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Summary

Objectives: To promote the exchange of knowledge and
standardization of medical procedures and medical
systems in the Asia-Pacific region, we established a
medical network with high-quality moving images over
broadband Internet lines in February 2003.

Methods: Real-time teleconferences and live demon-
strations with medical-quality videos, broadcast via the
Digital Video Transport System, have been used to
teach surgical techniques and other medical procedures
across national borders.

The Asia-Pacific Advanced Network (APAN) committee
in August 2005 formally approved our proposal to
establish a medical working group within APAN. The
network was expanded by the launch of the Trans-
Eurasia Information Network 2 in 2006. By the end of
2006, we had conducted 82 events, in 10 countries in
the Asia-Pacific region. The multi-station event has
increased every year.

Results: There have been no serious transmission prob-

lems or ethical conflicts so far. With these experiences
and current achievements, we hope fo extend this ad-
vanced network system to the entire Asia-Pacific.
Conclusion: This system is a promising and very useful
tool for the standardization of medical system and pro-
cedures across national borders. Drawing upon these
experiences and current achievements, we hope fo

extend this advanced network system to the entire Asia-

Pacific region.
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1. Introduction

Medical care varies between countries be-
cause of disparities in economic power and
differences in policies, religions, and cus-
toms. Medical information is not easily dis-
seminated beyond national borders, and
medical staff are rarely aware of the exist-
ence of these differences. This problem can
be solved in part by establishment of a tele-
conference system that can transmit high-
quality moving images [1].

This is a new network communication
system that can transmit real-time, high-
quality moving digital video (DV) images
over Internet Protocol (IP). We are now able
to use international submarine fiber-optic
cable networks in the Asia-Pacific region
for broadband transmission. The distribu-
tion of medical information with DV over IP
beyond national borders makes medical
staff keenly aware of the differences in
medical services and uncovers the relative
advantages and disadvantages in the medi-
cal field between countries. For example,
via the network system, medical staff can
gain concrete and exact knowledge of ad-
vanced medical techniques and devices de-
veloped or used in other countries without a
large cost or loss of time. In the case of out-
breaks of emerging infectious diseases such
as bird flu and severe acute respiratory syn-
drome (SARS), and in the eventuality of ter-
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rorism with biochemical weapons in the
Asia-Pacific region, we may grasp the real-
ity of strange symptoms in remote areas and
prevent the spread of the disease and pre-
pare for the care of sufferers.

Herein, we describe how we have ex-
panded the Asia-Pacific international medi-
cal network since February 2003 and de-
scribe the issues we have had during the ex-
pansion of the network.

2. Methods

2.1 Organization

The Hyeonhae/Genkai project was estab-
lished in 2002 for development of in-
formatics research and friendship between
Korea and Japan via the Korea-Japan Cable
Network (KJCN). In February 2003, as a
subproject of the Hyunhae/Genkai project,
Japanese and Korean medical groups col-
laborated to use the KICN for medical pur-
poses [2, 3].

2.2 Networks

2.2.1 Domestic Network in Japan

We connected conference rooms and oper-
ating rooms at Kyushu University Hospital,
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Japan, to the Computing and Communi-
cations Center (CCC) of the main campus of
US Kyushu University via the campus network

Abilene ”CKRNZT\ AL at 1 Gbps, which we increased to 10 Gbps in
March 2006. Kyushu Giga POP (QGPOP),

which the CCC manages, functions as the

CN
T primary hub of the network in this project.
CERNET . ASrot We connected from QGPOP to domestic
giga-class backbones, the Japan Gigabit
KR

Network (JGN) (until 2003), JGN2 (since
2004) [4], and the Super Science Informa-

KOREN ¢ SINET oG tion Network (Super SINET [5)). Wq con-
BPAN- — SingAREN nected Iwate Medical College (Morioka),
JP Nagasaki University Hospital (Nagasaki),
: e Fujimoto Hayasuzu Hospital (Miyakonojo),
aloa

and academic meeting venues in Sapporo,

JP .
aGPoP - Tokyo, Yokohama, and Fukuoka, Japan.
as2023
2.2.2 International Optic Cables
and Domestic Networks in Other Countries

Foyushu
University

We used public optic submarine cables for
international connections and for domestic
research and educational networks within
TEINZ was launched other countries (Fig. 1). We connected the

in 2008. QGPOP network and the Korea Advanced
T Research Network (KOREN [6]) in Korea,
via the Asia-Pacific International Infra-
structure (APII) (1 Gbps), which uses the

LS KJCN. In China, we connected to the China
@/ W AU Education and Research Network (CER-

NET [7]) through the KOREN-CERNET

submarine connection (155 Mbps). In Tai-

ON
CERNET ) ™W i C/—)I“D HK wan, we used the Academic Service Net-
CSTNET ASrot ﬁ;} work (ASnet [8]), with the connection from
Super SINET or Asia-Pacific Advanced
Network-Japan (APAN-JP) at 1 Gbps
KR : through an optic submarine cable, which
KOREN ¢ SINET - = was preparedbyASnet. I_nTha@lanq,.we con-
APAN- -y SingAREN nected to the Thai Social/Scientific, Aca-
JP demic and Research Network (ThaiSarn
. [9]) via Super SINET (45 Mbps). Australia’s
Jp ' TheiSam - Research and Education Network (AARNet
[10]) was connected to Abilene [11] through
CoPor = s transPAC [12] from APAN-IP. We did not
/S have a direct connection with Singapore;
ASIA-BB thus, we used a combination of the Japan-

Fawushu

e Taiwan connection and the ASnet-Sin-
University

gapore connection (155 Mbps), using the
Advanced Research and Education Net-
work (SingAREN [13]) in Singapore.

Fig. 1 The Asia-Pacific international network configuration before and after TEIN2 was launched in 2006. Connected Trans-Eurasia Information Network 2

countries are shown by abbreviations (JP: Japan, KR: Korea, US: United States, AU: Australia, CN: China, TW: Taiwan, TH: (TEIN2), Whi.Ch was 1aun0h?d in 2006,
Thailand, SG: Singapore, VN: Vietnam, ID: Indonesia, and HK: Hong Kong). made connection to South Asian countries
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easier. We connected Vietnam, Hong Kong,
and Indonesia in the summer of 2006. We
also changed the route to Singapore and
Thailand in 2006, as we were able to directly
connect to these countries via JGN2. Addi-
tionally, we used the Asia Broadband pro-
gram line (ASIA-BB [14]) for the connec-
tion to Thailand starting in late 2005.

2.3 Terminal Systems Organiza-
tion for Moving Image Transmission

For transmission of moving images with
standard definition, we have used DV over
IP in this network. We usually use the Digi-
tal Video Transport System (DVTS) over IP.
DVTS is open source freeware, download-
able from a Web site [15]. We also transmit
High Definition Television (HDTV) images
compressed by Mpeg2 on the network. We
sometimes use Virtual Network Computing
to transmit high-definition static images
(e.g., images for pathologic diagnosis). We
always have ready ITU H.323 Polycom
series (Polycom Inc.) or PCS-1 (Sony
Corp.) as a backup system.

When an event has multiple stations, we
use a DV4 system (Qubit Systems Inc.) that
can integrate four DV signals into one digi-
tal image without analog conversion. In the
APAN-Tokyo meeting in January 2006, for
which we connected ten stations between
six countries, we had a chance touseaDV10
system that can integrate ten DV signals. For
effective teleconferencing, we always trans-
mit moving images and voice in both direc-
tions, and we often use additional trans-
mission to show other images.

2.4 Security System

When we transmit live images of patients,
we obtain written informed consent from
them. In these live transmissions, we used
C4S-VPN (Focus Systems Co. through
2003), and AR550S (Allied Telesis Co.)
after 2003 as security systems that were
approved for use by the ethics committee of
Kyushu University Graduate School of
Medicine.
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Fig. 2 Record of project events (2003-2006). Connected countries are shown by abbreviations (JP: Jupan, KR: Korea, US:
United States, AU: Australia, CN: China, TW: Taiwan, TH: Thailand, SG: Singapore, VN: Vietnam, and ID: Indonesia). Dia-
monds represent events, squares represent connected institutions, and triangles represent connected countries.

3. Results
3.1 Evaluation of the System

Installing the system and connecting to the
network are inexpensive if a broadband line
is available at the venue. In the minimum
setup, we do not need any special equipment
except two PCs and one DV camcorder. De-
pending on the size, importance, and tech-
nical difficulty of the event (e.g., multi-
station event and/or live demonstration), we
need other equipment, such as an echo can-
celler, audio mixer, DV mixer, and VPN
router. We sometimes need to contract addi-
tional specialists in network engineering
and audio control, including their equip-
ment for special events such as interna-
tional academic events, which can cost US
$10,000-$20,000 per event.

The quality of transmitted moving DVTS
images was as good as that of the original
digital video. A frame rate of 30 per second
was obtained by 30 Mbps bandwidth, and
the images were smooth and not sluggish.
The sound was clear; however, there audio

jitter was present during the entire course
due to packet loss. The time delay was less
than 0.3 sec between Japan and Korea, and
slightly longer for other countries (maxi-
mum 1.0 sec), which made for minimal to
no stress at each endpoint.

3.2 System Usage Record

The event record is shown in Figure 2. The
first event was conducted between Hanyang
University (Korea) and Kyushu University
Hospital (Japan) in February 2003. In 2003,
we established the basic scope of the project
(organization, network configuration, and
application). For example, we decided to
use security software to protect patient pri-
vacy during the first live transmission of a
patient’s image in August 2003.

We joined the APAN consortium in Janu-
ary 2004 (APAN-Honolulu). After three
subsequent demonstrations of telemedical
conferencing during APAN meetings,
which are held twice a year, the medical
working group was formally approved by
APAN by a vote during the APAN-Taipei
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Fig. 4  Left: number of events attended by each country (2003-2006). Right: number of events Korea attended (column of
diagonal lines) and did not attend (column of parallel lines) per year. Japan participated in all events except two in 2006.

meeting in August 2005 [16]. We met many
medical doctors/researchers at each APAN
meeting and therefore built a human net-
work to help expand our project. We also
gained partner institutions in Asia-Pacific
countries through our attendance at each
APAN meeting by asking different institu-
tions to be host stations. Thus, we estab-
lished multiple stations during and after
each APAN meeting by adding new in-
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stitutions/countries. Consequently, we con-
ducted a constant number of events over the
past four years, for a total of 82 by the end of
2006 (Fig. 2). The percentage of multi-
station (three stations or more) events in-
creased each year, reaching 50% in 2006
(Fig. 3), although the level of difficulty of
these events is high.

Japan and Korea have been the main par-
ticipants in the project (Fig. 4, left), fol-

lowed by China and Taiwan. Participation
by South Asian countries has clearly in-
creased since the launch of TEIN2 in 2006.
Japan and Korea have maintained steady
participation (Fig. 4, right).

Of the past 82 events, 26 were live trans-
missions of patient images and 37 were
transmissions to academic meeting venues,
13 of which overlapped, that is, 13 involved
live transmission of patient images to aca-
demic meeting venues (Fig. 5). The other 32
events were regular teleconferences be-
tween conference rooms.

3.3 Categories of Event

3.3.1 Transmission of Live Images of
Patients to a Conference Room or Office

For demonstration of medical procedures,
we have transmitted 1) live endoscopic sur-
geries, ii) live microscopic surgeries, and
iii) live endoscopic examinations from the
operating room or examination room. The
surgeon can hear and talk to other stations
during the procedure. We usually create a
separate station in the surgeon’s institution
for explanation of the procedure to avoid
disturbing the surgery. Usually, the surgeon
usually has a high level of experience with
the technique or is using a cutting-edge de-
vice. Another use of transmission of live im-
ages is telementoring. For example, we con-
nected an operating room at a hospital in
Seoul with a conference room at Kyushu
University Hospital in Japan in 2004. In
Seoul, doctors were performing micro-
scopic surgery for an orbital tumor, a rare
disease. A neurosurgeon at Kyushu Univer-
sity Hospital who is a specialist in this type
of tumor was able to advise the surgical
team during the surgery on the basis of clear
moving images transmitted from Korea to
Japan; a successful operation resulted.

3.3.2 Transmission to Academic Meeting
Venues

It is difficult for medical staff to attend aca-
demic meetings abroad because they cannot
leave their patients for extended periods of
time. With our system, we have conducted
many remote lectures or presentations,



making it possible for medical staff to re-
motely attend a meeting from their own hos-
pital. We also used this system for virtual
tours of remote institutions. In November
2005, we held a teleconference at the 25th
Joint Conference of Medical Informatics in
Yokohama, Japan. In this session, we pro-
vided a virtual tour of Seoul National Uni-
versity Bundang Hospital, which is famous
worldwide as an e-hospital. More than 260
attendees had the opportunity to see an ad-
vanced electronic medical record system
firsthand (Fig. 6).

3.3.3 Live Tramsmission of Patient Images
to Academic Meeting Venues

We have transmitted live demonstrations of
medical procedures in actual patients to in-
ternational academic meeting venues. We
are able to introduce a procedure to
hundreds of specialists in the field in differ-
ent countries. For example, we connected
the venue of the 94th Annual Meeting of the
Japanese Urological Association in Fukuo-
ka, Japan, and an operating room at Han-
yang University Hospital in Seoul, Korea,
and transmitted a live endoscopic urological
surgery to the venue, where more than 1000
urologists were present. They were able to
learn about the procedure and discuss the
surgery with doctors at the Korean station.

3.34 Regular Teleconferencing

“Regular teleconferencing” refers to the
transmission of a closed-type conference
without live images of patients. For regular
teleconferences, the participants discuss
medical systems and procedures (tech-
niques, equipment, etc.) for one hour to five
hours. For example, a cholangio-pancreatic
clinicopathological (CPC) conference has
been held monthly at Kyushu University
Hospital for more than ten years. In Feb-
ruary 2005, we started a regular CPC tele-
conference between Seoul National Univer-
sity Bundang Hospital and Kyushu Univer-
sity Hospital, and we have added about three
regular teleconferences per year. In the CPC
teleconferences, anonymous patient histo-
ries and preoperative images were shown
along with still images. The quality of the
images was as good as that of the original
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Fig. 5

Classification of
broadband medical
teleconferences.

The numbers represent
events included in our
project (2003-2006).

Live transmission of
patient image

Regular teleconference
from office to office (32)

Live transmission Transmission to

at academic meeting| gcagemic meeting venue
(13) 24)

Fig. 6  The screen shows a virtual visit to Seoul National University Bundang Hospital and an electronic medical record
system, which were provided af the 25th Joint Conference of Medical Informatics in Yokohama, Japan. Left: nurse caring for
a patient (actor). Right: human interface of an electronic medical record system

digital video. The surgical anatomy was
correctly identified, and the procedures
were well understood. We conducted 32
regular medical teleconferences by the end
of 2006.

4. Discussion

The ITU H series epitomized by H.323 is a
highly mature, distributed network telecon-

ferencing system, which includes a mechan-
ism for call alerting (analogous to a tele-
phone ring) and a means of using various
bandwidths. However, the moving images
can be of insufficient quality because H.323
is designed for low- to moderate-speed
bandwidth connections (<2 Mbps). We do
not think the quality of moving images is ad-
equate for medical purposes. Because our
activities are aimed at developing a next-
generation networking technology, we are
attempting to transport high-quality moving

Methods Inf Med 6/2007
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images as DV images for use in the medical
field.

Since the early 1990s, medical video-
teleconferences with high-quality video
have been conducted worldwide by private
network with asynchronous transfer mode
technology [17]. However, it costs too much
to construct a network for each event
(usually more than US $100,000). Com-
pressed DV images, mainly in Mpeg format,
were transmitted over IP starting in the late
1990s to reduce costs [18, 19]. However, the
compression process adds time, and this
delay affects the communication negatively.
To avoid this negative effect, we started to
transmit uncompressed images.

The Internet Engineering Task Force
(IETF) has standardized the data format to
transport DV by RFC3189 over a high-
speed network. This protocol has been in-
corporated into software (e.g., DVTS) and
hardware (e.g., DVCommXP). Our experi-
ence strongly suggests that DVTS is a candi-
date for use in a next-generation teleconfer-
encing system. In fact, Access Grid, a well-
established multi-station teleconferencing
system, uses DVTS as a transport system.

The present system, which processes
high-quality moving images, will help re-
move barriers to communication between
countries in the Asia-Pacific region and will
help standardize medical techniques, de-
vices, medicines, policies, and ethics.

This network project in Asia-Pacific re-
gion has played two roles with respect to
satisfactory growth of the network. First, it
has served as the hub of the telemedical net-
work within the Asia-Pacific region. The
project promoted the exchange of medical
knowledge only between Japan and Korea in
the first year. However, since our involve-
ment in several APAN meetings, many more
Asia-Pacific countries have participated in
the project. We have already connected ten
countries, and we plan to connect the Philip-
pines, India, Malaysia, and New Zealand in
2007.

Second, it has functioned as the com-
munication center for medical knowledge
and network technology. Those in the medi-
cal field want to use advanced information
and communication technologies for multi-
media and high-speed transmission of high-
quality moving images to exchange medical
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knowledge with their colleagues in remote
places. However, such contact has been
sporadic or not well integrated. The online
and offline activities of this project function
to close the gap between well-served and
underserved areas.

We are extending the medical network
with DVTS over IP in the Asia-Pacific re-
gion. The numbers of events and connected
institutions have increased rapidly over the
past four years. We found that DVTS has
several advantages for use in broadband
medical networks.

1) DVTS is open source freeware, down-
loadable from a Web site [15]. Set-up is
minimal; only two PCs with a DV port
and a commercially available DV camera
are needed for each terminal.

2) For medical purposes, images should be
of high quality. DVTS can transmit high-
quality moving images (standard defini-
tion level).

3) Because there is no compression process
in DVTS, it produces only a short delay,
less than 0.3 sec in the case of trans-
mission between Japan and Korea. The
delay is short enough to facilitate natural
discussion, not compounding the dif-
ficulties already present due to language
barriers.

4) With DVTS, multiple channels are easily
created with DV4 and DV10. In tele-
medicine, it is important to gather infor-
mation from multiple sources.

DVTS has the following limitations:

1) DVTS needs a 30-Mbps transmission
bandwidth to send a full-frame image for
a single channel. Further expansion of
the network is limited by the available
bandwidth in a particular area.

2) DVTS has a complicated human inter-
face to be used by the medical staff.
Thus, training and technical support are
necessary.

3) DVTS supports transport of high-quality
moving images; however, the transmitted
sound is not of equal quality. Packet loss
causes audio jitter. We have often used
alternative transmission for sound by
PC-1 or Skype [20].

4) DV4 and DV10 are compatible with
NTSC (National Television Standards
Committee), but not with PAL (Phase

Alternating Line), which is the standard
protocol for television transmission in
Australia, China, and Thailand. Thus, we
send Japanese equipment to partner
stations for use with DV4 or DV10 in
these countries.

In the use of DVTS with or without security
software, there were no major communi-
cation or ethical problems up to the end of
2006.

In the future study, we will add other
technology to our system to improve tele-
communication efficiency. For example, we
want to try transmission of high-definition
moving image, stereoscopy image [21], and
image with computer processing technol-
ogy [22]. We also want to spread system
users to patients and citizens in Asia-Pacific
region for their health management. Re-
cently, matured video teleconference sys-
tem was proved to support sophisticated
education as a tele-health management sys-
tem [23].

In conjunction with participation in
APAN meetings, we have established a
high-quality video transmission system
over IP throughout the Asia-Pacific region
that is easy to use, reliable, and economical.
Currently, the minimal requirement for DV
transmission for telemedicine is 30 Mbps
per channel. This system is a promising and
very useful tool for the standardization of
medical systems and medical procedures in
the Asia-Pacific region.
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