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Abstract Methods: To increase the
blood flow of the anterior cerebral ar-
tery (ACA) and the middle cerebral
artery (MCA) territories, we modi-
fied the “ribbon” procedure in com-
bination with encephaloduroarterio-
synangiosis (EDAS). This is referred
to as “EDAS with bifrontal encepha-
logaleo(periosteal)synangiosis
(EGS).” The surgical technique, clin-
ical outcomes, complications, extent
of revascularization, and changes in
CBF in 67 pediatric MMD patients
were retrospectively reviewed. Re-
sults: The excellent and good clinical
recovery rates were 57% and 31%.
The rate for complete disappearance
of TIA was 63%. All the bifrontal
EGS made abundant collateral ves-
sels in the ACA territory. When the
EDAS with bifrontal EGS was per-
formed in the first operation, collater-
als of EGS sites developed more on
the contralateral side of the EDAS.

The arachnoid opening of the medial
frontal lobe in the EGS site had no
effect on the results. There was a
positive correlation between the clin-
ical outcome and the extent of angio-
graphic revascularization. Improve-
ments in the CBF and the reserve in
ACA territory were observed in 57%.
Conclusions: EDAS with bifrontal
EGS resulted in excellent revascular-
ization in both the MCA and ACA
territories. The clinical and hemody-
namic results were also excellent.
This procedure may be an effective
and safe surgical modality for the
prevention of ischemia in the whole
territory of the anterior circulation of
the brain in pediatric MMD.
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synangiosis in the pediatric moyamoya 
disease: the surgical technique and its 
outcomes

Introduction

More than 6,000 cases of moyamoya disease (MMD), a
chronic progressive occlusive cerebrovascular disease
of unknown etiology, have been reported globally since
it was first described by Takeuchi and Shimizu in 1957
[3, 4, 29]. No curative treatment is yet known due to its 
unclear pathogenesis, but surgical treatment is widely 
accepted and popularly used as an effective method for
improving ischemic symptoms [1, 2, 5, 7, 12, 13, 15, 17,
18, 20, 21, 23, 24]. However, the surgical indications
and the most effective type of operation are still in ques-
tion. Various techniques, including superficial temporal

artery (STA)-to-middle cerebral artery (MCA) anasto-
mosis, encephalomyosynangiosis (EMS), encephalod-
uroarteriosynangiosis (EDAS), and encephaloduroarte-
riomyosynangiosis (EDAMS), are being used to in-
crease the cerebral blood flow (CBF), especially in the
ischemic type cases, but the most effective and safe
method for this type of procedure remains to be defined.
Furthermore, such surgical procedures have focused on
increasing the blood supply primarily in the MCA terri-
tory, but this has no direct benefit for the anterior cere-
bral artery (ACA) territory, which is also an important
area in a developing brain [6, 9, 11, 12, 19, 27, 31].
There have been a few operative techniques aimed at in-
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creasing the blood supply to the ACA territory; the
transplantation of omentum [8], anastomosis of calloso-
marginal artery-to-STA using a cephalic vein graft [6],
multiple burr holes [9, 10, 23], and EDAS using the
frontal branch of the STA have all been suggested [22,
28, 30]. In 1994, Kinugasa et al. [14] reported a new
technique for increasing the CBF of the ACA territory
in cases of MMD, by inserting the galea and/or the peri-
osteum of the frontal area into the interhemispheric
space combined with EDAMS, which they called “rib-
bon EDA(M)S.” They achieved excellent results, and
concluded “ribbon EDA(M)S” was an effective tech-
nique for MMD with symptomatic cerebral ischemia of
the anterior circulation. We partially modified this pro-
cedure, the so-called “bifrontal encephalogaleo(perios-
teal)synangiosis (EGS)”, and have applied it to almost
all our MMD patients since October 1995, in combina-
tion with the EDAS procedures.

In order to gain a better understanding of this new
procedure, a retrospective review of the medical records,
radiological studies, and cerebral hemodynamic data of
67 pediatric MMD patients was undertaken. The clinical
outcomes, extent of revascularization on angiogram,
changes on single photon emission computerized tomog-
raphy (SPECT), and any statistical correlations were 
analyzed.

Materials and methods

We performed bifrontal EGS with EDAS (or EMS) using the STA
in 67 pediatric patients with MMD between October 1995 and
April 1998. The ages of the patients at the time of the bifrontal
EGS operation were between 1 and 15 years, with a mean age of
6.9 years. Of the 67 patients, 34 were aged between 6 and
10 years; 35 were boys and 32 were girls. The follow-up periods
ranged from 2 to 65 months, with a mean of 21.4 months. A tran-
sient ischemic attack (TIA) was the most common initial clinical
manifestation, which occurred in 50 of the 67 patients, followed
by seizure attack in 6 patients, while only 2 out of 67) had a history
of intracranial hemorrhage. Patients were classified according to
their preoperative clinical manifestation using Matsushima’s clas-
sification [21]. TIA-infarction type was the most common (29 out
of 67).

All patients had been diagnosed with the typical clinical mani-
festations of MMD and the findings of neuroradiological evalua-
tions. To confirm the diagnoses MRI (n=67) and conventional
four-vessel angiography (n=66) were performed. In 1 patient the
angiography was omitted due to a hypersensitive reaction, so the
diagnosis of MMD was based solely on the MRI and MR angiog-
raphy.

Operative technique

The surgical treatment in pediatric MMD patients is usually 
performed in two stages, initially in the symptomatically and 
hemodynamically affected hemisphere. The average interval be-
tween the first and subsequent operations was 4 months (range,
1–66 months). Bifrontal EGS combined with EDAS was per-
formed as the initial operation in 57 patients, and as the second
operation in 8, following a simple EDAS on the contralateral

side. In 2 of the patients a bifrontal EGS was performed in a 
single procedure as a third operation, following bilateral 
simple EDAS. EDAS using the STA was performed in 6 patients
in a unilateral hemisphere only, and various indirect procedures
were performed bilaterally in the other patients: bilateral EDAS
using the STA in 56, EDAS using the STA on one side, EMS, 
or EDAMS, on the opposite side in 4; and bilateral EDAS using
the STA and bilateral EDAS employing the occipital artery also
in 1.

EDAS was performed as described by Matsushima et al. [17].
In this procedure, a double Y-shaped dural incision was made
along the course of the STA. The whole dural layer was folded in-
to the subdural space, leaving the meningeal artery intact. The
arachnoid over the cortical sulci was incised as widely as possible
to promote the in-growth of the neovasculature.

To obtain the collateral formation in the ACA territory, the
original ‘ribbon’ procedure [14], which we previously called bi-
frontal ‘EGS,’ was modified and combined with EDAS [12]. The
scalp was incised separately for EDAS and EGS. At the EGS site,
an elongated S-shaped anterior incision was made in the scalp,
2 cm parallel to the coronal suture (Fig. 1). The galea and/or 
the pericranium was dissected and incised in a zigzag pattern. A
4×8-cm sized craniotomy was made, which crossed the superior
sagittal sinus. The dura was incised separately in both hemi-
spheres, and in 36 patients the arachnoid membrane of the medial
frontal lobe was incised. The apex of the prepared galeal 
(periosteal) flap was inserted into the interhemispheric fissure as
deeply as possible, and sutured to the dura.

Fig. 1 Modified “ribbon” procedure with EDAS: scalp incision
and craniotomy for bifrontal encephalogaleo(periosteal)synangi-
osis (EGS) are shown schematically. Two separate scalp incisions
are made in an elongated S-shape (a) along the parietal branch of
the superficial temporal artery at the encephaloduroarteriosynangi-
osis (EDAS) site and a 2-cm incision anterior to the coronal suture
of the EGS site (b). An approximately 4×8-cm sized midline cra-
niotomy, just anterior of the coronal suture, but above the superior
sagittal sinus, is made for EGS (c)



Assessment of clinical outcome

The overall clinical outcomes were divided into four categories:

1. Excellent, where the preoperative symptoms (such as TIAs or
seizures) had totally disappeared without fixed neurological
deficits

2. Good, where the symptoms had totally disappeared, but neuro-
logical deficits remained

3. Fair, where the symptoms persisted, albeit less frequently
4. Poor, where the symptoms remained unchanged or had wors-

ened

Categories 1 and 2 were considered to be favorable in the analysis
of clinical outcomes. These outcomes were analyzed according to
each age group, 0 to 5 years, 6 to 10 years, and 11 to 15 years. The
ACA symptoms, such as paraparesis or urinary incontinence, were
analyzed separately to assess the ACA territory revascularization
following the bifrontal EGS. The clinical improvements in the
ACA territory were classified into two categories. Patients in the
favorable category were those showing complete recovery of the
ACA ischemic symptoms, while patients in the unfavorable cate-
gory were those where the symptoms remained or had worsened.
The latest functional status of the patients was assessed using the
Karnofsky Performance Scale (KPS) scoring method. The surgical
effects on the neuropsychological status of the patients were ex-
cluded from the analysis due to the unfeasibility of neuropsycho-
logical testing in young children. Furthermore, the change in the
high cortical function of the frontal lobe was too subtle, and its as-
sessment requires an extremely long-term follow-up.

Complications were divided into two groups:

1. Major, those requiring intensive medical management or surgi-
cal intervention, such as infarction of any grade within
2 weeks, intracranial hemorrhage needing evacuation, and
wound problems needing revision.

2. Minor, those requiring clinical observation, but with no need
for intensive medical management or surgical intervention,
such as small amounts of subgaleal hemorrhaging or small
stitch abscesses not needing any wound revision.

Neuroradiological evaluation

MRIs were performed in all patients prior to and following the
first operation. The first operation was a simple EDAS, or a com-
bination of EDAS and bifrontal EGS. Follow-up MRI studies were
carried at 6- and 12-month intervals after the second operation. In
cases of frequent TIA following the operation additional MRIs
were obtained.

The preoperative angiographic findings were analyzed for all
the patients, with the exception of one who underwent EGS fol-
lowing the bilateral EDAS at another institute. At the angiograph-
ic stage Suzuki’s classification was used to evaluate the patients
[26, 27]. The stage 3 classification was the most common (40% of
132 hemispheres), and no significant differences were found be-
tween the right and left hemispheres.

The number of patients who had angiography following EDAS
was 47. Angiographs were obtained for 41 of the patients follow-
ing EDAS with bifrontal EGS, which revealed ACA symptoms 
in 17. The interval between the bifrontal EGS and obtaining 
the angiography was between 1 and 19 months, with a mean of
4.6 months. Bilateral angiographs were performed after EDAS in
only 2 patients, followed by EDAS with bifrontal EGS. The devel-
opment of collateral circulation in the MCA territory (49 hemi-
spheres), through the bypass, was graded according to the system
described by Matsushima et al. [21]. A good score was represent-
ed by revascularization greater than two-thirds of the MCA distri-
bution, a fair score when the revascularization was between one-

and two-thirds, and a poor score by slight or no revascularization.
The collateral circulation in the ACA territory (81 hemispheres
because 1 patient underwent unilateral EGS) was evaluated in a
similar fashion [12, 25]. A good score represented revasculariza-
tion of more than two-thirds of the ACA distribution, a fair score
between one- and two-thirds, and a poor score a slight or no revas-
cularization. And we observed differences in these results between
each of the age groups mentioned previously.

Evaluation of CBF using SPECT

The CBF and reserve were evaluated using SPECT with or with-
out acetazolamide (diamox). The postoperative SPECT findings,
for the whole brain and the ACA territory, were compared with
those obtained preoperatively. The preoperative CBF statuses in
64 patients were analyzed, the results of the SPECT following bi-
frontal EGS were available for 61 of the patients, and the results
after the bilateral hemispheric procedures, including bifrontal
EGS, were available for 53. In order to analyze the change in the
CBF status in the ACA territory, this area was assessed separately,
and classified into three groups:

– “A” indicating an improvement in the CBF
– “B”, no change (normal or permanent defect preoperatively)
– “C”, aggravation after bifrontal EGS

“A” and “B” were regarded as favorable results.

Statistical analysis

The preoperative factors and outcomes of comparable groups were
analyzed by Chi-square tests using the cross table method. The
differences between the values of the parameters in each age
group were measured by the Student’s t-test. The correlation be-
tween changes in the CBF from the SPECT findings and the ex-
tent of revascularization in the ACA territory were analyzed by
the Kendall’s tau-b test. A value of p<0.05 was considered signifi-
cant.

Results

Clinical outcomes

The overall clinical outcomes were excellent in 38 pa-
tients, good in 21, fair in 7, and poor in 1. Favorable out-
comes were observed in 59 of the 67 patients and were
unrelated to age (p=0.061) (Table 1). The time intervals
from surgery to the disappearance of the TIAs were be-
tween 1 and 19 months, with a mean of 6 months.

Symptoms in the ACA territory were presented pre-
operatively in 31 patients, and were controlled well (fa-
vorable group) in 24 of the 31 patients. The time inter-
vals from surgery to the disappearance of the ACA terri-
tory symptoms were between 0 and 18 months, with a
mean of 2.5 months.

Complications with the combination of EDAS with
bifrontal EGS were not significant. Major complications
that were directly related to EGS occurred in 3 patients.
One of these was a small infarction of the premotor area
of the dominant hemisphere resulting from damage to
the draining vein to the superior sagittal sinus, which oc-
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curred during the operation. Another was a postoperative
infarction, and the last was osteomyelitis of the EGS site
bone flap, which needed intensive management with 
antibiotics. Table 2 shows all the complications relating
to the procedures in our study. The overall mortality rate
was zero.

Angiographic revascularization and correlation
with clinical outcomes

The development of collateral circulation in the MCA
territory, through the indirect procedures, such as EDAS,
was excellent. Twenty-four out of 49 hemispheres
showed a good score and 25 showed a fair score. There
were no revascularization failures after the EDAS or the
EMS procedures, and no correlation between revascular-
ization and age (Chi-square test; p=0.762) (Table 1).

The revascularization in the ACA territory was also ex-
cellent using the bifrontal EGS procedure. Thirty-five of
the 81 hemispheres showed a good score and 46 showed a
fair score. There were no revascularization failures after the
bifrontal EGS procedure (Table 1). In patients in whom the
first operation was an EDAS with bifrontal EGS, the revas-
cularization in the ACA territory on the contralateral side to
where EDAS was performed was more abundant (contralat-
eral side, 29 out of 40 patients; same side, 7 out of 40;
equal in both sides, 4 out of 40) (Fig. 2, left and right).

In this study the two surgeons (KCW and BKC) per-
formed bifrontal EGS differently in that one opened the
arachnoid membrane (n=36), whereas the other did not
(n=31). There were no significant differences in the re-
vascularization between the two surgical groups
(p=0.399) (Fig. 2, left and right).

There was a positive correlation between overall clin-
ical outcomes and the extent of angiographical revascu-

Table 1 The clinical outcome results for each age group of revas-
cularization in the middle cerebral artery (MCA) territory, and that
in the anterior cerebral artery (ACA) territories following the en-

cephaloduroarteriosynangiosis (EDAS) with bifrontal encephalo-
galeo(periosteal)synangiosis (EGS) procedure. There are no sig-
nificant differences between the age groups

Category Grade 0–5 years 6–10 years 11–15 years Number of patients

Clinical outcome Excellent 12 22 4 38
Good 10 10 1 21
Fair 3 2 2 7
Poor 0 0 1 1
Total 25 34 8 67

Revascularization in MCAa Number of hemispheres
Good 10 12 2 24
Fair 12 10 3 25
Poor 0 0 0 0
Total 22 (21)c 22 (22)c 5 (4)c 49 (47)c

Revascularization in ACAb Number of hemispheres
Good 11 20 4 35
Fair 26 18 2 46
Poor 0 0 0 0
Total 37 (19)c 38 (19)c 6 (3)c 81 (41)c

p values of the Pearson Chi-Square test in each category: p=0.061,
p=0.762, and p=0.065)
a The area of revascularization of the EDAS site to the area of the
whole MCA territory

b The area of revascularization of the EGS site to the area of the
whole ACA territory
c Number of patients. Angiographies were performed following bilat-
eral EDAS in 2 patients, and following unilateral frontal EGS in 1

Table 2 Complications in the
67 patients who underwent
frontal EGS

Complication Number of patients

Major Intraoperative infarction (EGS) 1a

Postoperative infarction (EDAS) 2
Postoperative infarction (EGS) 1a

Postoperative hemorrhage (EDAS) 2
Osteomyelitis of bone flap (EGS) 1a

Massive blood loss 3
TFCA morbidity 1

Minor Stitch abscess (EDAS) 3
Stitch abscess (EGS) 1
Fluid collection at wound (EGS) 2

Total number of patients with complications 17 complications in 15

a Major complications directly
related to EGS occurred in 
3 patients
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larization using the bifrontal EGS procedure (p=0.023)
(Table 3). It was impossible to calculate the statistical
significance between the ACA symptom improvements
and the extent of the revascularization in the ACA terri-
tory because postoperative angiographies were available
for only 2 of the patients (2 out of 17 patients and 4 out
of 34 hemispheres) who had ACA symptoms, so these
patients were included in the unfavorable postoperative
group.

Changes in CBF on SPECT

According to the changes observed from the SPECT of
the whole brain, the CBF improved following the multi-
ple bilateral hemispheric procedures. To assess the effi-
cacy of frontal EGS, the changes in CBF status of ACA
territory specifically were analyzed separately (Table 4).
Thirty-five patients out of 61 were Group A, 23 out of 61
were Group B, and only 3 out of the 61 were group C.

Fig. 2 a The left external ca-
rotid artery (ECA) and the
b right ECA angiography show
angiographic revascularizations
3 months after right EDAS and
the bifrontal EGS procedure
without arachnoid opening.
The revascularization is more
abundant in the anterior cere-
bral artery (ACA) territory 
(arrows) of the contralateral
hemisphere, where EDAS was
not performed. Although the
arachnoid dissection was not
performed in this case, success-
ful angiographic revasculariza-
tion is bilaterally shown in the
frontal EGS site

Table 3 The correlation between the extent of revascularization in
the ACA territories (frontal EGS site) and the overall clinical out-
comes is shown. In 41 patients a conventional angiography was

performed following the frontal EGS combined with uni- or bilat-
eral EDAS procedures

Clinical Number Number of Good (>2/3) Fair (1/3–2/3) Poor (<1/3) 
outcomea of patients hemispheres revascularization revascularization revascularization

I 18 36 19 17 0
II 19 37b 16 21 0
III 4 8 1 7 0
IV 0 0 0 0 0
Total 41 81a 36 45 0

Pearson Chi-Square test; p=0.023
a I, excellent; II, good; III, fair; IV, poor
b In 1 patient a unilateral frontal EGS was performed

Table 4 The changes in the cerebral blood flow (CBF) in the ACA territory following bilateral EGS on diamox-SPECT. Only 61 pa-
tients could be evaluated. P Perfusion, Rs vascular reserve

Group Situation Number of hemispheres (%)

A Decreased ACA P and Rs before or after EDAS → improved after bifrontal EGS 70 (57)
B No changea of ACA CBF after bifrontal EGS 46 (38)
C Decreased ACA P and Rs after bifrontal EGS 6 (5)
Total 122

a Two situations, one is normal status of perfusion and reserve and the other is permanent perfusion defect preoperatively
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Consequently, the CBF of the ACA territory improved,
or was maintained, following a bifrontal EGS in the ma-
jority (58 out of 61) of patients (Fig. 3). There was a
positive tendency between ACA symptom improvement
and the CBF change of the bifrontal EGS site (p=0.05)
(Table 5).

Discussion

Usefulness of bifrontal EGS

Moyamoya disease is characterized by progressive oc-
clusion of the internal carotid artery, or its terminal
branches, rather than its posterior circulation, accompa-
nied by the formation of extensive collateral vessels
(“moyamoya” vessels) at the base of the brain [11]. Most
previous studies have described surgical procedures for
MMD with the aim of improving the blood flow, mainly
in the MCA territory [13, 16, 18, 20, 21]. For the territo-
ry of the MCA, it has been established that STA-MCA
anastomosis, EDAS, or EDAMS have enough value.
Conversely, some patients exhibited clinical symptoms
caused by ischemia in the ACA territory following sur-
gery [9]. Kim et al. [11] reported some of the character-
istic clinical features of MMD. The most surprising find-
ing was that most children had some degree of cognitive
dysfunction in spite of having normal IQs. This result
demonstrates the importance of comprehensive neuro-
psychological testing, and of the revascularization proce-
dure in the ischemic ACA territory.

Several kinds of procedures, including direct anasto-
mosis of the STA-to-callosomarginal artery have been
tried; however, Suzuki et al. [28] reported that direct
anastomosis procedures, such as STA-ACA, experienced
technical difficulties due to the small fragile arterial

Fig. 3 Acetazolamide (Diamox) SPECT a before and b after bi-
frontal encephalogaleo(periosteal)synangiosis (EGS). a The upper
two cuts are basal scans, and the lower two are at the same level
after acetazolamide loading. Decreased cerebral blood perfusion
(CBP) and disturbed reactivity to the acetazolamide injection
(white arrows) are seen in the bilateral frontal lobes preoperative-
ly. b The upper two cuts are basal scans, and the bottom two are at
the same level after acetazolamide loading 3 months after the bi-
frontal EGS with left EDAS operation. Significant improvement
in the CBP and reactivity to the acetazolamide in the area corre-
sponding to the lesion on preoperative SPECT (bottom, white ar-
rowheads) are shown

Table 5 Correlation between the change in the CBF in the ACA
territories (bifrontal EGS site) and the clinical outcomes of ACA
symptoms is shown. In 27 of 31 patients who had ACA symptoms
preoperatively, the diamox-SPECT could be evaluated after the bi-
frontal EGS combined with uni- or bilateral EDAS procedures

Clinical outcomea Change of CBF

A B C
(Improved) (No change) (Aggravated)

Favorable 18 18 6
Unfavorable 2 6 4
Total number 20 24 10
of hemispheres

Kendall’s tau-b; p=0.05
a The clinical improvements in the ACA territory were classified
into two categories. Patients in the favorable category showed
complete recovery from the ACA ischemic symptoms, while in
the patients in the unfavorable category these had remained the
same or had gotten worse



Operative technique

The wide base of the cut galea received blood from nu-
merous terminal vessels of the external carotid artery.
When the galea is placed near the hemispheric surface,
this artery might then deliver greater blood flow to the
entire territory of the ACA [14]. Houkin et al. [1] recent-
ly reported that galea aponeurotica also induced good
neovascularization in MMD patients, and concluded it
was a good candidate to be a donor to an ischemic brain.
For this to take place, the apex of the galea must be in-
serted into the interhemispheric fissure as deeply as pos-
sible.

The opening of the arachnoid membrane is routine
with the STA in EDAS procedures. However, in the case
of bilateral EGS, the procedure is limited on the medial
frontal lobe due to the many bridging veins, shallow
arachnoid spaces, and poor visualization of the inter-
hemispheric spaces. We experienced one case of massive
venous bleeding caused by injury to a bridging vein dur-
ing the arachnoid dissection on the medial frontal lobe,
which caused a small venous infarction of the premotor
area. Since 1998 we have stopped opening the arachnoid
on the medial frontal lobe. In our data there were no dif-
ferences in either the angiographic revascularization or
the clinical outcomes of the patients in whom the arach-
noid membrane was opened and those in whom it was
not opened during the bifrontal EGS procedure. Houkin
et al. [1] reported successful neovascularization, without
arachnoid opening, during an indirect operation on a
MMD patient.

In Kinugasa’s original ribbon procedure, he used a
very large scalp incision, including two different opera-
tion fields, the EDAMS and the ribbon procedures [14].
We estimated that this large incision would result in un-
necessary blood loss, and wound and cosmetic problems,
especially in pediatric patients. We used two separate
scalp incisions to minimize the length of the scalp inci-
sion and any complications.

These advantageous points (minimal scalp incision in
pediatric patients, good revascularization effects of the
galea for the ACA territory, and no need for the arach-
noid membrane to be opened) in the operative proce-
dures relating to the modified bifrontal EGS enhance its
usefulness over the other methods used for the ACA ter-
ritory, either single or combination.

Characteristics of angiographic revascularization 
of bifrontal EGS and its effects

From our data, the revascularization in the ACA territory
on the contralateral hemisphere where the EDAS had not
yet been performed was more abundant after a bifrontal
EGS procedure. This may be one of the advantages of
the bifrontal EGS procedure; the CBF was observed to
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walls in the recipient branches, especially in patients un-
der 5 years of age. Although these procedures showed
excellent revascularization in the territory of the ACA,
some procedures seemed to be relatively complex and
risky [6, 8]. Moreover, there is still controversy over
which procedure is the most effective and safe [9].

In 1994, Kinugasa et al. [12] described a method re-
ferred to as the “ribbon” procedure in which galeal tissue
(with or without periosteal tissue) was inserted into the
frontal interhemispheric space, and reported excellent re-
sults. Nakashima et al. [23] proved that EDAMS, in
combination with the ribbon procedure, appeared to be
the most effective surgical procedure for preventing isch-
emic symptoms in the MCA and the ACA territories in
children with MMD.

We selected this “ribbon” procedure as a supplemen-
tary method for the ACA territory because all our 
patients were children and we wanted to produce more
predictable collateral formation with minimal risk. In our
institute, we have been combining the “ribbon” proce-
dure [12] with EDAS since 1995, with the aim of pre-
venting progressive cognitive dysfunction and/or the fre-
quent paraparesis that results from ACA ischemia [11].
We modified some aspects of Kinugasa’s original ribbon
procedure, and called this modification the “bifrontal
EGS” procedure [12]. We mainly combined the bifrontal
EGS procedure with the EDAS procedure, but not the
EDAMS procedure, and incised the scalp separately in
both the EDAS and the EGS procedures. In some pa-
tients who had already undergone bilateral EDAS, we
performed the bifrontal EGS as a separate single proce-
dure. In about half of these cases the arachnoid mem-
brane was opened. Using EDAS with bifrontal EGS, we
believe it is possible to enhance the collateral formation
of the ACA and the MCA territories [12], and have pre-
viously reported that EDAS with bifrontal EGS is a more
effective surgical modality than simple EDAS. In this
study we investigated the following: correlations be-
tween the extent of revascularization in the ACA territo-
ry and age groups, ACA symptom improvements, over-
all clinical outcomes, and the changes to the CBF as seen
on SPECT. According to our results, angiographic revas-
cularizations due to EDAS with bilateral EGS, and the
clinical outcomes, were excellent and had positive corre-
lation. Furthermore the CBF of the ACA territory im-
proved, or was maintained, following the bifrontal EGS
procedure in 58 of the 61 patients, with a positive ten-
dency toward the improvement in the ACA symptoms
(p=0.05). This positive effect of EGS may be because
the CBF was often seen to be relatively decreased in
non-operated, hemodynamically impaired, hemispheres
in MMD patients. The complications or risks of this
technique were within an acceptable range. With two
simple operations, EDAS and EDAS with bilateral EGS,
the entire anterior circulation territory of the cerebrum in
pediatric MMD patients can be covered sufficiently.
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be relatively decreased in the non-operated hemisphere
of MMD patients, which may prevent infarction or isch-
emic symptoms resulting from the natural progression of
the disease in the non-operative hemispheres after the
first operation, for example, simple EDAS with the STA.
While waiting for the next operation on the contralateral
hemisphere, neurosurgeons can prevent ischemic dam-
age to the bilateral frontal lobe and preserve cognitive
function in a growing pediatric patient.

Conclusion

Encephaloduroarteriosynangiosis in combination with
the modified ribbon EGS technique, “bifrontal EGS,” al-
lowed for excellent revascularization in bilateral ACA
territories as well as in the MCA territories with no sig-
nificant complications. The angiographic changes corre-
lated with the clinical outcomes. EDAS with bifrontal
EGS may be an effective and safe surgical modality for
preventing ischemia of the anterior circulation in pediat-
ric MMD.
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