclerotic vascular changes in adults? In ad
dition, it is postulated that hypoxic stress is a 
less important factor in adults than in children.9 

In the few reported series of moyamoya 
disease in the United States, the presentation 
seems to be more frequently ischemic than 
hemorrhagic. Cloft et aP reported only three 
hemorrhages in 18 patients. The average age 
of these patients was 35 years. Chiu et aP de
scribed 26 adult patients who presented with 
moyamoya disease in Texas. Of these, 23 pre
sented with ischemic events and three pre
sented with hemorrhage. Based on these small 

Illustration continued on opposite page 

series, it seems that moyamoya disease in non
Asian patients may manifest differently from 
the disease in the Japanese population. 

There is an increased incidence of arterial 
anomalies in patients with moyamoya disease. 
The incidence of aneurysms in Japanese 
patients with moyamoya disease is approxi
mately 5.6%.31 The incidence of arteriovenous 
malformations associated with moyamoya 
disease has been reported to be as high as 3%.17 

In an analysis of 131 intracranial aneurysms in 
111 patients with moyamoya disease, 
Kawaguchi et aP3 found that 56% of the 
aneurysms were detected on the circle of 
Willis. Of these 73 aneurysms, 43 (59%) were 
located in the posterior circulation; outside the 
circle of Willis, 24 aneurysms (18%) were lo
cated on small vessels in the basal ganglia and 
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Figure 1 (Continued). Preoperative ( and ) and postoperative ( and ) an
giograms. and are lateral views, and are anteroposterior views. The pre
operative angiogram demonstrates supraclinoid carotid artery {ICA) occlusion with 
poor filling of the middle cerebral artery (MCA). The patient underwent an external 
carotid to internal carotid bypass. The postoperative angiogram demonstrates the 
successful anastomosis (ANAS) with good distal filling between the superficial tem
poral artery (STA) and a branch of the middle cerebral artery that has proximal filling 
(Prox. Filling). OA is the occipital branch of the external carotid artery. 

29 (22%) were located on the choroidal arteries. 
The incidence of rupture of the aneurysms in 
the basal ganglia and choroidal vessels was 
greater than 90%, and these patients tended to 
present with a worse clinical grade than those 
with traditional subarachnoid hemorrhage. 

NATURAL HISTORY 

The prognosis of conservatively treated or 
untreated patients is poor regardless of the 
mode of presentation. A natural history study 
of only adults with ischemia has not been re
ported, and the data must be extrapolated from 
the pediatric literature. Olds et aF5 identified 
39 pediatric patients in the literature who were 
followed for at least 2 years; 34 presented with 
transient ischemic attacks (TIAs), strokes, or 
seizures. Of these, only seven (21 %) were nor
mal at follow-up examination. Twelve (35%) 

remained unchanged, 10 (29%) declined neu
rologically, and five (15%) died.25 Of their own 
eight patients with ischemia, who were treated 
conservatively and followed for a mean of 
3.5 years, none was symptom-free and only 
one was neurologically intact at follow-up 
examination.25 Choi et aP followed 52 pe
diatric and adult patients who were treated 
conservatively. In 67 months of follow-up of 
35 patients with ischemia, the activities of daily 
living scores worsened in 49% and improved 
in only 26%. In contrast, in 36 patients treated 
with revascularization surgery in the same 
study, 55% improved and only 16% deterio
rated. Even with TIAs alone, Kurokawa et aP6 

noted that intellectual impairment developed 
in 62% of pediatric patients followed for at least 
5 years. 

In conservatively treated patients with hem
orrhagic moyamoya disease, a rebleeding rate 
between 17% and 40% has been reported, with 
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most series having several years of follow
up.1 Nishimoto et al,22 in the largest series of 
175 patients with intracranial hemorrhage, 
found that 33% came to medical attention for 
rebleeding. The mortality for rebleeding was 
30% in this series. When they studied the out
come of 271 patients with treated and untreated 
moyamoya disease, Nishimoto et al22 noticed 
the worst outcome in patients who initially pre
sented with hemorrhage: only 54% had a good 
outcome, whereas 77% of patients who pre
sented with TIAs had a good outcome. The 
mortality for adults approaches 10%, which 
is twice the rate in the pediatric population.29 

More than two thirds of the deaths were sec
ondary to intracranial hemorrhage. 

DIAGNOSTIC STUDIES 

Angiography 

Cerebral angiography is the gold standard 
for the diagnosis of moyamoya disease. Suzuki 
and Takaku28 have described the natural his
tory of the disease in six stages. The earlier 
stages describe narrowing of the carotid arter
ies bilaterally, the middle stages describe the 
development of moyamoya vessels, and the 
later stages describe regression of the moy
amoya vessels with development of extracra
nial to intracranial collateral pathways. The 
diagnostic guidelines for moyamoya disease 
posted by the Ministry of Health and Welfare 
in Japan include four criteria: (1) stenosis or 
occlusion of the intracranial internal carotid 
artery, adjacent anterior cerebral artery, or mid
dle cerebral artery (MCA), (2) abnormal vas
cular network adjacent to the stenosed artery 
identified during the arterial phase of angiog
raphy, (3) bilateral findings on angiography, 
and (4) no other identifiable cause.21 

Magnetic Resonance Imaging 

Magnetic resonance (MR) imaging and MR 
angiography have recently been used to diag
nose moyamoya disease. Houkin et al8 stud
ied 39 patients, 16 of whom were adults, who 
underwent conventional angiography and MR 
angiography. Although there was good corre
lation of steno-occlusive change in the carotid 
artery between MR angiography and conven
tional angiography, there was a tendency for 

MR angiography to overestimate the degree 
of disease. This was particularly true in the 
early stages of the disease. Overall, approx
imately 17% of cases were considered to be 
overestimated by MR angiography.8 In adults, 
there was poor correlation between presence 
of moyamoya vessels on angiography and de
tection of these vessels by MR angiography: 
only 63% of moyamoya vessels were seen on 
MR angiography compared with conventional 
angiography.8 The diagnosis of the disease may 
thus be erroneous in adults if MR angiography 
alone is used. 

Computed Tomography 

The use of CT in adult patients with moy
amoya disease is primarily for the detection of 
acute hemorrhage and stroke (see Fig. 1). MR 
imaging better detects ischemic changes, and 
the moyamoya vascular changes are better de
tected by cerebral angiography. 

Cerebral Blood Flow Studies 

The role of cerebral blood flow (CBF) studies 
in adult moyamoya disease is not well charac
terized. Okada et aF4 used xenon-CT to calcu
late CBF in the MCA territory before and after 
superficial temporal artery-to-middle cerebral 
artery (STA-MCA) bypass. In their adult pa
tients, those who presented with ischemia and 
those who presented with hemorrhage had a 
low preoperative CBF of 38 mL per 100 g/min. 
After surgery, both groups had an increase in 
CBF to 42 mL per 100 g/ min, although it did not 
reach normal levels. Of importance, these in
vestigators also measured cerebrovascular re
sistance and found it significantly elevated in 
the basal moyamoya vessels in both groups. 
Morimoto et aF0 studied CBF using positron 
emission tomography and found a low preop
erative CBF in five adult patients, four of whom 
presented with hemorrhage. They also found 
an elevated oxygen extraction fraction in these 
patients. After STA-MCA anastomosis, there 
was an increase in regional CBF (rCBF), but, 
again, this value remained below normal lim
its. The oxygen extraction fraction decreased to 
0.43, which was not statistically different from 
normal control values.20 

Other groups have not detected abnormal 
resting CBF values preoperatively. Watanabe 
et aP0 used xenon single-photon emission CT 



to evaluate blood flow in six adult patients. 
They found that 84% of the regions of inter
est (ROis) were within the normal range be
fore encephalo-duro-arterio-myo-synangiosis 
(EDAMS). After revascularization, the num
ber of ROis with a normal rCBF increased 
to 95%. Watanabe et aP0 found that approx
imately 65% of patients had an abnormal 
response to acetazolamide before surgery, 
however. Although most of the diminished re
sponses were located in the frontal and tem
poral regions, approximately 15% of the total 
ROis had an abnormally high response to ac
etazolamide; these were primarily located in 
the parietal and occipital lobes. After surgery, 
35% of ROis retained a low response; however, 
most of the high-response regions normalized 
after surgery. Although these were only cor
tical measurements, Watanabe et aP0 did hy
pothesize that excessive dilatation in response 
to stress could be a potential mechanism for in
tracranial bleeding within the deep vessels of 
the basal ganglia and thalamus. 

Kohno et aP5 studied 17 hemispheres of 
12 adult patients treated with indirect revas
cularization. Overall, they found the resting 
CBF before surgery to be within the normal 
range at 50 mL per 100 g/min. The response 
to acetazolamide was significantly diminished 
compared with that in control patients, how
ever. When CBF values were compared with 
extent of collateral formation on postoperative 
angiography, these investigators found that 
patients who had good collateral formation 
had the lowest levels of resting CBF before 
surgery and an extremely diminished response 
to acetazolamide.15 After surgery, these pa
tients had normalization of rCBF as well as 
an improvement· in the response to Diamox 
(acetazolamide). Those who had poor collat
eral development had normal rCBF before 
surgery without a significant increase after 
surgery. Based on these findings, this group 
recommended indirect revascularization for 
patients with low CBF and poor vascular re
activity on preoperative testing.15 

TREATMENT 

The appropriate treatment for adult moy
amoya disease remains controversial. In 
pediatric moyamoya disease, indirect revascu
larization using EDAMS has been found to in
duce excellent neovascularization.9 This was 
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thought to result from a greater degree of is
chemia in pediatric patients as well as eleva
tion of cytokines such as beta fibroblast growth 
factor (bFGF) in cerebrospinal fluid, both of 
which promote angiogenesis.9 In adults, in
direct revascularization procedures have been 
used with mixed success. Houkin et al9 stud
ied 22 hemispheres before and after surgery in 
adults. They found that direct STA-MCA anas
tomosis resulted in good revascularization of 
the MCA territory in 94% of cases. After indi
rect procedures, however, induction of neovas
cularization by the STA was observed in only 
9% of cases, by the middle meningeal artery 
in 36% of cases, and by the deep temporal 
artery in 45% of cases. Mizoi et aP9 studied 
16 adults who underwent direct and indirect 
bypass surgery and follow-up angiography an 
average of 6 months after surgery. In patients 
over 30 years of age, the direct bypass demon
strated excellent filling; however, in the same 
patients, the effectiveness of the indirect bypass 
declined with advancing age, particularly after 
the age of 40 years. These patients had all pre
sented with ischemia, and during the follow
up period of 3.4 years, none of them had any 
further ischemic or hemorrhagic episodes.19 

Kawaguchi et aP4 used multiple burr holes 
for the treatment of adult moyamoya disease. 
They operated on 10 patients who presented 
with only ischemic symptoms and determined 
the location of the burr holes by preoperative 
N-isopropyl-p[123I] idoamphetamine (IMP) 
single photon emission CT. Angiography ob
tained an average of 6 months after surgery 
revealed evidence of good neovascularization 
in the region of most burr holes. Only six of 
the 18 treated sides demonstrated a decrease 
in the number of moyamoya vessels, however. 
Of these 10 patients, who were re-evaluated at 
an average follow-up interval of 35 months, all 
had improvement in their ischemic symptoms, 
and the two patients who had presented with 
intraventricular hemorrhage did not have any 
episodes of rebleeding. Interestingly, these 
investigators observed clinical improvement 
in their patients before they detected angio
graphic changes.14 They concluded that pa
tients with mildly decreased CBF at rest with 
a poor reactivity to acetazolamide were good 
candidates for burr hole revascularization.14 

Patients with large areas of infarcted tissue 
did not induce the same degree of neovas
cularization and could not be treated by this 
method.14 
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Although these small studies did reveal 
some benefit of indirect revascularization on 
the clinical outcome of adults with moyamoya 
disease, most of the literature favors di
rect arterial bypass for ischemic disease 
(Figs. 2 and 3).9 12 18 20 23 24 30 The potential ben
efit of revascularization in hemorrhagic dis
ease is thought to result from the reduction of 
hemodynamic stress on the basal moyamoya 
vessels. Its efficacy is difficult to assess from 
the literature. Although direct bypass does re
sult in angiographic revascularization, reduc
tion in moyamoya vessels is observed vari
ably in 25% to 65% of adult patients and may 
be one reason for limited success in control
ling hemorrhage.10 24 Okada et aF4 described 
30 patients, 15 of whom had presented with 
cerebral ischemic attacks. Of these 15 patients, 
13 recovered and did not have any further 

ischemic or hemorrhagic events. The results 
for hemorrhagic disease have been less impres
sive. In the same group of patients who pre
sented with hemorrhage, three of 15 had a re
bleeding event after surgery.24 Yonekawa et al,32 

reporting for the Ministry of Health and Wel
fare in Japan, used STA-MCA bypass surgery 
in 26 patients. Two of these patients (7.7%) 
suffered rebleeding during a follow-up period 
of 3.8 years. Although this rate of rebleeding 
seems to be somewhat less than that occur
ring during the natural history of the disease, it 
did not achieve statistical significance. Houkin 
et aP0 reported on 35 adult patients with moy
amoya disease. Twenty-four of these patients 
presented with intracerebral hemorrhage, and 
11 presented with cerebral ischemia. All 35 
underwent direct bypass surgery and indi
rect revascularization. Over a mean follow-up 

Figure 2. A 47-year-old man, previously in good health, presented with de-
creased level of consciousness. A CT scan (A and B) was performed that 
demonstrated an intracranial hemorrhage. An angiogram was performed to 
assess for a vascular etiology of the hemorrhage; this demonstrated bilat
eral supraclinoid carotid artery occlusion (arrows) consistent with moyamoya 
disease ( C and 0). 
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Figure 3. Preoperative ( ) and postoperative ( ) angiograms in a patient diagnosed with 
moyamoya disease. The preoperative angiogram demonstrates poor filling of the middle cerebral artery 
territory but filling of the anterior cerebral vessels (Ant. Cer. Vessels). The postoperative angiogram now 
demonstrates good distal run-off in the middle cerebral artery territory following a superficial temporal 
artery (STA) to a branch of the middle cerebral artery anastomosis (A). The occipital artery (OA) is well 
visualized. and , Close-up views of and 

period of 6.4 years, five of the 35 patients 
(14.3%) had rehemorrhage. There were no post
operative ischemic events. These investigators 
concluded that although surgery was effective 
for prevention of ischemic attacks, its effective
ness against rebleeding was uncertain.10 More 
recently, Kawaguchi et aP2 described 22 pa
tients with hemorrhagic moyamoya disease. In 
this small series, 11 patients were treated con
servatively, six underwent STA-MCA bypass, 
and five underwent EDAMS. During an av
erage follow-up period of 7 years, 54% of the 
conservatively treated patients presented with 
rebleeding or an ischemic event, and three of 
the five (60%) patients treated with EDAMS 
also presented with a bleed or ischemic event. 
Of the six patients who underwent STA
MCA bypass, no patients had any neurologic 

difficulties after surgery. Interestingly, of those 
patients who underwent direct bypass surgery, 
revascularization was considered moderate in 
four and poor in two, indicating a discrepancy 
between clinical outcome and angiographic 
findings. In the treatment of hemorrhagic 
disease, it is thus not certain that revascular
ization of any form is completely effective in 
preventing rebleeding. It does seem that in is
chemic and hemorrhagic moyamoya disease, 
STA-MCA bypass affords immediate revascu
larization of the area, whereas the indirect pro
cedures take much longer to form collaterals 
and reduce symptoms. 

In cases where patients present with a sub
arachnoid hemorrhage secondary to a rup
tured saccular aneurysm, the conventional 
treatment of obliteration of the aneurysm by 
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surgery or coiling is recommended. There 
are case reports of a distal aneurysm (e.g., 
choroidal) being treated by trapping of the 
parent artery. In general, this has been re
served for cases of recurrent intraventricular 
hemorrhage.6 

TECHNIQUES OF 
REVASCULARIZATION 

Indirect Bypass 

For indirect revascularization, multiple ele
ments may act as vascular donors. These in
clude (1) the STA supplying the skin and galea 
aponeurotica, (2) the middle meningeal artery 
supplying the dura mater, and (3) the deep tem
poral artery supplying the temporal muscle. 
Usually, more than one of these donors is used 
to maximize the vascular potential. 

The patient is positioned to allow access 
to the frontal, temporal, and parietal regions. 
In adults, the Mayfield headrest with three
point fixation is used. A Doppler probe is 
used to insonate the course of the STA and 
to identify the frontal and parietal branches. 
The scalp incision is made along the parietal 
branch of the artery extending from the root 
of the zygoma just anterior to the tragus supe
riorly and posteriorly, and it then curves an
teriorly along the midline to the hairline. The 
authors have found the Colorado tip Bovie 
cautery extremely useful for incising the skin 
and subcutaneous tissues while preserving the 
STA. The STA is dissected along the incision 
distally to proximally until the bifurcation of 
the artery is reached. The superior portion of 
the scalp flap is then incised, and the scalp 
is retracted forward. Using the Bovie cautery, 
fine-tip bipolar cautery, and microscissors, the 
frontal branch of the STA is dissected and sep
arated from the subcutaneous tissue of the 
scalp. The arteries are isolated with a small 
amount of connective tissue on either side 
of the artery. A frontotemporal craniotomy is 
then performed with careful attention paid to 
the middle meningeal artery. The bone flap is 
removed, and the dura is opened in a stel
late fashion with preservation of the middle 
meningeal artery and its large branches. In in
direct anastomosis, the STA is preserved in con
tinuity with its distal end, and the two branches 
are laid over the surface of the brain. The du
ral flaps are inserted into the subdural space, 

and the dural defect is covered by temporalis 
muscle and pericranium. The bone flap is re
placed carefully to prevent compression of the 
STA. Meticulous skin closure is required be
cause of the risk of scalp necrosis in these 
patients. 

Direct Revascularization 

The technique for direct revascularization is 
similar to that for indirect revascularization. 
Once the dura has been opened, however, the 
two branches of the STA are dissected free from 
the surrounding connective tissue distally at 
a diameter appropriate for anastomosis to the 
MCA. Two temporary clips are placed on each 
branch of the STA, and one is placed on the 
main trunk proximally; the branches are then 
cut. Under the microscope, the adventitia is re
moved from the arterial end that is used for the 
anastomosis. 

A temporal branch of the MCA on the sur
face of the brain is selected for anastomosis. 
The arachnoid overlying the artery is opened, 
and the artery is gently dissected free from 
the surrounding tissue. Because arteries tend 
to go into spasm with manipulation, a dilute 
papaverine solution may be used to vasodi
late the artery. Excessive use of papaverine 
can damage the arterial wall; thus, limited use 
is recommended. The small perforating ves
sels off the MCA are coagulated with a fine
tip bipolar cautery and cut with microscissors. 
Once an appropriate length of vessel has been 
isolated, a small blue background is placed be
neath the vessel to isolate the vessel from the 
surrounding brain. During the procedure, it is 
important to maintain normotension and nor
mocapnia. After appropriate barbiturates are 
given, the vessel is cross-clamped with tempo
rary aneurysm clips. 

At this point, if only one branch of the STA 
has been isolated, an end-to-side anastomosis 
may be performed using 10-0 Ethilon suture in 
an interrupted fashion. If both branches of the 
STA are available, a double-barreled end-to
end anastomosis may be performed. Because 
this provides additional blood flow, this has 
been the preferred method. The end-to-end 
anastomosis may be performed in the stan
dard fashion using interrupted 10-0 Ethilon 
suture or using the microanastomotic cou
pling device. Once the anastomosis is com
plete, the distal MCA clamp is released first to 



ensure there is no bleeding at the suture line; 
the STA clamp may then be removed. Once 
good hemostasis has been obtained, an indirect 
revascularization procedure may also be car
ried out as described previously using tempo
ralis muscle and everting the dura beneath the 
bone. 

The authors obtain a postoperative an
giogram on their direct bypasses in the first few 
days after surgery to confirm that the bypass is 
patent. The angiogram may be repeated 3 to 
6 months after revascularization to assess neo
vascularity and reduction of basal moyamoya 
vessels. 

Anesthetic Risks 

Oshima et aF6 reported on 17 patients 
who underwent revascularization. The authors 
monitored jugular bulb saturation intraoper
atively and rCBF by laser Doppler flowme
try. They found that global hyperemia induced 
by either hypercapnia or isoflurane anesthesia 
could result in a fall in rCBF.26 The poor re
sponse of the moyamoya vessels to hypercap
nia and hypocapnia places the affected regions 
at significant risk for an intracerebral steal phe
nomenon. As a result, it is important during 
and after surgery to maintain pC02 at normo
capnic levels and to maintain normotension. In 
addition, anesthetic agents such as propofol, 
which reduces CBF and metabolism, are pre
ferred over agents such as isoflurane, which 
induces global hyperemia. 

PERIOPERATIVE COMPLICATIONS 

The incidence of perioperative complica
tions in the literature has varied from 0% 
to 31%.10 29 Iwama et aP1 reviewed the pe
rioperative hemodynamic complications in 
55 adult patients. A total of 99 craniotomies 
were performed, and most of these patients 
underwent direct bypass surgery. Eight peri
operative hemodynamic complications were 
noted, including two hemorrhagic infarctions. 
Intraoperative hypercapnia, hypocapnia, and 
hypotension were thought to be responsible 
for these ischemic events. The total inci
dence of complications was 14.5%, and this 
emphasizes the need for careful anesthe
sia in these patients.11 Other potential com
plications include scalp necrosis secondary 
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to the extensive subcutaneous dissection, 
subdural hematomas from temporal mus
cle hemorrhage, and postoperative seizures. 
The incidence of these complications is not 
known. 

SUMMARY 

The cause of and best treatment for adult 
moyamoya disease remain uncertain. These 
patients present either with ischemic or hemor
rhagic symptoms, and without treatment, they 
have a high risk of future events. Direct STA
MCA bypass does seem to improve CBF and 
hemodynamics and also seems to reduce the 
risk of rebleeding, although it does not elimi
nate the risk. It is significantly more effective 
in prevention of ischemic episodes. Direct by
pass does seem superior to indirect revascu
larization in adult patients, and a combined 
procedure may be performed when possible. 
Direct treatment of distal aneurysms is usu
ally not indicated, because the aneurysms are 
often not visible on angiography. After revas
cularization, a decrease in the perfusion pres
sure in the basal moyamoya vessels is thought 
to reduce the hemodynamic stress that leads 
to vessel rupture. Because significant contro
versy surrounding the efficacy of therapy ex
ists, a prospective controlled trial is necessary 
to truly determine the appropriate treatment. 
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