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Telesurgery and telesurgical support using a double-surgeon cockpit
system allowing manipulation from two locations
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Abstract

Background Although several studies on telesurgery have been reported globally, a clinically applicable technique has not
yet been developed. As part of a telesurgical study series conducted by the Japan Surgical Society, this study describes the
first application of a double-surgeon cockpit system to telesurgery.

Methods Surgeon cockpits were installed at a local site and a remote site 140 km away. Three healthy pigs weighing between
26 and 29 kg were selected for surgery. Non-specialized surgeons performed emergency hemostasis, cholecystectomy, and
renal vein ligation with remote assistance using the double-surgeon cockpits and specialized surgeons performed actual
telesurgery. Additionally, the impact of adding internet protocol security (IPsec) encryption to the internet protocol-virtual
private network (IP-VPN) line on communication was evaluated to address clinical security concerns.

Results The average time required for remote emergency hemostasis with the double-surgeon cockpit system was 10.64 s. A
non-specialized surgeon could safely perform cholecystectomy or renal vein ligation with remote assistance. Global Evalua-
tive Assessment of Robotic Skills and System Usability Scale scores were higher for telesurgical support-assisted surgery by
a non-specialized surgeon using the double-surgeon cockpits than for telesurgery performed by a specialized surgeon without
the double-cockpit system. Adding IPsec encryption to the IP-VPN did not have a significant impact on communication.
Conclusion Telesurgical support through our double-surgeon cockpit system is feasible as first step toward clinical telesurgery.

Keywords Telesurgery - Telesurgical support - Telementoring - Double-surgeon cockpit
Telesurgery comprises robot-assisted surgery performed

from a remote location. Telesurgery can be classified into
three categories according to the type of remote assistance:

telementoring, telesurgical support, and full telesurgery. Tel-
ementoring involves simply providing instructions from a
remote location, while telesurgical support refers to the use
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of a robot to assist with surgery, and in full telesurgery, the
entire surgery is performed from a remote location. Despite
numerous studies conducted worldwide, the application of
full telesurgery is not yet possible.

Among the three types of telesurgery, telementoring has
recently attracted greater attention, mostly due to the rapid
spread of robotic surgery driven by the coronavirus disease
2019 (COVID-19) pandemic. However, the COVID-19 pan-
demic has also made it difficult for physicians to provide
on-site training for robotic surgery [2—4] and fulfill the large
number of requests for such training. Thus, the need for tel-
ementoring and telesurgery has rapidly increased in recent
years [5-8]. Recently, the Society of American Gastrointes-
tinal and Endoscopic Surgeons issued a white paper listing
the minimum requirements for telementoring [1]. However,
methods for performing actual telesurgery, beyond telemen-
toring, remain unclear.

The Japan Surgical Society (JSS) is currently performing
a series of studies to establish the minimum requirements
for telesurgery, particularly for the telesurgical support
required to perform actual telesurgery [9—11]. Through this
study series, we aim to introduce telesurgery using a general
commercial network instead of a dedicated private or Sth-
generation (5G) network. The studies to date have confirmed
the bandwidth required to control two types of Japanese sur-
gical-assisted robots [10] and proved that redundancy can
be maintained by preparing two-type communication lines
as backup [11].

In the present study, we installed two surgeon cockpits,
one each at a local and a remote location and to verify the
possibility of mentoring the local surgery from a remote
location and maintaining effective telementoring and tele-
surgical support, while the priority operator is switched as

needed. Further, we concurrently examined the impact of
improving the technology’s security level on communication
in an effort to enable its future use by the general public.

Materials and methods
Network connections

The operating rooms at the Kyushu University Animal Facil-
ity in Fukuoka and Beppu Hospital were connected across
a 140-km distance through a fiber optic network, which was
constructed using a guaranteed-type line (guaranteed band-
width: 40 Mbps) and a best-effort line as a backup (Fig. 1).
These lines were provided by the Nippon Telegraph and
Telephone Corporation and established over an internet
protocol-virtual private network (IP-VPN). We used the
Zao-SH encoder and Zao-View decoder from Soliton Sys-
tems KK for compression and decompression, respectively,
of the communication information. Guaranteed and best-
effort lines were directly connected to the encoder. The
decoder was connected to a layer 3 network switch (upper
level of the network), which was configured to make the two
lines redundant. We constructed encrypted communications
using internet protocol security (IPsec) on the IP-VPN for
advanced security testing and evaluated the round-trip time,
packet size, and frame length.

Robotic system
We used a pneumatically driven robotic system (Riverfield,

Inc., Tokyo, Japan). The robot is shown in Supplementary
Fig. S1. This robot is in its final stage of development and
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Fig.1 System configuration diagram. A backup line is prepared to avoid sudden disconnections during telesurgery
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is close to meeting production specifications. The devel-
opmental process comprised a quality management system
process with ISO13485 certification.

The basic concept of the surgical robot is similar to
that of the da Vinci surgical system, but differs in sev-
eral ways. First, the surgical robot has three arms; a third
arm is not installed. Second, the surgical console is not
immersive, but has an open structure and looks similar to
the SenHance Surgical System. Third, while the da Vinci
surgical system mechanically restricts ports, our robot uses
redundant joint control to realize virtual remote center of
motion.

The axes (gimbals 1 and 2) of the holder arm’s wrist
and the instrument driver are pneumatically driven, while
the other axes are electric. The air pressure of the air cyl-
inders in the instrument driver is monitored using pressure
sensors, and the grasping force is estimated by changes
in the measured pressure values. The estimated grasping
force is fed back to the surgeon console's grip.

Six types of instruments are available, some of which
are monopolar compatible.

Similar to that in the da Vinci system, our robot is oper-
ated using a hand-held controller to instruct the robot’s
movement; however, our robot differs in that the grip is
held by the thumb and index finger, and the clutch switch
is operated by the middle finger.

We used a 26605AA endoscope (Karl Storz, Tuttlin-
gen, Germany) and CuratOR EX3141-3D display (EIZO,
Ishikawa, Japan). Two surgeon cockpits were installed,
with one each at the Kyushu University Animal Facility
and Beppu Hospital, and the robot was installed at Kyushu
University.

Experimental animals

Three healthy pigs, weighing between 26 and 29 kg, were
selected for surgery. Procedures were performed with a
monopolar electrocautery scalpel, as in standard human sur-
geries. The animal experiments were carried out humanely,
in accordance with the Regulations for Animal Experiments
of Kyushu University. All protocols and procedures were
approved by the Institutional Animal Experiment Commit-
tees of Kyushu University (approval number: A21-462-0).

Evaluation of double-surgeon cockpits
for telesurgical support and telementoring

The participating surgeons were preoperatively interviewed
regarding their years of surgical experience, training period
for laparoscopic surgery, and number of laparoscopic and
robotic surgeries performed.

Emergency hemostasis

To create an emergency hemostasis situation, the local surgeon
made a mesenteric blood vessel incision. When the local mes-
enteric site started to bleed, the system forcibly switched the
priority operator from the remote location to stop the bleed-
ing. The time required to achieve hemostasis was calculated.
Hemostasis time was defined as the time taken by the remote
operator to switch the priority surgeon, who then moved the
arm to stop the bleeding, followed by the completion of a
hemostasis evaluation. Eight remote surgeons performed this
procedure twice to determine the hemostasis time. Among the
eight surgeons, three had no experience with robotic surgery
(beginners) and five had experienced between 10 and 100
cases of robotic surgery (experts) prior to the study initiation.

Telesurgical support using the double-surgeon
cockpit system

Three urologists performed cholecystectomies in three pigs,
assisted by a gastroenterological surgeon from a remote sur-
gical cockpit. The surgery involved gallbladder duct ligation
conducted by the remote gastroenterological surgeon, followed
by gallbladder removal by the local urologist. Similarly, three
gastroenterological surgeons performed left renal vein liga-
tions in three pigs, assisted by an urologist from a remote
location; the urologist delineated the left renal vein from the
remote surgeon cockpit and the local gastroenterological sur-
geon ligated it in each case.

As a control, three urologists and gastroenterological sur-
geons performed left renal vein ligations and cholecystecto-
mies using gallbladder models, respectively, from the remote
surgeon cockpit.

Robot operability in each surgery was evaluated using the
System Usability Scale (SUS) [12] and Global Evaluative
Assessment of Robotic Skills (GEARS) [13]. In the SUS, 10
items are ranked and converted to a score on a 100-point scale;
in the GEARS, six items, including stereopsis and two-hand
coordination, are ranked and converted to a score on a 30-point
scale.

Statistical analysis
Statistical analysis was performed using JMP 11 software
(SAS Institute Japan Ltd., Tokyo, Japan). Continuous vari-

ables were evaluated using the Student’s # test. Statistical sig-
nificance was set at p <0.05.
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Results
Emergency hemostasis experiment (video 1)

The average hemostasis time across all operators was
10.64 s. The average hemostasis time was 9.45 and 12.64 s
among the five surgeons with robotic surgery experience
(experts) and the three surgeons without such experience
(beginners), respectively; the difference was not significant
(»p=0.17). Forced switching of the priority surgeon to stop
the bleeding is shown in Video 1. A plot of the individual
hemostasis times for each of the eight surgeons is provided
in Supplementary Fig. S2.

Evaluation of telesurgical support

The three urologists successfully performed cholecystecto-
mies in three pigs, assisted by a gastroenterological surgeon
from a remote surgical cockpit (Fig. 2 and Video 2). The
operation time ranged from 30 to 85 min. Additionally, the
three gastroenterological surgeons successfully performed
left renal vein ligations in three pigs, assisted by an urolo-
gist from a remote location. The operation time ranged from
30 to 60 min. The average GEARS and SUS scores of the
participating surgeons are shown in Fig. 3A and B, respec-
tively. The GEARS and SUS scores were higher for non-
specialized surgeons performing the surgery locally with
remote assistance than for specialized surgeons performing
actual telesurgery.

Communication delays and security level
verification

In the present study, a general commercial network carrier
was used for telecommunication. The bandwidth usage of

our robot was reported as 22.0-25.0 Mbps in a previous
study; thus, we estimated that a bandwidth of 40 Mbps
would be sufficient for a guaranteed line. We examined
whether communication delays would occur when adding
IPsec communication to the IP-VPN line and performing
double encryption. Table 1 summarizes the communication
delays and bandwidth usage findings. Figure 4A shows the
IP-VPN traffic measurement results without IPsec communi-
cation. The communication bandwidth usage was 22.5-25.5
Mbps and did not exceed 33 Mbps; in addition, the average
and maximum communication delays were 4.5 and 27 ms,
respectively. When IPsec encryption was added, the com-
munication bandwidth usage was 33.0-60.0 Mbps, and the
average and maximum communication delays were 12.5 and
37 ms, respectively (Fig. 4B and Table 1).

Discussion

Since the first remote surgery was performed in 2001 [14],
telesurgery has been gaining attention in Canada and other
countries [15-17]. However, robot-assisted telesurgery did
become widespread until recently. This may be because
robot development companies were not actively developing
remote surgery, and the quality of surgeries performed on
commercial communication lines had deteriorated. Addi-
tionally, patients themselves rarely consented to telesur-
gery, preferring to rather travel several hundred kilometers
to undergo surgery. However, the situation has dramatically
changed recently. Communication lines have improved, ena-
bling high-speed networks via fiber optic cables in hospitals
worldwide. Furthermore, the COVID-19 pandemic restricted
travel and movement. Accordingly, robotic surgeries are now
becoming more common, with telementoring and telesur-
gery in increased demand, promoting robotic surgical train-
ing in young surgeons.

Surgeon cockpitin local area

Surgeon cockpitin remote area

Fig.2 A Surgeon cockpit at the local site, where an urologist performs cholecystectomy. B Surgeon cockpit at the remote site, 140 km away,

where a gastroenterological surgeon assists the urologist
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Table 1 Sun}mary of the Without IPsec With IPsec
communication delays and
bandwidth usage Fukuoka to Beppu  Beppu to Fukuoka  Fukuoka to Beppu Beppu to
(msec) (msec) (msec) Fukuoka (msec)
Latency Minimum 4 Minimum 4 Minimum 4 Minimum 4
Maximum 27 Maximum 23 Maximum 37 Maximum 36
Average 4.5  Average 4.5  Average 12.5  Average 12.5
bandwidth usage ~ 22.5-33.0 Mbps 33.0-60.0 Mbps

IPsec Internet protocol security, Mbps Megabits per second

The JSS is currently taking measures to gradually intro-
duce telesurgery clinically by conducting a study series.
In the present study, we examined whether it is possible
to remotely assist a surgery, while the priority surgeon
is switched between two surgeon cockpits during an ani-
mal surgery and demonstrated that telesurgical support is

possible using this system. Before telesurgical support can
be established, preparing for emergency situations is nec-
essary. Thus, we first examined whether hemostasis could
be achieved when forcibly switching the priority surgeon
cockpit. The 10.64-s hemostasis time required in this study
may be shortened once the surgeon becomes accustomed
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to using the robot. In our system, the priority surgeon can
be switched on the surgeon cockpit’s liquid crystal display
(LCD) panel, and by stepping on a clutch once, the surgery
can be switched to the remote operator. Issues may arise
when the surgeon’s view is forced to leave the surgical field
because of switching between views on the LCD panel. Sim-
ilarly, the da Vinci surgical system also switches the priority
operator of a double-cockpit system using the LCD panel,
and the surgeon’s view is removed from the surgical field. A
simple switching system that does not interrupt the surgical
field view is needed.

We selected three pigs for surgery to evaluate our system
under surgical conditions. When a non-specialized urologist
performed cholecystectomy or a non-specialized gastroen-
terologist ligated the renal vein, telesurgical support by a
specialized surgeon was provided. Additionally, surgical
control between the local and remote cockpits was switched
at least twice during each surgery. We used the GEARS and
SUS as validated assessment tools for grading overall techni-
cal proficiency and measuring the ease of usability, respec-
tively, for robotic surgery and found that the average GEARS
and SUS scores were better for non-specialized surgery with
telesurgical support than for full telesurgery performed by a
specialized surgeon. Since these conditions were different,
they cannot be considered as appropriate controls. However,
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all surgeries were performed successfully. Accordingly, tele-
surgical support may be a realistic option for telesurgery in
future.

In addition, we considered the impact of cryptographic
communication, which is necessary for clinical introduction.
Telesurgery is performed better with an IP-VPN line from a
general communication company instead of a 5G network.
In the present study, we examined the effect of adding [Psec
encryption to the IP-VPN line on communication. We esti-
mated that a communication bandwidth of 40 Mbps was
sufficient for our robot, expecting it to increase at most by
approximately 1 Mbps after the addition of [Psec. However,
when IPsec encrypted communication was performed, the
bandwidth increased more than expected and delayed the
communication. The maximum frame length that could be
transferred in the encrypted configuration was 1280 bytes,
which is the default value for VPN routers. Larger packets
were divided and retransmitted; therefore, the number of
packets in the IPsec configuration was approximately dou-
ble that in the configuration without IPsec. This is because
the maximum communication frame length generated by
the encoder/decoder exceeded that which can be transferred
by the VPN router. Therefore, this issue may be solved by
tuning the maximum transmission unit/maximum segment
size of both devices when performing IPsec encryption and
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designing the devices to avoid packet division due to encryp-
tion. No previous studies have reported on the effect of add-
ing IPsec to the IP-VPN line on communication, and no
established standard yet exists for communication security
in telesurgery. Based on the present findings, implementing
double security on IP-VPN with IPsec encryption did not
have a significant impact on communication; we believe that
the resulting communication delay is acceptable.

A major limitation of the present study is that it com-
prised an animal study with a small sample size. Addi-
tionally, the robot we used has not yet received regulatory
approval. Nevertheless, the present study showed that tele-
surgical support is feasible by installing a cockpit at each of
two locations, 140 km apart; this double-surgeon cockpit
system is a good first step toward realizing telesurgery. Fur-
thermore, we demonstrated that dual-security communica-
tion is possible for telesurgery. Clinical trials are necessary
before telesurgical support can be introduced into actual
clinical practice in future.

Supplementary Information The online version contains supplemen-
tary material available at https://doi.org/10.1007/s00464-023-10061-6.
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