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Abstract
Telemedicine is becoming increasingly important to address the shortage of gastrointestinal surgeons and disparities in 
domestic and international treatment outcomes for patients with colorectal cancer. The development of a low-latency com-
munication system using existing communication infrastructure (shared internet access: SIA) is necessary to promote the 
use of telemedicine. The aim of this study was to develop a low-latency communication system using SIA. We conducted 
an experiment between Sapporo and Tokyo using an ultralow-latency communication system for remote medical education 
(TELEPRO®). The latency was measured using 2000 annotations from a monitor in Sapporo, which confirmed a median 
latency of 27.5 ms. A low-latency communication system based on SIA with latency lower than the maximum allowable 
latency for telemedicine was developed successfully.
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Abbreviations
SDGs	� Sustainable Development Goals
COVID-19	� Novel coronavirus disease 2019
MIS	� Minimally invasive surgery
SIA	� Shared internet access

Issues with surgical care have been raised in recent years, 
domestically and internationally. First, there is a growing 
shortage of surgeons in Japan, especially in regional areas 
where the number of surgeons per population is much lower 
than in urban areas [1]. National and international disparities 
in cancer treatment outcomes for colon and rectal cancers 
have become evident, and survival rates are particularly low 

in countries with inadequate medical services [2, 3]. Fur-
thermore, the number of female surgeons has been increas-
ing worldwide [4] and the work-life balance of surgeons has 
changed. These international trends and problems must be 
addressed to achieve efficient and disparate surgical care.

The Sustainable Development Goals (SDGs) are 17 
international goals set to achieve a sustainable and bet-
ter world by 2030. They include overcoming poverty and 
hunger, protecting the global environment, and eliminating 
discrimination [5]. Six of these goals (Goal 3: Good Health 
and Well-Being; Goal 4: Quality Education; Goal 5: Gender 
Equality; Goal 8: Decent Work and Economic Growth; Goal 
10: Reduced Inequality; Goal 17: Partnerships for the Goals) 
are necessary for the future development of surgical medi-
cine and “telemedicine” has become a focus of attention 
in the Society 5.0 initiative [5]. As the novel coronavirus 
disease 2019 (COVID-19) pandemic has restricted mobil-
ity, travel times have been eliminated and the CO2 emis-
sions associated with travel have been reduced. The idea 
of “carbon neutrality,” which is important for Society 5.0 
and the aforementioned SDGs, highlights the importance 
of telemedicine.

The realization of telemedicine has the following 
advantages:
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1.	 Correcting the disparity in surgical skills between facili-
ties and promoting standardization of surgery.

2.	 Promoting the implementation of minimally invasive 
surgery (MIS) worldwide, especially in countries with 
limited medical industries.

3.	 Eliminating long travel times.
4.	 Supporting the career paths of female surgeons.
5.	 Contributing to carbon neutrality to achieve the SDGs.

Currently, the functionality of telemedicine is affected by 
issues related to shared internet access (SIA), which exhib-
its a noticeable latency and is not clinically applicable [6]. 
The development of a low-latency communication system 
using existing communication infrastructure is mandatory 
for promoting the use of telemedicine. Thus, the aim of this 
study was to develop a low-latency communication system 
using SIA.

We conducted an experiment involving 2 remote locations 
using an ultralow-latency communication system for remote 
medical education (TELEPRO®, Tenmashimon Co. Ltd., 
Tokyo, Japan; Patent pending in Japan). The entire system 
is based on room 1 and room 2 (mentor’s room), which are 
connected to a wide area network through the internet via the 

TELEPRO® server (Fig. 1). The internet connection was not 
dedicated internet access (DIA), but SIA with a maximum 
transmission speed of 100 Mbps. It was not strengthened, 
to allow it to be widely used in the future, even in facilities 
where DIA lines cannot be installed for financial, geograph-
ical, and infrastructural reasons. From a remote location, 
the mentor can communicate using a microphone, speaker, 
and web camera, in addition to annotation lines drawn on a 
touch panel monitor that shows images with audio (Fig. 1). 
Camera images from room 1 and room 2 are received and 
connected to the TELEPRO® server (indicated by (a) in 
Fig. 1) to achieve interactive communication between 2 loca-
tions. Once 2-way communication is established, all further 
video transmissions are performed without passing through 
the server (indicated by (b) in Fig. 1) to reduce latency and 
the load on the servers, unless the mentor begins to draw 
annotation lines (indicated by (c) in Fig. 1). The server also 
records the latency between the two remote locations by 
detecting the touch of the annotation pen on the surface of 
the touch monitor.

First, we measured the latency by arranging the PCs at 
1 m intervals in the medical office and found the median 
latency to be 28.5 ms. We then gradually increased the 

Fig. 1   TELEPRO® structure and initiation process of interactive 
communication. The entire system is based on 2 remote locations 
connected to a wide area network (WAN) through the internet via the 
TELEPRO® server. Room 1: Precision Tower 5820®. The CPU used 
in the experiment was Intel® Xeon® W-2245, the GPU was NVIDIA 

Quadro RTX 4000, and the memory was 64 GB. Room 2: HP ENVY 
Laptop 15-ep0xxx. The CPU used in the experiment was Intel® 
Core™ i7-10750H, the GPU was NVIDIA GeForce GTX 1660, and 
the memory was 16 GB. The refresh rate of the monitor was 60 Hz
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distance between the 2 points. The median latency between 
the doctor’s office and the operating room (100 m) was 
29.0 ms, and that between Sapporo Medical University 
and the Kouiki Mombetsu Hospital (270 km) was 37.5 ms 
(Fig.  2). A communication experiment was conducted 
between a doctor’s office at Sapporo Medical University 
and an office at Tenmashimon Co. Ltd., in Tokyo, Japan. 
We measured the latency by completing 2000 annotations 
using a monitor in Sapporo and found the median latency to 
be 27.5 ms (Fig. 2).

In telemedicine processes, a latency of up to 200 to 
250  ms is generally considered acceptable, whereas a 
longer latency might be a major obstacle [7–9]. One of the 
main purposes of telemedicine is to improve medical edu-
cation and services in remote areas such as small islands, 
sparsely populated villages, and other locations that cannot 
be accessed easily. SIA must be utilized in these areas as 
their communication infrastructure for telemedicine is typi-
cally lacking. Therefore, cost-effective communications sys-
tems may be achieved using existing network environments. 
Facilitating low-latency communications over existing SIA 
circuits will promote the implementation of telemedicine.

In this study, we achieved a median latency of 27.5 ms 
during communication using an SIA. This represents 
a communication speed approximately 6–7  times less 
than the acceptable latency range, which is within 200 
to 250 ms. The results of our study suggest that latency 
may be distance-independent. The mechanism that ena-
bles low-latency communications allows all further video 
transmissions to be performed without passing through the 
server to reduce latency, whereby the load on the servers 
after 2-way communication is established. This system is 
expected to address the “latency” issue of telemedicine.

Telemedicine is classified into categories such as tele-
proctoring, teleconference, and teleimaging, among which 
teleproctoring represents the most demanding applica-
tion of technology to clinical practice. Teleproctoring 
is expected to become an incentive for young surgeons 
to work in rural areas, as they can continue to receive 
surgical education and support from supervisors at core 
facilities while engaging in community medicine [10]. 
The system presented in this study denotes the potential 
practical application of such communications systems in 
the field of surgery.

Fig. 2   Scatter plot of the latency 
time between Sapporo and 
Tokyo. The latency was meas-
ured using 2000 annotations 
from a monitor in Sapporo. The 
median latency was 27.5 ms 
(red dashed line). Vertical axis: 
Latency (ms); Horizontal axis: 
Annotation number (times). 
FTTB Fiber to the building, IQR 
Interquartile Range
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This study has several limitations. First, although low-
latency communication was achieved, this system is accepta-
ble only for small 1:1 communications and the latency meas-
ured also varies. If it is to be applied to future larger-scale 
communications, it is important to expand the bandwidth 
and stability of communications to withstand this issue and 
to develop network infrastructure at the national level. Sec-
ond, system installation of equipment is necessary in the 
core hospitals of each medical region. The other limitations 
relate to personal information protection and responsibility, 
for which legal advice is needed. With the use of electronic 
systems, confidentiality becomes an issue and special meas-
ures must be taken to prevent the improper communication 
of medical data [11]. In the event of a serious accident, such 
as intraoperative complications or patient death, it is neces-
sary to decide whether the responsibility lies with the men-
tor or mentee, as well as with the robot operator or robot 
owner [11].

In conclusion, the foundation for a communication system 
based on SIA with a latency lower than the maximum allow-
able latency for telemedicine has been established. In this 
study, we demonstrated the use of the TELEPRO® system, 
which can be utilized, not only domestically, but also inter-
nationally, as evidenced by the experiments we conducted 
between Sapporo and Tokyo.
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