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Abstract
Aim: The aim of this study was to verify the clinical feasibility of tele-proctoring using 
our ultra-low latency communication system with shared internet access.
Methods: Connections between two multiple remote locations at various distances 
were established through the TELEPRO® tele-proctoring system. The server records 
the latency between the two locations for tele-proctoring using the annotations. 
Questionnaires were administered to the surgeons, assistants, and medical staff. 
Respondents rated the quickness and quality of communication in terms of latency 
and disturbances in the audio, video, and usefulness of the live telestrations with 
annotation.
Results: Seven hospitals tele-proctored with Sapporo Medical University between 
January 2021 and September 2022. The median latency of annotation between the 
two locations ranged from 24.5 to 48.5 ms. No major technological problems oc-
curred, such as streaming interruption, loss of video or audio, poor resolution. The 
video encoding time was 10 ms, and its decoding time was 0.8 ms. The total latency 
positively correlated with the distance between two locations (R = 0.55, p < 0.01). 
The quality of communication regarding latency, disturbance, and surgical education 
with intraoperative annotative instructions showed similar trends, with perfectly fine 
being the most common response. No significant differences in surgical quality, edu-
cational effect, or social impact were observed between the latency ≥30 and <30 ms 
groups for whether the size of latency affects surgical education.
Conclusion: The feasibility of the tele-proctoring system is expected to be a sustain-
able approach to help education for young surgeons and surgical supports in rural 
areas, thereby reducing disparities in health care.
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1  |  INTRODUC TION

With the advancement of surgical care, the number of issues has 
also increased both domestically and internationally. One such issue 
is the chronic shortage of surgeons within Japan. The current ed-
ucational system has led to a concentration of young physicians in 
urban areas and a serious decline in the number of young surgeons. 
For these reasons, there is an overall shortage of surgeons, as well 
as a significant regional distribution of surgeons,1,2 with the number 
of surgeons per 100 000 people in rural areas considerably lower 
than that in urban areas. Regarding medical care for cancer, which is 
a life-threatening disease in Japan, the problem of uneven distribu-
tion of medical care for surgery, which plays a central role in cancer 
treatment, must be solved as soon as possible. The survival rate of 
patients with colorectal cancer, which is currently the most com-
mon site-specific cancer among Japanese, the second most common 
cause of death among male patients, and the most common cause 
of death among female patients, is low in regions and countries with 
inadequate medical services.3,4 In Japan, the number of physicians 
continues to increase, and the proportion of female physicians also 
continues to grow. However, internationally, Japan still ranks last in 
the OECD in the proportion of female physicians, and the number of 
female surgeons remains low.5 It is an urgent issue to improve diver-
sity and inclusion in the Japanese medical field. In particular, it takes 
a great deal of effort and time to master surgical techniques, and it 
is an important issue to optimize the work-life balance of young or 
female surgeons.

There is an urgent need to materialize ICT in healthcare as one of 
the components of SDGs in Society 5.0. There are many social issues 
that can be supported by tele medicine, such as the shortage of sur-
geons, geographical bias in healthcare services, and career support 
for female or young surgeons.

The realization of tele-proctoring within tele-medicine would 
provide the following benefits6-8: (1) correcting the disparity in sur-
gical skills between facilities and promoting the standardization of 
surgery; (2) increasing the spread of minimally invasive surgery in-
ternationally, especially in countries with limited medical industries; 
(3) reducing long-distance travel (and the associated time and costs); 
and (4) career support for female surgeons. The development of a 
low-latency communication system using an existing communica-
tion infrastructure, shared internet access (SIA), is necessary for 
the increased adoption of tele-proctoring; however, SIA exhibits a 
noticeable latency and is not clinically applicable.9 Thus, we success-
fully developed a communication system based on SIA with a latency 
lower than the maximum allowable latency for tele-proctoring.10 
Now that the infrastructure for a low-latency communication sys-
tem using SIA has been completed, the feasibility of tele-proctoring 
between hospitals needs to be verified. Therefore, this study aimed 

to verify the feasibility of the clinical application of tele-proctoring 
using SIA.

2  |  MATERIAL S AND METHODS

We evaluated whether tele-proctoring using SIA was clinically ap-
plicable from the viewpoint of low latency and low disturbance. 
Objective data were obtained by measuring latency between two 
locations, and subjective data were obtained by answering a ques-
tionnaire about latency and disturbance.

2.1  |  Participating institutions

Seven hospitals implemented tele-proctoring with Sapporo 
Medical University between January 2021 and September 2022 
and were included in the study (i.e., Mombetsu General Hospital, 
Keio University Hospital, Yamanashi University, Red Cross Hospital 
Osaka, Kyushu University, Nagasaki University, the University 
of the Ryukyus). Keio University, Yamanashi University, Kyushu 
University, Nagasaki University, and the University of the Ryukyus 
were connected to Sapporo Medical University by SINET5 (Science 
Information NETwork),11 SINET5 is a non-commercial science infor-
mation network designed and operated by the National Institute 
of Informatics that provides a nationwide 400 Gbps backbone for 
about 1000 universities and research institutes throughout Japan. 
Mombetsu General Hospital and Red Cross Hospital Osaka were 
connected by a commercial internet line (Appendix S1). The line be-
tween the doctor's office and the edge switch is a 100 Mbps line, 
which is the rate-limiting point. All cases in this study were proc-
tored by an experienced expert in this area who is a board-certified 
surgeon in gastroenterology and qualified surgeon of endoscopic 
surgical skill qualification system, and the proctee at each hospital 
were gastroenterological surgeons with 8–15 years of experience. 
All surgeries were laparoscopic colorectal resections, the details of 
which are described in Table 1.

2.2  |  Measuring latency

We conducted an experiment involving two remote locations using 
an ultra-low latency communication system for remote medical 
education (TELEPRO®, Tenmashimon Co. Ltd.; patent pending in 
Japan). The entire system involves the proctor's and proctee's sides 
being connected to a wide-area network through the internet via the 
TELEPRO® server. From a remote location, the proctor can com-
municate using a microphone, speaker, and web camera and can 
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draw annotation lines on a touch panel monitor that shows the im-
ages as well as audio (Figure 1). Camera images from both proctor's 
and proctee's sides are received and connected to the TELEPRO® 
server to achieve interactive communication between two locations 
(Videos  S1 and S2). The server also records the latency between 
the two remote locations by detecting the use of the annotation 
pen on the touch monitor's surface. Hundreds of annotations were 
performed at each hospital, and the latency of each was measured. 
Also, encoding time, the sum of camera latency and encode latency, 
and decoding time, the sum of decode latency and monitor latency, 
were measured to verify the distance dependence of line latency 
(Figure 2). Starting with tele-proctoring with a hospital in Hokkaido, 
the distance between two locations was gradually extended.

2.3  |  An ultra-low latency communication system

A view of the internal and operating field was captured by laparo-
scope and a web camera with two sets of wireless microphones 
on the proctee's side, which was then sent to the proctor's side 
(Figure 3). The two locations were connected via the internet and 
shared 100 Mbps maximum at best effort. The quality of the camera 
was set at maximum quality (720 p). Return input included a face 
camera, web microphone, and the annotation lines drawn on a touch 
panel monitor. All devices were USB-connected to the proctor's 
computer. The TELEPRO MENTEE Workstation in the operating 
room is used to encode and decode audio and video data (Figure 3). 
The resolution of each camera was automatically downgraded to 
720 p (or 1080 p) for any higher display resolution (e.g., 4 K, full 
high definition, and 1080 p), depending on the maximum internet 
speed.10 We purposefully limited the band to 100 Mbps at Sapporo 
Medical University's doctor's office so that the verified applicability 

can hold up even in facilities where dedicated internet access lines 
cannot be installed because of financial, geographical, and infra-
structural reasons (Appendix S1).

2.4  |  Briefing sheet

Thorough briefings should be conducted to ensure that surgeons 
are not interrupted by complications, livestream device-related is-
sues, and/or unstable internet connections. Briefing sheets serve as 
a reminder of the briefings. Medical professionals should be com-
prehensively aware of the possible risks of real-time internet com-
munication during surgery in advance. The briefings should also be 
done in the presence of information technology experts both within 
the operating room and the proctor's office. Briefing sheets should 
include the items listed below: (1) a detailed schedule; (2) personnel 
in charge of operation room staff, an information system officer, and 
brand representatives of modalities and live-streaming staff; (3) de-
tails of the configuration and input–output wiring of modalities and 
communication devices; (4) a secure internet protocol between the 
operating room and the proctor's facility; (5) knowledge of the possi-
ble issues that could occur during live streaming and their solutions. 
A thorough briefing and the associated briefing sheets shared online 
can familiarize the staff with the streaming plan and allow them to 
adapt faster to unexpected situations.

2.5  |  Questionnaires

Questionnaires were administered to doctors (e.g., proctees, assis-
tants, and medical staff attending the surgery) at eight hospitals. The 
questionnaire was generated using a Google form and distributed 

F I G U R E  1  Tele-proctoring from Sapporo Medical University to University of the Ryukyus. A scene in showing the formation of a 
“triangulation” in the mesentery at the monitor of doctor's office at Sapporo Medical University (Figure 2A,B) and the operating room in 
University of the Ryukyus (Figure 2C).
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via email (Appendix S2). First, the respondents were asked to rate 
the quickness and quality of communication in terms of latency and 
disturbances in audio, video, and live telestrations on a scale of 0 
(perfectly fine) to 10 (extremely bad). They were also asked to rate the 
usefulness of surgical education with intraoperative linguistic and 
annotative instructions from 0 (extremely bad) to 10 (perfectly fine). 
The research protocol has been approved by a suitably constituted 
Ethics Committee of Sapporo Medical University, and it conforms to 
the provisions of the Declaration of Helsinki (Committee of Sapporo 
Medical University, Approval No. 4-1-68).

2.6  |  Statistical analysis

Mann–Whitney U test was used to analyze continuous variables and 
questionnaire scores. Spearman's rank correlation was used to eval-
uate the correlations between the distance between two hospitals 

and the latency of annotation. All p-values were two-sided, and p-
values ≤ 0.05 were considered statistically significant. All statisti-
cal analyses were performed using EZR (Saitama Medical Center, 
Jichi Medical University),12 a graphical user interface for R (The R 
Foundation for Statistical Computing) that is a modified version of 
the R commander designed to add statistical functions frequently 
used in biostatistics.

3  |  RESULTS

The total latency between the doctor's office at Sapporo Medical 
University and the operating room at Mombetsu General Hospital 
was 37.5 ms. Similarly, the total latency between the Sapporo Medical 
University and Keio University was 24.5 ms, Yamanashi University was 
29.0 ms, Red Cross Hospital Osaka was 27.5 ms, Kyushu University 
was 29.5 ms, Nagasaki University was 34.0 ms, and the University of 

F I G U R E  2  Each component of latency in this study.

F I G U R E  3  Equipment for tele-proctoring-assisted procedures between proctor's side and proctee's side through tele-proctoring system 
TELEPRO® (Tenmashimon Co. Ltd.).
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the Ryukyus was 48.5 ms (Table 1). The total latency positively cor-
related with the distance between two locations (R = 0.55, p < 0.01; 
Figure  4). Encoding time was about 10 ms, and decoding time was 
about 1 ms, almost constant regardless of location (Appendix S3).

For the items regarding the quality of communication, about half 
of the respondents chose “0” (perfectly fine) for latency and distur-
bance for each audio, video, and annotation (Figure  5A–C). In the 
items of surgical education with intraoperative linguistic and an-
notative instructions, the respondents were asked about surgical 
quality, “anatomical recognition, surgical tactics (e.g., reducing op-
erative time), avoidance or recovery of unexpected complications” 
(Figure 5D), educational effect “education effects for proctees, ed-
ucation effects for colleagues or workers on-site other than proct-
ees, review of the surgical videos including audio and annotations” 
(Figure  5E), social impact “tele-communication in a disaster or a 
pandemic (e.g., COVID-19), and application for the proctoring sys-
tem in any robotic surgeries” (Figure 5F). Responses to all options 
showed a similar trend, and 10 (perfectly fine) was the most common 
response, indicating mostly positive responses about the usefulness 
of tele-proctoring. However, “anatomical recognition,” “avoidance 
or recovery of unexpected complications,” and “reducing opera-
tive time” were negative responses that scored ≤4 in a few cases. 
In examining whether the size of latency affects surgical education, 
there were no significant differences in surgical quality, educational 
effect, or social impact between the latency ≥30 ms group and the 
latency <30 ms group (Table 2).

4  |  DISCUSSION

In tele-proctoring, a latency of up to 200–250 ms is generally consid-
ered acceptable, and longer latency might be a major obstacle.13-15 
The recommendation provided by SAGES requires a latency of less 
than 450 ms for tele-proctoring.16 Currently, communication la-
tency has become a problem for tele-proctoring using SIA (Latency; 
425–1500 ms).6,17,18,19 In our previous report, the median latency 
between Sapporo and Tokyo (1150 km) was 27.5 ms,10 and the same 
latency was measured in tele-proctoring with a hospital in Tokyo. 
Moreover, even between two locations with the longest distance of 
3200 km, the median latency was 48.5 ms, representing a significant 
reduction in latency. These results identify a positive correlation be-
tween the distance of two locations and total latency since the line 
latency increases as the number of line transfers increases, so the 
speed of the optical fiber cable is constant at 200 km/ms (i.e., 2/3 
of the speed of light 300 km/ms). Further, the distance dependence 
of line latency is due to shortened encoding and decoding time. The 
time required for encoding and decoding was similar regardless of 
location, suggesting that TELEPRO®'s improved processing power 
helped achieve low-latency communication. The results in this study 
are well below the acceptable latency for tele-proctoring on both 
commercial lines and SINET routes. Recently, 5G-assisted tele-proc-
toring has been reported; however, the latency was 146–202 ms, 
suggesting that time other than line latency is still required, although 
no mention is made of encoding or decoding time.20 Additionally, the 

F I G U R E  4  Verification of correlation between the distance of two locations and total latency.



362  |    TAKEMASA et al.

high frequency, short flying distance, and non-bending nature of 5G 
require installing many antennas, and its high cost means that it will 
take some time before it is widely used. 5G may be one method for 
the expected bandwidth expansions to spread tele-proctoring, and 
its future development is desirable.

Tele-proctoring effectively educated the participants, especially 
in anatomical recognition and surgical education for proctees, assis-
tants, and medical staff. These results may be due to the two-way 
communication of tele-proctoring and the ability to provide anno-
tation guidance in real-time. Surgical education using annotation 
was shown to be useful with da Vinci surgery.21-23 As illustrated by 
the questionnaire results, surgical quality, educational effect, and 

social impact all received positive responses, and the educational 
effect of tele-proctoring seems to be very promising. Verifying the 
differences in the questionnaire results between large and small 
latency—although there was a positive correlation between the 
distance between two locations and total latency—revealed no sig-
nificant differences in the questionnaire results between the two 
groups for all latencies measured in this study. For a median latency 
of either ≥30 ms or <30 ms, the latency around 30 ms was difficult 
to recognize subjectively and had no effect on surgery. Thus, this 
study indicates that one-to-one tele-proctoring could achieve low 
latency communication in the Japanese archipelago regardless of 
location. While “anatomical recognition,” “avoidance or recovery 

F I G U R E  5  The questionnaire about the quality of communication and surgical education with annotative instructions. The respondents 
were asked about latency and disturbance for each of audio (A), video (B), and annotation (C). The respondents were asked about surgical 
quality (D), educational effect (E), and social impact (F).

TA B L E  2  The effect of latency on the results of the surgical education questionnaire.

Score

p ValueLatency (≥30 ms) n = 14 Latency (<30 ms) n = 38

Surgical quality

Anatomical recognition 9 (3–10) 10 (7–10) 0.06

Surgical tactics (reducing operative time) 8 (4–10) 9 (4–10) 0.32

Avoidance or recovery of unexpected complications 8 (3–10) 9 (1–10) 0.56

Educational effect

Educational effects for proctees 10 (3–10) 10 (7–10) 0.81

Educational effects for colleagues or workers on site other than proctees 10 (3–10) 10 (5–10) 0.60

Review of the surgical videos including audio and annotations 10 (5–10) 10 (7–10) 0.80

Social impact

Tele-communication in a disaster or a pandemic (e.g., COVID-19) 9 (5–10) 9 (5–10) 0.23

Application for the proctoring system in any robotic surgeries 9 (5–10) 9 (5–10) 0.11
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of unexpected complications,” and “reducing operative time” were 
negative responses that scored ≤4 in a few cases. This is thought to 
be due to the difference in educational systems and policy between 
proctors and proctees—for example, the differences between D3 
lymphadenectomy in Japan and complete mesocolic excision over-
seas, and whether the arterial dissection position is high tie or low 
tie, the starting position of the medial approach. This limitation of 
“education” may be due to differences in facilities rather than sys-
tems, suggesting the importance of prior briefing. By popularizing 
tele-proctoring, we hope to reduce the disparities in surgical skills 
between facilities and promoting the standardization of surgery, 
and career support for female surgeons. Therefore, we believe that 
tele-proctoring can be applied in other departments where laparo-
scopic or robotic surgery is performed, for example respiratory sur-
gery, urology, and gynecology.

The feasibility of tele-proctoring using SIA was verified while en-
suring patient safety. In the future, we hope to improve Japanese 
medical standards by applying tele-proctoring using this system to 
young surgeons and female surgeons.

This study has several limitations. First, although low latency 
communication was achieved, this system has only been proven 
to work for small 1:1 communication. If it is to be applied to larg-
er-scale communications in the future, expanding the bandwidth and 
stability of communications accordingly via network infrastructure 
development at the national level is necessary.7,20,24 Second, com-
pared to on-site proctoring, tele-proctoring requires a system that 
can respond to troubleshooting. The proctor requires extremely ad-
vanced educational skills such as standardizing surgical techniques 
and communicating in a common language, as well as quickly recog-
nizing micro anatomy. In this study, the feasibility of tele-proctoring 
by proctor with extensive experience in many surgical training pro-
grams who advocate the necessity of such skills was verified. In the 
future, it will be necessary to consider how to acquire such advanced 
educational skills. We consider that proctors are important from the 
viewpoint of future tele-proctoring and the proctoring system for 
robotic surgery established by the Japan Society for Endoscopic 
Surgery (JSES).25 While there are guidelines promoted by Agency 
for Medical Research and Development for tele-surgery, developing 
guidelines specific to tele-proctoring would be desirable in the fu-
ture. From these perspectives, the addition of incentives must also 
be considered. One factor contributing to the lack of widespread 
adoption of tele-proctoring is the legal limitations, such as personal 
information protection and responsibility. Confidentiality is an issue 
when using electronic systems, and special measures must be taken 
to prevent the improper communication of medical data.26,27

5  |  CONCLUSIONS

One-to-one tele-proctoring using SIA is clinically feasible and ex-
pected to be a sustainable approach to help education for young 
surgeons and surgical supports in rural areas. This study is a major 
step toward reducing disparities in health care.
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