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ABSTRACT 

 

 

The feasibility of multiple burr hole surgery in  

pediatric moyamoya disease as a rescue for failed mEDAS 

 

 

 

Jun kyu Hwang 

 

 

Department of Medicine 

The Graduate School, Yonsei University  

 

 

(Directed by Professor Kyu-won Shim) 

 

Objective: The objective of this study is to prove the feasibility and clinical 

effectiveness of multi burr-hole surgery(MBS) as a rescue when treating 

pediatric moyamoya patients with failed mEDAS.  

 

Materials and methods: From January 2014 to May 2018, MBS surgery was 

conducted on 16 hemispheres(12 patients) as a secondary treatment after 

mEDAS. Male to female ratio was 1:2 and the average age was 6 at the time of 

mEDAS. Patient age was in average 9±3 year old(range 7-17) at the time of 

MBS(46 months in average after mEDAS) and 10 holes were made on average. 

TTP images are divided to 20 axial cuts. Among these 20 axial cuts, two 

consecutive cuts on the lateral ventricle were selected to calculate the average 
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value because most of holes were made on these two consecutive cuts. The 

value was modified by subtracting the value of the cerebellum. ROI value was 

analyzed using a paired t-test by SPSS 20(SPSS Inc., Chicago, IL, USA). 

 

Results: All 16 cases presented with clinical symptom improvement. Such 

effectiveness was proved by ROI analysis of the TTP MRI images. The 

average of ROI value was 5.03(±6.36) before MBS and -15.54(±9.42) after 

surgery. The average of changes in ROI value was -20.58(±12.59) and all 

cases expressed decrease in ROI after MBS surgery. The positive effect of 

vascularization was also shown on MRA. 

 

Conclusion: In pediatric MMD, MBS surgery is recommended as secondary 

option after the failure of mEDAS. Its clinical effectiveness could be proved 

by using TTP image and assisted by MRA and DSA. 
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I. INTRODUCTION 

 

 

 Moyamoya disease(MMD) is an idiopathic disease first reported by Suzuki 

and Takaku in 1969.
1
 Its clinical symptom includes arterial ischemic stroke, 

transient ischemic attacks, intracranial hemorrhage, chorea, dementia, and 

headache.
2-4

 Medical treatment has not shown effectiveness in preventing the 

clinical event.
5,6

 Revascularization surgery has been shown to be a relatively 

safe and effective treatment for MMD. Various surgical options are available, 

however, there is no clinical evidence demonstrating which one of the indirect 

surgeries is more effective in treating pediatric MMD.
7-11

 

 In Severance Hospital, Seoul, South Korea, modified 

encephaloduroarteriosynangiosis(mEDAS) was used as the first surgical choice 

for children with MMD because of its aforementioned advantages. Though 

mEDAS can lead to favorable clinical outcomes, some patients had increased 

frequency of transient ischemic attack(TIA) in the immediate postoperative 
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period, and some suffered cerebral infarction.
12

 In these patients, multi burr-hole 

surgery(MBS) was chosen as a secondary option at the same site with mEDAS 

and all 16 cases showed symptom improvement.  

Cerebral perfusion imaging has become increasingly important in the 

diagnosis and treatment of MMD in children because of its noninvasive 

character, susceptibility to microvascular hemodynamic alteration, short 

acquisition times, and use of nonionizing radiation. Mean transit time(MTT), 

cerebral blood flow(CBF), and time to peak(TTP) can be used to compare the 

hemodynamic variation before and after vascular reconstruction.
13

 Among them, 

changes in TTP perfusion maps after revascularization surgery correspond to 

clinical outcome in patients with MMD.
14-18

  

 This study analyzed the feasibility of MBS as a rescue for failed mEDAS and 

effectiveness was proved by region of interest(ROI) analysis of time-to 

-peak(TTP) in perfusion MRI image. 
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II. MATERIALS AND METHODS 

 

 

From January 2014 to May 2018, MBS surgery was conducted on 16 

hemispheres(12 patients) as a secondary treatment after mEDAS, in Severance 

Hospital, Seoul, South Korea. Male to female ratio was 1:2 and the average age 

was 5 years at diagnosis. Suzuki grading system was used to check the condition 

when MMD was first diagnosed and immediately before MBS(Table 1).
1
 

 

Table 1. Suzuki grading system 

Grades Definition 

I Narrowing of ICA apex 

II Apparition of deep Moyamoya collateral vessels 

III Progression of Moyamoya collateral vessels 

IV Apparition of transdural collateral vessels originating 

from ECA 

V Progression of transdural collateral vessels and 

reduction of Moyamoya vessels 

VI Occlusion of ICA and disappearance of Moyamoya 

collateral vessels 

 

According to the Suzuki grading system, 4 cases(25%) were grade II, 11 

cases(68.75%) were grade III and 1 case(6.25%) was grade IV before mEDAS. 

Before MBS, 2 cases(12.5%) were grade II, 13 cases(81.25%) were grade IV and 

1 case(6.25%) was grade V. In the case of MBS surgery, patient age was 9 years 

old(46 months after mEDAS) and 10 holes were made in average(Table 2).  
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Table 2. Summary of patients 

 

MRA was chosen for follow up image due to the young age of the affected 

children. TTP image was used to confirm the surgical outcome. MBS was 

considered in 16 cases because clinical symptoms deteriorated after mEDAS and 

the progression of MMD was verified through MRA and perfusion MRI. 

Although the invasiveness of digital subtraction angiography(DSA), it should be 

conducted before MBS to confirm failed mEDAS. DSA is also effective when 

determining MBS surgery as a secondary treatment, and it is important for finding 

the correct site of new holes. From the 16 cases, DSA after MBS surgery was 

conducted in only 10 cases. By analyzing the DSA images, Matsushima grade 

was checked for each case and the results of the operations were compared.  

 

 8cm linear skin incision was made on the parietal branch of superficial temporal 

artery(STA) for mEDAS. The previously used skin incision was reused for MBS 

Number of patients 12 

Male to female ratio 1:2 (M=4, F=8) 

Number of hemispheres 16 

Average patient age at mEDAS 5±1 years (range 2-7) 

Average patient age at MBS 9±3 years (range 7-17) 

Average number of multi burr hole 10±1 (range 8-13) 

Suzuki stage before mEDAS II=4 (25%) 

III=11 (68.75%) 

IV=1 (6.25%) 

Suzuki stage before MBS III=2 (12.5%) 

IV=13 (81.25%) 

V=1 (6.25%) 
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surgery with a slight posterior extension. When planning the new burr hole site 

and number of holes, it is important to preserve the parietal branch which was 

previously inserted below the bone flap. To find the direction of the parietal 

branch, it was useful to mark a line between the two holes made during mEDAS 

operation. The area where the parietal branch enters and exits can be detected 

with tactile sensation before the skin incision. It can also be assisted by preop 

DSA image. Burr holes were made by using high speed drill, and bleeding control 

was done by packing bone wax. Crucifix shape dura mater incision was made at 

each burr-hole site. Outer layer of dura mater was incised carefully with a blade 

and inner layer of dura mater was exposed. After removal of inner layer, 

cerebrospinal fluid(CSF) was detected and completely formed burr holes were 

packed with gel foam respectively to prevent post-op hemorrhage and CSF 

leakage. On average, 10 burr holes were made, and their locations were 

determined by comparing the perfusion MR with angiography. Most of new holes 

were located on the upper site of mEDAS bone flap due to the motor cortex 

coverage. One Jackson-Pratt drain was kept for 2 days after operation(Figure 1,2). 

 

Figure 1. Illustration of MBS surgery after mEDAS 
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Figure 2. Lateral X-ray after mEDAS(left) and MBS(right) 

 

Changes in time to peak(TTP) and cerebral blood volume perfusion maps can 

depict the hemodynamic status after revascularization surgery in patients with 

MMD. Some studies showed that changes in TTP can correspond with clinical 

outcome after revascularization surgery in patients with MMD. 
14,15

 

To compare each TTP on MRI(magnetic resonance imaging) image, ROI 

analysis was used. At Severance hospital, TTP images are divided to 20 axial 

cuts. Among these 20 axial cuts, two consecutive cuts on the lateral ventricle 

were selected to calculate the average value because these two cuts mostly 

reflect the effectiveness of revascularization after MBS. The value was modified 

by subtracting the value of the cerebellum due to minimize potential errors 

caused by differences in arterial input function associated with bolus delay and 

dispersion(Figure 3).
19,20

  



 

９ 

Figure 3. ROI analysis 

 

 Most frequent clinical symptoms were headache, TIA, infarction and epilepsy. 

The clinical results were checked by telephone interview and hospital medical 

record. The interviews were conducted in a day and the time period was 24 

months on average after MBS surgery.  

All MRI examinations were performed using a 3.0T MRI system(Achieva 3.0T, 

Philips Medical Systems, Netherlands and Ingenia 3.0T CX, Philips Medical 

Systems, Netherlands) and temporal resolution of perfusion image was 1.6 

seconds. Extended MR Workspace(Philips Medical Systems, Nederland) was 

used for modifying grey scale image to color scale image. TTP images 

conducted by other machines were excluded in this study. ROI was calculated 

by using Centricity PACS(GE healthcare, USA). 
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III. RESULTS 

 

 

mEDAS was primarily conducted and MBS was subsequently carried out in all 

16 cases. Patients’ symptoms were compared at three time periods: before 

mEDAS surgery, before MBS and after MBS. Before mEDAS surgery, 13 

patients presented with TIA, 6 patients with infarction, 2 patients with headache 

and 1 patient with epilepsy. Before MBS surgery, 14 patients presented with 

TIA, 11 patients with infarction, 3 patients with headache and 5 patients with 

epilepsy. Symptoms were aggravated in all patients. Multi burr hole was 

subsequently conducted, and the numbers of patients with symptoms were 

decreased to 5 patients with TIA, 1 patient with infarction, 1 patient with 

headache and 1 patient with epilepsy. The one infarction case after multi burr 

hole surgery was an immediate post operation complication which presented 3 

days after the operation. All 5 patients with TIA who underwent multi burr hole 

surgery, complained their symptom within once a month and the severity of TIA 

decreased. The rest of the 11 cases did not complain TIA(Figure 4, 5). 

 

 

Figure 4. Number of TIA per month  
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Figure 5. Changes in clinical symptoms 

 

 

Clinical symptom improvement can be proved by TTP of perfusion MRI 

image. The average of ROI value was 5.03(±6.36) before MBS and 

-15.54(±9.42) after surgery. The average of changes in ROI value was -20.58 

(±12.59) and all cases expressed decrease in ROI after MBS surgery(Figure 6). 

It was analyzed using a paired t-test by SPSS 20(SPSS Inc., Chicago, IL, USA) 

(Table 3). Positive result of vascularization could be explained by following up 

MRA(Figure 7). 

 

Figure 6. ROI value before(left) and after(right) MBS  



 

１２ 

Table 3. MBS effect in ROI value  

 

 Average Standard 

deviation 

P 

ROI value 

(before MBS-after MBS) 

20.58 ±12.59 <0.001 

paired t-test 

 

Figure 7. Revascularization on MRA. Pre-op(A, C) and post-op(B, D) image  

 

DSA conducted to all cases before MBS surgery. Matsushima grading system 

was used to analyze the effects of MBS(Table 4).
11
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Table 4. Matsushima grading system  

Grade Angiographic findings 

A Area perfused by the synangiosis is greater than 2/3 

of the MCA territory 

B Area perfused by the synangiosis is between 1/3 and 

2/3 of the MCA territory 

C Area perfused by the synangiosis is less than 1/3 of 

the MCA territory 

(MCA: middle cerebral artery) 

 

According to Matsushima grading system, 2 cases were grade B(12.5%), and 

14 cases were grade C(87.5%). It shows that patients in the study had a poor 

result of mEDAS(Figure 8).  

 

 

Figure 8. Matsushima grade before MBS 

 

Only 10 cases checked post-op DSA after MBS surgery, because all patients 

were children and noninvasive tool was preferred. Improvement of 

vascularization after MBS surgery can be seen on DSA, even though they had 

the poor result after mEDAS(Figure 9).  
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Figure 9. Revascularization on DSA(Pre-op(A, B) and post-OP(C, D) image) 

 

Among these 10 cases, comparing Matsushima grade, 1 case was grade B 

(10%) and remained 9 cases were grade C(90%) before MBS surgery. After the 

operation, however, 8 cases improved up to grade A(80%) and 2 cases were 

grade B(20%). No case belonged to grade C(Figure 10). 

 

 

Figure 10. Change in matsushima grade 



 

１５ 

IV. DISCUSSION 

 

 

The treatment of pediatric MMD has its own characteristics, primarily because 

the vessels on the brain surface are slender and fragile, and therefore making 

direct vascular reconstruction more difficult than adult MMD. There is no 

clinical evidence demonstrating which one of the indirect surgeries is more 

effective in treating pediatric MMD.
7-10,21

 Compared to direct surgery, indirect 

surgery is less traumatic, easier technical requirements, and shorter surgical 

time. On the other hand, it requires longer period for vascular reconstruction.
22

 

Therefore, indirect surgery is preferred over direct surgery in pediatric MMD. 

Of the indirect surgeries, however, there is no clinical evidence demonstrating 

which one is more effective. In Severance Hospital, mEDAS was conducted as 

a first-choice treatment for pediatric MMD and it has been proved considerably 

positive effect for many years.
6
 From January 2014 to May 2018, out of the 480 

conducted cases, only 16 cases were considered MBS surgery as secondary 

option. It was only 3.3% comparing to mEDAS. These 16 hemispheres had no 

satisfactory result of mEDAS, and their clinical symptom worsened. MBS 

offered them a positive result as a second treatment option. Up to now, all 

patients in the study presented with clinical symptom improvement. Of the 16 

hemispheres in those patients, no operational complication such as infection, 

CSF leakage and hemorrhage, occurred except only 1 immediate post-op 

infarction.  

In this study, it is recommended that mEDAS should be chosen as first 

treatment and MBS surgery could be considered as second treatment after 

mEDAS failure. MBS after mEDAS failure has some advantages. Firstly, 

minimal scar can be occurred by using the same skin incision. In Severance 

Hospital, only 8cm curvilinear incision was done on parietal branch of 

superficial artery for mEDAS. Previously used incision line of mEDAS was 

reused at MBS surgery and posteriorly extension was needed minimally. 

Secondly, it is useful for making superficial artery safe during secondary 
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surgery. After mEDAS, parietal branch of superficial artery was hidden below 

large bone flap and its direction could be anticipated in between palpable two 

holes. On the contrary, if MBS surgery was chosen as first treatment option, it is 

dangerous to conduct mEDAS at the same area due to adhesion of first 

operation. When making multiple burr hole, the area between palpable two 

holes should be excluded. Thirdly, it can reduce operational complications. The 

duration of surgery for MBS surgery and mEDAS were both within 90 minutes. 

In Severance Hospital, mEDAS conducted independently from MBS had a 

favorable result.
12

 Conducting mEDAS and MBS simultaneously, however, can 

increase post-op complications in pediatric MMD such as acute infarction and 

epidural hemorrhage. Therefore, it is more effective to leave MBS surgery as a 

second option. 

In pediatric MMD, invasiveness of DSA procedure can lead to TIA or 

infarction event due to hyperventilation. Even though it is only an examination 

not a treatment, general anesthesia was needed at each DSA procedure. Some 

studies proved that MRA and perfusion MRI image can be useful when 

following up MMD.
14,23

 Among them, MR TTP had relative correlation with 

change of clinical symptom in MMD patients. With those noninvasive 

procedures, this study can prove the effectiveness of MBS surgery as secondary 

operation. Moreover, its advantage was proved by DSA in some cases. 

Nevertheless, more cases are needed to prove of its effectiveness and additional 

study for adult MMD patient is recommended.  
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V. CONCLUSION 

 

 

In pediatric MMD, MBS surgery is recommended as secondary option after 

the failure of mEDAS. Its clinical effectiveness could be proved by using TTP 

image and assisted by MRA and DSA. 
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ABSTRACT (IN KOREAN) 

 

 

모야모야 병에서 뇌경막 동맥 간접 문합술 실패 이후  

다발성 천공술이 가지는 이점 

 

<지도교수 심 규 원> 

 

 

연세대학교 대학원 의학과 

 

 

황 준 규 

 

 

연구 목적: 본 연구는 소아 모야모야 환자에서 1차적으로 시행한 

뇌경막 동맥 간접 문합술이 실패하였을 경우 2차적으로 시행한 

다발성 천공술이 가지는 임상적 효과를 증명하고자 하였다.  

실험 방법: 2014년 1월부터 2018년 5월까지 다발성 천공술은 12명의 

환자에게서 16 사례를 시행하였다. 남녀 비율은 1:2였으며, 뇌경막 

동맥 간접문합술을 시행할 당시의 평균 나이는 6살이었다. 이후 

다발성 천공술 시행 나이는 평균 9살이었으며, 수술을 할 시에 

평균 10개의 구멍을 만들었다. Perfusion MRI에서 Axial은 20개로 

분할하였으며, Lateral ventricle이 보이는 바로 위의 연속적인 두 

cut을 이용하여 평균을 낸 뒤, Cerebellar region의 값을 차감하여 ROI 

analysis를 분석하였다. 

실험 결과: 16 사례 모두의 경우에서 증상의 호전됨을 확인하였다. 

ROI analysis 값 또한 다발성 천공술을 시행한 이후 값이 모두 

감소하였으며 이를 통하여 긍정적인 효과를 확인할 수 있었다. 



 

２２ 

수술 후 재혈관화의 결과도 뇌혈관 조영검사 및 자기 공명 혈관 

조영술을 통해서도 확인이 가능하였다.  

결론: 모야모야병에서 뇌경막 동맥 간접문합술 이후에도 증상이 

악화되었을 경우 다발성 천공술을 통하여 증상의 호전을 기대할 수 

있다.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

핵심 되는 말: 모야모야 병, 재혈관화, 관류영상 


