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Robotic single-site plus ONE-port distal pancreatectomy
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Abstract: Laparoscopic distal pancreatectomy (DP) is regarded as an appropriate surgical option to treat

benign and low-grade malignant lesions in the left side of the pancreas. Some expert surgeons tried to reduce

the number of trocars in conventional laparoscopic surgery to enhance DP’s cosmetic and minimally invasive

effects. However, it is thought to be too difficult to generalize this approach in clinical practice. In theory,

robotic surgical system was introduced to overcome limitations of laparoscopic surgery. More specialized

robotic surgical system has been introduced for single site minimally invasive surgery. If an additional robotic

arm is used to this robotic surgical system, a wrist-like motion of instrument can be used, allowing for a more

effective surgical movement during robotic single site surgery. In this paper, preoperative preparations and

surgical techniques for robotic single-site plus ONE-port DP will be discussed.
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Introduction

With the advance of laparoscopic techniques and
instruments, laparoscopic pancreatectomy has become
increasingly common. More specifically, laparoscopic
distal pancreatectomy (DP) is regarded as an appropriate
surgical option to treat benign and low-grade malignant
lesions presenting in the left side of the pancreas. Although
there are no randomized controlled studies comparing
laparoscopic DP and open DP, an increasing number
of case reports and literatures strongly suggest that the
perioperative outcomes after laparoscopic DP are better
than those following open DP, in terms of hospital stay
duration and estimated intraoperative blood loss (1-5).
Recently, some expert surgeons tried to reduce the
number of trocars in conventional laparoscopic surgery
to enhance DP’s cosmetic and minimally invasive effects.
Barbaros er al. (6) reported the first single-incision
laparoscopic DP which was performed in a 59-year-
old female to treat pancreatic metastasis from renal cell
carcinoma. Since then, the number of cases treated with
either laparoscopic single port (LSP) or laparoscopic
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reduced port (LRP) DP procedures has increased (7-13).

Despite the increasing number of LSP/LRP-DP and
advances of laparoscopic instruments, fatigue and stress
resulting from limited motion for instrument manipulation
in the narrow surgical space (in current single port system)
needs to be considered when performing LSP/LRP-DP.
Therefore, in order to improve intraoperative surgical
quality and reduce limitations, technical innovation is
essential. In theory, robotic surgical systems can overcome
limitations of laparoscopic surgery. This robotic technology
is expected to work during performance of LSP/LRP-DP.

A robotic single-site surgical system has been known
to facilitate laparoscopic single-port surgery (14-16). In
addition, a stable, 3-D operation field can enhance surgeon’s
ergonomic environment, and prevent the situation of right
and left disorientation for triangular configuration during
laparoscopic single-port surgery. It is believed that most
intraoperative stress and fatigue result from the mechanics
of laparoscopic single-port surgical system, such as fulcrum
effect and limited motions of effector instrument. However,
robotic surgical system automatically calculates the
movement of surgeon’s console with the help of specially
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Figure 1 Specialized port system for RSS+1 distal pancreatectomy. (A) Original commercialized port system; (B) reverse port system. RSS,

robotic single-site.

designed curved trocars and semi-flexible instruments,
making it possible for the surgeon’s right and left hand to
control the right- and left-sided screen instruments even if
the instrument is attached to the left and right robotic arm,
respectively.

If an additional robotic arm is used through another
trocar in the abdomen, a wrist-like motion of instrument
can be produced in the robotic single-site surgical system,
which allows for a more effective reduced-port surgery.
Considering there is no wrist like-motion in pure robotic
single site robotic surgical system, technical advantages from
additional port would be very helpful. Also, preoperative
surgical rehearsal is another advantage of robotic surgery.
Surgical techniques can be tested before they are applied
directly to patients, which can enhance surgical quality and
safety. Since October 2015, this author has been using our
robotic single-site plus ONE port DP (RSS+1 DP) technique in
selected cases (17).

Indication

Based on author’ experience, the best indications for RSS+1
DPS would be benign and low grade malignant tumors of
the pancreas with the following conditions:

() Pancreatic tail tumor abutting splenic hilum, or
involving spleen;

(II) Pathologic conditions that require less than 30%
DP;

(IIT) No internal obesity; it was found that heavy
omentum and redundant colon-splenic flexures
derived from internal obesity made this surgical
procedure very difficult and even impossible, as
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these factors concealed the main surgical field;

(IV) Super-selected pancreatic cancer with above-
mentioned tumor conditions; minimally invasive
radical pancreatectomy in selected distal pancreatic
cancer showed comparable oncologic outcomes
in many clinical literatures. However, it should
be reminded that margin-negative radical
pancreatectomy is very important. Most pancreatic
cancers in tail of the pancreas involving spleen or
splenic hilum are usually large, and they can also
invade surrounding organs, such as the spleen,
stomach, and even colon mesentery. Since it may be
very difficult to produce effective oncologic surgery
by RSS+1 DPS, application of this procedure
should be reconsidered, even for pancreatic cancer,
and performed in only super-selected patients by
highly experienced surgeons.

Single-port preparation (reverse-port technique)

Conventional commercialized port system (Figure 1A) will
not be appropriate for RSS+1 DPS. According to original
configuration, assist port site should be placed on the left
side of the patient In our surgical technique, #(2) curved
robotic arm is responsible for lifting the stomach, and
this will narrow the space between #(2) external robotic
arm and camera holding robotic arm, where assistant
surgeon is supposed to be during surgical procedure. In
this circumstance, the assistant surgeon cannot provide
any help.

Therefore, RSS+1 DPS requires a specialized port
system where the assist-port site is placed on the left side
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of patient, reverse-port (16) (Figure 1B). In fact, the author
simply modified the original port-system for properly
retracting the gallbladder toward upward lateral side to
produce wide Calot triangle for safe cholecystectomy
during RSS-cholecystectomy (16,18). When performing
RSS+1 distal pancreatosplenectomy (DPS), patient’s left-
sided assist-port placement makes some room for proper
intervention by assistant surgeons during surgical procedure
(Figure 2). Furthermore, it will be much easier for the
assistant surgeon to change the robotic arm-instrument
of additional ONE-port. Alternatively, currently available
glove-port system (19,20) may be helpful in overcoming the
disadvantages of conventional commercialized port system
during RSS+1 DPS. Some of Korean robotic surgeons use
it when performing this procedure.

Figure 2 Assist surgeon position. By using reverse port system, the
assist surgeon can be placed at the left side of the patients, where
the additional ONE-port will be place, so that assist surgeon can
help surgical procedure effectively.
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Operation room setting

Alignment between patient and the patient-side cart of
robotic surgical system is important. An imaginary line was
appropriately drawn between the umbilicus and body of
the pancreas, and the patient-side cart of robotic surgical
system was moved to the patient table along this imaginary
line (Figure 34). According to current instructions, patient-
side cart of the robotic surgical system is roughly supposed
to approach the patient over his or her left-sided shoulder
(Figure 3B). The other process for robot-docking is
almost identical to that of usual robotic single site surgical
procedure (15,18), except for an additional ONE-port site
that must be considered by surgeons.

Placement of additional ONE-port

Placement of additional ONE-port is very important.
Through this, surgeons can use effector instrument in
wrist-like motion. Additional ONE-port should be a
12-mm conventional laparoscopic trocar (reason for this will
be explained in the next section). In our early experiences,
malposition of additional ONE-port resulted in severe
external inter-arms collisions, especially between #(1)
external robotic arm and #(3) external robotic arm that is
docked to the additional ONE port), leading to conversion
to multiport robotic DP. In order to avoid extracorporeal
inter-arms collisions, it would be helpful to find the
appropriate site for additional ONE port using following
steps (Figure 4).

Figure 3 Operation room setting. Patient-side cart of the robotic surgical system is roughly supposed to approach the patient over his or her
left-sided shoulder (A). OR view after robotic docking (B). OR, operation room.
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Figure 4 Placement of additional ONE-port (black arrow). Full

lateral position of additional ONE-port will enhance the cosmetic

effect in postoperative period.

Figure 5 Trocar in trocar technique. Note (dotted circle) robotic
trocar in the conventional 12-mm laparoscopic trocar in the left

flank of the patient.

(I) Extend the imaginary line horizontally from the
umbilicus to the left-sided flank.

(IT) Palpate the left-sided flank area and identify the
position just above descending colon-peritoneal
flexure under camera scope vision.

(IIT) Place the 12-mm conventional trocar over that
point.

Full lateral position of additional ONE-port will
enhance the cosmetic effect in postoperative period. Lateral
positioning of ONE-port would be barely seen from front-
sided view of the patient.
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Trocar in trocar technique

Introducing endo-GIA for dividing the pancreas through
reverse-port is impossible, due to the size discordance
between robotic assist-trocar and diameter of endo-GIA
(10 vs. 12 mm). Therefore, endo-GIA should be applied
through the additional port. For this purpose, placing
robotic 8-mm trocar docked to the robotic surgical
system into 12-mm conventional laparoscopic trocar is
useful (Figure 5). During dissection of splenic vessels, an
articulating robotic instrument can be used through this
additional robotic 8-mm trocar in 12-mm conventional
laparoscopic trocar. If necessary, endo-GIA can be
introduced through 12-mm conventional laparoscopic
trocar after temporarily removing robotic 8-mm trocar out
of 12-mm trocar. This procedure can be simply performed
by an assistant surgeon without difficulty; for this purpose,
it would be ideal for assistant surgeon to be placed on the
patient’s left side. This is another advantage of reverse-port
system during RSS+1 DP.

Of course, robotic endo-GIA (EndoWrist® Stapler)
can also be used. Although this advanced technology can
make the surgical procedure independent of an assistant
surgeon’s skills, we found that surgeons cannot control
the cutting speed of robotic endo-GIA for dividing the
pancreas, and eventually leads to crushing of the pancreas
rather than “dividing”. This phenomenon may be related to
postoperative pancreatic fistula.

Surgical simulation

Before applying this procedure in clinical practice, a
preoperative surgical rehearsal is recommended to help
surgeons understand procedural concepts and to get
used to new surgical environment for improving quality
of surgery in actual performance. Since surgeons may
encounter some technical issues during surgical simulation,
they should prepare their own tactics to resolve potential
problems that can arise during real clinical practice (7able 1,
Figures 6 and 7).

Case and surgical technique

A 24-year-old female patient was admitted to hospital
due to incidental finding of a mass in the pancreatic tail
(Figure 8). All informed consents were given. Under the
diagnostic impression of a solid pseudopapillary pancreatic
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Table 1 Potential technical issues to consider during surgical simulation for RSS+1 DP

Potential technical issues Tactics in Yonsei

How to divide gastrocolic and Use advanced robotic technology
gastrosplenic ligaments? Apply EndoWrist® vessel sealer

How to lift stomach wall to expose Use #(2) curved robotic arm to actively lift stomach wall

distal part of the pancreas? Use long-curved trocar to provide steady lifting power (sometimes)

How to dissect splenic vessels? Place EndoWrist® monopolar cautery instrument and EndoWrist® bipolar cautery instrument
through additional port

Use intracorporeal tie and clip to ensure safe surgical procedure
How to apply endo-GIA? Use modified lasso technique* (21) to simplify surgical procedure
Train assist-surgeon on how to apply endo-GIA during surgical stimulation

Consider using advanced robotic technology, but this may be inappropriate due to problem of
pancreatic division speed

Is it appropriate for the assist surgeon Test conventional commercialized single port system if it is appropriate for this surgical procedure
to manipulate near the patient’s side?

*, modified lasso technique will be discussed later in this chapter. RSS, robotic single-site; DP, distal pancreatectomy.

Figure 6 Preoperative surgical simulation. Home-made model for distal pancreatectomy (A) when lifting stomach, distal part of the pancreas

is exposed (B). Splenic artery (red) and vein (blue) are noted above the silicone pancreas (C). Designing port placement (D).
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neoplasm, she underwent robotic single-site plus ONE
port DPS (Figure 9). Total operation time was 160 minutes,
and the estimated intraoperative blood loss was less than
50 mL. When dissecting splenic vessels, angulating motion
of surgical instrument through additional port made surgical
procedure more effective and easy. Modified lasso technique
was applied. No POPF was noted. Patient was discharged
on the seventh postoperative day. Postoperatively, the
wound appeared to be healing well (Figure §). This case
suggests that the main obstacles of LSP/LRP system,
which includes surgical stress and ineffective instrument
manipulation, can be resolved by using a robotic surgical
system. More experience is required to determine the exact

role of robotic single-site surgical system for performing
LSP/LRP-DP.

Publishing Company

Video 1. Preoperative surgical simulation
for robotic sing|q2lE
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South Korea; Pancreatobiliary Cancer Clinic,

Yonsei Cancer Center, Severance Hospital, Seoul,
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Figure 7 Preoperative surgical simulation for robotic single site
plus ONE-port DPS (22). DPS, distal pancreatosplenectomy.
Available online: http://asvidett.amegroups.com/article/view/22992
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Special considerations
Modified lasso technique (21)

Lasso technique was originally proposed by Velanovich (24) in
2006 for simple and effective laparoscopic DPS. It contains
the following surgical procedures:

(I) Dissecting pancreas, splenic artery, and splenic vein

altogether from the retroperitoneum;

(II) Encircling these structures altogether by the

Penrose drain (“lasso”);

(IIT) Endo-GIA application to divide all of these

structures at once.

Although the technique looks simple and effective,
the original lasso technique harbors some potential
risk of postoperative bleeding from the staple line in
remaining splenic artery stump. We experienced a
very similar potential complication after laparoscopic
splenectomy (25). To prevent this potential safety issue,
we always dissect splenic artery first and ligate it before
applying lasso technique. Therefore, the pancreatic division
line would be distal to splenic artery ligation site.

Spleen-preserving technique

Spleen-preserving procedure is both time and labor-
consuming. In order to perform splenic vessel-conserving
technique, small tributary vessels need to be controlled.
In multi-port robotic surgical system, small metal-clips
and wrist-like motion of instruments are very useful in
this procedure, as they provide good surgical field. Our
experiences have shown that multiport robotic surgical
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Figure 8 Case presentation. Pancreatic tail mass with peripheral calcification is abutting splenic hilum (white arrow) (A). Postoperative

wound. Note the wound of additional ONE-port (black arrow) (B).
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Video 2. Robotic single site plus ONE-port
DPS for young tient with solid

pseudopapilla %uﬁﬁ
E-.' VL_ MEL
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Yonsei Cancer Center, Severance Hospital, Seoul,
South Korea

Figure 9 Robotic single site plus ONE-port DPS for young female
patient with solid pseudopapillary tumor of the pancreas (23).
DPS, distal pancreatosplenectomy.

Available online: http://asvidett.amegroups.com/article/view/22993

system is very useful in spleen-preserving DP (26-30).
However, in RSS+1 system, ensuring surgical field may
not be enough to perform spleen-preserving process,
as the effector movement is not fully articulated except
placing robotic instruments through additional ONE-
port. Therefore, splenic vessel-conserving technique
will not be effective by RSS+1 system. Both splenic
vessel-sacrificing techniques may be acceptable in
selected cases, but not all the time. Therefore, the best
indication for RSS+1 DP would be pancreatic tail tumor
involving splenic hilum or spleen which requires DP
with splenectomy. Such indication would help prevent
potential debates regarding the rationale on combined
splenectomy in benign or low grade malignant tumor of
the pancreas.
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