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Multiple burr-hole operation for adult moyamoya disease
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v Excellent results from multiple burr-hole operations for adult moyamoya disease are reported in this study. Ten patients
had between one and four burr holes (mean 2.1) drilled in each hemisphere. In four patients new burr holes were added on
the opposite side after depression of cerebral blood flow (CBF) was detected by follow-up single-photon emission com-
puterized tomography imaging of the brain with N-isopropyl-p-['*Iliodoamphetamine. The postoperative follow-up peri-
od ranged from 6 to 62 months (mean 34.7 months). Beginning at 6 months postsurgery, angiograms disclosed rich neo-
vascularization at 41 of 43 burr holes, first from the middle meningeal artery, then from the superficial temporal artery.
Neovascularization did not occur at two burr holes at which there was subdural effusion and local cerebral atrophy,
respectively. Progression of stenosis of the major vessels was seen in six patients. Moyamoya vessels were decreased at
six sites in four patients. The CBF study revealed that the reactivity to acetazolamide improved in all six patients tested.
Transient ischemic attacks disappeared in all six patients presenting with this symptom, and preoperative symptoms
improved in both of the patients who presented with cerebral infarction and in both patients with intraventricular hemor-
rhage. There was no mortality or morbidity, and no new neurological deficits or rebleeding developed during the follow-
up period. The authors strongly recommend the multiple burr-hole operation as the surgical treatment of choice for adult

moyamoya disease because of its safety and effectiveness.

KEy WORDS ¢ moyamoya disease °

angiographic findings of bilateral occlusion or

stenosis at the terminal portion of the internal
carotid artery (ICA) together with a vascular network
at the base of the brain.!”* It is also demonstrated by
chronological changes on angiograms.*' This disease has
clinical features, including repeated ischemic attacks or,
especially in adult cases, bleeding.

The pathogenesis of moyamoya disease is still unclear,
but its progression and poor prognosis are well known.*
There are several operative treatments for this disease,
which require general endotracheal anesthesia, with or
without bypass surgery, and these are commonly associat-
ed with perioperative risk, including morbidity and mor-
tality.

Recently a burr-hole opening method to ameliorate
ischemia in the frontal lobe was reported as a supplemen-
tary operation for children* and adults® with moyamoya
disease. This method is usually used in combination with
direct or indirect bypass surgery. Neovascularization was
discovered unexpectedly on repeat angiograms after ex-
ternal ventricular drainage for patients with moyamoya
disease.**® The collateral flow through the burr-hole por-
tion was not, however, sufficient to cover the entire hemi-
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sphere. We resolved this problem by making multiple burr
holes with the patients under local anesthesia and had ex-
cellent results.

Clinical Material and Methods
Patient Population

Ten patients, four men and six women, with a mean age
of 37.8 years (range 25-54 years), underwent a multiple
burr-hole operation (Table 1). The initial symptoms were
transient ischemic attack (TIA) in six patients, cerebral
infarction in two, and intraventricular hemorrhage (IVH)
in two. One to four burr holes (mean 2.1) were opened in
each hemisphere of the patient. Eight patients had bilater-
al and two had unilateral surgery. The burr holes were
opened in the middle cerebral artery (MCA) area at 36
sites in the 10 patients and in the anterior cerebral artery
(ACA) area at seven sites in four patients. The mean fol-
low-up period was 34.7 months (range 6—62 months).
Follow-up angiography and single-photon emission com-
puterized tomography (SPECT) studies of the brain with
N-isopropyl-p-['#I]liodoamphetamine (IMP) were ob-
tained routinely more than 5 months after the operation.
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TABLE 1
Clinical summary of 10 patients with adult moyamoya disease*

Postop Follow

Case Age (yrs), Type of Up (mos)
No. Sex  Moyamoya Presentation Site (no. of burr holes) (mean 34.7) Initial CT or MR Image Findings
1 29, M D infarction rt ACA (1), MCA (1) 62 infarction
1t combined EDAS+ACA (2; 1+1) 1t frontal white matter
2 28, M P —-D TIA t— 58 lacunae
1t ACA (+1), MCA (2) 1t frontal white matter, bilat thalamus
3 54, M D TIA rt MCA (1) 54 local atrophy
1t MCA (2) 1t frontal cortex
4 47, F D TIA rt MCA (2) 50 lacunae
1t MCA (1) bilat frontal white matter
5 38, F D IVH rt MCA (2) 27 old small intracerebral hematoma
1t MCA (2) rt thalamus, 1t caudate head
6 27,F D IVH rt ACA (1), MCA (2) 44 normal
It ACA (1), MCA (2)
7 44, M P —-D infarction rt MCA (+2) 30 infarction It occipital lobe
1t ACA (1), MCA (1) lacuna It frontal white matter
8 40, F P TIA t— 9 normal
1t MCA (4)
9 46, F P —-D TIA rt MCA (2) 7 normal
1t MCA (2)
10 25, F D TIA rt MCA (4) 6 normal
1t MCA (4)

* Abbreviations: ACA = anterior cerebral artery; CT = computerized tomography; D = definite moyamoya; EDAS = encephalo-
duroarteriosynangiosis; IVH = intraventricular hemorrhage; MCA = middle cerebral artery; MR = magnetic resonance; P = probable
moyamoya; TIA = transient ischemic attack; — = side not drilled; + = holes added later.

Angiograms were assessed in terms of vessel count and
extent of the opacified area. The IMP-SPECT findings
were assessed by early imaging obtained after acetazol-
amide administration in six patients. Cerebral angiograms
and IMP-SPECT studies were repeatedly performed.

Operative Indications

Nine patients were classified as having definite and one
patient classified as having probable moyamoya disease
by the diagnostic criteria established by the Research
Committee on Spontaneous Occlusion of the Circle of
Willis (Moyamoya disease) with the Ministry of Health
and Welfare, Japan.'”! Three patients initially diagnosed
with probable moyamoya disease developed bilateral le-
sions during the follow-up period and were categorized
for the purposes of this study as having definite moya-
moya disease. The sites of the burr-hole operation were
decided from angiographic and IMP-SPECT findings, us-
ing in particular the images obtained after acetazolamide
administration.

Operative Method

The operating procedures were essentially the same
as those for burr-hole openings for external ventricular
drainage. The operation was performed using local anes-
thesia. The superficial temporal artery (STA) was located
by Doppler ultrasonography to avoid sacrificing it at the
time of skin incision. After trephination, the dura and
arachnoid were opened widely preserving the meningeal
arteries under microscope. The skin was sutured with 2-0
nylon thread, leaving a narrow margin to be sewn closed.
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Results
Angiographic Findings

Sufficient neovascularization was found at angiography
in all patients at 41 of the 43 burr holes (Table 2). The ini-
tial postoperative angiogram was obtained 2 to 23 months
(mean 6.7 months) postsurgery. Neovascularization was
ascertained on angiograms obtained 3 to 23 months (mean
9.2 months) after the operation. In two patients who had
angiograms at an early stage, 2 and 6 months postsurgery,
neovascularization was not seen. The volume of collater-
al flow from the neovascularization through the burr
holes was in inverse proportion to the flow from the ICA
(Fig. 1).

The extent of the opacified area at the capillary phase
on the external carotid angiogram, which indicated the
area perfused by neovascularization, was a mean of 35.8%
of the frontal lobe and a mean of 51.4% of the parietal
lobe in each hemisphere. The medial surface of both lobes
(ACA area) was opacified in 12 hemispheres of seven
patients. Two to nine (mean 4.3) cortical arteries (the
fourth branches, approximately 1 mm in diameter) and
two to 13 (mean 5.2) cortical veins (the third tributaries,
approximately 1 mm in diameter) were seen at each burr
hole on the external carotid angiogram. The neovascular-
ization derived mainly from the meningeal arteries. The
collateral flow from the STA developed later or was less
related to the neovascularization. Dilation of the collater-
al vessels reached the maximum diameter between 6 and
12 months postsurgery. Neovascularization did not occur
at two burr holes in two patients in whom there was sub-
dural effusion or local cortical atrophy due to infarction.

Decrease in moyamoya vessels was found at six sites in
four patients who had well-developed vessels. The pro-
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TABLE 2
Angiographic findings after multiple burr-hole operations in 10 patients with adult moyamoya disease*

Neovascularizationf

Opacified Area (%)

Donor Vessels

No. of Cor- No. of Cor- Decrease of
Case Total Frontal Lobe  Parietal Lobe tical Arteries tical Veins Progression Moyamoya
No. Site A/B (mean 35.8) (mean 51.4) (mean 4.3) (mean 5.2) of Stenosis Vessels
1 rt 2/2 100, m 90, m 17 24 no yes
It 2/2 75, m 50, m 8 6 yes no change
2 It — — — — — yes not evaluated
It 3/3 15 50 15 19 yes no change
3 rt 1/1 25, m 15 8 5 no no change
It 2/2 10 15 5 5 no no change
4 It 2/2 25 65, m 7 10 yes no change
It 1/1 0 70, m 5 4 yes no change
5 rt 2/2 0 100, m 8 9 no yes
It 2/2 85, m 75, m 13 15 no yes
6 rt 3/3 20 25 11 16 no no change
It 3/3 40, m 85, m 8 12 no yes
7 It 1/2 0 50, m 4 8 yes no change
It 2/2 50, m 35, m 11 15 no no change
8 It — — — — — no not evaluated
It 474 25 25 12 14 yes no change
9 rt 2/2 25 25 10 9 no no change
It 1/2 0 10 2 2 yes no change
10 rt 4/4 75, m 50, m 16 22 no yes
It 4/4 75, m 90, m 17 19 no yes

* Abbreviations: A = number of burr holes through which neovascularization occurred; B = number of burr holes drilled; m = medi-

al lobe was opacified; — = no holes drilled.

+In Cases 7 and 8, neovascularization had not appeared as of 6- and 2-month follow-up angiograms, respectively.

gression of stenosis in major vessels was seen in six pa-
tients on the follow-up angiograms. In three cases of prob-
able moyamoya disease the lesion involved the contralat-
eral side. There was no difference between definite and
probable moyamoya disease in terms of the volume of
neovascularization.

Single-Photon Emission Computerized Tomography
Findings

Evaluation of IMP-SPECT findings was performed by
using the cerebral-to-cerebellar activity ratios (C/C ratios)

to calculate the uptake count in the region of interest. The
region of interest in the cerebellum and the frontal,
temporal, parietal, and occipital areas was 5 X 5 pixels
and was 3 X 3 pixels in the putamen and thalamus.
Improvement in the early imaging was obtained after
acetazolamide injection in six of six patients, although
progression of stenosis was recognized in four patients.
Improvement of cerebral blood flow (CBF) was clear in
the vicinity of the burr hole. Improvement of reactivity to
acetazolamide was seen for nine of 11 sides in the parietal
lobe, six of 11 in the frontal lobe, and six of 11 sides in the
basal ganglia (Table 3).

A: Preoperative angiogram of common carotid artery showing
severe stenosis of the left middle cerebral artery and mild stenosis of the left internal carotid artery (ICA) and anterior

cerebral artery (ACA).
(arrows).

B: Two months postoperatively, neovascularization is still poor through the four burr holes
C: Postoperative left external carotid angiogram after 9 months showing marked neovascularization.

D: Venous phase of left external carotid angiogram. E: Left internal carotid angiogram showing the progression of ste-
nosis on the left ACA. The ICA flow volume is inversely proportional to the volume of collateral from the neovascular-

ization.

470

J. Neurosurg. / Volume 84 / March, 1996



Multiple burr-hole operation for moyamoya disease

TABLE 3

Changes of IMP-SPECT findings after multiple burr-hole
operations in six patients with adult moyamoya disease*

Reactivity to Acetazolamide Injection

Case
No. Site Frontal Temporal Parietal Occipital Putamen Thalamus

1 It + + + + + +
It + + + - + +
4 it + + + - + -
1t + + + — + +
5 It * + + + + x
It + + + + - +

8 rt (not evaluated)
It - + + - - +
9 It * + + + - x
It - + * * - *
10 It * — + + + +
It + - + + + +

* Abbreviations: IMP-SPECT = single-photon emission computerized
tomography with N-isopropyl-p-[!123[Jiodoamphetamine. + = increased;
mean changed value * standard deviation (SD); — = decreased; mean
changed value * SD.

Clinical Findings

Table 4 shows clinical outcomes. Transient ischemic
attacks disappeared in all six patients presenting with this
symptom; the frequent TIAs disappeared within 1 month
after the operation in two and within 3 months in three
patients. The preoperative neurological symptoms im-
proved in two of two patients who presented with cerebral
infarction and who underwent operation 1 month after
the attack and in two of two patients who presented with
IVH, who underwent operation 3 months after the ictus.
Nine patients returned to their preoperative occupation.
Improvement of clinical symptoms after surgery came
earlier than the angiographic appearance of neovascular-
ization.

There was no mortality or morbidity after the surgical
procedures. No new neurological deficits appeared, ex-
cept in one patient who showed progression of right MCA
stenosis and who had a TTA before the second burr-hole
operation, after which TIAs stopped. No rebleeding devel-
oped during the follow-up period.

Illustrative Cases
Case 8

This 40-year-old woman was admitted with complaints
of frequent transient weakness and numbness in the right
upper extremity and dysphasia. The IMP-SPECT showed
decreased CBF and low reactivity to an acetazolamide
injection in the left frontal and parietal lobes. Angiograms
showed severe stenosis of the left MCA and moderate ste-
nosis of the left distal ICA and left ACA (Fig. 1). A right
carotid angiogram showed normal findings. Four burr
holes were opened at the frontal and parietal areas. The
patient’s symptoms decreased in frequency immediately
after surgery and disappeared within 1 month. An angio-
gram obtained 2 months postoperatively showed poor
neovascularization, but 9 months after the operation a
left carotid angiogram showed well-developed neovascu-
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TABLE 4
Clinical outcomes in 10 patients with adult moyamoya disease*

Return to
Case  Presenta- Symptom Postop TIA Previous
No. tion (Frequency of TIA) Outcome Occupation

1 infarction  aphasia, rt hemi- improved, no yes
paresis TIA

2 TIA dysphasia, rt hemi- disappeared yes
paresis (once a day) within 3 mos

3 TIA numbness of rt upper  disappeared yes
extremity (once a within 3 mos
day, whenever
drinking or excited)

4 TIA dysphasia, weakness of disappeared yes
It upper extremity, within 3 mos
numbness of It face
(twice a week)

5 IVH dyscalculation, improved, yes
dysphasia, memory no bleeding
disturbance

6 IVH memory disturbance improved, yes

no bleeding

7 infarction  aphasia, rt hemi- improved no

paresis (one TIA)

8 TIA aphasia (once a day) disappeared yes
weakness & numb- within 1 mo
ness of rt upper
extremity
9 TIA dysarthria (twice a disappeared, yes
mo) no TIA
10 TIA numbness of It upper  disappeared yes

extremity (once a within 1 mo

day)

* Abbreviations: IVH = intraventricular hemorrhage; TIA = transient
ischemic attack.

larization through the burr holes and the progression of
left ACA stenosis. Postoperative IMP-SPECT with and
without acetazolamide showed remarkable improvement
(Fig. 2).

Case 10

This 25-year-old woman suffered from frequent tran-
sient left hemiparesis and dysphasia. Angiograms (Fig. 3)
showed severe stenosis of the bilateral ICA and the pres-
ence of moyamoya vessels. An IMP-SPECT study ob-
tained after acetazolamide administration disclosed low
reactivity at the bilateral frontal and parietal lobes. Four
burr holes were opened in each hemisphere. After the
operation TIAs decreased, disappearing within 1 month.
An angiogram obtained 6 months after the operation
showed rich neovascularization through the four burr
holes bilaterally and, notably, the moyamoya vessels were
no longer engorged.

Case 4

This 47-year-old woman experienced transient motor
weakness of the right upper extremity and speech distur-
bance. Angiograms (Fig. 4) showed severe stenosis of
the bilateral ICAs. After an acetazolamide injection, IMP-
SPECT findings showed hyporeactivity at the left frontal
and parietal lobes. Two burr holes were made on the right
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Fig. 2. Case 8. Pre- and postoperative single-photon emission computerized tomography with N-isopropyl-p-
[*%*TJiodoamphetamine (IMP-SPECT) findings. Upper: Preoperative IMP-SPECT images without (A) and with (B) an
acetazolamide injection showing low uptake area in the left frontal and parietal lobes. Lower: Postoperative IMP-
SPECT images without (C) and with (D) an acetazolamide injection showing remarkable improvement in the left hemi-
sphere.

and one on the left side. After the operation the patient’s
TIAs disappeared. Although the development of collater-
al vessels and improvement of IMP-SPECT findings were
slight 5 months later, an angiogram obtained 55 months
postsurgery showed considerable amounts of neovascular-
ization filling the branches of the MCA through each burr
hole and the progression of bilateral ICA stenosis. Im-
provement of reactivity to an acetazolamide injection was
seen on IMP-SPECT scans.

Discussion
Surgical Treatment of Moyamoya Disease

Surgical treatment of moyamoya disease is classified
into direct and indirect bypass methods. Direct surgical
treatment includes STA-MCA anastomosis,'? occipital
artery—-MCA anastomosis,?”’” and vein grafts.!® Indirect sur-
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gical treatment includes encephaloduroarteriosynangio-
sis (EDAS),??* encephalomyoarteriosynangiosis,''* en-
cephaloarteriosynangiosis,>*-° and transplantation of the
omentum.'® In addition, combined operative procedures
such as STA-MCA anastomosis—encephalomyosynangio-
sis'>?732 and a new modified operative method used with
the galea'® have been reported. These operative proce-
dures must be performed using general endotracheal anes-
thesia and pose the inevitable risk of low perfusion due
to perioperative hypotension and hypercapnia, as well
as risks associated with general endotracheal anesthe-
sia.?’3435 Because these procedures require a craniotomy,
there is the possibility of postoperative intracranial he-
matoma.'® An STA-MCA anastomosis is the surest by-
pass method, but retrograde flow to the proximal MCA
sometimes causes stagnation of blood followed by cere-
bral infarction; however, an excessive shunt flow might
cause intracerebral hemorrhage.*>*3
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FiG. 3. Case 10. Pre- and postoperative angiograms. Preoperative right (A) and left (B) internal carotid angiograms
show severe stenosis of the internal carotid artery and moyamoya vessels. Engorgement of the moyamoya vessels has
disappeared in the postoperative right (C) and left (D) internal carotid angiograms. Preoperative right (E) and left (F)
external carotid angiograms show a small amount of spontaneous collateral flow. Postoperative right (G) and left (H)
external carotid angiograms show rich neovascularization.

Although no collateral flow developed from the STA in
some cases of direct or indirect operations, neovascular-
ization from the dural arteries was demonstrated at the
craniotomy portion.!14252638 The multiple burr-hole oper-
ation is an indirect surgical treatment. Its procedures are
simple and safe because it can be performed with the
patient under local anesthesia.

Factors Preventing Neovascularization

Neovascularization occurred at every burr hole except
in the portion in which there was subdural effusion and in
the area of focal atrophy. Three factors account for the
lack of neovascularization. The first is mechanical; the
long distance between the dura and brain surface due to
cortical atrophy disturbed development of neovasculariza-
tion from the dural arteries. The new vessels could not
reach the recipient vessels on the brain surface. The
second factor is low oxygen demand. In the atrophic por-
tion both CBF and cerebral metabolic rate of oxygen
(CMRO,) are low,***’! and these areas do not need the
new vessels. The third factor is the presence of chemicals
such as the angiogenetic factor that induce angiogene-
§is.”363743 We performed a burr-hole operation for an
elderly patient with atherosclerosis and misery perfusion,
but no neovascularization occurred. This suggests the
existence of an angiogenetic factor.

Donor Arteries and Course of Neovascularization

The donor arteries of neovascularization and the course
of development differed from those in other forms of indi-
rect bypass surgery. The main donor artery was the STA in
EDAS and the muscular branch of the profound temporal
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artery in encephalomyoarteriosynangiosis, whereas in the
multiple burr-hole operation, the dural artery was the main
donor. The neovascularization occurred first from the
dural arteries then from the STA. In most cases the appear-
ance of neovascularization was seen on angiograms ob-
tained within 6 months after the operation. At that time
collateral flow from the STA had not yet developed suffi-
ciently. Twelve months after the operation, neovascular-
ization had occurred from the STA in all patients.

Range of Area Perfused by Neovascularization

The range of area perfused by neovascularization was
35.8% of the frontal lobe and 51.4% of the parietal lobe in
each hemisphere. The mean area perfused by neovascu-
larization through one burr hole was approximately 38.3%
of one lobe. The neovascularization perfused the ACA
area in 12 hemispheres of seven patients. The range of
perfused area depends on the flow volume from neovas-
cularization and the demand of the recipient cerebral cor-
tex. Neovascularization did not develop in the medial
frontal and parietal lobes perfused via leptomeningeal
anastomoses by the posterior cerebral artery (PCA). The
capacity of flow volume from the neovascularization
would be larger than the measured value.

Time to Clinical Improvement

Clinical improvement of the symptoms, including ces-
sation of TIAs, occurs earlier than the angiographic ap-
pearance of neovascularization. In two patients TIAs
stopped within 1 month and in three they disappeared
within 3 months postoperatively, whereas neovasculariza-
tion was ascertained on angiograms obtained at a mean of
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FIG. 4. Case 4. Pre- and postoperative angiograms. Preoperative
right (A) and left (B) common carotid angiograms show severe ste-
nosis of the internal carotid artery (ICA). Postoperative right (C)
and left (D) external carotid angiograms show a sufficient volume
of neovascularization. The progression of stenosis of the ICAs can
be seen on the right (E) and left (F) internal carotid angiograms.

6.7 months after the operation in six patients who present-
ed with TIAs. Other investigators have also reported this
phenomenon.**#* This time gap between clinical and
angiographic improvement is explained by formation of
granulation starting within 1 day after injury, as has been
shown in rabbit microangiograms.** Before neovascular-
ization becomes visible on angiography, volume sufficient
to improve the clinical symptoms would flow into the
cortex.

Effectiveness of Surgery for Prevention of Rebleeding

In adult moyamoya disease the goal of treatment is to
prevent ischemic attacks and bleeding from the moya-
moya vessels. There is no doubt that both direct and indi-
rect bypass surgeries prevent ischemic symptoms. 121624
23.21-294546 The annual reports of the Cooperative Study on
Occlusion of the Circle of Willis in Japan, 1980 and 1982,
disclosed that rebleeding occurred in 57 (33%) of 1757
and 18 (36.7%) of 49* patients with moyamoya disease
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who experienced hemorrhagic stroke and rebleeding at-
tacks. The etiology of moyamoya disease is still unclear,
but moyamoya vessels are considered to be one of the col-
lateral pathways that develop as the result of chronic cor-
tical ischemia. Improvement of cortical ischemia therefore
results in the reduction of the volume of moyamoya ves-
sels following the prevention of bleeding. The effective-
ness of a decrease of moyamoya vessels in the prevention
of rebleeding has been reported after direct and indirect
extracranial-intracranial bypass.?’#7 Matsushima, et al.,”
reported no bleeding in three patients who underwent
EDAS during a 39-month follow-up period. Wanifuchi, et
al.,*” also reported findings showing the rebleeding rate
after bypass surgery at 20% (two of 10 patients), whereas
the rebleeding rate without operation was 46% (six of 13
patients). In contrast, rebleeding from moyamoya vessels
in spite of a decrease in their volume has been reported
after both direct and indirect surgical bypasses: Nishimoto
and Takeuchi* reported the rebleeding rate after by-
pass surgery was 10% (four of 40) and the rebleeding rate
without surgery was 9% (three of 34). Yonekawa and
Kawano™ reported 33% (18 of 55), and 11% (five of 46)
rebleeding rates, and Suzuki, et al.,*? reported 25% (three
of 12), and 21% (four of 19) with and without surgery,
respectively. Nakagawa, et al.,® found minor rebleeding
in 25% (two of eight patients) after bypass surgery, one of
whom showed no diminution in the volume of basal
moyamoya vessels. To prevent rebleeding, a sufficient
flow volume from neovascularization is necessary to re-
duce the flow in all the moyamoya vessels. In our study,
the angiographic appearance rate of neovascularization
was 95% (41 of 43 burr holes) for all patients and decreas-
es in well-developed moyamoya vessels were seen at six
of 18 sites (in four of 10 patients). This percentage of
improvement was similar to that for the combined surgi-
cal approach. Wanifuchi, ef al.,*” in an angiographic eval-
uation of 25 operative sites (20 indirect surgery; four
direct surgery; one combined) showed neovascularization
from the external carotid artery (ECA) at 22 sites (88%)
and decreased basal moyamoya vessels at 11 sites (44%)
postoperatively.

Although the moyamoya vessels did not disappear
completely, in one patient engorgement of these vessels
had disappeared after the operation. In two patients with
IVH, no rebleeding took place during the follow-up peri-
od. This suggests that the flow volume of the neovascu-
larization through the multiple burr holes could reduce
excessive blood flow in the moyamoya vessels and hemo-
dynamic stress at the basal ganglia.

Progression of Main Vascular Occlusion

Progression of stenosis of the major vessels was noted
in six of the 10 patients. The reason for this was consid-
ered to be both the increase in the collateral pathways
through the multiple burr holes and the natural course of
moyamoya disease.** The volume of collateral flow from
the neovascularization was inversely proportional to the
flow volume from the ICA. Progression of stenosis was
also seen in the area not perfused by the collateral path-
ways. Probable (unilateral) moyamoya disease is reported
to progress to definite (bilateral) disease because the le-
sion involves the contralateral vessels.$2!:2
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Cerebral Blood Flow Studies

Many CBF studies, including xenon-enhanced compu-
terized tomography,”*' IMP-SPECT,’ and positron emis-
sion tomography (PET),%* have been used to investigate
moyamoya disease. The PET study found that the CBF
decreased, and the cerebral blood volume (CBV) and oxy-
gen extraction fraction (OEF) significantly increased, but
that the CMRO, showed no significant change compared
with the control value.®*' An elevated CBV represents
dilation of the vascular beds and is coincident with low
reactivity to acetazolamide in IMP-SPECT studies. The
acetazolamide challenge test has shown low reactivity of
the cortex and basal ganglia in moyamoya disease? In the
ischemic area the vessels of the leptomeningeal anasto-
mosis are considered to dilate maximally and the collater-
al vascular beds to enlarge to compensate for the reduced
CBF:¢ therefore there is no reserve dilation of the vessels
after the administration of acetazolamide in the ischemic
area.*® A PET study indicated that neovascularization
developed when the cortex was under misery perfusion
(decreased CBF and increased OEF and CBV), which was
corrected by bypass surgery.®?! The improvement of PET
findings in childhood moyamoya disease has been report-
ed both for the cortex and the basal ganglia after indirect
or combined bypass surgery.®

We defined the operative indication and burr-hole
placement using angiographic and IMP-SPECT findings,
especially the acetazolamide challenge test results>+3%46 A
normal or slightly decreased CBF with low reactivity to
acetazolamide injection is the most suitable indication for
placement of the burr hole. Patients in whom a large mass
due to infarction or hemorrhage is revealed on computer-
ized tomography or magnetic resonance imaging should
be excluded. In these cases the CBF markedly decreased,
and reactivity after an acetazolamide injection disap-
peared. The improvement of IMP-SPECT findings for
CBF and reactivity to an acetazolamide injection in both
the cortex and basal ganglia show the effectiveness of
the multiple burr-hole operation for ischemic insults and
bleeding.

Comparison With Standard Indirect Bypass Surgeries

First, the multiple burr-hole operation is technically
simple and can be performed with the patient receiving
local anesthetic, whereas the standard indirect surgeries
require craniotomy and general endotracheal anesthesia,
procedures that cause various complications during the
perioperative period.**# Second, the donor vessels and
course of neovascularization are different, as we have dis-
cussed in this paper. The time until angiographic appear-
ance of neovascularization after operation is 6 to 12
months in both the multiple burr-hole operation and other
indirect surgical techniques.** Third, the time to clini-
cal improvement after operation is the same as that of
standard indirect bypass surgeries (within 1-6 months)2*
Fourth, the standard indirect bypass surgeries improve the
CBF in the MCA area only because the recipient area
cannot be preselected,?** whereas the multiple burr-hole
operation can improve the CBF in any area (ACA, MCA,
and PCA). Last, concerning the CBF from neovascular-
ization, the multiple burr-hole operation is superior to the
standard indirect surgeries, if the number of burr holes
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increases to more than two or three. The multiple burr-
hole operation is in no way inferior to the standard indi-
rect bypass surgeries.

Conclusions

The multiple burr-hole operation is a simple, safe pro-
cedure that is performed using local anesthetic. The recip-
ient area can be preselected and, if necessary, other types
of indirect or direct bypass surgery can be added because
the multiple burr-hole operation does not injure any
branches of the ECA. We strongly recommend the multi-
ple burr-hole operation as the method of choice for treat-
ing adult moyamoya disease.
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