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This authoritative book series presents state of the art knowledge on the 
pathophysiology, prevention, diagnosis, and treatment of stroke, highlighting 
the many very important advances that have been achieved in recent years. 
Current issues in management are addressed in detail, equipping readers with 
an understanding of the rationale for particular approaches in different 
settings and with a sound knowledge of the role of modern imaging methods, 
surgical techniques, and medical treatments. The inclusion of numerous 
high-quality illustrations facilitates understanding of practical aspects and 
rapid retrieval of fundamental information. The series will be of value for 
stroke physicians, surgeons, other practitioners who care for patients with 
stroke, and students.

More information about this series at http://www.springer.com/series/15338
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It has been 2 years since the publication of Diagnosis and Treatment of 
Ischemic Stroke, the first volume in the “Stroke Revisited” series. As prom-
ised, a new volume has now been published, entitled Pathophysiology of 
Stroke: From Bench to Bedside. This is the fourth publication in the series, 
preceded by Hemorrhagic Stroke and Vascular Cognitive Impairment. 
Originally predicted to be published at the end of 2018, this volume was 
delayed longer than expected due to editing issues. That said, I would like to 
apologize to readers who showed great interest in the previous volumes and 
eagerly awaited this volume. I will make every effort to publish the remaining 
two volumes at the beginning of 2021.

As its title suggests, the fourth volume is a textbook that covers the patho-
physiology of stroke. In volume one, Diagnosis and Treatment of Ischemic 
Stroke, the focus was on the practical diagnosis and treatment of ischemic 
stroke, with minimal discussion of pathophysiology. With this new addition, 
along with the second volume, Hemorrhagic Stroke, I now cover nearly every 
aspect of stroke medicine. Improving our understanding of stroke pathophys-
iology, great strides were made in the 2000s, in which we saw significant 
progress in radiologic imaging technology. In terms of MRI advancements, 
we are now able to recognize stroke pathophysiology in near real-time and at 
high resolution via diffusion- and perfusion-weighted sequences, arterial spin 
labeling techniques, and 3 tesla high-resolution imaging. In addition, the 
introduction of 64-channel multi-detector CT technology made it easier to 
obtain perfusion imaging and cerebral angiography. These developments, 
discussed in this fourth volume, have helped us better understand the patho-
physiology of stroke more than ever before. Furthermore, we discuss new 
disease concepts in depth, such as cerebral amyloid angiopathy or cerebral 
autosomal dominant arteriopathy with subcortical ischemic strokes and leu-
koencephalopathy (CADASIL). Finally, in an effort to help readers under-
stand stroke pathophysiology from a cellular level, we address basic aspects 
of stroke pathophysiology, including cell death and repair mechanisms. As 
the editor of this volume, I recommend it be read cover to cover rather than as 
certain chapters only. This will enable the reader to comprehensively under-
stand every aspect of stroke pathophysiology and learn the most cutting-edge 
research on stroke diagnosis and treatment.

Not many textbooks explore stroke in depth. I used two to three books dur-
ing my residency and fellowship, and no book sufficiently discussed the sig-
nificant improvements in stroke care that occurred between 1990 and 2000. 

Preface
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Owing to advancements in brain MRI and CT imaging, it has become possi-
ble to gain an immediate understanding of a patient’s pathophysiology as it 
changes moment by moment. Despite these developments, most textbooks 
published previously still focused on outdated neurological examinations that 
are unable to support the advances made in the practice field. Moreover, most 
textbooks simply lacked explanation of core concepts and listed insignificant 
details about research findings that often conflicted. Before the development 
of smartphones and tablets, studying stroke required great perseverance. 
Nowadays, people around the globe are communicating via social media and 
are exposed to a previously unexperienced wealth of information. In tandem 
with recent technological advances, textbooks must change the way they 
deliver medical knowledge in order to provide information in a concise yet 
precise way. I decided to write a textbook reflecting such changes and con-
tacted Springer Nature, who ultimately agreed to publish the “Stroke 
Revisited” series. Despite facing communication and language obstacles, I 
would like to thank the many staff members of Springer Nature who have 
nevertheless helped publish this book.

This latest volume targets residents and fellows, physicians and scholars in 
their early careers who specialize in stroke, and physicians and researchers in 
other fields who aim to study stroke. Most textbooks are organized according 
to the traditional academic format, in which it can be difficult to obtain infor-
mation required in clinical settings. Instead, I strived to organize concise one- 
subject chapters in order for readers to be able to finish them quickly and 
efficiently. I have taken great care to compile the best academic expertise and 
latest findings, and I hope that that effort communicates to readers.

In order to publish this volume with the most extensive and up-to-date 
information, each chapter was written by the best medical scientists from 
around the world. I wholeheartedly thank all authors who have participated in 
this process. I hope that this textbook will be reviewed well and act as a 
strong example for future textbooks.

Seoul, Korea Seung-Hoon Lee 
2019  . 12
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Although I had an ideal model for a textbook in my brain, I rarely had an 
active conversation with publishers about my idea. This textbook was con-
ceived in an e-mail proposal of the textbook after an unplanned meeting with 
Ms. Lauren Kim, the editor of Springer Nature. The editorial team and I have 
obtained manuscripts from renowned medical experts in the world and have 
edited the manuscripts according to the principles we have set for this text-
book. Therefore, the contents of this book were completed only after tremen-
dous efforts from the editorial team. I would like to especially thank Dr. Min 
Kyoung Kang as associate editor and other colleagues for their enormous 
effort for the completion of this book. In addition, I would like to thank the 
executive members of edition of the publisher, Springer Nature Inc. who 
agreed with the philosophy behind this textbook and provided the title for this 
textbook series “Stroke Revisited.” Finally, I greatly appreciate the financial 
and technical support of the Korean Cerebrovascular Research Institute.

Throughout my research career, I focused on publishing papers as an 
author and becoming a famous, prosperous scientist. I rarely thought of writ-
ing a textbook. I would like to express my love toward my wife and my kids 
for changing my selfish thoughts and helping me understand my responsibili-
ties, that is, to help others and provide education to future medical doctors.

Seung-Hoon Lee

Acknowledgment



T
hi

s 
do

cu
m

en
t 

is
 c

op
yr

ig
ht

 o
f 

th
e 

or
ig

in
al

 p
ub

lis
he

r.
 T

hi
s 

do
cu

m
en

t 
is

 s
tr

ic
tl

y 
pr

iv
at

e,
 c

on
fid

en
ti

al
 a

nd
 p

er
so

na
l t

o 
it

s 
re

ci
pi

en
ts

 a
nd

 s
ho

ul
d 

no
t 

be
 c

op
ie

d,
 d

is
tr

ib
ut

ed
 o

r 
re

pr
od

uc
ed

 in
 w

ho
le

 o
r 

in
 p

ar
t,

 n
or

 p
as

se
d 

to
 a

ny
 t

hi
rd

 p
ar

ty
. This document is 

copyright of the 
original publisher. 
This document is 
strictly private, 
confidential and 
personal to its 
recipients and 
should not be 

copied, distributed or 
reproduced in whole 
or in part, nor passed 

to any third party.
ix

Part I  Introduction on Stroke

1 General Facts of Stroke  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3
Chan-Hyuk Lee and Seung-Hoon Lee

2  Cerebral Vascular Anatomy . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  11
Hyoung Soo Byoun and Gyojun Hwang

Part II  Clinical Science: Large Artery Atherothrombosis

3  Concept of Large Artery and Small Vessel . . . . . . . . . . . . . . . . . .  31
Seung-Hoon Lee

4  Pathophysiology of Large-Artery Atherosclerosis . . . . . . . . . . . .  37
Seung-Hoon Lee

5  Pathophysiology of Stroke Resulting from Large-Artery 
Atherothrombosis . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  51
Jae Guk Kim and Soo Joo Lee

Part III  Clinical Science: Small Vessel Disease

6  Cerebral Small Vessel Disease . . . . . . . . . . . . . . . . . . . . . . . . . . . .  61
Seung-Hoon Lee

7  Cerebral Amyloid Angiopathy: Emerging Evidence for Novel 
Pathophysiology and Pathogenesis  . . . . . . . . . . . . . . . . . . . . . . . .  81
Masahito Yamada, Kenji Sakai, Tsuyoshi Hamaguchi,  
and Moeko Noguchi-Shinohara

8  Cerebral Autosomal Dominant Arteriopathy with Subcortical 
Ischemic Strokes and Leukoencephalopathy (CADASIL) . . . . . .  95
Yerim Kim

Part IV  Clinical Science: Cardioembolism

9  Pathophysiology of Cardioembolism . . . . . . . . . . . . . . . . . . . . . . . 105
Chan-Hyuk Lee

Contents



T
hi

s 
do

cu
m

en
t 

is
 c

op
yr

ig
ht

 o
f 

th
e 

or
ig

in
al

 p
ub

lis
he

r.
 T

hi
s 

do
cu

m
en

t 
is

 s
tr

ic
tl

y 
pr

iv
at

e,
 c

on
fid

en
ti

al
 a

nd
 p

er
so

na
l t

o 
it

s 
re

ci
pi

en
ts

 a
nd

 s
ho

ul
d 

no
t 

be
 c

op
ie

d,
 d

is
tr

ib
ut

ed
 o

r 
re

pr
od

uc
ed

 in
 w

ho
le

 o
r 

in
 p

ar
t,

 n
or

 p
as

se
d 

to
 a

ny
 t

hi
rd

 p
ar

ty
. This document is 

copyright of the 
original publisher. 
This document is 
strictly private, 
confidential and 
personal to its 
recipients and 
should not be 

copied, distributed or 
reproduced in whole 
or in part, nor passed 

to any third party.

x

 10  Atrial Fibrillation and Other Cardiac Dysfunctions  
Related with Stroke . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 113
Woo-Keun Seo

Part V  Clinical Science: Pathophysiology of Specific Causes

 11  Cerebral Vessel Wall Diseases  . . . . . . . . . . . . . . . . . . . . . . . . . . . . 127
Keun-Hwa Jung

 12  Hemorrheologic Disease . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 149
Min Kyoung Kang

 13  Paradoxical Embolic Stroke . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 161
Jinkwon Kim

 14  Hemorrhagic Diseases  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 173
Wonhyoung Park, Jaewoo Chung, Yeongu Chung,  
Jung Min Lee, and Jae Sung Ahn

Part VI  Brain Hemodynamics

 15  Brain Hemodynamics . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 215
Nathan Gaines and David S. Liebeskind

Part VII  Basic Aspect: Cell Death and Neurorepair

 16  Pathophysiology of Neuronal Cell Death After Stroke  . . . . . . . . 235
Toru Yamashita and Koji Abe

 17  Emerging Mechanism of Cell Death Caused by Stroke:  
A Role of Neurovascular Unit  . . . . . . . . . . . . . . . . . . . . . . . . . . . . 243
Ryo Ohtomo and Ken Arai

 18  Basic Aspect: Neurorepair After Stroke . . . . . . . . . . . . . . . . . . . . 257
Margherita Zamboni, Jens Magnusson, and Jonas Frisén

 19  Mechanism of Recovery After Stroke . . . . . . . . . . . . . . . . . . . . . . 271
Seong-Ho Koh

 20  Neurorepair Strategies After Stroke . . . . . . . . . . . . . . . . . . . . . . . 281
Chuansheng Zhao and Jukka Jolkkonen

Contents



T
hi

s 
do

cu
m

en
t 

is
 c

op
yr

ig
ht

 o
f 

th
e 

or
ig

in
al

 p
ub

lis
he

r.
 T

hi
s 

do
cu

m
en

t 
is

 s
tr

ic
tl

y 
pr

iv
at

e,
 c

on
fid

en
ti

al
 a

nd
 p

er
so

na
l t

o 
it

s 
re

ci
pi

en
ts

 a
nd

 s
ho

ul
d 

no
t 

be
 c

op
ie

d,
 d

is
tr

ib
ut

ed
 o

r 
re

pr
od

uc
ed

 in
 w

ho
le

 o
r 

in
 p

ar
t,

 n
or

 p
as

se
d 

to
 a

ny
 t

hi
rd

 p
ar

ty
. This document is 

copyright of the 
original publisher. 
This document is 
strictly private, 
confidential and 
personal to its 
recipients and 
should not be 

copied, distributed or 
reproduced in whole 
or in part, nor passed 

to any third party.
xi

Editors and Contributors

Editor

Seung-Hoon  Lee Department of Neurology, Clinical Division, Seoul 
National University Hospital, Seoul, Republic of Korea

Associate Editor

Min  Kyoung  Kang Department of Neurology, Seoul National University 
Hospital, Seoul, Republic of Korea

Contributors

Koji Abe Department of Neurology, Okayama University Graduate School 
of Medicine, Dentistry and Pharmaceutical Sciences, Okayama, Japan

Jae  Sung  Ahn Department of Neurosurgery, Asan Medical Center, 
University of Ulsan College of Medicine, Seoul, Republic of Korea

Ken Arai Neuroprotection Research Laboratory, Departments of Radiology 
and Neurology, Massachusetts General Hospital and Harvard Medical 
School, Charlestown, MA, USA

Hyoung  Soo  Byoun Department of Neurosurgery, Chungnam National 
University Hospital, Daejeon, Republic of Korea

Jaewoo Chung Department of Neurosurgery, Dankook University Hospital, 
Cheonan, Republic of Korea

Yeongu Chung Department of Neurosurgery, Kangbuk Samsung Hospital, 
Seoul, Republic of Korea

Jonas  Frisén Department of Cell and Molecular Biology, Karolinska 
Institute, Stockholm, Sweden

Sponsored by

Korean Cerebrovascular Research Institute



T
hi

s 
do

cu
m

en
t 

is
 c

op
yr

ig
ht

 o
f 

th
e 

or
ig

in
al

 p
ub

lis
he

r.
 T

hi
s 

do
cu

m
en

t 
is

 s
tr

ic
tl

y 
pr

iv
at

e,
 c

on
fid

en
ti

al
 a

nd
 p

er
so

na
l t

o 
it

s 
re

ci
pi

en
ts

 a
nd

 s
ho

ul
d 

no
t 

be
 c

op
ie

d,
 d

is
tr

ib
ut

ed
 o

r 
re

pr
od

uc
ed

 in
 w

ho
le

 o
r 

in
 p

ar
t,

 n
or

 p
as

se
d 

to
 a

ny
 t

hi
rd

 p
ar

ty
. This document is 

copyright of the 
original publisher. 
This document is 
strictly private, 
confidential and 
personal to its 
recipients and 
should not be 

copied, distributed or 
reproduced in whole 
or in part, nor passed 

to any third party.

xii

Nathan Gaines UCLA Department of Neurology, University of California, 
Los Angeles Medical Center, Los Angeles, CA, USA

Tsuyoshi  Hamaguchi Department of Neurology and Neurobiology of 
Aging, Kanazawa University Graduate School of Medical Sciences, 
Kanazawa, Japan

Gyojun  Hwang Department of Neurosurgery, Bundang Jesaeng General 
Hospital, Seongnam, Republic of Korea

Jukka Jolkkonen Institute of Clinical Medicine/Neurology, University of 
Eastern Finland, Kuopio, Finland

A.I. Virtanen Institute for Molecular Sciences, University of Eastern Finland, 
Kuopio, Finland

Keun-Hwa  Jung Department of Neurology, Seoul National University 
Hospital, Seoul, Republic of Korea

Min  Kyoung  Kang Department of Neurology, Seoul National University 
Hospital, Seoul, Republic of Korea

Jae  Guk  Kim Department of Neurology, Eulji University Hospital, Eulji 
University School of Medicine, Daejon, Republic of Korea

Jinkwon Kim Department of Neurology, Yongin Severance Hospital, Yonsei 
University College of Medicine, Yongin, Republic of Korea

Yerim  Kim Department of Neurology, Kangdong Sacred Heart Hospital, 
Hallym University College of Medicine, Seoul, Republic of Korea

Seong-Ho  Koh Department of Neurology, Hanyang University Guri 
Hospital, Guri-Si, Republic of Korea

Chan-Hyuk  Lee Department of Neurology, Jeonbuk National University 
Hospital, Jeonju, Republic of Korea

Jung  Min  Lee Department of Neurosurgery, Asan Medical Center, 
University of Ulsan College of Medicine, Seoul, Republic of Korea

Seung-Hoon  Lee Department of Neurology, Clinical Division, Seoul 
National University Hospital, Seoul, Republic of Korea

Korean Cerebrovascular Research Institute, Seoul, Republic of Korea

Soo  Joo  Lee Department of Neurology, Eulji University Hospital, Eulji 
University School of Medicine, Daejon, Republic of Korea

David  S.  Liebeskind UCLA Department of Neurology, University of 
California, Los Angeles Medical Center, Los Angeles, CA, USA

Jens  Magnusson Department of Cell and Molecular Biology, Karolinska 
Institute, Stockholm, Sweden

Moeko  Noguchi-Shinohara Department of Neurology and Neurobiology 
of Aging, Kanazawa University Graduate School of Medical Sciences, 
Kanazawa, Japan

Editors and Contributors



T
hi

s 
do

cu
m

en
t 

is
 c

op
yr

ig
ht

 o
f 

th
e 

or
ig

in
al

 p
ub

lis
he

r.
 T

hi
s 

do
cu

m
en

t 
is

 s
tr

ic
tl

y 
pr

iv
at

e,
 c

on
fid

en
ti

al
 a

nd
 p

er
so

na
l t

o 
it

s 
re

ci
pi

en
ts

 a
nd

 s
ho

ul
d 

no
t 

be
 c

op
ie

d,
 d

is
tr

ib
ut

ed
 o

r 
re

pr
od

uc
ed

 in
 w

ho
le

 o
r 

in
 p

ar
t,

 n
or

 p
as

se
d 

to
 a

ny
 t

hi
rd

 p
ar

ty
. This document is 

copyright of the 
original publisher. 
This document is 
strictly private, 
confidential and 
personal to its 
recipients and 
should not be 

copied, distributed or 
reproduced in whole 
or in part, nor passed 

to any third party.

xiii

Ryo  Ohtomo Neuroprotection Research Laboratory, Departments of 
Radiology and Neurology, Massachusetts General Hospital and Harvard 
Medical School, Charlestown, MA, USA

Eun-Sun   Park Seoul National University Hospital and Korean 
Cerebrovascular Research Institute, Seoul, Republic of Korea

Wonhyoung  Park Department of Neurosurgery, Asan Medical Center, 
University of Ulsan College of Medicine, Seoul, Republic of Korea

Kenji  Sakai Department of Neurology and Neurobiology of Aging, 
Kanazawa University Graduate School of Medical Sciences, Kanazawa, 
Japan

Woo-Keun  Seo Department of Neurology, Samsung Medical Center, 
Sungkyunkwan University, Seoul, Republic of Korea

Masahito Yamada Department of Neurology and Neurobiology of Aging, 
Kanazawa University Graduate School of Medical Sciences, Kanazawa, 
Japan

Toru Yamashita Department of Neurology, Okayama University Graduate 
School of Medicine, Dentistry and Pharmaceutical Sciences, Okayama, Japan

Margherita  Zamboni Department of Cell and Molecular Biology, 
Karolinska Institute, Stockholm, Sweden

Chuansheng Zhao Department of Neurology, The First Affiliated Hospital 
of China Medical University, Shenyang, China

Editors and Contributors


