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Abstract: The use of reduced port laparoscopic surgery (RPS) has become increasingly popular. The

concept of RPS includes all procedures derived from various efforts minimizing the invasiveness of surgery,

with single-incision laparoscopic surgery (SILS) being the ultimate reduced port technique. Reduced-port

laparoscopic gastrectomy (RPLG) for gastric cancer has not yet been fully established and still has issues

such as feasibility, oncological validity, training, and education. The short-term results of reported studies

are acceptable. However, long-term results that verify positive results or radical cure even in cases of cancer

have not yet been published. Patients for whom RPLG is indicated should be selected carefully. Prospective

multicenter studies should be conducted to establish RPS as a truly evidence-based practice that addresses

not only cosmesis but also the appropriate balance between minimal invasiveness and radical cure.
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Introduction

The use of reduced port laparoscopic surgery (RPS)
has been increasing recently (1). RPS involves fewer
ports than standard laparoscopic surgery and can allow
for needlescopic surgery through narrower ports (2) by
involving single-incision laparoscopic surgery (SILS). SILS,
which is performed from a single incision at the umbilicus,
can be considered the ultimate reduced-port technique.
Needlescopic surgery and SILS were introduced almost
simultaneously in the 1990s (3,4). Although they were
originally used for surgical treatment of benign diseases, with
the advances in techniques and devices, their applications
have expanded to include malignant diseases such as
colorectal and gastric cancers (5-8). Now, the concepts of
SILS, RPS, and needlescopic surgery have been combined
and are difficult to distinguish from each other (Figure I).
The term RPS integrates these concepts and is considered
to be derived from the various efforts aimed at minimally
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invasive surgery.

The history of RPS use for malignant diseases such as
gastric cancer is short, and its usefulness has not yet been
fully established. This review describes the present concept,
situations, and challenges of RPS for gastric resection of
gastric cancer, and these issues are presented in light of the
existing literature.

Concept and history of reduced-port
laparoscopic gastrectomy for gastric cancer

Laparoscopic surgery is a minimally invasive treatment, and
its widely known advantages include reduced bleeding and
its contribution to minute lymph node dissection (9,10).
In the reduced-port laparoscopic gastrectomy (RPLG)
concept, when laparoscopic surgery is performed for gastric
cancer, the resected specimen and retrieved lymph nodes
are usually extracted in a plastic bag through the umbilicus
or another incision. In general, the incision must be at
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Conventional surgery

Figure 1 Concept of reduced-port surgery. SILS, single-incision

laparoscopic surgery.

least around 3 c¢m. Therefore, gastric resection performed
through an incision no larger than 3 ¢cm can be the ultimate
single-incision laparoscopic gastrectomy (SILG).

The application of RPS to gastric cancer was first
reported by Omori et al. (7). Since then, many RPLG
techniques have been reported (11-18). Reports have
described the feasibility of RPLG and the techniques in
detail. The minimal invasiveness, associated postoperative
pain, and cosmetic outcomes of RPLG are reported to be
similar to those of conventional laparoscopic gastrectomy
(CLG). Interestingly, Kawamura ez al. (16) reported that the
amount of oral intake during the early postoperative period
in RPLG exceeds that in CLG.

Many reports have indicated that the grade of lymph
node dissection in RPLG also does not differ from that in
CLG. Although the prospect for radical cure is thought
to be not inferior, no long-term studies have confirmed
this prediction. Lee et al. (18) verified the non-inferiority
of RPLG to CLG in an animal study; the incidences of
inflammatory reactions and complications were similar to
those in CLG. We anticipate that such results will soon be
verified in clinical studies.

The application of RPLG to gastric cancer remains
controversial, and critical comments have been made
regarding this (19). The fourth edition of the Japanese
gastric cancer guidelines (20) states that laparoscopic
surgery for gastric cancer is an option for patients with stage
I disease, although the long-term results of the JCOG0912
phase III and KLLASS-01 trials are awaited (21-23). In such
a situation, consensus is difficult to reach on the usefulness
of RPS, which is technically more challenging. Moreover,
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the benefit and effect of RPLG in comparison with those
of CLG and open surgery should be discussed. Whether
performing RPS requires special training and can be
established as a standard operation remains to be elucidated.

The educational issue should also be considered for junior
surgeons. Naturally, such an operation is technically difficult
to perform from a single incision. Laparoscopic surgery
requires the use of forceps, which restricts the view on the
two-dimensional monitor and thus requires its own particular
skill set. The degree of restriction is increased in RPS.
Therefore, skilled surgeons who can perform laparoscopic
surgery are needed (24). Generally, it is desirable that
surgeons with adequate experience in ordinary laparoscopic
gastric resection perform RPS as the next step.

One of the technical solutions for the oncological and
educational problems described earlier is the use of thinner
forceps such as needle forceps, which are generally 3 mm
or less in diameter (25,26). These needle forceps are useful
for establishing the working angle in each procedure, which
contributes to maintaining the quality of lymphadenectomy
and reconstruction. They also keep the assistant motivated
to participate in the operation by holding the needle forceps,
which can contribute to the education of junior surgeons.
Moreover, the cosmetic outcome and degree of invasiveness
could be maintained even if these needle forceps are added.

Authors have also ranked RPS from standpoints other than
the cosmetic outcome and degree of invasiveness. In physically
small patients, the area of the abdominal cavity that receives
the ports is small. If ports of conventional size and number
are used, forceps interfere with each other; and as a result, the
target angle needed to reach an organ is difficult to achieve.

In this case, if forceps are centralized in a single incision
at the umbilicus, we have to resolve the problem of
interference, but the target angle is easy to achieve. We
overcome the problem by inserting a total of three needle
forceps, one held in the operator’s left hand, and two held
in the assistant’s two hands, from incisions other than those
at the umbilicus. We have adopted the concept of needle-
assisted surgery. The mobilization of internal organs and
the procedure of lymph node dissection and reconstruction
in gastric resection are performed as in CLG. Thus, the
introduction of RPS seems to be relatively easy for the
surgeon who is used to CLG.

Indications

The indications for RPLG include early gastric cancer in
patients who are slim and have little visceral fat. Patients
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Figure 2 Set-up and position in SILG: the surgeon stands between

the patient’s legs. SILG, single-incision laparoscopic gastrectomy.

with a belly wall area are also in this category. Specifically,
the distance from the umbilicus to the xiphoid process of
15 cm or less and a BMI of 20 kg/m” or less are preferable.
RPLG is also particularly appropriate for young women
because of its cosmetic benefit (27). Some institutions
consider advanced gastric cancer as an indication or do
not take sex or physical condition into consideration when

deciding whether RPLG should be indicated (28).

Variation of the reduced-port laparoscopic
gastrectomy (RPLG) procedure

RPLG includes SILG and various RPLG procedures, as it
requires fewer ports or introducing a smaller port incision
than that in CLG. The SILG and RPLG procedures that
were introduced in the authors’ institute are described
herein by referring to published articles.

Single-incision laparoscopic gastrectomy

SILG in this chapter refers to the procedure where only
one small incision is made without any additional port,
which we call “pure SILG.” Reports on pure SILG (7,12-
15,17,28-34) described its feasibility, cosmetic results, and
minimal invasiveness. The feature of SILG is based on the
concept of standardizing SILG in each institute.
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Set-up

The patient is placed supine in the dorsosacral position.
The surgeon stands between the patient’s legs, the camera
assistant stands at the patient’s right side, and the first
assistant stands at the patient’s left side. A monitor is placed
above the patient’s head (Figure 2). A 10-mm endoscope
with a high-definition camera is preferred. A flexible
endoscope is preferable than a rigid endoscope because its
flexibility can prevent conflict between the forceps.

Access device

A 2.5- to 3.5-cm incision is made in the umbilicus
(Figure 3). Different kinds of access device have been
developed and commercialized, and are chosen according
to the discretion of the surgeons’ in each institute. The
present authors use Lap-Protector (Hakko Co., Ltd.,
Nagano, Japan) for wound protection and EZ Access (Hakko
Co., Ltd., Nagano, Japan), which can be assembled as an
umbilical access device. Two 12- and 5-mm trocars each are
inserted through the EZ Access device. By using a 10-mm,
30-degree endoscope, both the surgeon’s and assistant’s
forceps are inserted through the respective trocars. The
energy device, stapler, and gauze are inserted and removed
through the 12-mm trocar (Figure 4). Four trocars are also
generally inserted in previous reports.

Liver retraction

Retraction of the left lobe of the liver is important for
gastrectomy. It is simply performed with percutaneous
stitching nylon thread or by using a penlose drain. The
present authors use a 2-0 nylon thread and a medium-sized
Silicon-disc (Hakko Co., Ltd., Nagano, Japan).

Single-incision laparoscopic gastrectomy (SILG) procedure

Almost all procedures are performed in the same manner as
those in CLG. The unique tips of the SILG are as follows: (I)
the operating table is more tilted into the head-up position to
gain the benefit of counter traction by gravity; (I) a curved
instrument is frequently used to prevent the conflict between
forceps; (III) an innovation that uses small clips, which
are hanged with percutaneous thread and then retracted.
Instead of organ traction by using forceps, each clip is used
to grasp the tissue of the organ and create the working
field. Thus, the technical quality of SILG is maintained so
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SILG
Figure 3 Skin incision in SILG: a 2.5 to 3.5-cm incision is made at

the umbilicus. SILG, single-incision laparoscopic gastrectomy.

Figure 4 Set-up of umbilical access device: two 12-mm trocars and

two 5-mm trocars are inserted through the EZ access device.

as not to be inferior to RPLG or CLG. Reconstruction is
also performed through a single incision. In this situation,
stapling should be carefully executed. A 10-mm stapler is
rather large for the access device, and assist forceps should
be appropriately inserted. The present authors perform
Roux-en-Y reconstruction after gastrectomy with the use
of a linear stapler. The Y limb is created extracorporeally to
shorten the execution time. Gastrojejunostomy is performed
intracorporeally. We always choose side-to-side anastomosis
by using a 60-mm linear stapler. The stapler entry hole
is sutured intracorporeally. The 15-cm 3-0 V-Loc 180
(Covidien, Mansfield, MA, USA), a barbed suture material, is
used for the suturing. This material prevents line slack during
the suturing and does not require knotting, which facilitates
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SILG

Figure 5 Postoperative scar of SILG. SILG, single-incision

laparoscopic gastrectomy.

laparoscopic suturing especially for SILG. Petersen’s defect
and the mesenteric space around the Y limb are also closed
with a continuous barbed suture. Finally, the single umbilical
opening is cosmetically closed with an appropriate buried
suture, and the scar is generally invisible after 3 months

(Figure 5).

Reduced-port laparoscopic gastrectomy

The term RPLG can be applied to various procedures
with various efforts to achieve minimal invasiveness. Many
literatures indicated that RPLG procedures are comparable
with CLG procedures (11,35-41). The present authors’
concept of RPLG was derived from SILG. Sometimes, we
encounter instrument conflicts at SILG and cannot maintain
an adequate working angle. Additional ports should be
inserted if necessary, but in a minimally invasive manner. We
prefer to use the 2.1-mm-diameter BJ Needle forceps (NI'TI-
ON Ceo., Ltd., Chiba, Japan), not through an additional port,
but via a dedicated puncture port (Figure 6). The tiny wound
made by the BJ needle does not cause postoperative pain
or an unsatisfactory cosmetic outcome (Figure 7). Even one
additional BJ Needle in the surgeon’s left hand is useful for
obtaining the proper manipulation angle in the laparoscopic
view. According to the authors’ experience, a maximum of
three additional BJ Needles, one in the surgeon’s left hand
and one each in the assistant’s right and left hands, will
create almost the same tissue traction as in conventional
laparoscopic surgery. The authors named this standardized
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Figure 6 Skin incision in RPLG: a 3-cm incision is made at
umbilicus and three puncture for needle forceps are made at lateral

side. RPLG, reduced-port laparoscopic gastrectomy.

RPLG

Figure 7 Postoperative scar of RPLG. RPLG, reduced-port

laparoscopic gastrectomy.

procedure “needle device-assisted single-incision laparoscopic
gastrectomy (NA-SILG).”

Set-up
The set-up for NA-SILG is identical to that for SILG.

The surgeon stands at the patient’s right side, the camera
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Figure 8 Set-up and position in RPLG: the surgeon stands at the
patient’s right side. RPLG, reduced-port laparoscopic gastrectomy.

assistant stands between the patient’s legs, and the first
assistant stands at the patient’s left side (Figure 8). The other
equipment is placed as it is for SILG.

Access device

A 3-cm incision (a little smaller than the incision for SILG)
is made at the umbilicus, and the Lap-Protector is used,
with only two 12-mm trocars inserted through the EZ
Access device. A 10-mm 30-degree endoscope and the
surgeon’s right forceps are inserted through the respective
trocars. The energy device, stapler, and gauze are inserted
and removed through the 12-mm trocar. As additional
punctures, a puncture for the 2.1-diameter BJ Needle
forceps is made at the right lateral side of the abdomen for
the operator’ left hand and two punctures are made at the
left side for the assistant’s both hands (Figure 9).

Liver retraction

The liver retraction procedure is performed in the same
manner as in SILG.

Needle device-assisted single-incision laparoscopic
gastrectomy (NA-SILG) procedure

Dissection and reconstruction are performed in the same
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Figure 9 Set-up of needle forceps: three needle forceps are added.

manner as in SILG. The difference is that the forceps in
the operator’s left hand are inserted via the patient’s right
abdomen, and the two forceps in the assistant’s hands
are inserted via the left abdomen. The same operative
field attained in CLG is thereby attained in NA-SILG.
The distance between the operator’s two hands becomes
comfortably wide, and a comfortable operating angle is
obtained. The assistant performs the same procedure as
in CLG. Thus, in NA-SILG, operators can easily master
their roles, which can solve the educational problem in
RPLG. The postoperative incisional pain and the incision
required are minimal. The authors believe that the needle
instruments are useful not only in single-incision surgery
but also in facilitating RPS.

Results in reduced-port laparoscopic
gastrectomy (RPLG)

Feasibility

The feasibility of RPLG seems to be almost established
in previous reports (7,11,14,17,25-43). The median
operative time in previous reports was 241.9 minutes
(range, 186-302 minutes). The complication rate ranged
from 0% to 20.8%. Furthermore, the procedure was not
associated with any mortality and conversion to open
surgery. However, the operator of the procedure is limited
to an elected surgeon and institute where CLG has already
been established and standardized. Almost all patients who
underwent RPS are also elected according to the surgeon’s
decision. That is, the possibility of selection bias should
be taken into consideration in the interpretation of the
results.
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Oncological validity

So far, no report has described the long-term results
concerning oncological validity. Predictive parameter may
be the number of retrieved lymph nodes. In addition, that
of previous reports was 36.5 (range, 24-66), which seemed
to be comparable with that of CLG (7,11,14,17,25-43). The
long-term results can be expected.

Training and education

The technical demand in RPLG is high (42). The preferable
indications are early-stage cancer and slim patients, as
described previously. However, surgeons in training would
want to perform CLG for patients under the same indication
as in the surgical training. That is, junior surgeons may lose
their chance to assuming the role of operator. One solution
is to standardize RPLG for many patients, including fat
or advanced-stage cancer patients. In fact, introduction of
thinner forceps as the needle device facilitates RPS, and
junior surgeons can participate and assist during RPLG in
the same way as they can in CLG.

Discussion

As described earlier, the institutions that have reported
on RPLG so far, including our facility, are those that have
standardized CLG. Therefore, we can argue that RPLG
cannot be introduced as easily as CLG. Moreover, because
RPLG is regarded mainly for its cosmetic benefit, it will
be interesting to determine how effective and ontologically
valid the procedure is. Whether RPLG can be taught and
mastered as well as CLG should also be investigated.

For future prospect, standardizing the RPLG technique,
shortening the learning curve, and reducing the difficulty
of the technique are important issues to be addressed.
Developing a new device is warranted. Novel devices such
as flexible forceps, forceps with flexible tips, and an oval
access port (43) have been reported. Single-port devices for
robot-assisted surgery have also been developed, and these
devices are expected to improve the ease with which SILG
is performed. However, the size and cost of the apparatus
are still problematic. Certain robot-supporting technology
will be indispensable for the breakthrough in RPS (44-48).

Conclusions

RPLG for gastric cancer has been developed through
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advances in technology and devices, and the technical
issues have been overcome in the same way. Problems in
feasibility, oncological validity, training, and education
will be solved with various efforts. The short-term results
reported in literatures are acceptable. Long-term results
that verify positive results or radical cure even for cases of
cancer have not yet been published; thus, patients indicated
for RPLG should be selected carefully. Prospective
multicenter studies should also be conducted to establish
RPS as a truly evidence-based practice that addresses not
only cosmesis but also the proper balance between minimal
invasiveness and radical cure.
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