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Abstract

Single-port laparoscopic surgery (SPLS) is implemented
through a tailored minimal single incision through which
a number of laparoscopic instruments access. Introduc-
tion of operation-customized port system, utilization of
a camera without a separate external light, and instru-
ments with different lengths has brought the favorable
environment for SPLS. However, performing SPLS still
creates several hardships compared to multiport lapa-
roscopic surgery; a single-port system inevitably leads
to clashing of surgical instruments due to crowding. To
overcome such difficulties, investigators has developed
novel concepts and maneuvers, including the concept
of inverse triangulation and the maneuvers of pivoting,
spreading out dissection, hanging suture, and translu-
minal traction. The final destination of SPLS is expected
to be a completely seamless operation, maximizing the
minimal invasiveness. Specimen extraction through
the umbilicus can undermine cosmesis by inducing a
larger incision. Therefore, hybrid laparoscopic tech-
nique, which combined laparoscopic surgical technique
with natural orifice specimen extraction (NOSE) - /e.,
transvaginal or transanal route-, has been developed.
SPLS and NOSE seemed to be the best combination in
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pursuit of minimal invasiveness. In the near future, ro-
botic SPLS with natural orifice transluminal endoscopic
surgery’s way of specimen extraction seems to be pur-
sued. It is expected to provide a completely or nearly
complete seamless operation regardless of location of
the lesion in the abdomen.

© 2014 Baishideng Publishing Group Co., Limited. All rights
reserved.
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Core tip: Single-port laparoscopic surgery (SPLS) has
clear-cut benefits in terms of cosmesis and reduced
wound morbidity. The technical difficulties have been
overcome by novel concepts and maneuvers, including
the concept of inverse triangulation and the maneuvers
of pivoting, spreading out dissection, hanging suture,
and transluminal traction. Cosmetic demerits, caused
by the specimen extraction through the single-port site,
can be selectively overcome by natural orifice speci-
men extraction, such as using transvaginal or transanal
route. In the near future, robotic SPLS with natural ori-
fice transluminal endoscopic surgery’s way of specimen
extraction seems to be pursued.
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PAST: EMERGING AS A RISING HOPE

Laparoscopic surgery did not only cosmetically satisfy

patients but also led to improvement in parameters re-
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Table 1 Acronyms of single port laparoscopic surgery

Acronym Details

eNOTES  Embryonic natural orifice transluminal endoscopic surgery
RESS Laparo-endoscopic single site surgery
NOTUS Natural orifice trans-umbilical surgery
OPUs One port umbilical surgery

SPAS Single port access

SPL Single port laparoscopy

SIPLS Single instrument port laparoscopic surgery
SIMPL Single incision multi-port laparoscopic-endoscopic
SILS Single incision laparoscopic surgery

SLIT Single laparoscopic incision transabdominal
SLAPP Single laparoscopic port procedure

SSL Single site laparoscopy

TUES Trans-umbilical endoscopic surgery

TULA Trans-umbilical laparoscopic assisted
TUSPLS trans-umbilical single port laparoscopic surgery

lated with short-term operative outcomes, such as reduc-
tion in postoperative pain and duration of ileus, quicker
postoperative recovery, shorter hospital stay, and earlier
return to normal activity! ", Furthermore, a randomized
clinical trial reported a reduction in tumor relapse fol-
lowing laparoscopic surgery, suggesting long-term onco-
logic benefits™. The reasons were attributed to various
potential mechanisms, including a lower stress response
after surgical trauma, an attenuated cytokine response,
minimal tumor handling, accurate application of the no-
touch technique, and lower complication rates.

Conventional laparoscopic surgery (CLS) usually re-
quires 3-6 small incisions for ports. These incisions are
not only cosmetically unappealing, but also increase the
wound pain and potential wound morbidity, such as ab-
dominal wall bleeding, port-site hernia, and internal or-
gan damage. The ardent pursuit of minimal invasiveness
and the increasing recognition of patient’s satisfaction
has led to the ultimate form of laparoscopic surgery,
single port laparoscopic surgery (SPLS). Ever since the
first attempt of SPLS hysterectomy in 1992, SPLS was
adopted by general surgery in procedures such as appen-
dectomy"”] cholecystectomy'", and adrenalectomy'?.
Colorectal surgeons were also eager to employ the novel
SPLS technique in right hemicolectomy"™'¥, sigmoid-
ectomy™' and total colectomy™"™. The spectrum of
SPLS applications has extended from benign diseases
to malignant colorectal cancers'™'*'” and the safety and
feasibility of SPLS in colorectal surgery is supported by
many reports and comparative studies' ",

PRESENT: EXCLAMATION AND
FRUSTRATION

SPLS nomenclature

The exact nomenclature of laparoscopic surgery, which
is performed through only on minimal incision, has
not been determined. The surgical procedure has been
vatiously referred depending on the continent, countty,
hospital, department, and even individual operator (Table
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1). In this paper, we referred to it as SPLS, which is the
most widely used terminology in South Korea.

Beneficial effects of SPLS

SPLS is implemented through a tailored minimal single
incision through which a number of laparoscopic instru-
ments access. This single incision site usually functions
as (1) an access port entering into abdominal cavity; (2)
a specimen-extracting orifice; and (3) a pathway for a
drain. The preferred single incision site is the umbilicus.
Umbilicus is the thinnest part of the abdomen; has no
vessel or nerve; and can be regarded as predetermined,
ready-made scar which can hide artificial scar effectively.
Furthermore, centrally located, it can provide a shortcut
to various intra-abdominal organs in all abdominal quad-
rants. Other sites besides umbilicus, however, can be
utilized as a single incision for various reasons, including
abandoning the umbilicus due to possible adhesion and
making incision at predetermined ileostomy site. We ex-
perienced several cases of abdominoperineal resection
and low anterior resection using SPLS other than tran-
sumbilical route due to the latter reason, and found it to
be acceptable in terms of operative proficiency and cos-
mesis'"”; no wound was identified postoperatively except
for the ileostomy site, simulating an even more “scar-less”
operation than using the umbilicus.

Besides cosmetic superiority, the potential benefits
of SPLS is to reduce wound morbidity. The number and
overall size of the wound directly affect wound morbid-
ity, such as injuries of vessels, bowel, and other intra-
abdominal organs, and trocar site hernia™. Weiss ez @/,
in their analysis of 1145 consecutive series of SPLS,
reported that SPLS reduced wound complication more
than CLS (2.38% vs 8.45%, P = 0.015).

Other benefits of SPLS over CLS have not detet-
mined yet. Until now, a series of comparative studies
suggested a number of potential benefits of SPLS,
including pain reduction and fastened postoperative re-
covery™*? and others did not”™”", The severity and
duration of pain after an operation influences postop-
erative recovery, which is reflected by duration before
re-initiation of a diet, return to normal activity, and the
length of hospital stay. Therefore, the effect of SPLS on
postoperative pain needs to be determined first. Tsimoy-
iannis e# a/*”, in a randomized controlled trial comparing
outcomes following cholecystectomies either by CLS
(n = 20) or SPLS (# = 20), showed that SPLS more re-
duced postoperative pain scores. However, prospective,
large-scaled clinical trials of the short- and long-term
outcomes are essential to determine the precise effects
of SPLS.

SPLS is particularly useful in operations which are
aimed at more than two target organs in different quad-
rants; for the umbilicus provides a shortcut to reach all
intra-abdominal organs. Combined appendectomy and
cholecystectomy is one of examples. Colorectal surgery
involves the most extensive area in the abdomen because
the colorectum is extensively distributed. Therefore, the
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Figure 1 Ports designed for single-port laparoscopic surgery. A: Materials for making homemade glove port (two-piece, terminal type); B: OCTO port (Dalim
medical Co., South Korea) (two-piece, terminal type); C: Single incision laparoscopic surgery port (Covidien, United States) (one-piece, preoccupied type); D: Com-

mercial glove port (Sejong medical Co., South Korea) (one-piece, terminal type).

merit of SPLS is pronounced in colorectal surgery. Fur-
thermore, SPLS may be the optimal choice in selected
patients with a history of multiple abdominal opera-
tions. Open or laparoscopic surgery can equally put such
patients in the risk of iatrogenic bowel petforation. In
these situations, SPLS can be attempted because a single
minimal incision provides a safe settlement point from
which the dissection can be initiated cautiously.

SPLS poses several challenges, such as the handling
of straight instruments in parallel with the laparoscope
through a small single incision. Technical limitations
of instrumentation in SPLS has led to advancement in
techniques to overcome the limitations. Such technical
advancements are unique to SPLS; difficult or unable to
apply to CLS; and therefore show the potential of SPLS
to outperform CLS.

Instrument for SPLS

Ports: In the beginning, a homemade glove port, which
combines a wound retractor and a surgical glove, has
been utilized. More recently, commercial single ports,
including the OCTO port (Dalim medical Co., South
Korea) and the SILS port (single-incision laparoscopic
surgery port, Covidien, United States) have also been de-
veloped and introduced (Figure 1). For convenience, we
categorized the single ports into two subtypes depend-
ing on detachability; one-piece (SPLS port, R-port ec.)
type and two-piece (Glove port, OCTO port ez.) type.
We think that the two-piece type is more convenient
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in colorectal surgery considering the comfortability of
specimen extraction through the port site. We also classi-
fied the single ports into the terminal type and preoccu-
pied type according to the presence of a common chan-
nel; it can be called as terminal type when laparoscopic
instruments share a common channel in the single port
except for their entrance, and called as preoccupied type
when each individual laparoscopic instrument has its
own independent access to the abdominal cavity. We
preferred the terminal type because it can be used with
smaller incisions and evokes less instrumental clinching;

Camera: Utilization of a camera without a separate ex-
ternal light not only provides more space externally but
also reduces the chance of it being knocked out of place
by a surgeon. We prefer a camera with 5-mm diameter
due to various reasons, such as taking up lesser space
and leaving small incision. The 30-degree telescope pro-
vides an extensive vision, especially in the deepest por-
tion of the pelvic cavity.

Working instruments: As SPLS is based on well-estab-
lished laparoscopic foundation, SPLS can be reproduced
using conventional laparoscopic instruments. Fixed
straight instruments are usually preferred in SPLS be-
cause they can transmit constant force and maintain
throughout retraction. Numerous articulating devices,
however, have been developed to actively manipulate and
fulfill tasks regardless of instrument position. The prac-
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Figure 2 Concept of triangulation vs inverse triangulation. Triangulation in
multiport laparoscopic surgery allows traction on tissues to improve dissection
along anatomical planes (A). In inverse triangulation of single-port laparoscopic
surgery, the two instrumental ends do not encounter, but assist each other by
creating tension (B). Therefore, the operation is carried out with the two instru-
ments crossed-over.

tical utility of their flexibility raises controversy. Judging
from our experience, articulating devices were particu-
latly convenient when utilized with one hand rather than
with both hands and/or when applied to the patients
with a prominent pelvic promontory. Instruments with
longer (44-45 cm) shaft lengths than conventional de-
vices (33-34 cm) are advantageous in the procedures in
the left upper quadrant (LUQ), such as splenic flexure
dissection. Considerable instrumental clinches occurred
outside rather than inside of abdominal cavity. We have
overcome the clinches to a large extent using different-
length instruments and a reduced bulk camera.

An instrument placed through a single port divides
the hole in the port into two. Therefore, when an instru-
ment cannot, or is difficult to reach the targeted organ,
we recommend to draw the instrument completely out
of the abdomen and re-insert it into another compart-
ment bordered by the instrument.

Challenge and response

Performing SPLS is more strenuous than CLS. The envi-
ronment provided by SPLS inevitably results in motion
limitations and clashing of surgical instruments due to
crowding. Furthermore, SPLS significantly increases
the difficulty of colonic exposure and dissection due to
inability of triangular dissection which has been consid-
ered a cornerstone of laparoscopic surgery. Such dif-
ficulties prompted the development of instruments and
maneuvers to overcome the limitations. Herein, some of
these attempts, including the maneuvers which were in-
genuously developed at our institution, will be discussed.

Inverse triangulation: Laparoscopic surgeons have per-
formed convenient traction and dissection using the concept
of triangulation. SPLS, however, provides the unfavorable
surroundings for triangulation, often resulting in the chop-
sticks or sword fighting effect due to parallel alignhment
of instruments. We have attempted to overcome the lim-
itations using a new concept of “inverse triangulation”
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(Figure 2). Inverse triangulation refers to the formation
of an inverted triangle viewed from the operator; one
single-incision port site and two instrumental ends which
are positioned in a crossing-over pattern comprise three
triangles. The two instrumental ends do not encounter,
but assist each other by creating tension. The operation
is carried out with the two instruments crossed-over.
The surgeon’s right hand holds the left-sided instrument
and vice versa. Inverse-triangulation makes it convenient
to perform various kinds of laparoscopic procedure,
including dissection, traction, and resection. And, in-
verse triangulation does not increase the umbilical pain
because the range of motion of the instruments is re-
stricted within the umbilical port.

Pivoting: Colorectum is located extensively in four quad-
rants of the abdomen, and the umbilicus is located in the
center of four quadrants. Therefore, a pan-abdominal
approach without additional incisions is possible through
the umbilicus. Furthermore, SPLS is advantageous in the
operation which includes more than two target organs in
different quadrants, such as combining splenectomy and
appendectomy. The only requirements in such a situation
are positional changes of the patient and shifts of opera-
tion members.

Spreading out dissection: Whether it is laparoscopy or
open surgery, the operation of the patient with multiple
adhesions demands a great deal of hard works. In CLS,
even if a port for camera is successfully entered, inser-
tion of an additional port far apart from the camera port
can be threatening due to potential risk of intestinal in-
juties. However, SPLS has an advantage over CLS in that
it does not require risky additional port insertion; only
after securement of single-port access, dissection of ad-
herent tissue can be expanded from the single-port site
with safety.

Hanging suture: Application of a hanging suture is
helpful when sustained maintenance of the visual field
overcoming an obstacle is required. For example, the
practice of total mesorectal excision (TME) for rec-
tal cancer is limited during SPLS due to narrow pelvic
cavity and hindering structures. To facilitate TME, the
peritoneal fold (in males) or the uterus (in females) can
be elevated by placing an intracorporeal stitch through
the low abdominal wall (Figure 3). Thereafter, adjusting
patient’s position according to the procedure can further
optimize operative field.

Transluminal traction: In the low colorectal surgery,
the support of a colorectum, which is determined to
be dissected, can facilitate dissection by way of adjust-
ing the organ’s direction. This support can be provided
by transrectal application of instruments, such as PPH
(Procedure for Prolapsed and Hemorrhoid Endo-Sur-
gery, Ethicon, United States), a circular stapler, an anal
trocar, or colonoscopy (Figure 4).

January 28, 2014 | Volume 20 | Issue 4 |



Kim SJ et al. Single-port laparoscopic surgery for colorectal cancers

Figure 3 Hanging suture. To facilitate operative field during total mesorectal excision, the uterus in female (A) or the peritoneal fold in male (B) were elevated by

placing an intracorporeal stitch through the low abdominal wall.

Figure 4 Transluminal traction. A PPH (procedure for Prolapsed and Hemorrhoid Endo-Surgery, Ethicon, United States) was utilized to support the colorectum dur-

ing dissection and to facilitate dissection by shifting the colorectum’s location as well.

FUTURE: WAY TO ULTIMITE SCARLESS

SURGERY

SPLS is mainly accomplished by two persons. The op-
erator both holds an organ structure and dissects it with
bimanual manipulation. Therefore, the operator’s contri-
bution is more substantial than any other procedures. An
assistant’s role is, however, usually to steer a laparoscope.
Therefore, the assistant’s role can be replaced by an in-
strument, such as a camera holder (laparoscopic instru-
ment holder, Sejong medical Co., South Korea) (Figure
5). If the instrument replaces an assistant surgeon, the
surgical team is only comprised of a surgeon and a scrub
nurse. Surgery department often lacks manpower; there-
fore such instrument-dependent SPLS can overcome the
personal defect. We found it is particularly advantageous
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in the operations of which target organ is localized in a
single quadrant, such as appendectomy, cholecystectomy,
and herniorrhaphy.

SPLS was initially designed to achieve a seamless op-
eration. Reaching a “completely seamless operation” is
the final destination, while maintaining comparable thet-
apeutic outcomes as CLS. In spite of attempts to reduce
the number and size of the skin incision, the bulk of the
specimen inevitably affects the length of incision, mostly
the umbilical incision. Laparoscopic surgeons attempted
to solve this problem by borrowing idea from natural
orifice transluminal endoscopic surgery (NOTES). Con-
sequently, hybrid laparoscopic technique, which com-
bined laparoscopic surgical technique with natural orifice
specimen extraction (NOSE), has been developed[32’4”.
Of NOSE, transvaginal®™”" or transanal™*"! route of
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Figure 5 Laparoscopic instrument holder. An installation of a laparoscopic instrument holder in operation bed (A). Application of a laparoscopic instrument holder

during single-port laparoscopic surgery (B).

Figure 6 Umbilicus-sparing single-port laparoscopic surgery. After making a incision for single-port to the predetermined enterostomy site (A), a single-port was
inserted (B), and operation was accomplished through the enterostomy site (C). Postoperatively, no scar, except for enterostomy, remained (D).

specimen retrieval has been preferred in laparoscopic
surgery. SPLS and NOSE are the best combination in
pursuit of minimal invasiveness. In operations which in-
clude the formation of a stoma, such as abdominoperi-
neal resection or low anterior resection with diverting il-
costomy, SPLS can be initiated through a predetermined
stoma site and the specimen can be extracted through
the stoma site (Figure 6). Therefore, the ideal seamless
operation can be accomplished by this way.

Transanal endoluminal laparoscopic surgery (TELS)
is displayed in the rectal lumen using a port established in
the anus™™*. And, laparoscopic assisted transanal trans-
abdominal proctosigmoidectomy is a combined approach
to remove low rectal cancer via the anus and abdominal
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cavity™™, Ideal seamless operation can be designed by
combining these two operative procedures. First, after
making an incision in anus, the dissection proceeds for-
ward, and then the specimen is extracted »iz anus, and
colo-anal anastomosis is achieved through the anus. Such
an accomplishment can be remarked as one of the most
advanced forms of SPLS™.

The advent of robotic surgery should be addressed
when discussing the future of minimally invasive sut-
gery. Because the robotic surgery is performed using a
laparoscopic approach, an upgraded version of robotic
surgery will be single-port robotic surgery”'. Tt seemed
that robotic SPLS combined with NOTE’s way of speci-
men extraction would be attempted in the near future®™,
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It is expected to provide a completely or nearly complete

seamless operation regardless of location of the lesion
in the abdomen.
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