Jiro Suzuki

~oyamoya

DIsease .
With 145 Figures

Springer-Verlag
Berlin Heidelberg New York Tokyo

Professor JIRO SUZUKI, M. D.
Tohoku University School of Medicine
Institute of Brain Diseases
Division of Neurosurgery
2-1 Seiryo-Cho, Sendai 980, Japan

Translation of: Moyamoya Byo
© Igaku-Shoin Ltd. Tokyo 1983

ISBN-13: 978-3-540-15778-6 e-ISBN-13: 978-3-642-95483-2
DOl: 10.1007/978-3-642-95483-2

Library of Congress Cataloging-in-Publication Data. Suzuki, Jiro, 1924- Moyamoya
disease. Translation of: Moyamoya byo. Bibliography: p. Includes index. 1. Moyamoya disease. 1. TItle. [DNLM: 1. Arterial Occlusive Diseases. WG510 S968m]
RC388.5.S8813 1986 616.1'3 85-26118
This work is subject to copyright. All rights are reserved, whether the whole or part of
the material is concerned, specifically those of translation, reprinting, re-use of illustrations, broad-casting, reproduction by photocopying machine or similar means, and storage in data banks. Under § 54 of the German Copyright Law where copies are made for
other than private use, a fee is payable to "Verwertungsgesellschaft Wort", Munich.
© by Springer-Verlag Berlin Heidelberg 1986

The use of registered names, trademarks, etc. in this publication does not imply, even in
the absence of a specific statement, that such names are exempt from the relevant protective laws and regulations and therefore free for general use.
Product Liability: The publisher can give no guarantee for information about drue dosage and application thereof contained in this book. In every individual case the respective user must check its accuracy by consulting other pharmaceutical literature.
Typesetting: fotosatz & design, Berchtesgaden

2125/3130-543210

JOHN HUNTER

(1728-1793)

"Blood goes where it is needed," he said in 1785
Moyamoya vessels are collateral pathways of the brain
(1963)

JIRO SUZUKI

Preface

The first mention of moyamoya disease as a distinct disease
entity was in a paper I published in 1965. The abnormal netlike vessels at the base of the brain seen in cerebral angiograms of this disease were described by most native speakers
of Japanese as "moyamoya," a Japanese expression for something hazy, such as a puff of cigarette smoke drifting in the
air. In fact, prior to my advocacy of this term, this type of
vascular network was often referred to as "moyamoya
vessels" by Japanese researchers.
In 1969, Dr. A. Takaku and I submitted a paper to the Archives of Neurology entitled "A Disease Showing Abnormal
Net-like Vessels at the base of the Brain," with a subtitle of
"Moyamoya Disease." The editor, however, interchanged the
main title and the subtitle and brought this term
"moyamoya" to fame! Since then, researchers throughout the
world have been using this poetic word! For a nicknaming
godfather like me, it is a special joy to have this Japanese
word enter the honored ranks ofmedica1 terminology.
My first publication concerning this lesion was a report
discussing six cases in 1963. Therefore it is now 20 years since
I first became aware of and started to study moyamoya disease. At first, I merely thought that it was a strange vascular
network, unique to these first few patients, and I reported
these cases as being cases of acquired collateral vessels.
Thereafter, many researchers speculated that it might be a
form of vascular tumor, and intense debate as to whether this
disease is congenital or acquired began. Currently, it is generally thought that moyamoya vessels are collateral pathways
formed due to gradually progressing stenosis of the terminal
portion of the internal carotid artery, for reasons unknown.
Although the incidence of moyamoya disease is still said
to be higher in Japan than elsewhere, in recent years there
have been reports of cases from both the East and the West,
and moyamoya disease has become a matter of great interest
to researchers throughout the world.

VIII

Preface

Through the combined efforts of many researchers over
the past 2 decades, many aspects of moyamoya disease have
been clarified. These include the incidence according to age
and sex, symptomatology, angiographical characteristics,
electroencephalographical characteristics, and details of the
cerebral blood flow in such cases. This is not to say, however,
that unresolved problems no longer exist. Most importantly,
it is still unclear what causal factors are involved in the progressive narrowing and occlusion of the terminal portion of
the internal carotid artery bilaterally. Since the vascular abnormalities at this portion are the essence of the disease, it is
apparent that some fundamental questions still need to be
answered.
Nevertheless, as readers of this volume will understand,
our systemic autopsy studies and animal research have suggested that moyamoya disease may be caused by immunological arteritis throughout the body, which manifests itself
most easily and most severely at those cerebral arteries which
receive innervation from the superior cervical sympathetic
ganglia.
Having actively researched this disease for 20 years, we,
the Sendai Group of Neurosurgeons, decided to summarize
our experiences and research in a single volume. With each of
the researchers reporting on his own research interests related
to moyamoya disease, we hav tried to cover all aspects of this
disease, including its etiology.
I am hopeful that this volume will serve as an introduction and an up-to-date summary of our current knowledge concerning moyamoya disease for physicians and researchers throughout the world.
I would like to express my thanks to all my colleagues and
to the nurses and paramedical staff for their untiring efforts
during this period. I also acknowledge, with thanks, the valuable assistance of Mr. Norman D. Cook in improving the
English throughout the book. Finally, I must say that this
publication has been made possible by the enthusiasm and
efforts of the various doctors (T. Wada, N. Kodama, T.
Kayama, H. Niizuma, H. Ohyama, T. Yoshimoto, A. Ogawa,
N. Nakamura, Y. Sakurai, S. Komatsu, S. Kanayama, Y.
Nagamine, T. Onuma, N. Kasai, T. Yonemitsu, T. Watanabe,
M. Suzuki, R. Katakura and A. Takahashi) in our department, and especially Drs. S. Fujiwara, H. Seki and M. Kameyama.
lIRO SUZUKI

Contents

1 History and Definition
2

3

4

5

1

Epidemiology and Symptomatology
2.1 Introduction
2.2 Incidence
2.3 Incidence by Sex
2.4 Age at Onset
2.5 Age on Admission
2.6 Initial Symptoms and Symptoms
over the Clinical Course
2.7 Laboratory Findings on Admission
2.8 Family History
2.9 Anamnesis
2.10 Conclusion

7
7
7
8
9
10

Cerebral Angiography
3.1 Introduction
3.2 Basal Moyamoya
3.3 Nature of Basal Moyamoya
3.4 Ethmoidal Moyamoya
3.5 Vault Moyamoya
3.6 Cerebral Angiograms Taken After Hyperventilation
3.7 Summary

17
17
17
27
33
42

Mechanisms of Symptomatic Occurrence
4.1 Introduction
4.2 Mechanism of TIA in Children
4.3 Mechanism of Onset of Symptoms Due to
Intracranial Hemorrhage in Adults
4.4 Summary,

53
53
53

E~ectroencephalography

63
63

5.1
5.2
5.3

Introduction
Electrical Activity of the Brain in Juvenile
Moyamoya Disease
Electroencephalography in Adult Cases
of Moyamoya Disease

11
13
13
14
15

51
52

56
62

63
71

x

6

7

8

9

Contents

5.4 Evoked Potentials
5.5 Summary . . . .
Computerized Tomography
6.1 Introduction
6.2 Unenhanced Scan . .
6.3 Enhanced Scan
6.4 Stage of Moyamoya Disease and
Computerized Tomography . .
6.5 Conclusion . . . . . . . . .
Positron Emission Computerized Tomography
7.1 Introduction
7.2 Cases . . . . . .
Cerebral Hemodynamics
8.1 Introduction
8.2 Average Cerebral Blood Flow and
Hemispherical Blood Flow
8.3 Vascular Response in Moyamoya Disease
8.4 Conclusion .
Treatment
9.1 Introduction
9.2 Therapy ofInfarction Attacks
9.3 Superficial Temporal Artery-Cortical Branch
of the Middle Cerebral Artery Anastomosis
(STA-MCA Anastomosis) and Encephalomyo........
synangiosis
9.4 Transplantation of the Omentum
9.5 Encephaloduroarteriosynangiosis
9.6 Therapy for and Prevention of Intracranial
Hemorrhage . . . . . . . . . . . .
9.7 Anesthesia During Surgery for Moyamoya
Disease
9.8 Conclusion .

10 Pathology
10.1 Introduction
10.2 Autopsy Materials
10.3 Pathology of Autopsied Brain Tissue
10.4 Investigations Based upon Whole Body
Autopsy
10.5 Conclusion .
11 Etiology
....
11.1 Introduction
11.2 Background to Our Experimental Research

71
72
73
73
73
77
80
81

83
83
83
89
89
90
95
101
105
105
105

111
112
112
113
116
116
119
119
119
121
128
130
131
131
131

Contents

11.3 Experimental Methods and Results
11.4 Conclusion . . . .
12 Quasi-Moyamoya Diseases
12.1 Introduction
12.2 Unilateral Quasi-Moyamoya Disease
12.3 Quasi-Moyamoya Disease in Which Bilateral
or Unilateral Stenosis or Occlusion
of the Proximal Portion of the MCA Is Seen,
Together with Moyamoya Vessels
in the Immediate Vicinity
.....
12.4 Quasi-Moyamoya Disease with Vascular
Malformations . . . . . . . . . .
12.5 Quasi-Moyamoya Disease Due to Known
.............
Causes
12.6 Quasi-Moyamoya Disease Due to Other
Causes
12.7 Conclusion

XI

132
143
145
145
145

151
151
154
·167
168

References

169

Subject Index

187

