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Bbstract

Background: Recent advances in information technology have allowed the
development of a telepathology system involving high-speed transfer of high-volume
histological figures via fiber optic landlines. However, at present there are geographical
limits to landlines. The Japan Aerospace Exploration Agency (JAXA) has developed the
“Kizuna” ultra-high speed internet satellite and has pursued its various applications.
In this study we experimented with telepathology in collaboration with JAXA using
Kizuna. To measure the functionality of the Wideband InterNet working engineering
test and Demonstration Satellite (WINDS) ultra-high speed internet satellite in remote
pathological diagnosis and consultation, we examined the adequate data transfer speed
and stability to conduct telepathology (both diagnosis and conferencing) with functionality,
and ease similar or equal to telepathology using fiber-optic landlines. Materials and
Methods: We performed experiments for 2 years. In year |, we tested the usability of
the WINDS for telepathology with real-time video and virtual slide systems.These are
state-of-the-art technologies requiring massive volumes of data transfer. In year 2, we
tested the usability of the WINDS for three-way teleconferencing with virtual slides.
Facilities in lwate (northern Japan),Tokyo, and Okinawa were connected via the WINDS
and voice conferenced while remotely examining and manipulating virtual slides.
Results: Network function parameters measured using ping and lperf were within
acceptable limits. However; stage movement, zoom, and conversation suffered a lag of
approximately 0.8 s when using real-time video, and a delay of 60-90 s was experienced
when accessing the first virtual slide in a session. No significant lag or inconvenience
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was experienced during diagnosis and conferencing, and the results were satisfactory.
Our hypothesis was confirmed for both remote diagnosis using real-time video and
virtual slide systems, and also for teleconferencing using virtual slide systems with voice
functionality. Conclusions: Our results demonstrate the feasibility of ultra-high-speed
internet satellite networks for use in telepathology. Because communications satellites
have less geographical and infrastructural requirements than landlines, ultra-high-speed
internet satellite telepathology represents a major step toward alleviating regional
disparity in the quality of medical care.

Key words: KIZUNA (), optical fiber; real-time video system, telepathology,
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INTRODUCTION

Telepathology (remote pathological diagnosis system using
IT equipment) was first implemented in the early 1980s,!")
and quickly spread around the world.®! In Northern
Euwrope, it connected far northern hospitals with urban
facilities. Likewise, hospitals in mountainous regions of
Germany and Switzerland were connected with urban
hospitals by telepathology systems. In the United States,
telepathology was applied to connect larger hospitals
with their branches.?® Telepathology has numerous
applications, including  consultation,  intraoperative
diagnosis, distance education, and
Japan, where there are only 14 pathologists pe
people and many hospitals do not have a path
staff, the primary use of telepathology is overy
intraoperative remote diagnosis. This usage ha
governmental support as a method to alleviat
disparity in medical care. For this reason, great e
been made to disseminate virtual slides.”'" Telepathology
was initially adopted in Japan in the eardy 1990s. Since
this time, technological  advances ha\e transformed
telepathology. Analog lines were used at first."! Now,
digital lines are used for static robotic telepathology, and
fiber-optic lines transfer real-time high-definition video and
virtual slide data.'*"! Because the diagnosing pathologist
can select and move the microscope’s stage remotely,
as well as adjust both zoom and focus using real-time
high-definition video, these new technologies allow most
quick diagnoses to be completed within 10 min, provided
that the client and diagnostic facilities are connected by
fiber-optic network. This means that telepathology can
now respond to the need for intraoperative additional
resection, making it almost identical to onsite pathological
diagnosis at facilitics with a full-time staff pathologist. The
same conditions are necessary for virtual slides, which are
rapidly being adopted. :

Conversely, as the rapid technological development of
telepathology has increased the amount of data transfer
required, feasibility is increasingly limited to facilities
linked via a fiber-optic network. Satellite technology,
which can achieve universal coverage far more easily than
landlines, is necessary to expand the use of telepathology

worldwide. However, until now satellites have been
weather-dependent, and prone to choppy image and
video transmission. In Japan, the use of ultra-high-speed
Iinternet satellites — achieving speeds equal to fiber-optic
landlines — is being promoted in various fields, including
medicine.!**1 The primary advantage of satellite
technology is that, unlike landlines, communication is
less limited by distance and infrastructure; it is easy to
communicate via satellite with mountainous areas, remote
islands, and foreign facilities unreachable by fiber-optic
landlines. Ultra-high-speed internet satellite technology
Id alleviate regional disparity in the quality of medical
by making it possible to perform intraoperative

consultation, and distance education with
ution pathological images and video.

support of the Research and Development Bureau
nistry of Education, Culture, Sports, Science, and

ology (MEXT); we tested the satellite telepatholog\,
bilities of the Wideband InterNet working engmeermg
test and Demonstration Satellite (WINDS), which is also
known by the nickname “KIZUNA.”

MATERIALS AND METHODS

Experiments were carried out over a period of 2 years. Year
s experiments tested the interface between the WINDS
and telepathology equipment, including operability and
image quality for enabling optimal diagnosis The two
campuses (Uchimaru and Yahaba) of Iwate Medical
University (IMU), which are separated by 12 km, were
connected using the WINDS to transfer real-time video
images for telepathology. Results were compared to those
obtained over a fiber-optic connection. In the second
year, IMU was connected with Tokyo (530 km) and
Okinawa (2,000 km). We evaluated the functionality and
usability. of remote voice conferencing for pathological
diagnosis using virtual slides. Image transfer and audio
functions were included.

Equipment

- WINDS

An ultra-high-speed internet satellite capable of data
transfer rates far exceeding existing commercial satellites.
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The latter reached upload and download maximum
speeds of 2 and 10 Mbps, respectively. In contrast, the
WINDS reaches over 155 Mbps, or more than 15 times
the speed of current commercial satellites. The WINDS’
coverage is also noteworthy, reaching all of Japan and
the major cities of Asia with a fixed antenna. This single
satellite can communicate with points on nearly one-third
of the globe, with minimal geographical limitations with
a beam-hopping antenna [Figure 1].

Warp Scope

A real-time remote microscope diagnostic system. The
diagnostic facility can remotely adjust focus, zoom, and
stage position in real-time. Used for remote intraoperative
pathological diagnosis and cytodiagnosis over fiber-optic
lines. Video transmission uses WarpVision.

Specifications

Real-time  remote  microscope  diagnostic  system
developed by Finggal Link Co., Ltd. (Tokyo, Japan).
Image size: 1920 x 1080 at 30 fps. Objective lenses:
x1.25, x2.5, x5, x10, x20, x40, x63. Control: X, Y
stage movement, Z focus movement. Light adjustment:
Condenser.

WarpVision ‘
A video communication service (or software) developed
and trademarked by NTT Communications (Tokyo,
Japan). The standard resolution version encodes: an
transfers 8§ Mbps of video data at 640 x 480 (30 fp
The high-definition version encodes and tra
Mbps of video data at 1920 x 1080 (30 fps). Vi
audio delay is less than 200 ms in both versions, m:
conversation and remote operation smooth.

Virtual SHdes
Created by digitally scanning glass slides as high-resolution
digital images using a digital scanning system for the

heepi/fwwwi jpathinformatics.org/content/4/1/24

purpose of medical digital image analysis. When viewed
on a computer with image management software, zoom,
viewing area, etc., can be adjusted as with a microscope.
Maximum optical zoom is limited by image resolution.

Virtual Slide-Related Products

ScanScope CSZ eSlide capture device and Spectrum
software for digital slide management, and ImageScope
viewing software (Aperio Technologies, Vista, CA, USA).
Conferencing functions, including screen sharing, field
movement, zoom, and annotation were tested.

Evaluated Items

This series of experiments evaluated the communications
network, operability of the remote medical equipment,
and the feasibility of remote diagnosis with pathological
images.

Communications Network

Communication quality and maximum transfer speeds
were evaluated on the WINDS experimental network,
including earth stations (terrestrial terminal stations
used for telecommunication with satellites and/or
spacecraft, or to receive radio waves from astronomical
sources). Earth stations were established at Iwate Medical
niversity, the International University of Health and
(IUHW) Mita Hospital (Tokyo), and the
y of the Ryukyus (Okinawa). Figures 2a and b
s the conferencing network setup used in 2" year
mentation.

ity of Remote Medical Equipment

xamined the interface between the WINDS and
telepathology equipment (real-time video and virtual
slide systems) and the operability of this system as
a whole. In year 1, the communication quality of
the WINDS was compared with that of land-based
fiber-optic networks.

Ka-band Muiti-Beam Antenna (\VIBA)
for Japan and vicinily ~—

Solar Amray Paddle (North side}

Ka-band Multi-Bearm Antenna {MBA)
for Southeast Asia

Solar Array Paddie {(South Side)

Ka-band Active Phased

Arrray Antenna
{APAA)

Figure 1: WINDS diagram WINDS is a geostationary communications satellite with two solar array paddles, multi-beam antennas covering
Southeast Asia with 19 fixed-spot bearns, and active phased array antennas covering the Asia-Pacific region with two scanning spot beams
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