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ABSTRACT

AIM: Many direct and indirect surgical intervention methods have been defined for the treatment of moyamoya disease. Indirect surgical
procedures have been increasingly used. In this study, indirect surgical intervention methods especially used in combination with pial
synangiosis were assessed together with other indirect methods.

MATERIAL and METHODS: 11 patients who were treated with an indirect bypass procedures at our clinic and followed for at least three years
were retrospectively examined. 19 surgical interventions were performed for 18 patient hemispheres pertaining to these patients. 4 indirect
surgical revascularization methods were used for three patient hemispheres. On the other hand, indirect procedures combined with pial
synangiosis were applied in 11 operations. In addition, the “multiple burr-hole surgery” method was used in 4 four operations performed for
two patients.

RESULTS: The clinical success rate was 66.6% for patients where the techniques were applied with pial synangiosis. No new ischemic or
hemorrhagic attack was observed during the follow-up period in any of these patients in this series.

CONCLUSION: Pial synangiosis is a modification that Increases the success rate of indirect surgical methods. In addition, high success rates
have been reported in recent publications related to multiple burr-hole surgery. This method is a candidate choice of surgical intervention for
selected patients.
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0z
AMACG: Ozellikle cocuklarda gériilen moyamoya hastaliginin tedavisi icin cok sayida direkt ve indirekt cerrahi girisim yéntemi tanimlanmustir.

Bunlar arasinda indirekt cerrahi proseddrler gittikge artan bir sekilde kullaniimaktadir. Bu calismada, 6zellikle pial sinanjiozis ile kombine olarak
kullanilan indirekt cerrahi girisim yéntemleri, diger indirekt ydontemlerle birlikte degerlendirilmistir.

YONTEM ve GEREG: Klinigimizde indirekt bypass prosediirleri ile tedavi edilen ve en az 3 yil izlenmis olan 11 hasta retrospektif olarak
incelenmistir. Bu hastalara ait 18 hasta hemisfer i¢in 19 cerrahi girisim yapilmistir. 3 hasta hemisfer icin 4 indirekt cerrahi revaskilarizasyon
yontemi uygulanmistir. 11 operasyonda ise pial sinanjiozis ile kombine edilmis indirekt prosedirler uygulanmistir. Ayrica iki hasta icin yapilan
4 operasyonda da “multiple burr-hole surgery” prosediirii kullaniimistir.

BULGULAR: Pial sinanjiozis yapilmis olan hastalar icin klinik basari orani %66,6 dir. Ayrica bu serideki hastalarin hicbirisinde takip stiresi
icerisinde yeni iskemik veya hemorajik atak olmamistir.

SONUG: Pial sianjiozis, indirekt cerrahi yontemlerin basari oranlarini arttiran bir modifikasyondur. Ayrica multiple burr-hole surgery ile ilgili
yeni yayinlarda yiiksek basari oranlari rapor edilmistir. Bu yontem secilmis hastalarda ilk cerrahi girisim secenegdi olmaya adaydir.

ANAHTAR SOZCUKLER: Moyamoya hastaligi, indirekt bypass, Cocukluk cagi, Pial sinanjiozis

INTRODUCTION Direct surgical procedures mainly include superficial temporal
artery (STA) to middle cerebral artery (MCA) bypass surgeries
(9,15). However, because of the surgical difficulties of these
procedures for children, indirect procedures have appeared
and been discussed in literature. These were encephalo-duro-

arteriosynangiosis (EDAS) (20), encephalo-duro-arteriomyo-

Moyamoya disease is a cerebrovascular occlusive disease
characterized by bilateral stenosis of the internal carotid
arteries. It was first described by Takeuchi (1957) and Suzuki
(1966) in Japan where the moyamoya disease had the highest

prevalence (28-31). Kuroda et al. reported that asymptomatic
moyamoya disease could cause hemorrhagic or ischemic
stroke (16). Direct and indirect surgical anastomosis
procedures were described for treatment in the literature.
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synangiosis (EDAMS) (14), encephalo-duro-myo-synangiosis
(EDMS), encephalo-myosynangiosis (EMS) (10), omental
transplantation (11) and multiple burr hole surgery (MBHS)
(3,13). Additionally, combinations of direct and indirect
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surgeries have also been used (6,8,10,12,14). Touho et al. used
direct bypass surgery after failed indirect anastomosis (32).

In clinical practice, we prefer indirect anastomosis procedures
such as EDAS, EDMS, EDAMS, EMS with pial synangiosis and
MBHS. Pial synangiosis (PS) was first described by Adelson
and Scott in 1995 (1). In 2004, they published a patient
series which included 126 moyamoya patients (27). All of the
patients in this series were treated with indirect anastomosis
combined with PS and full recovery was noted for 90 of them
(71.4 %).

MBHS was first described in 1989 by Endo et al. (3). They
placed frontal burr holes in five children with moyamoya
disease and noted excellent results for all of them. In 1996,
Kawaguchi et al. published a surgical series which included 10
adult patients (13). All the patients in this series were operated
with MBHS only and high clinical and angiographical success
rates were noted. In addition, Oliveira et al. (2009) reported
successful MBHS results for 7 patients at pediatric age (24).

In this report, we focused on the surgical outcome of indirect
procedures with PS. In addition, the MBH procedures were
detailed with clinical examples.

MATERIAL and METHODS
Patient characteristics

Eleven patients (8 male and 3 female) or 18 sick hemispheres
were operated between 1995 and 2007. In seven cases,
moyamoya disease appeared bilaterally. The mean age of
the patients at the time of first operation was 7.3 years (2 to
14 years). The disease appeared in hemorrhagic form in only
one patient and no patient had a familial predisposition.
Major symptoms were seizures in 6 and paresis in 8 patients.
Diagnoses of all patients were verified with brain MRI
(angiography, perfusion and diffusion images), single photon
emission-computed tomography (SPECT) scans and Digital
subtraction angiography. Frequent postoperative revisits and
SPECT scans were used in the follow-up of patients. The mean
follow-up time for this study was 8.8 years (3-14 years). Table |
summarizes the patient characteristics and outcome.

Surgery

Only indirect surgical procedures were used for the
treatment of the sick hemispheres in this study group. The
number of surgical procedures was 19 for 11 patients or
18 sick hemispheres. Seven EDAMS (5 of them combined

Table I: Surgical and Outcome Summary of the Study Group. Note that all the Patients in this Group had TIAs Initially. After Surgery, all
the Patients Except Patient 8 and 9 had no TIA or New Neurological Deficits until the Present Time. Patients Grouped as “No Change”

had the Same Constant Neurological Deficits

Patient No Localization L) Symptoms Clinical Outcome
Procedure

Follow-up Period

(years)
Right ICA EDAMS Seizure+paresis Recovery
2 14 Left ICA EDAMS Seizure+paresis Failure 14
2 14 Left ICA EDMS Seizure+paresis Recovery 14
3 12 Right ICA EMS Paresis No change 11
3 12 Left ICA EDAMS+PS Paresis No change 1
4 9 Left ICA EDAMS+PS Paresis+aphasia No change 13
4 9 Right ICA EDAMS+PS Paresis No change 13
5 4 Left ICA EDAS+PS Paresis Full recovery 8
5 4 Right ICA EDAS+PS Paresis Full recovery 8
6 13 Left ICA EDAS+PS Paresis Full recovery 7
6 13 Right ICA EDAMS+PS Paresis Full recovery 7
7 4 Left ICA EDAS+PS Seizure+paresis Recovery 8
7 4 Right ICA EDAMS+PS Seizure+paresis Recovery 8
8 2 Right ICA EDAS+PS Paresis Exitus -
9 7 Left ICA EDAS+PS Seizure Exitus -
10 4 Right ICA MBHS Seizure Recovery 3
10 4 Left ICA MBHS Seizure Recovery 3
11 9 Right ICA MBHS Seizure Recovery 3
11 9 Left ICA MBHS Seizure Recovery 3
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with PS), 6 EDAS (all combined with PS), 1 EDMS, 1 EMS
and 4 MBH procedures were used for the treatment. The
total number of operations combined with PS was 11. One
patient was re-operated for the same hemisphere because of
neovascularization failure. The EDMS procedure was applied
for the hemisphere again in this patient who had undergone
an EDAMS procedure in the first place. This is why the number
of operations is one higher than the number of the sick
hemispheres in this study.

The indirect surgical procedures were mainly used as
described by Matsushima et al.in 1981 (20). The PS procedure
was added to EDAMS and EDAS operations. PS is a kind of
surgical modification that can be used with indirect arterial
anastomosis procedures. In this procedure, the dissected
superficial temporal artery (STA) is transposed and affixed
to the brain surface, and the adventitial layer of the STA is

sutured to the pia-mater with 10/0 nylon suture. Surgical
details were explained by Adelson and Scott (1).

MBHS surgery was also used for two patients bilaterally.
In these surgical procedures, STAs of the patients were
protected and multiple burr-holes were opened to the
effected sides. In both patients, burr-holes were opened in
the ACA (frontal bone) and MCA (parietal bone) areas. Seven
burr-holes were opened for each hemisphere. Important
key-point of the operations is the opening the dura and
arachnoid, while widely preserving the meningeal arteries
under magnification. Surgical details about MBHS surgery
were noted by Kawaguchi et al (13).

Clinical results of the surgeries (outcome) for every sick
hemisphere were classified as “exitus”, “no change”, “recovery”

and “full recovery”. There was no new neurological symptom

Figure 1: SPECT images of patient 6. A) preoperative Brain-SPECT images. Blood perfusion of the left parietal lobe is less than the
other side. Brain-SPECT images one year B) and 4 years C) after the operation show perfusion of the left parietal lobe has improved,
especially 4 years after the operation. In addition, no new ischemic area is seen in these images. Arrows show the low perfusion areas.
Preoperative right D) and left E) carotid angiographies of the patient show bilateral occlusion of the carotid artery bifurcations. The
black arrow shows the left parietal area. RC: Right carotid artery, LC: Left carotid artery.
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for the patients in this study group. In this classification, the  clinical outcome groups in this study, no new ischemic or
“Recovery” term was used for the patients who preserved  hemorrhagic attack was observed for the patients during the
the initial neurological symptoms with clinical regression.  follow-up periods. Therefore, patients were classified as “no
Patients whose initial symptoms were completely treated change” only according to the initial constant neurological
were classified as “full recovery”. Although there were different  deficits. This term does not reflect surgical failure.

Figure 2: SPECT images of patient 11. In the preoperative A) and 2-year postoperative B) SPECT images, little arrows show the low
perfusion area in the right hemisphere. Comparison of the two SPECT images shows no new ischemic area. Also, there is regression of
the old low perfusion area after MBHS. In C and D, postoperative second-year MRI-angiographic images show neovascularization (big
arrows) crossing the burr-holes, through the brain parenchyma.
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RESULTS
Clinical Status

Four indirect anastomosis surgeries without PS were done for
3 patients. One of the surgeries (for patient 2) was repeated
for the same hemisphere because of the failure. There was
no clinical change during the follow-up period of one patient
with EMS surgery and recovery was noted for two patients
with EDAMS and EMS procedures.

Eleven sickhemispheres were operated by indirect procedures
with PS and 4 “full recoveries” (44.5%), 2 “recoveries” (22.2%)
and 3 “no change” (33.3%) were noted after the follow-up
periods (mean 8.4 years). There were also 2 deaths in this
group after the first hemispheric operations. We excluded
these patients while calculating the outcome rates.

In the MBHS group, two patients were bilaterally operated
for 4 sick hemispheres and the outcomes were classified as
“recovery”for all.

Although there were different clinical outcome groups in this
study, no new ischemic or hemorrhagic attack was observed
in patients.

Complications

There were 2 deaths in the “indirect surgery combined with
PS” group after the first hemispheric operations. Patient
8 (two years old) died 45 days after the surgery because of
uncontrolled hyperglycemia attacks. Patient 9 (seven years
old) who had well-known pulmonary hypertension before
the operation died one hour after the surgery because of
uncontrolled pulmonary hypertension and heart failure.

There was also a local incision problem for patient 4 in early
follow-up periods. It was treated by using local and systemic
antibiotics.

Radiological Follow-up

Early postoperative radiological images (CT and MRI) showed
no additional brain infarct or hemorrhage for any patient.
Patients were annually followed by MRI-angiographic images
and SPECT studies. All the MRI-angiographic images showed
neovascularization on surgical hemispheres in different
degrees. SPECT studies also showed similar results. All the
patient’s surgical sites showed higher perfusion levels in
different degrees or constant perfusions according to the
preoperative SPECT images. No new ischemic or low perfusion
area was seen in the SPECT’s of the patients in this study.

lllustrative case 1

Patient 6 was a 13-year-old male. He was admitted to hospital
because of the transient ischemic attacks (TIA) and bilateral
paresis more serious on the right side. Digital subtraction
angiographic images showed bilateral moyamoya disease
and SPECT images showed low perfusion area on the left
hemispheric region. Diagnosis was type-3 moyamoya disease
and the patient underwent bilateral indirect anastomosis
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procedures (left EDAS and right EDAMS) combined with PS.
One year after the surgery, full recovery was clinically noted
at follow-up. Most importantly, the patient has been followed
7 years and there has been no new TIA or new neurological
deficit. The SPECT image series of this patient also supported
these findings. Figure 1A-E shows the radiological images of
patient 6.

lllustrative case 2

Patient 11 was a nine-year-old boy admitted to the hospital
with TIAs and secondary generalized epileptic seizures in the
last two years. SPECT images showed a right hemispheric
low perfusion area. After the angiographic examinations,
diagnosis was bilateral type 2 moyamoya disease, and
bilateral MBHS was performed. The follow-up period was
3 years for this patient and no epileptic seizure was noted
with antiepileptic drugs. Also, there has been no new TIA
attack clinically noted during follow-up and no new epileptic
focus was seen in electroencephalographic examinations.
Postoperative control SPECT images of the patient showed no
new ischemic area and there was a great improvement of low
perfusion zone after 2 years. The MRI-angiographic images
also showed neovascularization in burr-hole areas. Figure
2A-D shows the radiological images of this patient.

DISCUSSION

For moyamoya disease, the outcome is better with surgery
as compared with the results of medical treatment although
there is no controlled series to establish at this point (2,5,26).

There are many surgical procedures suggested for moyamoya
disease in the literature (3,6-15,20). There have been various
arguments about the effects of direct and indirect surgical
procedures (5,17-19,21,22). In some publications, the
direct anastomosis procedure was found to result in the
best postoperative collateral vessel formation and clinical
improvement (19). However, the arteries may be too narrow
for direct anastomosis, especially in children. Additionally,
some patients have worsened after direct anastomosis
because of the vasospasm of the cortical arteries (14,23,33).
Furthermore, Matsushima et al. compared single indirect
anastomosis with direct anastomosis surgeries in 1992 and
reported that the single and multiple combined indirect
nonanastomotic bypass procedures were safer than direct
anastomosis (4,19). Goda et al. also reported that good
revascularization was seen after indirect procedures in most
of the patients (4).

Because of these reasons, indirect bypass surgery is suggested
for children in many articles which indicated that these
procedures are more simple and less invasive than the direct
anastomosis procedures (14,17-20,25).

Pial synangiosis (PS) was first described by Adelson and Scott
in 1995 to increase the anastomosis chance (1). In 2004, they
published a patient series including 126 moyamoya patients
(27). All the patients in this series were treated with indirect
anastomosis combined with PS and full recovery was noted
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for 90 of them (71.4 %). In their study which included a great
number of patients, the success rate of the indirect procedures
was similar to direct bypass surgeries. After these reports, the
indirect anastomosis procedures were preferred for children
with moyamoya disease in the study. PS was also combined
with these procedures as much as possible. Although there is
no control group to compare, the success rate (recovery and
full recovery patients) of the indirect anastomosis combined
with PS was 66% in our study and is similar to Adelson and
Scott’s papers (1,27). Other patients in this group are clinically
classified as no change, but no TIA or new neurological
deficit has been noted in the follow-up periods. In addition,
SPECT images of the all patients in this group show stable or
improvement perfusion areas for sick hemispheres.

On the other hand, MBHS was first described in 1989 by
Endo et al (3). This procedure differs from indirect bypass
surgeries like EDAS and EDAMS as the neovascularization
occurs first from the dural arteries then from the STA (13). In
1996, Kawaguchi et al. published patient series operated with
MBHS procedure (13). This series included 10 adult patients
operated with MBHS and they explained that there was no
mortality or morbidity, and no new neurological deficits or
re-bleeding developed during the follow-up period (mean
34.7 months). In the present study, two moyamoya patients
were operated with MBHS bilaterally. The outcome is similar
to Kawaguchi et al’s results. No new neurological deficits
or new TlAs developed over two years of follow-up period.
Furthermore, STA and dural arteries are still intact in these
patients for any other surgical procedures if necessary. It gives
patients a second direct or indirect operation chance.

Diversity of surgical interventions in clinical series presented
in this study is improving in parallel with the developments in
the history ofindirect revascularization methods of mayomaya
disease. Only the indirect revascularization methods were
used in the initially operated patients. Subsequently, with the
increasing popularity of pial synangiosis, indirect methods
have been gradually modified with PS. Finally, studies
reporting the success of MBHS and the low complication
rates of this method indicate that this method could be the
first choice for suitable patients (13,24).

In conclusion, MBHS with/without indirect vascular bypass
surgeries with PS should be the first choice of the moyamoya
disease. PS may improve the success rate of indirect
anastomosis surgery. On the other hand, MBHS is a simpler
and safer procedure compared to both direct and indirect
surgeries. We believe that prospective studies including larger
patient series can make this procedure a strong alternative to
other procedures.
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