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Optical Coherence Tomography Applied to Organ Microcirculation
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Optical coherence tomography (OCT) is a noninvasive technique to obtain cross-sectional images of light scattering medium like living
tissues. Doppler OCT has been developed to measure blood flow velocity in microvessels, while Fourier-domain OCT (FDOCT) has
been invented as a high-speed substitute of time-domain OCT (TDOCT). They have been combined into a rapid visualization method
of microvessels called OCT angiography. This article reviews the recent progress of OCT technology applied to organ microcirculatory

study especially focusing on OCT angiography.

Key words: optical coherence tomography (OCT), Doppler OCT, OCT angiography, organ microcirculation
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Fig. 1 (a) Velocity distribution in a penetrating arteriole shown in red is
superposed on the OCT structural image for the rat cerebral cortex (image
size: 1x1.07 mm)'". (b) Centerline velocity in the penetrating arteriole in
(a) plotted against the cardiac phase determined by femoral arterial
pressure.
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Fig. 2 Three-dimensional
blood flow distribution in the
barrel field of rat cerebral
cortex (image size: 1x0.3x
1.07 mm). The look up table
blood flow
velocity, where the positive

shows the

and negative values denote
the downward and upward
velocity, respectively. The
gray dots show the cortical
surface'”.
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Fig. 3 (2) CCD image and (b) OCT angiogram of rat cranial
window'”.
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Fig. 4 (a) Confocal image and (b) speckle variance OCT image of
mouse dorsal skinfold window®.
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1. [FCHIC

It is my great honor to receive the 37th Japanese
society of biorheology encouragement award. I have
to give my thanks to my adviser Prof. Oshima.
Without her useful advice and great patience, I could
not have gotten the valuable research results and
obtained the award. I would also like to thank all the
others who have helped me with my research.

One of the main research fields in our laboratory is
to simulate the blood flow in the cerebrovascular
system. The Circle of Willis (CoW) works as the main
distribution center to supply blood to each region of
the brain. The hemodynamics of blood flow in CoW is
related to various cerebrovascular diseases such as the
aneurysms, stenosis or stroke. In order to obtain a
better understanding of disease progression and also to
provide a better treatment for the disease, it is
important to obtain the detailed hemodynamic

information. Since the temporal and spatial resolution

of medical imaging measurement such as CT and MRI,

are limited, the flow information which could be
measured directly are quite restricted. Especially, this
problem becomes more apparent for the flow in the
cerebral circulation, because a size of cerebral blood
vessel is less than 1mm, which is smaller than the
resolution of MRI. Combining with the medical
imaging data, the CFD (Computational Fluid
Dynamics) is considered to be powerful tool for

studying the hemodynamics of blood flow in CoW.

(138)
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2. IRAE

Since the blood flow in the cerebrovascular system
is influenced by the entire cardiovascular system, the
cerebrovascular system should not be treated as an
independent analysis region. However, constructing
the 3D geometry for the entire cardiovascular system
is time and resource costing, and also not effective.
Instead, the blood flow in the cardiovascular system
can be predicted using the
one-dimensional-zero-dimensional (1D-0D)
multi-scale model."” > With the minimal calculation
cost, the 1D-0D multi-scale simulation could estimate
not only the flow distribution but also the pulse wave
propagation in the artery network.” Considering its
efficiency, 1D-0D multi-scale simulation can be a
promising clinical tool in the near future.

In our research, we developed the patient-specific
1D-0D multi-scale model for the entire cardiovascular
system to investigate the blood flow in CoW. In order
to predict the hemodynamics of blood flow in CoW,
the patient-specific information is used in the
simulation. The patient-specific information in our
research is the arterial geometry of CoW and the flow
information. The geometry such as radius and length
is extracted from the MRI measurement data and is
used in the 1D simulation. The flow information uses
flow rates obtained from the Single Photon Emission
Computed Tomography (SPECT) measurement. When

the statistical peripheral resistance is used, there are

HOURZERZERE T55%
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some discrepancies between the SPECT data and the
resulting flow rate at each efferent artery of CoW.
Each peripheral resistance in the 0D model attached to
the efferent artery of CoW is adjusted to minimize the
discrepancies. The comparison between the simulation
results and the PC-MRA measurement shows good

agreement with the measurement data.

3. FMEMEEIELT

After 1 graduated from the university in China, I
went to Kyushu University and enrolled in the
graduate program. After two years of study on the
CFD, I came to the present laboratory to begin my
doctor’s research in 2013. I mainly focused on the
simulation of turbulent air flow around the car during
my master course, it has been a challenge for me to
work on the blood flow. However, with the help from
members at the laboratory and the co-researchers, I
successfully obtained the good research results. I’'m so

excited to be awarded with the encouragement award.

4. BHYIC

The research is done under the instruction of Prof.
Oshima at the University of Tokyo. I should thank her
for all the valuable pieces of advice during the
research. Also, thank Prof. Liang of Shanghai Jiao
Tong University for his help in understanding the
and Doctor

original 1D-0D multi-scale model,

CETHO
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Yamada for the patient-specific information. I would
also like to than Mr. Kobayashi for helping me in
extracting the geometrical information from the
medical data, and Prof. Takagi for his useful
comments. Finally, I would like to extend my sincere
appreciation for all the award communities who have
recommended me. I will treasure this award and try to

do my best in my research.
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20147 H 6 BHr6 11 HETO 6 HEIZHTZ

ST, T EHEF S A A A ) = 7 2235 (Tth World
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15t International Congress of Biorheology and

8th International Conference on Clinical Hemorheology
24-28 May 2015, Seoul, Korea

http://isb-isch2015.org/

Joint Meeting of the International Society of Biorheology and the International Society for Clinical Haemorheology

Invitation

You are cordially invited to attend the joint meeting of the ISB
and the ISCH which will be held on the campus of Korea
University, Seoul, Korea from May 24-28, 2015.

As with prior joint meetings, the congress aims to cover all
aspects of bio- and hemo-rheology. Basic science and clinical
investigators in these or related fields are strongly encouraged
to join this meeting and share recent advances in research.

Participants will have an opportunity to interact with
prestigious plenary and keynote speakers and to attend
outstanding oral and poster presentations.

Additionally, a variety of social activities will be offered
including an opening reception, a banquet and a conference
tour. A program for accompanying individuals is also being
planned.

We look forward to meeting you in Seoul, Korea in May, 2015.

Conference Chairs
Sehyun Shin (ISCH, Korea University)
Herbert Lipowsky (ISB, Penn State University)

Organizations

The International Society of Biorheology (ISB)
http://www.coe.ou.edu/isb/

The International Society for Clinical Hemorheology (ISCH)
http://www.hemorheology.org/
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Scientific Program Committee

Peter Butler (USA, ISB Co-Chair)

Masaaki Sato (Japan, ISB Co-Chair)

Brian M. Cooke (Australia, ISCH Co-Chair)
Tamas Alexy (USA, ISCH Co-Chair)

Tom Coates (USA)

Phillipe Connes (France)
Bingmei Fu (USA)

Isamu Kaneda (Japan)

C-T Lim (Singapore)

Herb Lipowsky (USA)

Mian Long (China)

Herb Meiselman (USA)
Gerard Nash (UK)

Walter Reinhart (Switzerland)
Geert Schmidt-Schonbein [USA)
Masako Sugihara-Seki (Japan)
Kalman Toth (Hungary)

sung Yang (Korea)

Local Organizing Committee

Byoung Kwon Lee (Yonsei U. Severance Hospital)
Chae Seung Lim (Korea U. Guro Hospital)
Chul-Woo Ahn (Yonsei U. Severance Hospital)
Choon-Hak Lim (Korea U. Anam Hospital)
Doosang Kim (Seoul Veterans Hospital)
Sang-Wook Kim (Chung-Ang U. Hospital)
Dong-Hwan Lee (Chonbuk National U.)
Joon-Sang Lee (Yonsei U.)

Simon Song (Hangyang U.)

sung Yang (GIST)
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15™ International Congress of Biorheology and
8t International Conference on Clinical Hemorheology
24-28 May 2015, Seoul, Korea

Call for Papers and Symposia

Topics for symposia include but are not limited to: A

. Biofluid/biosolid rheology and mechanics
. RBC/WBC/platelet rheology
. Bio- or hemorheology in pharmacology
. Mechano-biology or rheological aspects of cells/tissues/vasculature
. Molecular biorheology
. Bio- or hemorheology in the microcirculation
. Clinical disorders and rheology
. Cell and tissue engineering
. Biorheology of cancer
. Artificial organs
. Sensors, measurements and methods for bio- or hemorheology

\ . Micro/nano fluidics in bio- or hemorheology y

Submission Guidelines Registration Fees (USS)

« All abstracts should be submitted via the

Before After .
conference website Category 1/a/15 1/4/15 On-Site
. : " Society Member
Symposia proposal should be submitted by $500 $570 $650
. . (ISB or ISCH)
email to the scientific contacts (below)
Non-Member $650 S700 5780
* Detailed guidelines for symposia proposals
. . Post-Doctoral
and abstracts are available at: Fellow 5350 $400 $450
http://isb-isch2015.org/ Student $250 $275 $300
Accompanying
Important Dates Persons* $100 $100 $100
Banguet 350 $50 $50

* Symposia proposals September 30, 2014

+ Abstract Submission February 1, 2015 * The Banquet is free for registered accompanying persons.
* Travel Awards March 1, 2015
+ Advanced Registration April 1, 2015

Scientific Contacts

Program Committee Chairs

Peter Butler (pbutler@psu.edu)

Masaaki Sato (sato.m-bme@m.tohoku.ac.jp)
Brian M. Cooke (brian.cooke@monash.edu)

Tamas Alexy (tamas.alexy@emory.edu )

Conference Secretariat

KSME PCO Service Unit

TEL: +82-2-501-5305

FAX: +82-2-501-3649

E-mail : ksmepco@ksme.or.kr
Website : http://isb-isch2015.org/
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