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Multiple combined indirect procedure for the surgical treatment of
children with moyamoya disease. A comparison with single indirect
anastomosis with direct anastomosis
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Considering three different bypass procedures now in use, (single indirect nonanastomotic bypass
procedure, multiple combined indirect (MCI) nonanastomotic procedure and direct anastomosis), the
authors attempted to identify the most appropriate bypass procedure for treating ischemic-type
moyamoya disease in children.

The authors performed three procedures (the original encephaloduroarteriosynangiosis [EDAS] alone,
the frontotemporoparietal combined indirect bypass procedure, and the superficial temporal
arterymiddle cerebral artery [STAMCA] anastomosis with encephalomyosynangiosis [EMS]) on 72
hemispheres in 50 patients with pediatric moyamoya disease. Analyses were then performed to compare
postoperative collateral vessel formation found on angiograms, complications, and clinical
improvements. Postoperative collateral formations were observed in more than two-thirds of the MCA
distribution after the EDAS alone, the MCI procedure, and the direct anastomosis in 44%, 52%, and 74%
of the surgically treated hemispheres, respectively. In addition, frontal encephalomyoarteriosynangiosis
of the MCI bypass procedure formed collateral vessels of the anterior cerebral artery distribution in 94%
of the treated hemispheres. Postoperatively, clinical symptoms resolved in 56%, 63%, and 74% of the
treated sides 1 year after EDAS alone, MCI procedure, and the direct anastomosis, respectively. One
patient suffered a minor stroke after EDAS alone, two patients developed epidural hematomas after the
MCI procedure, and one patient suffered a major stroke and one patient a minor stroke after undergoing
direct anastomosis.

The direct anastomosis procedure was found to result in the best postoperative collateral vessel formation
and clinical improvement. However, the single and multiple combined indirect nonanastomotic bypass
procedures were found to be safer than direct anastomosis. Furthermore, the frontotemporoparietal
combined indirect bypass procedure caused the formation of collateral circulation not only in the MCA
but also in the ACA distribution. Based on analysis of these findings, the authors recommend the MCI
procedure as the appropriate surgical procedure in the treatment of children with moyamoya disease,
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although the best treatment is the STAMCA anastomosis with EMS when feasible.
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Most pediatric patients with ischemic-type moyamoya disease first present after suffering a transient
ischemic attack (TIA) and later develop cerebral infarction.[9] The goal of surgical treatment in such
patients is to establish adequate and sufficient collateral circulation to prevent cerebral infarction.
Various bypass procedures, including direct and indirect anastomoses, have been performed; however,
controversy remains with regard to the most suitable procedure.[6,16,18,19,24,27,29] Each procedure has
its own drawbacks.[12,13,16,20,24,27] To overcome these problems we developed a combined
frontotemporoparietal indirect bypass technique as a multiple-combined indirect (MCI)
procedure.[11,1519] In this report we compare the surgical results obtained using the MCI procedure
with results obtained using original encephaloduroarteriosynangiosis (EDAS) alone and results obtained
using superior temporal arterymiddle cerebral artery (STAMCA) anastomosis with
encephalomyosynangiosis (EMS) to clarify the advantages and disadvantages of each procedure.

CLINICAL MATERIAL AND METHODS

At Kyushu University Hospital, 50 children with moyamoya disease who presented mainly with ischemic
symptoms underwent surgery in 72 hemispheres. Clinical features included TIA, cerebral infarction, and
epilepsy, and there were no cases of hemorrhage (Table 1).

The patients ages ranged from 1 to 16 years. All surgeries were performed using intraoperative PaCO2
monitoring. Each patient underwent one of three different procedures: the original EDAS alone as a
single indirect procedure from 1983 to 1986; the STAMCA anastomosis with EMS as direct
anastomosis (19871993); and the MCI bypass procedure (19901996) (Figs. 1 and 2).
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Fig. 1. Illustrations depicting the operative procedures of the original EDAS and STAMCA
anastomosis with EMS. Left: Original EDAS. The posterior branch of the STA is exposed
with the surrounding galea by using the cut-down technique. After craniotomy, the edges of
the galeal strip with the branch are sutured to the edges of the linear dural incision. The bone
flap is reflected back and over. Finally, the STA is revealed to course on the brain surface
under the skull. Right: The STAMCA anastomosis with EMS. The STAMCA anastomosis
is performed, and then the operative field over the anastomosis is covered by the muscle flap
instead of the dura mater. a: main trunk of the STA, b: posterior branch of the STA; c:
anterior branch of the STA; d: galeal flap; e: dura mater, f: temporal muscle; g: branch of
the MCA; h: anastomosis.
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Fig. 2. Illustrations showing the operative steps in the frontotemporoparietal combined
procedure. A: Depiction of the relationship between the courses of the anterior and posterior
branches of the STA and the skin incisions and craniotomies. The courses of the anterior
and posterior STA branches are shown, and the skin incisions are related to the courses of
the branches. The locations of the frontal and temporoparietal craniotomies are also
demonstrated. B: Depiction of the frontal encephalomyoarteriosynangiosis. After frontal
craniotomy, the dura mater is partially removed, and the dural defect is covered with the
frontal muscle with the anterior branch of the STA. C: The EDAS and EMS in the
temporoparietal bony opening. After a temporoparietal craniotomy, EDAS by using the
posterior branch of the STA is performed with EMS in the same large bony opening. i:
frontal muscle and periosteum; see Fig. 1 for definitions.

When we began to treat pediatric patients surgically in 1983, we usually chose to perform the original
EDAS alone because it is a less invasive procedure. However, we later changed this policy because
occasionally either no or only poor collateral circulation was obtained, and reoperation was therefore
required in some cases.[12] Thereafter we performed the direct bypass procedure, and we have compared
the results with those after performing the EDAS alone.[18] On the other hand, we also attempted to
identify the most effective combination of various indirect procedures, and eventually came to perform
the frontotemporoparietal combined indirect procedure in pediatric patients.[11,15,17,19] In most
patients the bypass surgery was performed bilaterally, whereas in those patients with a unilateral
symptom the procedure was confined to one side only. Eighteen hemispheres in 12 patients were
surgically treated using the original EDAS alone, 35 hemispheres in 22 patients by using the MCI bypass
procedure, and 19 hemispheres in 16 patients by using direct anastomosis (Table 1). Patients were
followed for longer than 1 year.

In all patients, selective angiography was performed at 4 to 25 months postsurgery. We evaluated and
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compared the postoperative collateral formation results for the three different procedures, using the
lateral view on serial external carotid artery angiograms. The extent of collateral formation after each
procedure was evaluated as either the whole, over two-thirds, over one-third, or none of the MCA
distribution (Fig. 3). In the patients who underwent the MCI procedure, the extent of collateral
circulation formed was evaluated in the MCA distribution through the temporoparietal EDAS and EMS,
and in the anterior cerebral artery (ACA) distribution through the frontal EMAS. Clinical follow-up
results 1 year postsurgery were classified into three groups in which the symptoms had either completely
disappeared, decreased to some extent, or were unchanged. These results, including postoperative
complications, were finally compared among the three procedures.

Fig. 3. Lateral-view angiograms showing of the extent of postoperative collateral formation.
The angiograms demonstrate whole MCA (A), over two-thirds MCA (B), over one-third
MCA (C), and no MCA distribution. In A, B, and C, collateral vessel formations were
observed in both the MCA and ACA distributions. Only the extent of the MCA distribution
was evaluated. Angiograms used. [With permission from Suzuki O., et al., (26)]

Surgical Techniques

In the original EDAS-alone procedure (Fig. 1 left), we performed the surgery reported by Matsushima,
and coworkers.[22,23] In the STAMCA anastomosis using EMS (Fig. 1 right), after STAMCA
anastomosis, the exposed cortex was covered by the temporal muscle as described by Karasawa, et
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al.[4,6] In the MCI procedure, we used three different indirect bypass techniques with two craniotomies
on one side, while performing EDAS and EMS in the temporoparietal region and EMAS in the frontal
region, as already reported (Fig. 2).[15,19] The posterior branch of the STA and the temporal muscle
were utilized for the EDAS and the EMS, whereas the anterior branch of the STA and the frontal muscle
with the periosteum were used for the EMAS.

RESULTS

Collateral formation occurred in over two-thirds of the MCA distribution in eight of 18 hemispheres
(44%), 18 of 35 hemispheres (52%), and 14 of 19 hemispheres (74%) treated by EDAS alone, MCI
procedure, and direct anastomosis, respectively (Table 2). After undergoing the MCI procedure and
direct anastomosis, collateral formation of the whole MCA distribution was observed in seven of 35
(20%) and in four of 19 hemispheres (21%), respectively. Furthermore, the MCI procedure resulted in
well-formed collaterals in the ACA distribution in 33 of 35 hemispheres (94%). On the other hand, the
EDAS alone showed no collateral formation in 17% and collaterals in the whole MCA in 0% of treated
hemispheres. Direct anastomosis produced postoperative collateral formation in all cases; and one or two
of the frontal EMAS, as well as the temporoparietal EDAS and EMS in the MCI procedure produced
good collateral formation. Direct anastomosis was thus found to be definitely superior to the two indirect
procedures in demonstrating collateral formation. The MCI procedure showed a more extensive
collateral formation than the EDAS alone, because it formed collaterals in the ACA distribution in
addition to the MCA distribution.

Clinical symptoms improved in all patients after undergoing the direct procedure and resolved
completely in 74% (Table 3). Symptoms resolved completely in 63% and 56% after the MCI procedure
and EDAS alone, respectively. Symptoms remained unchanged in 5% of patients 1 year after undergoing
EDAS alone and in 9% 1 year after undergoing the MCI procedure.
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There was only one minor stroke (6%) after EDAS alone was performed, two epidural hematomas (6%)
after the MCI procedure, and one major (5%) and one minor stroke (5%) after the direct anastomosis was
performed (Table 4). In the two cases of epidural hematoma reoperation was required; however, all
neurological deficits resolved within a few weeks of operation. In the patient who suffered the major
stroke after undergoing the direct anastomosis, not only the anastomotic portion but also several other
branches of the MCA were occluded several days postsurgery, and the patient experienced hemiparesis
even after rehabilitation. None of the strokes seemed to be the result of anesthetic complication.

DISCUSSION

Various bypass procedures have been performed in the treatment of moyamoya
disease.[25,7,8,15,16,19,21,22,27,29] Direct anastomosis procedures such as STAMCA bypass form
collateral vessels with a high reliability, but these procedures are often technically difficult to
perform.[4,5,18,24] Small pediatric patients often do not have a large enough recipient cerebral artery to
allow for anastomosis. The cerebral arteries in these patients are usually fragile. On the other hand,
although indirect nonanastomosis procedures are safe and easy, they do have several
drawbacks.[1214,16,18,20,24] They do not always form sufficient collateral vessels ,[13,14] and even if
vessels do form postoperatively, the cerebral circulation and metabolism tend only to improve near the
operative field.[1,10,14] In such cases reoperation may be required.[12,20,24,30] We therefore gradually
changed from performing a single-procedure indirect bypass to a multiple-procedure indirect bypass and
from a single operative field to multiple fields that extend into the ACA and/or posterior cerebral artery
(PCA) distribution areas. Consequently the frontotemporoparietal combined indirect bypass procedure
has become our MCI procedure of choice.[11,15,1619]
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In this study we compared the postoperative collateral formation, clinical improvement, and
complications of these three different procedures. A positron emission tomography study, which can
demonstrate postoperative decreases in the perfused area, seems to be the best measure to estimate
postoperative improvement in the cerebral circulation.[1,14] However, it is difficult to perform in small
children. Because postoperative collateral vessel formation is relatively related to the improvement in
cerebral circulation, we examined the collateral formation instead of performing positron emission
tomography studies.

Our results showed that, of the three procedures, direct anastomosis provided the best postoperative
collateral formation and clinical improvement. However, surgical procedures should be evaluated not
only for collateral formation but also for technical difficulties and postoperative complications. Of 16
patients in whom 19 hemispheres were treated, one patient suffered a major stroke after undergoing
direct anastomoses. When complications occur in direct anastomosis procedures, they tend to be severe.
In patients with moyamoya disease a few branches of the MCA may be easily occluded as an extension
of an occlusion of the stenotic anastomotic portion. In addition, performing direct anastomosis in
pediatric patients with moyamoya disease is more difficult than in adult patients with arteriosclerotic
occlusive disease. Therefore, direct anastomosis should only be performed by skilled neurosurgeons who
are familiar with the procedure.

In the frontotemporoparietal combined indirect bypass procedure, one or two of the three techniques
formed sufficient collateral vessels with relatively high reliability not only in the MCA but also in the
ACA regions. Furthermore, the procedure resulted in a better collateral formation than the original EDAS
alone. The MCI procedure seems to be superior to any single procedure. In some cases in which a single
indirect procedure is performed, an additional operation or a reoperation has been required.[12,20,24,29]
Matsushima, et al.,[21] who developed the original EDAS by using the posterior branch of the STA, later
reported a dual EDAS using both posterior and anterior branches of the STA to create a more extensive
indirect anastomosis procedure, and Tenjin, et al.,[29] reported performing multiple EDAS procedures.
On the other hand, we must remember that complications such as hematoma can still occur even after
indirect procedures.[25] In our experience, the MCI procedure seems to cause hematoma more frequently
than the original EDAS- alone procedure.

Both direct anastomosis and the MCI procedure are performed to correct ischemia in the anterior
circulation; however, the effects of ischemia still remains in the PCA distribution and may even lead to
visual disturbance.[6,28] Consequently, in both procedures, the temporoparietal craniotomy should be
opened slightly wider posteriorly so that the EMS can reach the cortex of the PCA territory. Several
authors have reported performing additional procedures for the treatment of posterior circulation
ischemia.[27,29]

At present, we believe that the proper selection of the procedure depends on the patient's age and that a
combination of indirect bypass procedures, such as ours, is therefore the first choice in treating pediatric
patients younger than 5 years of age. This procedure is safe, easy, and also covers a wide area of the
ischemic brain while demonstrating a high reliability. However, the extent of collateral formation after
the same bypass procedure varies considerably from patient to patient and from area to area. It seems
wiser, therefore, to design surgical fields after mapping the misery perfusion area when
possible.[1,10,14]
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