Single-Access
Laparoscopic
Sur%ery

Current Applications and
Controversies

Giusto Pignata
Francesco Corcione
Umberto Bracale Editors

@ Springer



Single-Access Laparoscopic Surgery






Giusto Pignata * Francesco Corcione
Umberto Bracale
Editors

Single-Access
Laparoscopic Surgery

Current Applications and Controversies

@ Springer



Editors
Giusto Pignata
General and Miniinvasive Surgery

Umberto Bracale
Department of Surgical Specialities

San Camillo Hospital and Nephrology
Trento University Federico II of Naples
Italy Naples

Italy
Francesco Corcione
General, Laparoscopic and
Robotic Surgical Unit
Naples
Italy

ISBN 978-3-319-06928-9
DOI 10.1007/978-3-319-06929-6
Springer Cham Heidelberg Dordrecht London New York

ISBN 978-3-319-06929-6  (eBook)

Library of Congress Control Number: 2014945200

© Springer International Publishing Switzerland 2014

This work is subject to copyright. All rights are reserved by the Publisher, whether the whole or part of
the material is concerned, specifically the rights of translation, reprinting, reuse of illustrations, recitation,
broadcasting, reproduction on microfilms or in any other physical way, and transmission or information
storage and retrieval, electronic adaptation, computer software, or by similar or dissimilar methodology
now known or hereafter developed. Exempted from this legal reservation are brief excerpts in connection
with reviews or scholarly analysis or material supplied specifically for the purpose of being entered and
executed on a computer system, for exclusive use by the purchaser of the work. Duplication of this
publication or parts thereof is permitted only under the provisions of the Copyright Law of the Publisher's
location, in its current version, and permission for use must always be obtained from Springer.
Permissions for use may be obtained through RightsLink at the Copyright Clearance Center. Violations
are liable to prosecution under the respective Copyright Law.

The use of general descriptive names, registered names, trademarks, service marks, etc. in this publication
does not imply, even in the absence of a specific statement, that such names are exempt from the relevant
protective laws and regulations and therefore free for general use.

While the advice and information in this book are believed to be true and accurate at the date of
publication, neither the authors nor the editors nor the publisher can accept any legal responsibility for
any errors or omissions that may be made. The publisher makes no warranty, express or implied, with
respect to the material contained herein.

Printed on acid-free paper

Springer is part of Springer Science+Business Media (www.springer.com)


www.springer.com

It is a pleasure to introduce this volume on the topical subject of single-access lapa-
roscopic surgery. Of the three authors, two, Giusto Pignata and Francesco Corcione,
are among the foremost Italian laparoscopic surgeons. The third, Umberto Bracale,
trained at major institutions, including those directed by his coauthors, and has ded-
icated himself enthusiastically to the technique. His contribution to the book repre-
sents continuity across generations of surgeons.

The book opens by providing important background information, including with
respect to equipment, operating room setting, and devices. An impressive series of
chapters, all written by well-known experienced authors, then describe specific pro-
cedures, and the book closes with a chapter dedicated to single-access robotic sur-
gery. A consistent approach is adopted throughout the book, with discussion of
techniques, advantages, and disadvantages for each application.

It is my belief that this book will be of great benefit not only to those who already
have some familiarity with single-access laparoscopic surgery and are seeking to
update and refine their knowledge but also to young surgeons, and particularly train-
ees, who need to be receptive to new techniques.

We have entered an age of “surgical simplification” in which almost all surgeons
are using the laparoscopic approach not only in elective settings but also in emer-
gencies, even if, for obvious reasons, conversion to open surgery is still very often
necessary. While it may still be difficult today to imagine a laparoscopic surgeon
approaching complex liver damage by means of single-access surgery, it must be
borne in mind that procedures that seemed impossible only 20 or 30 years ago have
become a reality. The capacity of clinical research in developed countries to render
surgery simultaneously safer and less invasive, enabling rapid restoration of optimal
physical condition, has proved impressive, and one may look to the future
expectantly.

Many congratulations are due to those responsible for this book, which, I predict,
will prove very successful.

Enrico Di Salvo, MD, FACS

Department for Nephrology and Specialized Surgery
University Federico II, Naples, Italy

March 2014






Have no fear of perfection. You will never reach it. Salvador Dali

It is a great pleasure to introduce this volume, which has the purpose of acquainting
the scientific community with the state-of-the-art and most recent progress in sin-
gle-access laparoscopic surgery.

The idea of exploring this topic arose from the need to take stock on this new
surgical approach, which has been employed more frequently in recent years and
has attracted increasing interest from the medical community, a trend reflected in
the growing number of citations in scientific publications.

For more accurate analysis of the subject, we selected different experienced sur-
gical teams to write individual chapters on specific topics on which they have a
distinguished recent publication record (in terms of quality and number of papers)
in international surgical journals. In this way we harvested the experiences of
European, American, and Asian surgeons who have dedicated much effort to the
development of single-access laparoscopic surgery and its application in clinical
practice.

The book seeks to clarify the rationale for single-access laparoscopic surgery, its
fields of application, the hypothetical advantages and disadvantages, the advance-
ment of technology necessary for the performance of such procedures, and, above
all, the possibility of further development and implementation.

Many thanks are due to Springer for believing in this project and to all the distin-
guished experts who have contributed to this book, in the hope that it will assist in
the development of new minimally invasive techniques, always respecting the health
and interests of the patient.

Trento and Naples, Italy Giusto Pignata
Trento and Naples, Italy Francesco Corcione
Trento and Naples, Italy Umberto Bracale

March 2014
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Jacques Marescaux and Michele Diana

1.1 General Considerations

Minimally invasive laparoscopic surgery reduces abdominal parietal trauma while
strictly respecting the surgical principles of open surgery. Due to sound and scien-
tifically proven benefits, the laparoscopic approach has become the gold standard
for specific interventions such as cholecystectomy, antireflux procedures, and bar-
iatric surgeries, with a worldwide penetration. For more complex procedures, such
as colorectal resections, mainly for cancer, the penetration rate among the surgical
community is still surprisingly low, reaching barely 40 % in the best cases [1-7].
Lack of adequate training of surgeons, as these are complex and challenging opera-
tions with a long learning curve [8], and concerns about oncological safety of the
procedure [9] have accounted for this slow uptake. Since Jacobs first described a
laparoscopic colectomy in 1991 [10], it has taken a relatively long time and four
major clinical trials published between 2002 and 2004 [11-14] to firmly convince
skeptical surgeons of the overwhelming advantages of laparoscopy over open sur-
gery in the colorectal field.

Reduction of postoperative pain and of wound complications, reduced formation
of intra-abdominal adhesions, shorter hospital stays with reduced medical costs,
earlier return to professional activities, and improved cosmetic outcomes are the
benefits of the standard multiport approach over conventional large laparotomy
incisions.

The achievement of multiport laparoscopic surgery and the continued techno-
logical effort to facilitate the spread of this creed have opened further horizons
towards even less invasive approaches.

The obvious rationale to persevere in this quest lies in that each abdominal inci-
sion carries the risks of morbidity originating from bleeding, hernia, and internal

J. Marescaux, MD, FACS, (Hon) FRCS, (Hon) FJISES (2<) « M. Diana, MD
IRCAD-IHU, Institute for Minimally Invasive Image-Guided Surgery,
University of Strasbourg, Strasbourg, France

e-mail: braun.marielle @ircad.u-strasbg.fr

G. Pignata et al. (eds.), Single-Access Laparoscopic Surgery, 1
DOI 10.1007/978-3-319-06929-6_1, © Springer International Publishing Switzerland 2014
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organ injury and exponentially affects cosmetic outcome. In a nutshell, the size and
number of incisions matter [15].

This novel surgeon-incision relationship culminated with the concept of natural
orifice transluminal endoscopic surgery (NOTES). In NOTES, endoscopes, flexible
or rigid, and operating instruments are introduced into the abdominal cavity through
natural orifices (stomach, vagina, rectum, or bladder) communicating with the
external environment, without any trauma to the abdominal wall. Again in France,
20 years after Mouret’s first laparoscopic cholecystectomy, the first transvaginal
scarless cholecystectomy was performed in Strasbourg [16] and gave birth to the
NOTES era.

This “surgery without scars” may potentially offer reduced, if not inexistent,
postoperative pain that could well accelerate the patient’s return to daily activities
and produce optimal cosmetic results. However, the penetration of NOTES is still
very limited, as was laparoscopy in its infancy. Although substantial improvements
have been made, the multiple challenges of the technique, namely, the inability to
obtain an effective surgical triangulation and to achieve good exposure of the surgi-
cal field, have limited patient recruitment. To push the concept forward, further
refinements of surgical endoscopic platforms and possibly the integration of robotic
assistance are required [17]. The most commonly used current strategy to attempt
NOTES without compromising surgical safety is a “hybrid” approach associating a
natural orifice access with some transparietal assistance [18-21].

The global brainstorming generated in the attempt to solve the challenges of
NOTES has rekindled interest in a probably less disrupting, but certainly more real-
istic, concept: single-incision surgery or surgery with fewer scars.

Laparoendoscopic single-site surgery (LESS) falls within the same quest to
reshape the surgery-incision axiom: a single surgical abdominal access is created
through which multiple instruments are inserted simultaneously via a large-caliber
single-port device or via small adjacent ports placed into one or multiple fascial
incisions [15, 22]. Single-incision surgery has been given a wide range of acronyms
and names, including single-incision laparoscopic surgery (SILS), single-access
laparoscopic surgery (SALS), single-port access (SPA) surgery, single laparoscopic
incision transabdominal (SLIT) surgery, one-port umbilical surgery (OPUS), natu-
ral orifice transumbilical surgery (NOTUS), and embryonic natural orifice transum-
bilical endoscopic surgery (E-NOTES). A recent consortium of experts has finally
agreed on the acronym of laparoendoscopic single-site surgery (LESS) [23].

The first descriptions of single-incision laparoscopic digestive surgery date back
to more than 10 years [24-26]. However, the approach initially failed to gain popu-
larity due to technical limitations with conventional instrumentation and due to a
general lack of advanced laparoscopic skills. Again the same refrain: LESS poses
unique difficulties that dramatically hinder the fundamental principle of laparos-
copy surgery, i.e., “triangulation,” and compromise ergonomics with limited surgi-
cal maneuvers and repeated conflicts between instruments, impaired vision, wider
umbilical incisions, and a subsequent risk of parietal complications [27]. LESS is
another instance that surgical progresses can be made only through a systematic
approach to surgical technology innovation and bio-design, where engineers and
surgeons create the interface to design specific solutions to deal with specific
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challenges. We have recently reviewed the current technology armamentarium to
cope with LESS [28], which will be further developed in the present book, in a dedi-
cated chapter. LESS has been applied to a variety of procedures, including complex
surgeries such as bariatric [29] and colorectal [30].

As per cholecystectomy, which is often the sounding board to test new technolo-
gies, there is limited evidence of improved outcomes of LESS when compared to
conventional laparoscopic approaches. In a recently published prospective random-
ized clinical trial comparing LESS vs. standard multiport cholecystectomy [31],
including 200 patients with 12 months of follow-up, the LESS group presented
higher pain scores (p=0.028) and greater wound complication rates (p=0.047)
when compared to standard four-port cholecystectomy. In addition, operative time
was statistically significantly longer in LESS (57 vs. 45 min, p=0.0001). Safety
profile was similar between the two techniques. The only favorable point for LESS
was improved cosmesis score (p=0.002).

A recent systematic review and meta-analysis by Markar et al. [32] pooled infor-
mation from seven randomized trials comparing clinical outcomes between ‘“con-
ventional” multiport vs. LESS cholecystectomy for uncomplicated biliary disease.
It showed no statistical difference between both techniques for primary outcomes
such as postoperative complications and postoperative pain nor secondary outcomes
such as hospital stay. The only statistically significant difference was operative
time, which was higher in LESS cholecystectomy.

It has to be pointed out that cholecystectomy is probably not the killer applica-
tion for LESS, at least with current technology, since it is difficult to perform better
than a laparoscopic multiport approach, without increasing operative risks or
complexity.

Quite different considerations can be made for LESS in colorectal surgery. There
are at least two situations in which a LESS approach can maximize outcomes: the
first one is when a protective ileostomy is planned and the future ileostomy site is
used as the single access to perform the procedure and to extract the specimen offer-
ing a virtual zero scar procedure [30]. The second situation is when a natural orifice
specimen extraction (NOSE) is performed to avoid port-site incision enlargement or
to perform a mini-laparotomy for surgical specimen extraction and/or to perform
the anastomosis [20, 21, 33, 34]. However, efforts are still required to teach and
standardize such quite advanced procedures. The next advance in LESS in the
colorectal field lies in the optimized use of the Transanal Endoscopic Operation
(TEO™) platform, which is basically a single-port device that can allow for pure
transanal total mesorectal excision (TME), as could be demonstrated in the experi-
mental [35-37] and clinical setting [38].

1.2 Robotic Assistance and LESS

Robotic research has provided specific technology to facilitate single-incision sur-
gery ruling out the difficulty to achieve surgical triangulation with instruments
entering the body from a single surgical access [39]. As outlined by the recent trans-
disciplinary review by Balaphas et al. [40], the majority of clinical applications of
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robotic LESS belong to urology and gynecology with only minor experiences in
digestive surgery.

The initial experiences with robotic LESS have been performed using the da
Vinci® Surgical System robot by Intuitive Surgical, Inc. (the only available surgical
robotic platform) in combination with various clinically approved single-port
devices (SILS™, GelPort™, and GelPoint™) or through multiple fascial incisions.
Ostrowitz successfully completed three right hemicolectomies using a SILS™ port
and a single or multiple fascia incisions alternatively [41]. The author experienced
some troubles with robotic arms through the SILS™ with cluttering of instruments
within the port and a range of motion restriction as well as elevated torque force
transferred onto the abdominal wall. To carry on the procedure, an additional port
was placed in the umbilicus outside the SILS™ port. Similarly, Romanelli et al. [42]
attempted a robotic LESS cholecystectomy through a single skin incision and mul-
tiple fascial entries, but the robotic procedure was aborted due to high torque forces
resulting in loss of pneumoperitoneum and pursued with hand-held single-incision
laparoscopic cholecystectomy. The geometry of the GelPort™ and GelPoint™ used
by Singh [43] and Ragupathi [44], respectively, allowed for a greater freedom of
movement, and the procedure was completed smoothly.

Recently, Intuitive Surgical, Inc. introduced a specifically designed Robotic
Single-Site (VeSPA®) instrumentation. So far only cholecystectomies have been
performed in the clinical setting [45-51] using this new platform. The general feel-
ing with these preliminary cases is that robotics simplifies LESS cholecystectomy
[50], but still remains more difficult than standard multiport surgery. In the largest
series available from a multicenter trial, a 2 % conversion rate to open surgery and
only minor intraoperative complications (gallbladder ruptures and minor bleeding)
have been reported. In a case-matched study comparing robotic LESS with standard
multiport cholecystectomy, Wren et al. [51] reported no difference in total operative
time. On the other hand, Spinoglio et al. [50] reported a statistically significant
operative time reduction in the robotic LESS group when compared to the “manual”
LESS cholecystectomy group (p<0.006). Globally, the da Vinci® Surgical System
is an impressive concentrate of technology, accounting for the high costs.
Considering the mild benefits for patients demonstrated so far, these costs are pro-
hibitive today. The improvement of robotics should go through changes in the shape
of surgical telemanipulators and miniaturization.

1.3  Perspectives for LESS: Miniature Robots
and Surgical Endoscopic Platforms

Robotic surgery encounters enthusiastic favors and sarcastic criticisms. It is our
personal belief that robotics- and computer-assisted surgery will bring surgery to
the next era. However, at least for the digestive tract, new generations of robotic
platforms are required. Some promising prototypes are being developed such as the
miniature dexterous robot conceived at the Nebraska Medical Center, which can be
assembled directly in the abdominal cavity and can perform complex surgical tasks
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Fig.1.1 The ANUBISCOPE® (Courtesy of Karl Storz, Tuttlingen, Germany) is a flexible surgical
endoscopic platform adapted to Laparo-Endoscopic Single-Site Surgery and to natural orifice
transluminal endoscopic surgery. The shaft houses two 4.3-mm and one 3.2-mm working channels
to insert operating instruments. The tip opens up like a clam shell to space instruments and offers
surgical triangulation. Instruments have an articulated tip, allow for 5° of freedom, and are manip-
ulated by two intuitive handles

[52]. Similarly, the SPRINT (single-port laparoscopy bimanual robot) is a tele-
operated mini-robotic system that shows promising results [53] and some snake-
like robotic platforms, specifically conceived for single-port surgery [54]. At the
IRCAD Institute, we have developed a new surgical endoscopic flexible robotic
system that originates from a mechanical hand-held platform, the ANUBISCOPE®
(Karl Storz, Tuttlingen, Germany). This platform is composed of a flexible shaft
that houses two 4.3-mm and one 3.2-mm working channels. The shaft’s tip opens up
like a clam shell to space instruments and offers surgical triangulation. Instruments
have an articulated tip and allow for 5° of freedom and are manipulated by two
intuitive handles (Fig. 1.1). The mechanical device has been used to perform a series
of experimental hybrid NOTES procedures [55] and endoluminal procedures such
as colonic endoscopic submucosal dissection (ESD) [17]. A shorter version of the
ANUBISCOPE®, the ISISSCOPE?®, 55 cm in length and 1.8 cm in diameter, has
been successfully used in the clinical setting to perform single-port cholecystec-
tomy [56]. The robotic version is telemanipulated through an intuitive haptic inter-
face that allows for very smooth and controlled micromovements (Fig. 1.2). It has
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Fig.1.2 The robotic version of the ISISSCOPE® (Courtesy of Karl Storz, Tuttlingen, Germany)
is telemanipulated through an intuitive haptic interface that allows for very smooth and controlled
micromovements

so far been used to perform ex vivo tests such as endoscopic submucosal dissections
in porcine stomachs and colons, showing a high agility as well as the ability to
transfer a sufficient amount of force for traction, suturing, knot tying, and
dissection.

Conclusions

LESS has the potential to positively influence incision-related morbidity, cos-
metic outcome, and overall perioperative morbidity in selected procedures.
Specifically applied to the colorectal field, LESS may offer enhanced recovery,
particularly when coupled with natural orifice specimen extraction or when the
site of a planned stoma is used as the access point. However, the uptake of LESS
will depend on further technological developments as well as on the creation and
implementation of new generations of miniature robotic platforms.
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2.1 Introduction

Acute appendicitis is one of the most common abdominal surgical emergencies in
modern hospital practice. The estimated incidence ranges from 7 to 12 % in the
populations of the USA and Europe [1, 2]. It is most common between the ages of
5 and 40, with a median age at 28 years. Approximately 8 % of the population in the
developed world can expect to undergo appendectomy for acute appendicitis during
their lifetime [3]. Though a slight male preponderance is reported, operation based
on a presumptive diagnosis of appendicitis is more common in women, mainly
because of other mimicking pelvic conditions.

The first appendectomy in human race was described by McBurney more than
100 years ago [4]. It is an effective treatment for acute appendicitis, which allows
majority of patients to recover without much morbidity. The operation saves many
young lives who otherwise would have been dead if living in the ancient ages when
surgery was unavailable.

The adoption of laparoscopic technique in appendectomy was first reported by
Semm in 1983 [5]. Since then there has been a steady increase in acceptance of
laparoscopic appendectomy. The technique has indeed evolved over the past two
decades, with different advocates on positioning and number of the working trocars.
The benefit of using accessories other than conventional monopolar electrocautery,
such as ultrasonic shears, bipolar energy devices, and endostaplers, has also been
described [6-8]. Initially, there was skepticism about the safety and justification of
laparoscopic appendectomy because the conventional open method had already
been a reliable and cost-effective treatment for most acute appendicitis. However,
these controversies had gradually resolved when a number of randomized studies
and quality meta-analyses were published.
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2.2 Advantages of Laparoscopic Appendectomy

The advantages of laparoscopic appendectomy over the open approach have been
extensively studied over the last 20 years, although individual studies have pro-
duced rather conflicting results [9-11]. In a review by the Cochrane Collaboration
group including 67 clinical studies, laparoscopic appendectomy had been associ-
ated with significantly reduced risk of wound infection, reduced postoperative pain,
shorter hospital stay (-1 day), and more rapid return to normal activities [12]. The
disadvantages of laparoscopic appendectomy were a longer duration of the opera-
tion (+10 min) and a higher rate of intraabdominal abscesses. More importantly, the
laparoscopic approach for suspected appendicitis conferred additional diagnostic to
therapeutic advantages for some patients, especially in child-bearing age women.
Nowadays, it has already become the first-line treatment in the management proto-
col for suspected appendicitis in many institutes around the world.

2.3 Development of SILA

There was once a rapid growth of enthusiasm in developing natural orifice translu-
minal endoscopic surgery (NOTES) when Rao et al. reported their success in per-
forming a clinical per-oral transgastric appendectomy at the World Congress of
Gastroenterology in 2005 [13]. It sparked off a wave of interest in trying this novel
approach in both animal and human settings to test its feasibility and safety [14].
Special platforms for NOTES procedures were built for such purposes. However,
apparently there is still a considerable hurdle before NOTES can be widely prac-
ticed because of a significant technological gap in instrumentation. Most reported
series of NOTES appendectomy were of small scale using the transgastric and
transvaginal routes [15—17]. Nevertheless, at around the same period of time, some
gastroenterologists attempted cholecystectomy with the flexible endoscope through
an umbilical incision, considering the umbilicus as one of the “embryologic” natu-
ral orifices (also called e-NOTES) [18]. This aroused and reactivated the interest of
general surgeons to start a variety of laparoscopic operations, including appendec-
tomy, through a small periumbilical incision.

The concept of single-incision appendectomy was not new. It could be dated
back to 1992 when Pelosi reported the first series of single-trocar appendectomy in
25 patients [19]. In 1999, Valla et al. reported a larger retrospective series of 200
pediatric appendicitis, to whom an umbilical one-puncture laparoscopic-assisted
appendectomy (UOPLAA) was successful in 184 patients [20]. Additional trocar
insertion was required in 16 patients because of perforated or retrocecal appendici-
tis. Mean operation time was 15 min and hospital stay was only 2 days, but no
comparison with ordinary laparoscopic appendectomy was made. Subsequently, D’
Alessio et al. reported another series of pediatric patients [21]. Among them, one-
trocar transumbilical laparoscopic-assisted appendectomy (TULAA) was success-
fully performed in 116, while 28 other patients were converted to multiple trocars
and 6 more patients to open surgery. The median hospital stay was shortest in the
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group with successful one-trocar appendectomy (7 days) when compared to those
with conversion to multi-trocars (10 days) or open surgery (14 days). However, all
these earlier series did not attract much attention at their time of publication because
the concept of NOTES was yet to sprout.

In 2007, concomitant to the fast-growing interest in NOTES and e-NOTES, spe-
cially designed trocars became available. Ates et al. attempted single-incision lapa-
roscopic appendectomy using a double working-channel trocar system (Applied
Medical, CA, USA) in 38 pediatric cases [22]. A laparoscope with an offset eye-
piece and 6-mm working channel was employed. Transabdominal sling suture was
applied to retract the vermiform appendix and facilitate mesoappendix dissection.
Success was achieved in 35 patients, with a mean hospital stay of 2.1 +/— 1.2 days,
which compared favorably to an earlier cohort of patients undergoing conventional
3-port appendectomy in the same institute, but statistically the difference was insig-
nificant. In another case-controlled comparison, 30 patients that received single-
incision laparoscopic appendectomy were compared with 60 patients who underwent
conventional laparoscopic appendectomy [23]. A single transumbilical wound with
multiple port insertion was used. No significant differences in operative time, hos-
pital stay, and morbidity rates were observed.

Since then there has been an increasing number of prospective and retrospective
series of SILA reported in the literature. Initially it focused more on the benefit and
cosmetic appeal in the pediatric groups, but later the single-incision technique was
also extended to adult patients with acute appendicitis. Essentially, there are three
different approaches in siting the wound.

24  Techniques

The intracorporeal dissection of the mesoappendix and closure of the appendiceal
stump in SILA are quite similar to that of the conventional 3-port laparoscopic
appendectomy. There have been advocates of using more robust dissecting/coagu-
lating devices such as bipolar forceps, ultrasonic dissectors (Fig. 2.1), the LigaSure,
and even endostapler, but these are not absolutely necessary [24-26]. The choice of
laparoscopic instruments lies on the individual surgeon’s discretion and also cost
consideration in different institutes (Fig. 2.2).
On the other hand, there are at least three different approaches to site and handle
the wound, and there is yet any consensus as to which one is better.
1. Single fascial incision
Commercially, there is a number of proprietary, multilumen, single-trocar sys-
tems specifically designed for single-incision surgery. The more commonly used
ones include the TriPort (Olympus Medical), the SILS port (Covidien), the CX
Cone (Karl Storz), and some gel port systems (Figs. 2.3 and 2.4). All these
devices share the concept that only one single fascial incision (usually transum-
bilical) is required for passage of the composite port through which the laparo-
scope and instruments are inserted into the abdominal cavity. Theoretically, they
minimize friction injury to the soft tissues at wound site and reduce inadvertent
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Fig.2.1 Use of a flexible
and roticulating tip forceps
and an ultrasonic dissector
during single-incision
laparoscopic appendectomy

Fig.2.2 Use of Endoloop
(5 mm) for closure of the
appendiceal stump before
transection of the appendix

damage to the shaft of laparoscopic instrument during manipulation. Cost is one
of the prohibitory factors why surgeons do not use them more often.
Alternatively, some surgeons adopt the so-called “glove-port” method when
performing SILA [27]. In brief, a small fascial incision about 2-2.5 cm is made
through the umbilicus. A small-sized wound retractor is inserted across this fas-
cial wound using the Hasson technique. A sterile latex glove is mounted onto the
external rubber ring of the wound retractor, and multiple plastic or metal trocars
are then inserted through the glove into the peritoneal cavity for passage of video
telescope and other laparoscopic instruments.
2. Single skin wound with multiple fascial incisions
Instead of using the single fascial incision technique, which may entail the cost
of expensive composite port systems, some surgeons opt for making a single skin
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Fig.2.3 The LESS port
(Courtesy of Covidien, MA,
USA) for SILA

Fig.2.4 The TriPort
(Courtesy of Olympus,
Tokyo, Japan) being used for
SILA

incision either transumbilically or infraumbilically in a curvilinear manner.
Subcutaneous dissection is performed under the skin incision to allow exposure
of a small area of anterior rectus fascia. Trocars of 5 mm or 10 mm are then
inserted through different fascial incisions made in this wound. To minimize col-
lision of instruments at the entry point, low-profile trocars bearing smaller exter-
nal components are preferred. This technique is less expensive than the
single-port method, but it may also be the culprit of more postoperative wound
pain and surgical site complications such as bruises, hematoma, and infection.



16 E.K.Ngand AY. Teoh

3. Suprapublic single-incision approach

Some surgeons considered a transumbilical scar is cosmetically unsightly and a
disadvantage of SILA. They proposed using the suprapubic approach for SILS
so that the visible part of the abdomen could be left with no scars [28, 29]. One
of the advantages of this approach includes a better view of the appendix and its
base, thus avoids inadvertent injury to the cecum especially in retrocecal and
gangrenous appendicitis. Another advantage is the close proximity of the supra-
pubic wound to the pelvis, which facilitates rinsing of the area safely in case of
a ruptured appendicitis. While initial reports claimed better cosmetic outcomes
with an acceptable operation time and relatively low wound pain score with this
approach, clinical pictures of scars published in these articles were not quite
appealing. Some of them appeared as if a conventional McBurney’s incision had
been shifted to the hypogastrium.

2.5 Current Evidence

Many of the earlier series of SILA were single-arm studies. Most of them confirmed
that SILA was a feasible and safe option in the management of uncomplicated acute
appendicitis. Subsequently, some comparative studies had also been published but
were based largely on retrospective data with small sample size [30, 31].

It was not until 5 years after Ates’s series that St. Peter et al. and Teoh et al.
reported the first truly randomized trial comparing SILA versus conventional 3-port
appendectomy in children and adults, respectively [32, 33]. Of the 200 patients
recruited in Teoh’s study, 98 SILA and 97 3-port appendectomies had complete set
of data for further analysis. While there were no difference between the two groups
in the morbidity rates, operative time, conversion rates, overall pain score, and pain
score at rest, those with SILA did have significant more pain upon coughing or
standing and required more intravenous analgesics (p=0.001, 0.038, and 0.035,
respectively). On the other hand, cosmetic satisfaction was better in the SILA group
when compared to the 3-port appendectomy group.

There were at least three more randomized trials published afterwards [34—-36].
Many systematic reviews and meta-analyses have also been released recently. The
latest meta-analysis includes 5 randomized trials covering a total of 746 patients
[37]. Thirty-day morbidity and wound infection rates were similar between SILA
and conventional laparoscopic appendectomy, but SILA required a significantly
longer operating duration to accomplish. More importantly, despite pooling of
information from over 700 patients, the authors commented that the available data
were not robust enough to reach any conclusions regarding hospital stay, postopera-
tive wound pain, and open conversion.

The lack of instrument triangulation in SILA often results in poor ergonomics,
which may be reflected by the increased operating time seen for SILA. It is note-
worthy that in another meta-analysis, it was revealed that about 7 % of patients
needed the insertion of an additional port, even in the hands of experienced laparo-
scopic surgeons with a low open conversion rate [38].
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If SILA is not inferior to conventional 3-port laparoscopic appendectomy in
terms of safety, it seems that the price to pay for a cosmetic benefit is the longer
operating time. However, St. Peter et al. reviewed the cost-effectiveness of the two
procedures and demonstrated significantly higher hospital cost associated with
SILA (US$17,600+£4,000) versus conventional laparoscopic appendectomy
(US$16,600+3,900; p=0.005). It is probably due to the use of extra equipment in
addition to the longer operating room usage.

2.6  Future Perspectives

There is currently little evidence available regarding the effectiveness of SILA in
specific challenging patient cohorts, including obese and elderly patients and those
with multiple medical comorbidities. As some surgeons use a multiport device
through a single fascial incision for the insertion of laparoscopic instruments,
whereas others use three separate trocars through multiple fascial incisions, it is not
sure which technique may end up with more incisional herniation in the long term.
All these could be interesting areas of future research.
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3.1 Introduction

Laparoscopic repair of abdominal wall hernias ranging from inguinal [1-4] to
complex incisional ventral hernias [5-8] has been widely published. In the case
of inguinal hernia repair, NICE has published guidance on the subject,
recommending that laparoscopic inguinal hernia repair is the procedure of choice
for bilateral and recurrent inguinal hernias (NICE technology appraisal TAS83,
www.guidance.nice.org.uk/TA83). Furthermore, they suggest that the laparo-
scopic approach shows equivalence for unilateral primary inguinal hernias, and
the British Hernia Society guidelines have suggested that the laparoscopic
approach may be preferable in younger patients with primary hernias due to the
reduction in chronic groin pain in these patients (www.britishherniasociety.org/
hernia-guidelines-2/).

The scope of this chapter is therefore not to discuss the appropriateness of lapa-
roscopic abdominal wall hernia repair. Rather, the aim of this chapter is to discuss
the technical aspects of single-access laparoscopic surgery (SALS) and how these
principles are applied to abdominal wall hernia repairs. Much of this will be the
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author’s own opinion, but a brief discussion of the available literature (which is not
extensive) will then follow.

3.2 Technical Aspects of the SALS Approach
3.2.1 Equipment

3.2.1.1 Ports

There are a number of ports available for SALS access. This ranges from “home-
made” devices, multi-fascial ports to commercially available ports. The author has
personal experience of the majority of access techniques described for SALS. There
are a number of aspects of port design to consider when surgeons select their pre-
ferred port.

First, one must consider the width and depth of the port or access device
(Fig. 3.1). The deeper the access device, the more limited the internal and external
range of movement will be, as the edge of the device will be further from the instru-
ment fulcrum point. The wider the access device, the bigger the capacity for trian-
gulation, which will be balanced against the size of the incision required for
placement. These features may have an impact on the ease of the procedure. Second,
the various access devices have different numbers of access channels, and this
should be considered in the context of the proposed procedure. For example, the
TriPort+ (Olympus) and the SILS port (Covidien) each have capacity for four chan-
nels, while the GelPort (Applied Medical) can have three or four access channels.

Fig.3.1 The effect of port length and width on range of movement and triangulation. As the port
width (d) is increased, the angle at which instruments meet at the target organ () is increased. This
equates to a greater ability to triangulate instruments on the target, a feature of laparoscopic sur-
gery that is often diminished by the SALS approach. Conversely, as the length (L) of the port is
increased, the maximum angle at which instruments cross (6) within the port is reduced. This
limits the degree of distraction of the instruments possible, thus reducing the range of movement.
Therefore the ideal port is a short but wide port that can stretch tissues to avoid the need for a large
incision. Of course, if instruments are utilized in a crossed fashion, the requirement for a wide port
to allow for triangulation is diminished
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Third, the various devices have differences in their abdominal wall retention, with
some devices slipping/displacing more easily than others. This will vary from oper-
ator to operator and will be down to personal preference. Finally, some devices
allow for rotation of the access channels (e.g., TriPort+ port from Olympus or
X-CONE from Storz) allowing the operator to change the internal instrument con-
figuration easily.

SALS access devices also have other special features for consideration. The
Storz ports are reusable (although the valves have a limited lifespan and may need
replacement). Homemade surgical devices are more affordable. The TriPort+ port
has the unique ability to compress the abdominal wall at the access site. This has the
effect of reducing the depth and increasing the width of the access site, hence
increasing the range of movement and capacity for triangulation, a feature that is
particularly useful in obese patients. Another unique feature of the GelPOINT and
TriPort+ ports is that the ability to insufflate into a soft-walled channel allows radial
force to be applied to the channel, thus maintaining an air lock. The GelPOINT also
allows for the insertion of any number of trocars or the surgeon’s choice. The SILS
port (Covidien) is a solid port and so results in fewer instrument clashes within the
port, affording a greater degree of triangulation.

Access device insertion is unique to each port. For example, with the SILS port,
the camera channel (if using a 10 mm laparoscope) needs to be the most inferior
channel therefore deflecting the other channels upwards to avoid peritoneal punc-
ture during a TEP inguinal hernia repair. The access strategies for each individual
hernia repair will be discussed below.

In summary, the choice of ports needs to suit the surgeon, procedure, and patient.
It is hard to be proscriptive. Multiple publications have supported the use of each
individual device.

3.2.1.2 Vision
One of the most important decisions the surgeon must make in undertaking SALS
is the choice of videolaparoscope, of which multiple designs are available. The size
of the laparoscope will be a balance between the reduction in crowding at the access
device afforded by the 5 mm laparoscopes and the increased light provided via a
10 mm laparoscope. Furthermore, long and short laparoscopes are available which
allow surgeons to try and avoid external clashing with instruments depending on
their choice of instrument. Videolaparoscopes can be either rigid rod designs, with
0-45° tips, or flexible tip laparoscopes (e.g., the Storzc ENDOCAMELEON® and
the Olympus ENDOEYE Flex 3D). Rigid laparoscopes are more familiar for cam-
era operators but offer a more limited view than flexible tip laparoscopes. However,
the surgeon must consider the suitability of an angled rod laparoscope or flexible tip
laparoscope to each procedure. For instance, in performing TEP inguinal hernia
repairs, there is often not enough space to adequately use an angled or flexible tip
laparoscope without unduly increasing the dissected space.

Once a laparoscope has been selected, the camera operator must be adequately
trained in SALS procedures to provide the correct balance between optimal vision
and limited external clash with instruments. Here, the author would like to introduce
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the concept of “soft but hard” camera operation. In essence, the surgeon will define
a set point for the camera operator to fix to, essentially the site of current dissection.
If, in the course of performing the required maneuvers at that location, it is neces-
sary for the surgeon to clash with the camera operator, he/she should allow the lapa-
roscope to be deflected away from the set point on application of a certain amount
of pressure from the surgeon but then rapidly return to the set point at the end of the
maneuver. Familiarity between surgeon and camera operator facilitates this exer-
cise. It is the author’s experience that the challenges of SALS are amplified by
novice camera operators. Therefore, establishing a single team for these procedures
is essential.

3.2.1.3 Instruments

At the inception of SALS, new instruments were designed to compensate for the
loss of triangulation that laparoscopic surgeons had become accustomed to. In gen-
eral, these included rigid straight instruments, rigid curved instruments, and flexible
instruments (which were single-use instruments). Economic considerations now
influence the uptake of these instruments in SALS today.

A consideration common to all instruments is the size and shape of the handle,
as well as the diathermy connection position. Ideally, a low profile handle will pro-
duce less hand clashes. Also, some types of handle ratchets may increase external
clash (e.g., Manhes swing-away ratchet, Storz). Olympus has designed their handles
to incorporate the diathermy lead connection to minimize external clash (HiQ LS
series from Olympus). Rigid curved instruments may have a single curve or a dou-
ble curve. It may be more appropriate to consider using a combination of straight
and curved instruments to suit the procedure.

3.2.2 Technique

In general, the techniques of performing each type of hernia repair using the SALS
approach are identical to those performed using multiple port laparoscopic proce-
dures. There are a few general principles of SALS to consider.

1. The author would like to introduce the concept of instrument shadow (Fig. 3.2a).
This concerns the loss of range of movement experienced when two instruments
are inserted into a single port. Essentially, if one instrument is fixed in position,
the range of movement of the second instrument will be limited by clashes with
the fixed instrument. Therefore, changes in the angle between the two instru-
ments will change the regions of inaccessibility by the active instrument — the
instrument shadow. This effect alters if a rotating port is used. Furthermore, the
instrument shadow will be increased by incremental advancement of the laparo-
scope (Fig. 3.2b). In a laboratory setting, we have found that a distance of at
least 6 cm from the target is required to minimize instrument shadow. The
instrument shadow can be further minimized by dynamic use of both
instruments.

2. The author would advocate a “fly-by-wire” operating technique. Many surgeons
try to analyze hand movements and maintain uncrossed instruments. A less frus-
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Fig. 3.2 The effect of instrument shadow in SALS procedures. (a) Using a fixed camera position
and a fixed instrument, the positions that a second instrument can access is defined with varying
angles between fixed instrument and camera. The resulting shadow varies depending not only on
the angle but also on whether a rotating or nonrotating port is used. It should be noted that any
shadow created using a rotating port is dynamic — that is, the shadow can be rotated to allow access
to the “concealed” area without changing the angle of the instruments. (b) The further a laparoscope
is advanced into the operative field (and so the closer it is to the objective), the more likely the
camera is to behave as a third instrument. This will have the effect of introducing a new instrument
shadow, thus reducing the degrees of movement available for the instruments. A minimum distance
of 6 cm advancement of the laparoscope through the port is recommended to limit this effect
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Fig. 3.3 Demonstration of the pronated hand position during a SALS TEP hernia repair. In this
way, even “Manhes swing-away ratchet” can be kept out of the way and handle clashes minimized.
This is particularly true if the up/down distraction technique is used. However, if diathermy leads
are attached to the top of the instrument, this hand position will bring the lead into play, and con-
sideration for low profile handles is encouraged

trating strategy would be to accept that instruments will cross and clash. Thus,
the objective becomes to minimize the impact of clash but accept the cross. This
can best be achieved by avoiding the micromanagement of each component of
each maneuver. Rather, one should concentrate instead on the final goal and
leave geometric calculations to the “subconscious brain,” in a manner akin to
robotics and modern aircraft design.

. Many surgeons can perform surgical tasks equally well with both hands.

However, if handedness is problematic in SALS (particularly when instruments
are crossed), one strategy is to work with one instrument on top of the other.
Movements are therefore up and down rather than left and right, making
handedness issues redundant.

. Strategies to reduce external clashing of handles include pronation of both hands

(Fig. 3.3), changing lengths of instruments, or adjusting the assistant position.

. Surgeons new to SALS should consider the procedures they undertake at the start

of their learning curve. The simplest procedures to start with are appendectomies
and paraumbilical hernia repairs. If TEP hernias are to be used as initial SALS
procedures, an initial training phase could involve shortening the distance
between the three ports in a conventional laparoscopic TEP to learn how to man-
age instrument clashes.

. The dogma of the 2.5 cm incision for SALS port insertion is now largely defunct.

The incision can be tailored first to the port used and can often be as small as
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1.5 cm. In the personal series of 400 SALS TEP hernia repairs, the scar size var-
ies between 8 and 40 mm (this includes the author’s learning curve).

7. SALS ports have an inherent difficulty in smoke evacuation, as both insuffla-
tion and evacuation ports are at the same location. A better technique would be
to collapse the space and re-insufflate fresh CO,. If available, allowing a
continuous air leak from the instrument cleaning channel is another option.

8. All SALS ports have air leak issues, and increasing the insufflation flow rate
once the space is fully expanded may mitigate this.

9. If bleeding is problematic, it can smear the inside of the port (particularly the
TriPort+ and the GelPort). In this case, tonsillar or small swabs can be used to
wipe clean the interior of the port rather than its removal.

3.2.3 Groin Hernias

This category includes inguinal and femoral hernias. The author’s personal series of
over 400 patients (of which the first 102 are published [9]) was a natural progression
from the standard three-port technique. Here, the limited space meant that progres-
sion to a SALS approach resulted in minimal changes in technique. A new SALS
surgeon could develop his dissection technique by shortening the distance between
the port positions in multiport TEP hernias, if using the three midline port tech-
nique. This is how the author started developing his technique. It was driven by
necessity as the author found difficulty with the most inferior port clashing with the
mesh. Therefore the conversion to SALS TEP hernia technique was simple.

There are a number of anecdotal advantages to this approach for groin hernias.
By comparison to balloon-assisted dissection, direct visualization of the pre-
peritoneal plane before starting dissection results in less bleeding. This is facilitated
by the tenting open of the space by the retention mechanism of the SALS port. In
comparison to published data, the author’s own published series revealed a quicker
return to activities of daily living and a surprising number of patients who needed
no analgesia postoperatively facilitating quicker return to work and to sporting
activities [9].

As a standard technique for TEP inguinal hernia repairs, the author uses a
TriPort+ port. This is inserted through an intra-umbilical (within the umbilical ring,
giving a favorable cosmetic result) 15 mm incision. The incision is then drawn
downwards and laterally onto the anterior rectus sheath on the ipsilateral side. The
retro-rectus dissection is similar to that performed with a normal balloon port. Care
is taken to make the anterior rectus incision no larger than 15 mm, facilitating port
retention. Digital manipulation of the retraction ring into the upright position is fol-
lowed by retraction of the sheath to compress the abdominal wall. The boot of the
port is then attached, placing the 10 mm port most inferior. Instruments are then
inserted under direct vision. The standard TEP dissection is then employed, taking
care only to apply diathermy to vessels that run across the dissection field but not
along the anterior surface. The author uses two straight blunt dissectors and a 10 mm
0° laparoscope. It is crucial to ensure that there is sufficient lateral dissection up to
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the anterior superior iliac spine, but without drifting into the inter-muscular plane,
therefore avoiding chronic pain.

The author uses a 15 cm round mesh to avoid orientation difficulties (personal
correspondence from Wibo Weidema). In SALS TEP hernia repair, there is no prob-
lem with the inferior port clashing with the mesh. However there is a danger of
placing the mesh too high on the abdominal wall. The center of the mesh is marked
to ensure the mesh is centralized on the hernia orifice. As per the standard approach,
gas is evacuated at the end of the procedure under direct vision to ensure correct
mesh placement. At the end of the procedure, local anesthetic is injected into each
rectus sheath above the incision, providing excellent analgesia. In the author’s expe-
rience, >55 % of patients require no further analgesia postoperatively [9]. Immediate
mobilization is encouraged, with some patients even attending the gym the next day.
Femoral hernias are repaired using the same technique, ensuring the sac is fully
reduced, including the extraperitoneal fat using bimanual reduction to avoid a resid-
ual groin lump.

3.2.4 Spigelian Hernias

The author uses a similar technique to the TEP inguinal hernia repair. The hernia
occurs at the point where the linea semilunaris meets the arcuate line. Therefore, the
author dissects cranially above the posterior rectus sheath at the lateral edge of the
TEP dissection field. A 20x 15 cm mesh is then placed covering the inguinal ori-
fices up to and beyond the arcuate line, on to the posterior rectus sheath.

3.2.5 Ventral Hernias

Ventral hernia repairs are useful as an operation to train in SALS. This operation in
a multiparous woman enables a large working space to be created. This allows for
the training in cross instrument manipulation and clashing as well as familiarization
between the surgeon and the assistant. Without the adhesions of an incisional her-
nia, it is a relatively simple operation.

Port placement for ventral hernias is preferentially performed through a 2 cm
incision lateral to Palmer’s point in the left flank, using a muscle splitting technique
under direct vision. The incision size should match the diameter of the introducer.
When using the TriPort+, the port should overlap the introducer by a few millime-
ters. This will allow for the port to protect internal structures from the introducer. If
using other ports, care should be taken with port insertion. As discussed previously,
it is not necessary to create a large incision. If the crossed hands technique (Fig. 3.1)
is utilized, it is the depth of the tissue that will govern the degree of movement, not
the diameter of the incision.

The operation is as for multiport hernia repair. The author will, if necessary,
take down the falciform ligament to create space for the mesh overlap an



3 Single-Access Laparoscopic Repair of Abdominal Wall Hernias 29

epigastric hernia. The hernia sac is excised following inversion. An appropriately
sized (5 cm overlap at minimum) Parietex composite PCOx mesh (Covidien) is
the author’s preferred device. The mesh is inserted through the port, which is
easier than through a standard port. The mesh is rolled with the composite mem-
brane facing the inside of the roll to protect it. Initially, the author advocated a
double crown of tacks to secure the mesh, centered over the defect, using absorb-
able tacks (e.g., Ethicon SecureStrap). There is preliminary data suggesting that
absorbable tacks produce less postoperative pain that titanium tacks [10] follow-
ing ventral hernia repairs. Now, anecdotal experience suggests the inner crown
may (i) not be required for reduction of hernia recurrence, (ii) even increase
postoperative pain, and (iii) prevent uniform tension distribution through the
mesh (personal communication Michel Therin, vice president New Product
Development, Covidien Surgical Solutions). As per normal multiport operations,
the tack distance between each tack is 1-1.5 cm. Patients are warned to expect
seromas in the hernia sac space postoperatively, and these are not routinely
aspirated.

In very young patients since 2009, the author prefers to avoid the use of mesh in
the repair and now performs a SALS-assisted suture plication using the Endo Close
device, Covidien, with a heavy nonabsorbable suture. The SALS port is used in the
umbilicus with a trans-umbilical incision. This creates an “invisible” scar. Through
the port the falciform ligament is cleared, and using an Endo Close device (Covidien),
a suture is passed from externally through a single puncture in the skin through the
intraperitoneal space cranially to the hernial defect. Then through the same skin
puncture, the suture is grasped caudally and brought out through the same skin
defect. Both ends are then ligated and the knot dropped into the subcutaneous tissue.
The same skin puncture can be used for two similar sutures before a new puncture
is required. This technique is useful for smaller defects. It provides an elegant solu-
tion for patients who are scar averse.

3.2.6 Incisional Hernias

Incisional hernias are the most difficult of all the SALS hernia repairs. The author
feels that the dissection of the bowels off the anterior abdominal wall requires sig-
nificant dexterity and practice to avoid inadvertent injury during adhesiolysis. I
would recommend that any practitioner begin with handling bowel in appendecto-
mies and getting used to “running the bowel” with a SALS technique. It is possible
to practice in a dry laboratory handling and passing string competently before trying
to repair incisional hernias with SALS.

The technique for repair of ventral incisional hernias is essentially identical to
that of primary ventral hernias, with some obvious exceptions. First, if the hernia is
on the left side of the abdomen, clearly the first port position must be switched to
the contralateral side. Second, there is an intermediate step of adhesiolysis to create
a space for the mesh before the mesh is introduced. The main advantage of the
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SALS approach to incisional ventral hernia repair over standard multiport laparo-
scopic repairs is that if insertion of the first port is successful, there is no require-
ment for a further space to insert instrument ports following this. Adhesiolysis can
commence directly from the port site if necessary.

Conclusions
The role of the laparoscopic approach to repair of abdominal wall hernias has
been well established, with advantages over open surgery including less pain and
quicker return to daily activities coupled with equivalence in morbidity and
recurrence rates. In adopting a SALS approach to the laparoscopic approach,
there are a number of technical aspects to consider and new equipment to
appraise. In some cases there are clear advantages (e.g., incisional [11, 12], ven-
tral [12—14] and inguinal hernia repairs [15, 16]), while in the most part, there is
insufficient data to declare true equivalence between SALS and multiport lapa-
roscopic approaches. Some studies suggest the port site hernia rate after SALS
procedures (varied) is higher than for standard laparoscopic procedures [17], and
thus care must be taken to close the incisions. The author uses “1 PDS” sutures
for closure. The advantage with single-port surgery is that, if larger incisions are
used, there is increased visualization of the appropriate fascial layers for accurate
approximation. However, the cohort sizes are very small, and there is no unifor-
mity in technique in terms of port use and insertion technique at this time.
Therefore no conclusions about this can be drawn at this time. However, the
author’s own experience is that SALS port site hernias occur at an equivalent
incidence to standard laparoscopic port site hernias if incisions <2 cm are used.
The most important advice the author can conclude this chapter with is for the
prospective SALS surgeon to develop the required skills in a controlled and safe
environment. Attending courses, laboratory practice, attending live operations,
and mentorship are important steps in the process of developing the technique
carefully and safely, thus protecting patients during the learning curve.
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Twenty-five years ago, the introduction of laparoscopy revolutionized surgery, the
main reason for its widespread diffusion being the following patient’s benefits: less
postoperative pain, faster recovery, better cosmetics, and quicker return to full activ-
ities, all resulting in the improvement of postoperative quality of life.

Actually, the aforementioned benefits have never been demonstrated in random-
ized controlled trial for laparoscopic cholecystectomy. Despite this lack of evidence,
laparoscopic cholecystectomy has been accepted and is nowadays considered as the
gold standard treatment of gallstones.

Also, some of the advantages of laparoscopy are ascribable to reduced abdomi-
nal wall trauma, which led both to reduced incidence of surgical site infections and,
in the long term, to reduced occurrence of incisional hernia.

Over the last decade new efforts have been made to further reduce abdominal
wall trauma, introducing innovative minimally invasive techniques. Among those,
natural orifice transluminal endoscopic surgery (NOTES) is a challenging tech-
nique, still lacks appropriate instrumentation, and has the disadvantage of requir-
ing the closure of the access to the peritoneal cavity. Furthermore, NOTES
approach to cholecystectomy requires an access through internal viscera or struc-
tures that have no direct relations to the targeted organ, thus posing ethical issues
and criticisms [1].

The other new technique, which uses the umbilicus as a natural orifice allowing
easy access to peritoneal cavity, easy conversion to standard laparoscopy, and its
easy closure, has been widely introduced into the clinical practice. Much has been
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reported in the literature on single site approaches to all the most common opera-

tions. Most likely, the development of these procedures has been partially supported

by strong commercial marketing and publication competition [2], but the real clini-
cal benefits for patients still remain a matter of debate. In the last 3 years, many
randomized trials and meta-analyses on single access laparoscopic cholecystectomy

(SALC) have been published, trying to answer the question whether such a new

approach is worthwhile or not and whether it is safe and cost-effective.

The way to look at the single access approach to gallbladder removal and any
analysis of reported data should not forget the followings:

On one side, the excessive criticism against laparoscopic cholecystectomy when
such a new technique was introduced at the end of the 1980s, avoiding a short-
sighted vision of new technique and technology applications to surgery.

On the other side, the fear that, as happened with the widespread diffusion of laparo-
scopic cholecystectomy in the early 1990s, a significant increase in the overall com-
plication rate could occur as a result of learning curve and impaired visualization or
exposure essential to achieve the “critical view of safety” of Calot’s triangle. This
theoretical risk of an augmented morbidity must be kept in mind when evaluating a
technique, the major benefit of which seems to be improved cosmetics [3, 4].

4.1 Indications

As from the results of most RCTs and systematic reviews, the single access approach
to laparoscopic cholecystectomy is mainly indicated in patients with BMI <30/35 kg/
m?, thus excluding severe and morbid obese patients. Further contraindications to
SALC are acute cholecystitis and all the so-called difficult cholecystectomies
(patients with a Nassar score or an adhesions score Il or IV) [5]. Previous surgery
on the upper abdomen may be a relative contraindication. In all cases where predic-
tive indexes of difficult cholecystectomy are unclear [6], the procedure may start
with a single access approach to exploration and possibly be converted to standard
laparoscopy. Routine or a la demande intraoperative cholangiography is not a con-
traindication to the single access approach [7].

4.2 Technologies and Surgical Technique
4.2.1 Access, Access Devices, and Instruments

The access site for SALC is always the navel. SALC may be carried out through
disposable devices, reusable devices, or a multiple fascia puncture technique (Swiss
cheese technique). Among disposable devices, foam devices (i.e., SILS®) require
the use of a retrieval bag for gallbladder withdrawal; when 2-component devices
with abdominal wall protection sleeves (i.e., TriPort®, GelPort®) are used, there is
no need for retrieval bags to withdraw the gallbladder. Reusable devices like the
Storz X-cone® and Endo-cone® allow the insertion of more instruments from differ-
ent angles of direction (also necessary to overcome lack of flexibility), require a
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Fig. 4.1 Pre-shaped curved
instruments reproduce open
surgery triangulation

Fig. 4.2 5-mm chip-on-the-
tip scopes reduce
encumbrance within the
access device

-

longer skin and fascia incision, and entail the need for a retrieval bag for gallbladder
removal.

When a multiple fascia puncture technique is preferred, at the end of the
operation, two of the fascia openings are connected with a small incision to allow
the passage of the retrieval bag and gallbladder withdrawal.

SALC may be accomplished by standard straight laparoscopic instruments or
pre-shaped curved instruments (Fig. 4.1). In both cases, instruments are reusable;
the latter allow triangulation within the operative field. SALC should be carried out
preferably under the guidance of 5-mm 30° scopes connected to a high-definition
imaging system (Fig. 4.2). Dedicated scopes, either those longer than the standard
ones or the chip-on-the-tip 5-mm EndoEYE® video-endoscope (Olympus) (Fig. 4.3),
enhance vision during single access laparoscopic procedures.

4.2.2 Dissection Technologies

Tissue dissection during SALC may be accomplished either by monopolar HF or by
US devices. The authors believe that HF hooks should be preferred to HF energized
scissors: hooking up tissues and their tenting before applying energy is of utmost
relevance when traction and movement freedom are impaired, making the dissec-
tion safer . Ultrasonic dissection provides an almost bloodless field, preventing
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Fig. 4.3 Articulated scopes
allow better inside view
without collision with the
working instruments and
between operator and camera
assistant’s hands

Fig. 4.4 Appearance of the
skin incision at the end of
SALC

oozing from tissue division. Unfortunately, the use of disposable US shears increases
costs considerably.

4.2.3 Surgical Technique

The patient lays legs apart in supine position, with the surgeon standing between the
legs (French position) and the assistant on the patient’s left side.

Access to the peritoneal cavity is obtained through a skin incision of about
15-20 mm either right around the upper edge of the umbilicus as in most CLC
(Fig. 4.4) or dividing longitudinally the umbilicus itself. In the latter case, the umbi-
licus is grasped at its base everted. The skin incision is made within the umbilical
fold and an approximately 20-mm fascia incision is created to allow the introduction
of the single site access device. Pneumoperitoneum is then established. Three instru-
ments are generally introduced through the single access device: a 5-mm 30° scope
and two 5-mm working instruments. Those instruments, a grasper and an energized
device, can be straight or curved (Fig. 4.5). Ten-millimeter optics may be used as
well, but this will further reduce the working room and instrument handling.
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Fig.4.5 Grasping and
dissection instruments have
an almost parallel direction
within the operating field.
The TriPort® and Quad-port®
(Olympus) devices allow the
passage of a further 1.8-mm
grasper that enhances
traction, thus improving
exposure

Exploration of the supramesocolic space and the operating field is carried out
first, checking the gallbladder and the possibility to achieve a good exposure of the
Calot’s triangle.

Gallbladder dissection is accomplished either after preparation of the cystic duct
and artery or with a fundus-first technique, by high-frequency hook/scissors or
ultrasonic shears.

When straight instruments are employed, the one in the right hand is used to
retract the gallbladder ampulla to the right and cephalad.

The Calot’s triangle is dissected with the left-hand instrument in order to achieve
the Strasberg critical view of safety visualizing and dissecting free the cystic duct
and artery. In such a case, the working instruments cross, and there is never the pos-
sibility to achieve optimal instrument triangulation within the operative field. The
cystic artery is either divided between clips or closed and divided by ultrasonic
shears, whereas the duct is preferably secured with titanium or absorbable clips
(Fig. 4.6). Use of 5-mm-diameter disposable clip appliers is advised. Even though
cystic ducts larger less than 5 mm in diameter may be closed-divided by ultrasonic
shears, thus reducing need for instrument exchange, division of the duct by US
energy was never performed within RCTs in order to avoid possible bias. Gallbladder
dissection from the gallbladder fossa is accomplished in the usual manner, and the
specimen is removed with a retrieval bag or through the access device, thus avoiding
abdominal wall contamination. In case of larger stones, gallbladder extraction
through the access device may be laborious and time consuming, and an extension
of the parietal incision may be required.

When the fundus-first technique is carried out, the gallbladder should be dis-
sected preferably by ultrasonically activated shears, thus avoiding oozing due to not
performing prior cystic artery ligature. With this technique, once the gallbladder is
fully mobilized, traction on the infundibulum is improved, allowing a better visual-
ization of the Calot’s triangle and identification of anatomical structures and an
easier dissection of cystic artery and duct. Nevertheless, during fundus-first dissec-
tion, maximum care should be taken while approaching the infundibulum, in order
to avoid injuries to hidden posterior structures.
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Fig. 4.6 An absorbable clip
is applied on the cystic duct
before its division by
ultrasonic shears

In authors’ view, the optimal instrument combination to accomplish SALC safely
and faster is achieved by using one pre-shaped curved instrument for grasping and
one straight instrument for dissection (either US scissors or HF hook). Not only
curved graspers may be kept outside the operating field while retracting the gallblad-
der, also their bent part may be used for gentle liver traction without risk of injuries.
Furthermore, straight dissection instruments are easily guided within the operating
field, and the combined use of pre-shaped curved instruments and straight instru-
ments, which are usually different in length, decreases surgeon’s hand conflict.

A further 5-mm cannula may be placed on the upper left quadrant to introduce a
fourth instrument, thus enhancing exposure or dissection: in such a case the opera-
tion should be considered as converted to reduced port laparoscopy.

At the end of the procedure, the fascia incision should be carefully closed, to
minimize incisional hernia occurrence. Compared to the closure of laparoscopic
incisions after CLC, fascial suture through the wider skin incision of SALC should
be theoretically easier; nevertheless, this seems not to have any positive effect on the
incidence of incisional hernia.

4.3 Drawbacks, Tips and Tricks, and Technical Variations

Reduced degrees of freedom of working instruments, lack of triangulation, poor
working room, and fencing effect of instruments that have an almost parallel direc-
tion when introduced through a single access device are the limits of single access
laparoscopy. During SALC, these limits entail three major drawbacks: restrained
instrument movements, poor traction, and insufficient exposure. The latter is mainly
caused by the difficulty in providing optimal liver retraction, especially when
straight instruments are used: their direction within the operating field does not
allow lifting up the inferior aspect of the liver without puncturing or tearing the
parenchyma.
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View may be compromised by in-line viewing, caused by both the proximity of
optic and working instruments and lack of an optimal angle of view. This may affect
surgical judgment and depth perception and reduces view of target tissues as well.
Furthermore, standard length, straight telescopes, and working instruments may
hamper each other, when handled. The same may happen with the hands of the two
surgeons.

While working with straight instruments, the surgeon must learn to operate on a
mirror image because the right hand is controlling the left-sided instrument on the
screen and vice versa.

Traction and improved exposure may be achieved by transfixing stay sutures
or internal retractors. A monofilament nylon suture with straight needle is passed
through the abdominal wall right below the costal arch, passed through the fun-
dus, hence back through the abdominal wall to suspend the gallbladder by anchor-
ing it to the wall. A second stay suture may be passed in similar fashion through
the infundibulum to provide lateral traction, thus achieving a wider opening of
Calot’s triangle. The EndoGrab® is a small 2-component internal retractor featur-
ing springs and hooks that may be introduced through the access device, used to
make traction by anchoring tissues, with ease to be replaced according to the
surgeon’s needs [8]. One component is used to grab the fundus; the second com-
ponent’s hook is used to hang the gallbladder up to the wall. In Authors’ opinion,
internal retractors should be preferred: use of stay sutures in some way contra-
venes the principle of mobile exposure, by preventing the surgeon from moving
the Hartmann’s pouch while attempting to expose the Calot’s triangle. Other
authors argue that transfixing sutures also increase risk of gallbladder perfora-
tion, an event that may cause bile spillage, often associated with pain (due to
peritoneal irritation and inflammation) and potential postoperative infections.
Nevertheless, there is no evidence that stay sutures increase postoperative mor-
bidity after SALC.

Telescopes with articulating tips and bent instruments help in minimizing con-
flict during surgical maneuvers and enhance visualization of the operative field. Use
of instruments different in length may prevent hand conflict [9]. A further physical
constraint encountered during SALC is the frequent interference of the light cable
with other instruments: use of optical systems with light cable connection located
on their head is advised whenever possible.

A wider incision allows more freedom in instrument handling, which is particu-
larly useful when straight instruments are used to carry out the operation. Lirici
et al. demonstrated a correlation between operating time and umbilical incision
length: the wider the incision, the less the operating time [1].

4.3.1 SALC-POP (Plus One Port) Technique

Kanehira (personal report, 2010) proposed the use of one needlescopic grasper
(1.8-3 mm in diameter) to provide a clearer view of the operative field, instrument
triangulation, and faster dissection or coagulation when bleeding occurs, a
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technique that may be applied also to accomplish other single access procedures
[10]. Present needlescopic and minilaparoscopy graspers are nitinol or surgical steel
instruments with good grasping capability. A needlescopic grasper is introduced
through the upper left quadrant of the abdomen with an optimal working angle. Its
insertion does not require the placement of a cannula and is not considered a conver-
sion to reduced port laparoscopy.

4.3.2 Single Access Robotic Cholecystectomy

The introduction of the novel da Vinci® robotic single-port platform allows perform-
ing SALC overcoming most of its limits, relating to instrument triangulation, ergo-
nomics, and surgical exposure. The single-port platform elaborates the images giving
the surgeon the feeling of not performing surgery on a mirror image while working
with straight instruments that cross within the operative field. Results from a pro-
spective longitudinal observational study conducted on 100 consecutive da Vinci
single access cholecystectomies [11] with feasibility without conversion and safety
as primary end point showed that the robotic approach is safe and allows a quicker
overcoming of the learning curve phase. Conversion rate was minimal with mean
total operating time of 72 min and console time of 32 min. Nevertheless, operating
time does not decrease by increasing surgeon’s experience. After subjective evalua-
tion through a questionnaire collecting surgeons’ opinions, single access robotic
cholecystectomy was judged more complex than CLC but easier then manual SALC.

4.4 The Evidence

Since 2010 several randomized trials [1, 9-23], meta-analyses [24—27], and system-
atic review [28] comparing single access laparoscopic cholecystectomy (SALC)
and conventional laparoscopic cholecystectomy (CLC) have been published with
the following end points: feasibility and safety, pain scores, cosmetics, satisfaction
scores, and quality of life. Details of patient study groups and interventions from 14
randomized trials are shown in Table 4.1. In all studies but one, [14] acute cholecys-
titis was considered an exclusion criterion.

Body mass index >30 kg/m? was an exclusion criterion in five studies [1, 15, 19,
20, 23], >40 kg/m? in three [9, 17, 21], and >45 kg/m? in one [13]. In four studies a
high BMI value was not considered an exclusion criterion, but despite this, the mean
BMI of those studies never exceeds 30 kg/m? [14, 16, 18, 22].

Pain score was the primary end point in nine studies [1, 9, 14, 17-19, 21-23],
cosmetic results in three [1, 14, 16], and operative time and safety each in one
[12, 13]. Primary end points were not clearly expressed in two [15, 20].

Mortality and morbidity rates and operating time were secondary end points in
all studies but one [23].

In 11 out of 14 studies, operating time was significantly longer in the study
group. SALC lasted an average of 20 min more than CLC. Postoperative length of
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stay did not differ significantly in both patient groups, nor was the mortality rate,
which was 0 in all studies (Table 4.2). Morbidity rate was similar in both groups, as
was the incidence of bile duct injuries. However, despite this lack of significance,
the overall incidence of adverse effects was a little higher in SALC group, with a
pooled OR of 1.15 (95 % CI 0.740-1.827), 1.21 (95 % CI 0.83-1.76), and 1.21
95 % CI 0.73-2.01) as respectively reported in Pisanu, Hao, and Garg
meta-analyses.

Wound complication rates were found higher in SALC group probably caused
by heavier trauma to the umbilical site (4.53 % vs. 1 % [28], 11.7 % vs. 4.9 % [13]).
Despite these data the largest consecutive series of patients undergoing single
access laparoscopic procedures published in 2013 showed that the incidence of
wound complications in these patients is acceptably low and is further reduced once
the learning curve is over [29]. Factors associated with wound complications are
higher body mass index, longer skin incision, and Swiss cheese (multi-puncture)
technique [29].

In Marks et al. study — the published trial with the longest follow-up (1 year) — a
statistically significant difference in postoperative hernia rates is also reported:
8.4 % in SALC patients vs. 1.2 % in CLC patients (p=0.03). Reduced postoperative
pain is one of the expected outcomes of SALC compared with CLC, but this point
is still controversial. Pain scores were reported at different time intervals in 12 out
of 14 studies (Table 4.3): postoperative pain was significantly worse in SALC
patients in four studies [1, 13, 17, 18] and in CLC patients in four studies [15, 16,
22, 23], while in the remnant four studies, no differences in pain scores were found
[9, 19-21]. The study from Ostlie et al. did not measure pain scores but the total
dose of required analgesics: the authors found a trend toward a more frequent (even
though not significant) administration of pain-relieving medications in SALC
group. Also all meta-analyses [24-27] failed to find a statistically significant
difference in pain scores.

Data on satisfaction for postoperative cosmetics were significantly better for
SALC patients in all studies but one [17] (Table 4.4), and this result was highlighted
in all meta-analyses and systematic review [24—28]. However, it is not clear whether
such an advantage may lead to better quality of life. In fact, data on postoperative
quality of life are significantly better in SALC patients in four studies [1, 16, 19,
21], whereas are worst in one [13]. This may be possibly a direct consequence of the
higher incidence of wound complications registered in the latter study (Table 4.4).
Zehetner’s meta-analysis, which is the only one carried out to assess quality of life,
failed to find a significant difference in QoL between SALC and CLC.

4.5 Comments

Each new surgical technique introduced into the clinical practice must be compared
to the gold standard technique before acceptance and consequent widespread diffu-
sion. When laparoscopic surgery was introduced in the early 1990s, the scientific
community raised many concerns on feasibility and safety, and, despite the
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advantage for patients were “self-evident,” this skepticism brought to a slow accep-
tance and worldwide diffusion of laparoscopy.

Each technique has its own specific complication profile [27] that must be
accepted as a part of innovation; when analyzing results of the single access
approach to cholecystectomy, we should bear in mind that laparoscopic cholecys-
tectomy is nowadays a very well-standardized technique, safe, and often performed
as an outpatient or 1-day surgery procedure and that very little room for improve-
ments is left. Furthermore, most general surgeons can perform CLC proficiently,
whereas performing SALC requires specific additional training [26].

Promoters of SALC stress that the expected major benefits of this procedure are
reduced pain and better cosmetics. Nevertheless, less postoperative pain is not yet
confirmed by randomized trials and meta-analyses.

In spite of our natural tendency to believe that one modest incision would hurt
less than four standard laparoscopic incisions, the converse may be probably true
[30]. Blinmann et al. as reported by Garg et al. [27] showed that total tension — and
hence pain — across a wound rises nonlinearly by increasing wound length. Tension
rises in proportion to the square of wound length, instead. Therefore, total tension
across multiple incisions may be less than total tension across a single incision the
length of which is equal to or greater than the sum of 3—4 standard laparoscopic
incisions. In Blinmann study, the calculated total tension across two 10-mm and two
5-mm port CLC wounds and that across a single SALC wound were found to be
similar [27].

Satisfaction with the cosmetic results has been demonstrated to be superior in
SALC patients than in CLC patients in all randomized studies and meta-analysis.
In 2012, Hey et al. published data on surgery of choice in possible candidates to
SALC: postoperative images taken after SALC or CLC were shown to all patients
awaiting elective cholecystectomy and patients were asked which procedure
would they have preferred being based on these pictures. The same question was
asked after completion of a questionnaire constructed using published objective
data comparing reported outcomes of SALC and CLC. Only 16 % of subjects
opted for CLC before questionnaire completion; this percentage increased up to
88 % after knowing outcome data of both procedures (p<0.001). These data
show that the risk for complications has a higher influence than cosmetic results
in determining the choice of procedure [31]. The bias of this study is that data of
a well-established procedure were compared to early data of a procedure that may
be still in its learning curve phase. Furthermore, in a “willingness to pay” survey
conducted within the Marks et al. study, only a little more than 50 % of patients
stated that they would have accepted to pay more for undergoing SALC instead
of CLC [13].

Although not significant, a trend toward higher complication rates in SALC
patients has been recognized and this aspect must be further investigated: the doubt
that a larger number of patients enrolled in future studies as well as longer follow-
ups may lead to significant differences does exist. Possible explanation of this
raised risk of complications is the demonstrated significantly impaired exposure of
the operating field in SALC compared to CLC [1] and the overall higher difficulty
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of SALC, as subjectively assessed by surgeons [12]. Even though, with the end of
their learning curve, surgeons will become more and more confident with this new
approach and this will affect positively postoperative results, there is a general
agreement among authors that SALC is more difficult than CLC, opinion con-
firmed by the operating time that remains longer even after the learning curve is
completed.

The role of SALC is still controversial. Laparoscopic cholecystectomy through
this new approach has to be performed in selected patients thus enhancing its poten-
tial benefits. This point is of utmost relevance: almost all published studies with the
highest evidence did not include patients definitely considered candidate to a tech-
nically demanding cholecystectomy. Surgeons should not forget that, as for the time
being, published data suggest that SALC, if compared to CLC, requires longer oper-
ating time with same postoperative pain, same length of hospital stay, and higher
in-hospital costs when disposable instruments are used. Overall satisfaction is the
only clear advantage of SALC, and this is mainly related to cosmetic results.
However, it is still not clear whether this may turn in better postoperative quality of
life. As a matter of fact, nobody has yet shown that patients are dissatisfied with
conventional laparoscopic cholecystectomy [3].
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Roberto M. Tacchino and Francesco Greco

He that will not apply new remedies must expect new evils;
for time is the greatest innovator. Francis Bacon ~1600

When we completed our first single-incision cholecystectomy in 2007, we thought
that, given the large number of cholecystectomies performed by general surgeons, it
would have become rapidly popular for its simplicity and attractiveness. Nothing
could be more wrong.

Facts proved that single incision was more rapidly applied to advanced laparoscopic
procedure rather than to simple techniques like cholecystectomy and appendectomy.

The reason was that more skilled and more innovative surgeons did the more
advanced procedures. It was impossible to convert a very conservative surgeon, which
struggled enough to complete a simple laparoscopic procedure, to use single incision.

5.1 Patient Positioning

The patient is placed in supine position with the right arm abducted and the left arm
along the body. The laparoscopic tower is placed in proximity of the patient’s left
shoulder. Surgeon operates at the right side of the patient while the assistant holds the
camera, standing beside him. The scrub nurse is on the patient’s left side (Fig. 5.1).
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Fig. 5.1 OR setting: S surgeon, A assistant, AN anesthesiologist, SN scrub nurse. Note the Y
connector on the insufflator delivering CO, to two separate lines

5.2 Access Port

The original technique used a 12-mm trocar that was put beside two Apple™ trocars
(Apple Medical Corporation, Marlborough, MA, USA) through different fascial
openings but through the same skin incision [1]. With three, very close to each
other, fascial openings, there was a frequent loss of pneumoperitoneum, particularly
when using large-bore instruments. This significantly reduced the quality of vision
which, when too compromised, in fact made it impossible to continue with the inter-
vention with the necessary safety.
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Fig. 5.2 Common single-incision access ports

The advent of trocars with multiple channels, such as SILS-Port™ (Covidien,
Mansfield, MA, USA), TriPort™ (Olympus Medical Systems, Hamburg, Germany),
and Octoport™ (Dalim, Seoul, Korea), has significantly reduced this inconvenience
(Fig. 5.2). The main differences are the presence or absence of rigid cannulas, the
number and size of accesses, and the adaptability to wall thickness.

In order to totally hide the scar after surgery, the umbilicus is completely everted
as a glove finger, and an FEllis clamp is affixed at its base so as to demarcate the cut
that will be about 12 mm. At this level, the fascia and the skin are very close to each
other so it is easy to gain access to the peritoneal cavity with an open technique.
When repositioned, the incision and its scar will not be visible (Fig. 5.3).

5.3  Triangulation

The fundamental principle of single incision is instrument crossing in the navel
where they enter the abdominal cavity. Thanks to the use of at least one articulated
or curved instrument, paired with another instrument, either straight or articulated,
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Fig.5.3 Technique for
umbilical incision. The
umbilicus is everted as a
glove finger. When
repositioned, the incision will
not be visible

Umbilical
Incision

30°5mm Optic  Right

Fig.5.4 The instruments cross each other at the umbilicus entrance point. With at least one
curved or articulated instrument, it is possible to recreate an angle for traction. Note that the left
hand is exerting traction, right side of the screen, while the right hand is dissecting the lesser
curvature

it is possible to recreate a triangulation similar to that of conventional laparoscopy.
As a consequence, the instrument held with the right hand is to be operated to the
left on the screen and vice versa (Fig. 5.4).
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Fig. 5.5 Surgeon position. The instruments are used in an upside position to avoid clashing and
interference with the abdominal wall. Wrist and arm position are comfortable and without stress

5.4  Exposure

The use of a long shaft, 30-degree and 5-mm scope, is mandatory not only to reduce
to a minimum the friction in the port but also to facilitate its movement during the
course of the intervention and in order to reduce clashing of the instruments, par-
ticularly outside the abdomen.

The use of a camera with articulated head (EndoEYE™ — Olympus Medical
Systems, Hamburg, Germany) furthermore reduces the need for these movements
and offers optimal visual angles, thus avoiding conflict with surgical instruments: it
therefore should be regarded as a very useful instrument for this type of approach
[2] (Fig. 5.5).

With regard to bariatric surgery, the need to expose the gastroesophageal junction,
to perform anastomosis and suture, has posed specific problems: some steps need to be
modified so that, for example, the use of a liver retractor would not be necessary [2, 3].

Retraction of the left lobe of the liver can be achieved with a transfix stitch,
applied on the right crus and suspended percutaneously.

5.5 Patient Selection

When new surgical techniques are adopted, selecting suitable patients is recom-
mended. Although evaluating parameters like distance from the xifhoid may be
simple, in practice, it might not be enough.

Relative contraindications, also in relation to the surgeon’s level of experience,
such as a previous laparotomy or a previous laparoscopy, for which the navel was
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used as the access point, should be taken into account. In both cases, the difficulty
of access or of positioning of the trocar in the peritoneal cavity should be verified.
In fact, single-incision laparoscopy lacks the possibility of a provisional access for
the camera at a point far from the navel or in any case of suspected adhesions, so
that lysis can be performed to facilitate access.

In single-incision laparoscopy, the thickness of the abdominal wall is another
feature to take into account as the port may not be sufficiently long to completely
pass through it, and therefore, there might be a tendency to slide out, causing loss of
the pneumoperitoneum and risk of damage when introducing the instrument.

A further consideration when selecting suitable patients is the position of the
navel. The distance of the abdomen and hence the final position of the navel are dif-
ficult to determine in many cases, and it may be reasonably far from the initial posi-
tion in the case of a large flaccid abdomen. In addition to that, the final distance at
which the surgeon operates, such as the distance of the gastroesophageal junction
from the navel, also depends on the patient’s height and physical build.

The possibility, even at present, of having dedicated and extra-long instruments
available must be part of these preoperative evaluations, although intraoperative
evaluation remains crucial.

5.6 Restrictive Procedures

Restrictive procedures based on reduction of food intake include the gastric band
and the sleeve resection (Fig. 5.6).

5.6.1 Sleeve Gastrectomy

Single-incision access and liver retraction are done as described above. The patient
is placed in an anti-Trendelenburg position rotated to the right. The first step of the
procedure is to dissect the angle of His to expose the left diaphragmatic pillar. Then
we enter the lesser sac: LigaSure™ (Covidien, Mansfield, MA USA) 5 mm blunt tip
44 cm is used to open the gastroepiploic ligament enough to expose the posterior
aspect of the angulus.

An orogastric calibration tube 40 Fr is inserted all the way to the pylorus. An
Endo GIA™ (Covidien, Mansfield, MA USA) articulating 60 black reload is
fired at a distance of about 6 cm from the pylorus toward the angulus. Suspension
and correct traction of the stomach may require the use of transfix stitches passed
through the stomach’s greater curvature and percutaneously in the left hypocon-
drium to suspend from the outside. The vertical transection of the stomach is
continued with applications of Endo GIA™ Articulating 60 purple or tan reload
along the orogastric tube. No reinforcement of the transection line is needed.
Complete dissection of the gastroesophageal junction is of utmost importance.
Then the section of the gastroepiploic édrtery branches is continued upward to the
angle of His paying attention to stay close to the gastric wall and preserving the
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Fig. 5.6 Restrictive procedures. The band and the sleeve resection are based on creating an
obstacle to passage of food or to reducing the capacity of the stomach

main artery branch. The patency and the tightness of the sleeve are tested with
methylene blue. No drainage is left in place. The resected stomach is extracted,
the pneumoperitoneum evacuated, and the port removed. The fascia is closed
with an absorbable suture, and the navel is reinstated in its original position. We
stress the pouch-first approach, which greatly facilitates the procedure particu-
larly in single incision.

5.6.2 GastricBand

Single-incision access and liver retraction is done as described above. The band-
calibrated balloon-tipped orogastric tube is inserted into the stomach. Dissection of
the angle of His is carried out as in the standard procedure using the SILS™ Clinch
XL (Covidien, Mansfield, MA USA) in the left trocar and a regular hook in the right
hand. A tunnel is created behind the stomach, as described for the pars flaccida
technique. The dedicated band-articulating instrument is directed lateral to the
equator of the calibration balloon and brought out at the angle of His. The band is
closed around the stomach and the stoma calibrated using the inflated balloon
(15 cm?). Three retention gastro-gastric nonabsorbable sutures are applied to pre-
vent band and/or stomach slippage. At the end of the procedure, a supraumbilical
subcutaneous tunnel is made, and the access port is fixed above the fascia. Careful
reconstruction of the umbilicus will allow it to be placed back in its original posi-
tion, thus achieving a completely invisible scar.
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Fig.5.7 Gastric bypass is defined by the exclusion of part of the stomach, duodenum, and portion
of jejunum from food transit. Different pouch sizes determine the degree of food restriction;
different limb lengths determine the degree of absorption limitation. BPD biliopancreatic diversion,
MGB minigastric bypass, RYGB Roux-en-Y gastric bypass

5.7 Mixed Procedures

5.7.1 Gastric Bypass

This very popular procedure consists of excluding from food transit part of the
stomach, the duodenum, and variable part of the jejunum (Fig. 5.7). The gastric
pouch size varies from 15 to 500 ml. In the Roux-en-Y gastric bypass, the pouch is
very small and the bowel limbs relatively short. The weight loss is based on food
intake reduction. In the biliopancreatic diversion, the pouch is very big with little or
no food restriction, but most of the bowel is excluded from food transit. The weight
loss is obtained by limiting food absorption. The minigastric bypass has an interme-
diate pouch and limb lengths. The food intake is partially limited as well as food
absorption.

5.7.1.1 Roux-en-Y

The first step of single-incision laparoscopic gastric bypass is the creation of a gas-
tric pouch of about 6 cm in length, measured from the angle of His. A perigastric
dissection is carried out with the use of LigaSure™ 5 mm blunt tip 44 cm coupled
to a SILS™ Clinch XL that keeps traction on the stomach. The main trunk of the left
gastric artery and the branches of the vagus nerve (the Latarjet) are preserved. Once
the opening is made, an Endo GIA™ articulating 45 purple reload is fired, and the
first transverse section of the stomach is done. A 40-Fr orogastric probe is brought
forward filling the pouch and is used for calibration; the stapler is applied as close
as possible to the probe to ensure a small volume of the pouch. The stomach is
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transected vertically. Two to three applications of Endo GIA™ articulating 60 pur-
ple or tan reload are necessary to reach the angle of His. The pouch is made narrow
and long, similar to the old vertical banded gastroplasty. This method allows you to
stay away from the esophagus and helps to decrease the tension on the gastroenteric
anastomosis by decreasing the distance between the pouch itself and the bowel. A
long and narrow pouch will initially create greater restriction. In an almost horizon-
tal position, you perform the measurement of the bowel: the omentum is shifted
upward, and to the left of the screen, the mesocolon is put under tension by pulling
on an epiploic appendix in proximity of the left colic flexure, where it is thin enough
and relaxed enough to allow easy exposure of the ligament of Treitz. The standard
limb length is 75 cm for the biliary tract and 150 cm for the alimentary tract. The
technique we use is called “double loop technique” in which a loop of the bowel is
measured and immediately brought up antecolic to complete the gastroenteric anas-
tomosis. This has three advantages: by minor adjustment of limb lengths, you can
choose a loop of the bowel that has no tension, there is no confusion between the
biliary and alimentary tract, and it is not necessary to interrupt the mesentery reduc-
ing the risk of bleeding and internal hernias. Gastroenteric anastomosis is made
using an articulated Endo GIA™ articulating 45 blue reload. The service opening is
hand-sewn with the Endo Stitch™ (Covidien, Mansfield, MA USA): it consists of
an initial Connell introflecting layer and a second serosal muscular layer in
Polysorbate® 2/0. At about 10 cm from the gastroenteric anastomosis along the
biliary limb, an enterotomy is made for the next entero-enteric anastomosis. The
second loop (alimentary limb) is measured up to 150 cm starting from the gastroen-
teric anastomosis just completed. With this technique the surgical field of view is
very restricted, and the movements are minimized, thus facilitating the implementa-
tion of the intervention and reducing the risk of twisting the mesentery. We use an
Endo GIA™ articulating 60 tan reload for the entero-entero anastomosis; the final
closure of the gap is hand-sewn in double-layer Polysorbate® 2/0. The last step of
the intervention is the interruption of the continuity between the two anastomoses to
create the Roux-en-Y. Finally, the patency and the tightness of the gastroenteric
anastomosis are tested with methylene blue. No drainage is left in place. The opera-
tion terminates with the evacuation of the pneumoperitoneum and the removal of
the port. The fascia is closed with an absorbable suture, and the navel is reinstated
in its original position.

5.7.1.2 Minigastric Bypass

The mini gastric bypass differs from standard Roux-en-Y gastric bypass in two
aspects: the size of the gastric pouch and the way the gastroenteric anastomosis is
performed. The first transection of the stomach is made much lower than in Roux-
en-Y resulting in a longer pouch of about 12 cm in length. This pouch is very similar
to a sleeve, very narrow and long. You need 3—4 hits of Endo GIA™ articulating 60
purple or tan reload to completely divide the pouch from the stomach. The biliary
limb is measured up to 200 cm from the Treitz’s ligament. After the enterotomy is
done, an articulated Endo GIA™ articulating 60 blue reload is introduced into the
bowel. With a movement of lateral translation, changing the angle of the stapler and
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turning it on the axis for 180°, we get into the proximity of the gastrotomy. The
pouch is pulled down and the gastro-ileal anastomosis is performed. The service
opening is closed with a hand-sewn suture performed with Endo Stitch™. The anas-
tomosis is checked with the methylene blue test, while two clamps close both the
afferent and efferent loops. The last step of the procedure is the creation of an anti-
reflux mechanism: the first 5-6 cm of the afferent loop is sutured to the pouch verti-
cally and so provides a preferential way for food and liquid traveling toward the
alimentary/efferent limb and thus reduces the risk of reflux of bile into the pouch
and of food in the afferent loop.

5.8 Malabsorptive Procedures
5.8.1 Biliopancreatic Diversion

The intervention [4] starts with the dissection at the level of the lesser curvature of
the stomach at about 10 cm from the gastroesophageal junction. An articulated
SILS™ Clinch XL keeps the stomach under traction, and dissection is performed
with LigaSure™ 5 mm blunt tip 44 cm: these instruments are crossed, allowing to
create a triangulation and exert the necessary traction and countertraction. Once the
opening is made, the stomach is transacted transversally with two applications of
articulated Endo GIA™ Articulating 60 purple reload. The gastric pouch volume is
about 350 ml. The gastrotomy is opened on the anterior surface of the pouch near
the lesser curvature. The surgeon moves on the left side of the patient and the patient
is put in almost horizontal position; the omentum is shifted upward and to the right
hypocondrium, and the ileocecal valve is identified; two enterotomies are made at
50 and 250 cm from the ileocecal valve. Measurement of the bowel is done coupling
a straight small bowel clamp with the articulated SILS™ Clinch XL, and enteroto-
mies are opened with coagulating scissor and marked with a stitch. All sutures are
applied using Endo Stitch™. The gastroenteric anastomosis is completed immedi-
ately using an articulated Endo GIA™ articulating 60 blue reload, the patient is put
back into an anti-Trendelenburg position, and the gastric remnant is retrieved with
the grasper; the anvil is placed in the jejunum 250 cm from the ileocecal valve, then
the stapler is closed and shifted up approaching the gastric remnant while the direc-
tion of the joint is changed presenting the cartridge of the stapler in proximity to the
gastrotomy. The service opening is closed with a double-layer hand-sewn suture. At
about 10 cm from GE along the afferent limb, another enterotomy is made for the
next entero-enteric anastomosis with the point at 50 cm from the ileocecal valve. We
use an articulated Endo GIA™ articulating 60 tan reload; the entero-entero anasto-
mosis and the service opening are closed with a double-layer hand-sewn
Polysorbate™ 2/0 suture. The last step of the intervention consists of the interrup-
tion of the continuity between the two anastomoses to create the Roux-en-Y with an
articulated Endo GIA™ articulating 60 tan reload. The patency and the tightness of
the gastroentero anastomosis are tested with methylene blue. No drainage is left in
place. The operation ends with the evacuation of the pneumoperitoneum and the
removal of the port. The fascia is closed with an absorbable suture and the navel is
reinstated in its original position.
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5.9 Tips and Tricks
5.9.1 Patient Positioning

Supine positioning with the right arm extended and the left arm along the body
enables completing the vast majority of all operations (Fig. 5.1). These procedures
require the surgeon to operate on the patient’s side and his assistant on the same
side, while the scrub nurse with the instrument table is normally at the patient’s left.
The tower is positioned close to the left shoulder. A containment belt surrounds the
patient’s legs above the knees, and two foot supports guarantee stability in the
anti-Trendelenburg position.

Remember to check how the table bends over itself. Inclination is the surgeon’s
third hand. For operations in the top upper lower part of the abdomen, you should
consider that the gastroesophageal junction is very far from outside abdominal lim-
its such as the xithoid process because of the spherical conformation of the abdomi-
nal cavity. In general, you should rotate and incline the bed trying to approximate to
you the site you have to operate on (e.g., the reverse Trendelenburg position “low-
ers” and draws the organs closer to the upper abdominal quadrant, and a subsequent
rotation toward the right of the patient will help to access the splenic lodge; the
Trendelenburg position, with simultaneous rotation toward the left of the patient,
will expose the ileocecal valve and the appendix). Learning how and when to rotate
and to incline the patient’s position has different effects; one purpose is to turn away
the structures that interfere with the exposure of the structures onto which you
should operate.

5.9.2 Anastomosis

Completing a mechanic anastomosis in single-incision laparoscopy requires differ-
ent steps: inserting the two claws of the stapler in both service holes is often not
possible in one maneuver; in fact, when the distance between the two points is large,
the best strategy would be to insert one claw of the stapler in the service hole of the
most mobile bowel segment (e.g., the small intestine in the case of a gastroenteric
anastomosis) and subsequently draw this bowel segment closer by using the stapler
thus inserted in order to move it toward the second service hole.

The correct movement would be transfer and rotation, rather than pushing, in
order to reduce the risk of trauma lesions on the bowel wall. Usually, the spatial
disposition can be modified in our favor during this maneuver so as to reduce the
traction on the intestinal clamps: to do this, it is useful to change the position of the
table in order to “draw” the second service hole “closer.”

This surgeon’s maneuver must be carried out in coordination with the movement
of the table and therefore with the collaboration and attention of the entire team in
the operating theatre.

In general, it is better to introduce the anvil first and then the cartridge, using the
wedge shape of the latter, to facilitate its introduction in the bowel: the two enteroto-
mies are then carefully aligned in order to leave the service hole as small as
possible.
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5.9.3 How to Improve Vision by Reducing Smoke

Once the pneumoperitoneum has reached the programmed pressure value (15 mmHg),
with the stopcocks closed, the flow supplied by the insufflator is zero so that there is
no gas leak.

During the usual operative maneuver, the insertion/removal of the instruments
in the trocar, the twisting of the trocar, and the strength applied on the wall during
the course of the different maneuvers are responsible for small and discontinued
gas leaks that are automatically replaced by the insufflator with discontinuous gas
flow.

Recording of pressure values higher than those programmed (15 mmHg) inside
the abdominal cavity is always attributable to additional pressure exerted from out-
side or, in most cases, to the patient’s muscle contraction caused by inappropriate
muscle relaxation.

During dissection, it is recommended to maintain ventilation in order to create a
continuous gas outflow of approximately 5-6 1 per minute so as to maintain the
operative field free from smoke. Rotating and opening one of the trocar’s stopcocks,
we can obtain the desired outflow.

In order to maintain a constant and sufficient outflow and to be able to increase
it by opening other “ventilation™ as necessary, without compromising internal pres-
sure with the subsequent collapse of the pneumoperitoneum, it is necessary to use
all the power of the insufflator, which is usually 30-40 1 per minute: in order to do
this, the flow resistance must be reduced.

A simple Y-shaped gas outlet permits the connection of two, instead of one, sili-
con tube for the transport of gas inside the abdominal cavity.

The two tubes are connected to two different entries of the port, reducing the
resistance to gas flow (Fig. 5.1).

Thanks to this simple device, you can leave a trocar stopcock partially opened
and operate with a constant recycle of gas (flow should be 4-6 1/min), which mini-
mizes the negative effects on vision of the smoke produced during dissection. If
necessary, it is possible to completely open this stopcock thus increasing the out-
flow without the walls collapsing.

5.9.4 Learning to Take Advantage of the Space
in Single-Incision Laparoscopy

Traction of an anatomical structure should be performed upward with the left
hand (for right-handed surgeons): if we take into account that, in laparoscopy, the
structure lies down flat, as if it was floating on the surface of a stretch of water,
attempting to move it toward the right, or toward the left or downward, will always
face resistance or conflict with other stuctures and with the camera, while the only
limit with upward movements will be the top of the abdomen, distended by gas,
inside which there will be no risk of encountering other structures; therefore,
there will always be enough space for distension, traction, and exposure, thus
allowing for an efficient operation.
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We are used to apply strong traction with large excursion outward movements in
order to tighten the knots. In this case, the space inside the abdominal cavity will
often be insufficient to “pull” threads of certain length; the only solution is to use
the “exit” path of the trocar pulling the instrument that tightens the thread toward
the outside, and therefore toward us, where there will be no obstacles.

5.9.5 Learning from Single Incision

Single-incision laparoscopy is now known in many centers worldwide. Many publi-
cations report different acronyms and describe various technical variations reflecting
the creativity and originality of the surgeons who first introduced this method, but at
present, few randomized controlled trials have been completed [5—7]. For this rea-
son, it is not possible to state with certainty that there are real benefits of this “new”
surgery. We can assume a reduction of complications associated with the introduc-
tion of the trocar, such as bleeding and incisional hernias, and, of course, an advan-
tage from the cosmetic point of view that makes the method extremely attractive to
the patient. The absence of a final visible scar not only accounts for an aesthetic
result but also has some psychological benefits: we know that many patients perceive
surgery as a failure to control their own habits and do not want their friends and rela-
tives know that they had been operated on. Indeed, we perceived a high level of sat-
isfaction in the obese patients, who underwent single-incision bariatric surgery.

Although for matters regarding cholecystectomy, there are now several published
works [7] and a substantial amount of case studies, in the field of bariatric surgery,
single-incision technology is gaining ground more slowly since it is extremely
complex.

There is a need for a larger learning curve and specific training in bariatric sur-
gery centers that are already carrying out these interventions; at present, however, it
is the privilege of a few [8].

Thus, as, after the introduction of laparoscopy, an initial increase of specific sur-
gical complications has been observed, it is easy to foresee a similar trend after the
spread of single-incision technology, although the difference between the two tech-
niques is probably smaller than that of “open” surgery and laparoscopy.

What has so far facilitated the spread of this technique on a large scale is the pos-
sibility of “conversion” from single incision to traditional laparoscopy, which is
easily achievable in the event of difficulties and limited to the introduction of one or
two additional trocars, a simple maneuver, without the consequences of laparotomy,
not only from the surgical point of view but also from the psychological point of
view of the patient and surgeon, the so-called reduced ports surgery. This is a great
advantage for its diffusion compared to other innovative techniques such as NOTES
(natural orifice transluminal endoscopic surgery), combined with the fact that a
single-incision intervention can also be performed with the help of fewer specific
instruments than classic laparoscopy.

Several lessons can be learned from the single-incision experience.

The first aspect is about the access. While practicing single incision, you realize
that any procedure can be carried on with only three ports, one for the camera and
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two for the operating instruments. This has beneficial consequences. It is only one
surgeon who is manipulating the tissues and organs thus minimizing the trauma and
more important the risk of damage by improper maneuvers of the assistant. The
assistant is concentrated on holding the camera. You learn that to give good vision
to the operating surgeon, the most important thing for the cameraman is to stand still
and stay out of the way of the operating field. A mechanical camera holder can be
used asking to the assistant only minor adjustments.

As you are using only three accesses when you go back, for any reason, to stan-
dard laparoscopy, you will still use three ports. You will not look anymore for an
access to introduce a liver retractor that has been proven unnecessary. Thus, also in
multiple port laparoscopy, you will reduce the number of ports with a benefit for the
patient.

The second aspect concerns the surgical technique. Every step is reduced to the
essential movements. No effort and time are spent to do “tricks” that we used to
think important. And then the surgery becomes simple, less traumatic, and fast.

All these we learned from single incision, an approach that required some col-
lateral thinking and freedom from prejudice.

We hope that the future will give more and more attention to reduced port lapa-
roscopic surgery, always with the intent of offering the patient better care.
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6.1 Introduction

With the advent of natural orifice transluminal endoscopic surgery (NOTES), sin-
gle-access laparoscopy (SAL) started to be popular, and various procedures have
been reported to be feasible and safe [1].

Hiatal hernia repair with subsequent antireflux fundoplication [2-9] and gastric
resections [10-18], usually performed by open surgery or conventional multitrocar
laparoscopy (CML), have been showed to be feasible and safe through SAL. One of
the most challenging aspects is the choice of the access site, because to be cosmeti-
cally acceptable, the umbilicus is obviously chosen, but the positioning of this latter
in the abdomen besides an adequate size of gastric lesion to be resected are neces-
sary to avoid difficulties to reach the hiatus or to get a final non-cosmetic result.

Furthermore, during SAL, two basic rules of general laparoscopy have to be
respected: the video screen, the operative field, and the surgeon’s head have to be on
the same axis [19] and the optical system has to be the bisector of the working tri-
angulation formed by the two ancillary effectors [20].

Another challenging aspect, during SAL gastric surgery, is the exposure of the
hiatal region. In literature, different techniques and devices have been used like:
¢ the insertion of a classic 5-mm liver retractor [2, 10],

* the insertion of a Penrose drain at the triangular ligament [3],
* the insertion of the percutaneous Cerrahpasa retractor [5]
 the use of cyanoacrylate between the left liver lobe and the diaphragm [6] or tis-

sue glue [11]

* the insertion of the percutaneous superficial hepatic sutures [7, 8] or transhepatic

sutures [21]
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* the fixation of a Penrose drain to the abdominal wall by sutures [9] or by an endo

hernia stapler [22]

* the insertion of the boxing glove retractor [12]

¢ the placement of an expandable sponge under the left liver lobe [13]
¢ the anchoring of the bulldog to the falciform ligament [23]

 the use of the magnet forceps maneuvered by external magnets [24]

In this chapter, the techniques of Nissen (360°) and Toupet (270°) fundoplica-
tion, besides gastric resections, through transumbilical SAL are described using a
developed technique with reusable trocars, conventional rigid scopes, curved reus-
able instruments according to DAPRI (Karl Storz-Endoskope, Tuttlingen, Germany),
and, as liver retractor, 1.8-mm trocarless grasping forceps according to DAPRI
(Karl Storz-Endoskope).

Camera
assistant

Fig.6.1 Patient and team positioning
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6.2 Laparoscopic Techniques
6.2.1 Patient and Team Positioning

The patient is placed in a supine position, with the arms alongside the body and the
legs apart. The surgeon stands between the patient’s legs, the camera assistant to the
patient’s right, and the scrub nurse to the patient’s left. The video monitor is placed
in front of the surgeon and camera assistant (Fig. 6.1).

6.2.2 Hiatal Hernia Repair

6.2.2.1 Beginning of the Procedure

The umbilicus is incised, and the fascia is opened until the peritoneal sheet is
reached, which is opened as well. A purse-string suture using PDS 1 is placed in
full-thickness method in the umbilical fascia and peritoneum at 1-, 3-, 5-, 6-, 7-, 9-,
11-, and 12-0’clock positions (Fig. 6.2). An 11-mm reusable metallic trocar is intro-
duced into the peritoneal cavity inside the purse-string suture, and the pneumoperi-
toneum is created. A 10-mm, 30° rigid and standard length scope (Karl
Storz-Endoskope) is advanced through the 11-mm trocar, and the DAPRI curved
reusable instruments (Karl Storz-Endoskope) are inserted into the abdomen through
the umbilical scar without trocars (Fig. 6.3). The bicurved grasping forceps III
(Fig. 6.4a) is inserted through a separate fascia window, created by a wire of 5-mm
trocar, at some of 5 mm, outside the purse-string suture at 10-o0’clock position in
respect of the patient’s head. The other instruments like the monocurved coagulat-
ing hook (Fig. 6.4b), the monocurved scissors (Fig. 6.4c), the monocurved RoBi

Fig. 6.2 Hiatal hernia repair:
placement of the purse-string
suture at the access-site
(umbilicus)

M. Crespi®
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Fig. 6.3 Hiatal hernia repair:
placement of the instruments
through the access-site

Fig. 6.4 DAPRI instruments: bicurved grasping forceps III (a), monocurved coagulating hook
(b), monocurved sicssors (c¢), monocurved RoBi bipolar grasping forceps and scissors (d, e),
bicurved needle holder II (f), straight 1.8-mm trocarless grasping forceps (g)

bipolar grasping forceps and scissors (Fig. 6.4d, e), the monocurved needle holder
II (Fig. 6.4f), the monocurved suction and irrigation cannula, the straight 5-mm clip
applier, and the straight 5-mm grasping forceps are introduced on the other side of
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Fig. 6.5 Skeletonization of
the right crus from bottom
to top

the bicurved grasping forceps III at 3-o0’clock position, parallel to the 11-mm trocar
and inside the purse-string suture. The suture is adjusted to maintain a tight seal
around the 5-mm tools and the 11-mm trocar and opened only for the change of the
instruments and evacuation of the smoke created with the dissection. The operative
table is positioned in a reversed Trendelenburg position.

The distal curve of the bicurved grasping forceps III is used to retract the left
liver lobe and to contemporary expose the opening of the hepatogastric ligament on
the lesser curvature. If an insufficient exposure of the hiatal region is shown, the
DAPRI 1.8-mm trocarless grasping forceps (Karl Storz-Endoskope) (Fig. 6.4g) is
inserted percutaneously through a skin puncture under the xyphoid access, created
by a Veress needle.

The hepatogastric ligament is opened close to the liver segment 1, and the right
phrenogastric ligament is incised as well, dividing its anterior and posterior sheets.
The right crus is freed from the bottom to top (Fig. 6.5). Thanks to the peculiar
shape of the instruments, the scope never appeared in conflict with the instruments’
tips, and the conflict between the surgeon’s hands and the scope is avoided (Fig. 6.6).
The left phrenogastric ligament is incised, and the left crus is exposed. The lower
esophagus is freed, encircled, and suspended by a piece of cotton tape using the
bicurved grasping forceps III (Fig. 6.7a). Thanks to this maneuver, both crura under
the esophagus are better exposed and more easily freed (Fig. 6.7b).

The operative table is maintained in a reversed Trendelenburg position with
right-sided tilt, permitting an increased exposure of the splenic region. The gastro-
splenic ligament is incised starting from the previous dissection of the left phreno-
gastric ligament, to control the first short gastric vessel (Fig. 6.7c). Then, the
operative table is replaced without any tilt maintaining the Trendelenburg position,
in order to move the upper part of the gastric fundus behind the lower esophagus.
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Fig.6.6 The conflict
between the surgeon’s hands,
and between the instruments’
tips is avoided thanks to the
peculiar curved shape of the
instruments

The other short gastric vessels are just dissected “a la demand” giving a more slack
to the wrap (Fig. 6.7d), using the monocurved coagulating hook or the monocurved
bipolar grasping forceps and scissors.

Figure of 8 sutures using silk 2/0 are used to close the crura, using intracorporeal
sutures and knotting technique (Fig. 6.8). This maneuver is realized without the
orogastric bougie (34 French), which is pushed by the anesthesiologist only after
the cruraplasty.

6.2.2.2 Nissen Fundoplication

The floppy 360° fundoplication is performed using intracorporeal sutures (silk 2/0)
and knotting technique, under ergonomic position and without clashing of the
instruments’ tips (Fig. 6.9a). A gastro-gastric suture, a gastro-eso-gastric suture
(Fig. 6.9b), and two gastroesophageal sutures inferiorly to the first previous and on
both sides of the lower esophagus are performed (Fig. 6.9c).

6.2.2.3 Toupet Fundoplication

The 270° fundoplication is performed using silk 2/0 sutures. The right side of the
wrap is fixed by four simple sutures to the right crura, starting with the first suture
at the apex of the right crura. Then, the right side of the wrap is anchored to the
lower esophagus by three other simple sutures. As well, the left side of the wrap is
fixed to the left crura by two simple sutures, and then the left side of the wrap is
anchored to the lower esophagus by three other simple sutures (Fig. 6.9d).
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Fig. 6.7 The lower esophagus is encircled by a piece of cotton tape (a), permitting a better expo-
sure of the both crura (b); control of the first short gastric vessel by a medial-to-lateral approach
(c), and of the other short gastric vessels just “a la demand” by a medial-to-lateral approach (d)

6.2.2.4 End of Both Fundoplications
At the end of the procedure, the operative table is replaced like in the beginning of
the procedure, without any Trendelenburg position and tilt. The orogastric bougie,
the piece of cotton tape, the needles, and all the instruments are removed under
view. The curved instruments are retrieved following their curves at 45° in respect
of the abdominal wall.

The 11-mm trocar for the scope is removed, Vicryl 1 sutures are placed as figure
of 8 to close the umbilical fascia, including the separate fascia opening for the
bicurved grasper (Fig. 6.10). Intradermal sutures close the cutaneous scar.

6.2.2.5 Postoperative Care

One gram of paracetamol is given i.v. at the end of the surgical procedure.
Postoperative analgesia is given following the WHO visual analog pain scale (VAS).
In the recovery room, the following scheme is followed: for VAS between 1 and 3,
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Fig. 6.8 Figure of 8 sutures
are used to close the crura,
using intracorporeal sutures
and knotting technique

1-g paracetamol i.v. is pushed; for VAS between 4 and 8, 100-mg tramadol i.v. is
used; and for VAS >8, 1-mg piritramide i.v. is incremented.

After the patient left the recovery room, pain is assessed every 6 h, with 1-g
paracetamol administered i.v. if VAS is between 1 and 3, 100-mg tramadol admin-
istered i.v. if VAS is between 4 and 8, and 1-mg piritramide administered i.v. if
VAS is >8.

A gastrograffin swallow check is scheduled on the first postoperative day,
and if negative, the patient is allowed to drink water and, after 24 h, to tolerate
a light diet. If there are no complications, the patient is discharged on the second
postoperative day.

Upon discharge, 1-g paracetamol perorally or 50-mg tramadol perorally is pre-
scribed only if needed.

Office visits are scheduled at 10 days, 1, 3, 6, and 12 months after the procedure.
Barium swallow checks are performed at 6 and 12 months.

6.2.3 Gastric Resections

6.2.3.1 Beginning of the Procedure

The umbilicus is incised, and the fascia is opened until the peritoneal sheet is
reached, which is opened as well. A purse-string suture using PDS 1 is placed in
full-thickness method in the umbilical fascia and peritoneum at 1-, 3-, 5-, 6-, 7-,



6 Single-Access Laparoscopic Approach for Gastric Surgery 79

Fig. 6.9 The fundoplication is performed under ergonomic position and without clashing of the
instruments’ tips (a); Nissen fundoplication (b, ¢); Toupet fundoplication (d)

9-, 11-, and 12-0’clock positions (Fig. 6.2). An 11-mm reusable metallic trocar is
introduced into the peritoneal cavity inside the purse-string suture, and the pneu-
moperitoneum is created. A 10-mm, 30° rigid and standard length scope (Karl
Storz-Endoskope) is advanced through the 11-mm trocar, and the DAPRI curved
reusable instruments (Karl Storz-Endoskope) are inserted into the abdomen through
the umbilical scar. The bicurved grasping forceps III (Fig. 6.4a) is inserted through
a separate fascia window, created by a wire of 5-mm trocar, at some of 5 mm,
outside the purse-string suture at 10-o’clock position with respect of the patient’s
head. The other instruments like the monocurved coagulating hook (Fig. 6.4b), the
monocurved scissors (Fig. 6.4c), the monocurved RoBi bipolar grasping forceps
and scissors (Fig. 6.4d, e), the bicurved needle holder II (Fig. 6.4f), the mono-
curved suction and irrigation cannula, the straight 5-mm harmonic shears (Ethicon,
Johnson & Johnson, Cincinnati, OH, USA), and the straight 5-mm grasping forceps



80 G. Dapri and G.B. Cadiére

Fig.6.10 Figure of 8 sutures
are used to close the
umbilical fascia, including
the separate fascia opening
for the bicurved grasper

Fig.6.11 Gastric resections:
placement of the instruments
and trocars through the
access-site

are introduced through a 6-mm flexible trocar (Karl Storz-Endoskope) positioned
at 5 mm outside the purse-string suture at 2-o’clock position with respect of the
patient’s head (Fig. 6.11). The suture is adjusted to maintain a tight seal around
the 11-mm trocar. The operative table is positioned in a reversed Trendelenburg
position.
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Using the distal curve of the bicurved grasping forceps III, the left liver lobe is
retracted but, if necessary, the DAPRI 1.8-mm trocarless grasping forceps (Karl
Storz-Endoskope) (Fig. 6.4g) is inserted percutaneously through a skin puncture
under the xyphoid access, created by a Veress needle.

Perioperative gastroscopy is helpful to localize the lesion into the stomach and to
control the closure of the stomach at the end of the procedure.

A superficial temporary suture using Vicryl 2/0 is placed in the center of the
lesion in order to retract the gastric wall, using the bicurved grasping forceps III and
the curved needle holder II (Fig. 6.12a).

If the gastric resection includes the opening of the gastric wall, a device like a straight
5-mm harmonic shears (Ethicon Johnson & Johnson) is used; otherwise, the gastric wall
remains closed and the resection is performed using firings of flexible linear stapler.

6.2.3.2 Resection with Stomach Opening

The suture placed in the center of the lesion is taken under tension by the bicurved
grasping forceps III, and the gastric wall is resected around the lesion using the
straight harmonic shears (Fig. 6.12b), staying distally for safe margins. An endo-
scopic grasper inserted by the gastroscope can be useful for the delimitation of the
margins of the gastric resection (Fig. 6.12c¢).

Two converting running sutures (PDS 2/0), with preformed knots at their extrem-
ities, are used to close the gastric openings. The gastric closure is realized using the
bicurved grasping forceps III and the bicurved needle holder II, under the gastro-
scopic control. Thanks to the peculiar shape of the instruments, the internal working
triangulation of CML is established (Fig. 6.12d) and the surgeon continues to work
in ergonomic position (Fig. 6.12¢).

6.2.3.3 Resection Without Stomach Opening

The 11-mm trocar is replaced by a 13-mm reusable metallic trocar in order to
accommodate a flexible linear stapler. The 10-mm scope is switched into a 5-mm,
30° rigid and long scope (Karl Storz-Endoskope), which is inserted through the
6-mm flexible trocar at 2-0’clock position (Fig. 6.13a). The suture, positioned at the
beginning in the center of the lesion, is taken under tension by the bicurved grasping
forceps 111, allowing the placement of the linear stapler at the base of the gastric
lesion (Fig. 6.13b). The linear stapler is fired staying at a safe margin from the
lesion. During this step, the gastroscope is maintained intraluminally to control the
resection. If necessary, the operative room table is adjusted with more right-sided or
left-sided tilt, permitting an increased exposure of the operative field.

6.2.3.4 End of Both Gastric Resections

In order to perform the leak test, the gastric surface is immersed under physiologic
solution using the monocurved suction and irrigation cannula, and the gastroscope
evaluates the hermetic closure of the suture/stapler line (Fig. 6.14a).

A nonreusable custom-made plastic bag is introduced into the abdominal cavity
through the metallic trocar. The resected lesion is placed inside the bag using the
bicurved grasping forceps III and straight 5-mm grasping forceps (Fig. 6.14b) and
removed transumbilically (Fig. 6.14c).
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Fig.6.12 Placement of a temporary superficial suture in the center of the gastric lesion to retract
the gastric wall (a), which is resected maintaining safe margins (b) and under gastroscopic assis-
tance (c); intracorporeal suturing (d) under surgeon’s external ergonomy (e)
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Fig. 6.13 Changement of the 11-mm trocar with a 13-mm reusable metallic trocar to accomodate the
linear stapler and of the 10-mm scope with a 5-mm, 30° rigid and long scope (Karl Storz-Endoskope) (a);
placement of the linear stapler at the base of the gastric lesion, taken-up by the lesion-suture-tension (b)

Fig.6.14 Immersion of the gastric surface under physiologic solution for gastroscopic leak-test (a);
placement of the resected lesion inside the bag (b) and its removal through the umbilical access (c)
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Fig.6.15 Figure of 8 sutures
are used to close the
umbilical fascia, taking care
to close the separate fascia
opening for the bicurved
grasper and for the flexible
trocar

M. CI'ESPJ‘@

No drain is left in the abdominal cavity, but a nasogastric tube is placed under the
laparoscopic view. The operative room table is replaced like in the beginning of
the procedure, without any Trendelenburg position and tilt. The needles and all the
instruments are removed under view. The bicurved grasping forceps III is retrieved
following its curves at 45° in respect of the abdominal wall.

After the metallic trocar and the 6-mm flexible trocar are removed, Vicryl 1
sutures are placed as figure of 8 to close the umbilical fascia, taking care to close the
separate fascial opening for the bicurved grasping forceps III and for the flexible
trocar (Fig. 6.15). The cutaneous scar is closed by intradermal sutures.

6.2.3.5 Postoperative Care

One gram of paracetamol is given i.v. at the end of the surgical procedure.
Postoperative analgesia is given following the WHO visual analog pain scale (VAS).
In the recovery room, the following scheme is followed: for VAS between 1 and 3,
1-g paracetamol i.v. is pushed; for VAS between 4 and 8, 100-mg tramadol i.v. is
used; and for VAS >8, 1-mg piritramide i.v. is incremented.

After the patient left the recovery room, pain is assessed every 6 h, with 1-g
paracetamol administered i.v. if VAS is between 1 and 3 and 100-mg tramadol
administered i.v. if VAS is between 4 and 8.

Antibiotic prophylaxis is prescripted for 48 h. The nasogastric tube is maintained
in place until the fourth postoperative day. A gastrograffin swallow check is sched-
uled on the same day, and if negative, the patient is allowed to drink water the day
after. A liquid diet is permitted since the sixth postoperative day, and if there are no
complications, the patient is discharged on the same day.
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Upon discharge, 1-g paracetamol perorally or 50-mg tramadol perorally is pre-
scribed only if needed.
Office visits are scheduled at 10 days, 1, 3, 6, and 12 months after the procedure.

6.3 Indications and Contraindications
6.3.1 Hiatal Hernia Repair

Good indications are patients with 18< body mass index (BMI) <25 kg/m?, height
<1.75 m, and distance between the umbilicus and xyphoid access <20 cm.
Acceptable patient’s BMI is in the range between 25 and 30 kg/m?, but with a BMI
>30 kg/m?, the transumbilical access appears too far from the hiatus. Moreover,
sliding hiatal hernia and hernia <2 cm are good indications against the contraindi-
cated bigger and paraesophageal hernias.

Contraindications to transumbilical SAL are male patients with a height >1.80—
1.85 m, or patients with BMI >35 kg/m?, or distance between the umbilicus and
xyphoid access >25 cm, or presence of giant intrathoracic hernia, and obviously
patients with surgical history in the hiatus.

6.3.2 Gastric Resections

Good indications are benign lesions with a diameter <5 cm or gastrointestinal stro-
mal tumors <10 cm in diameter. The simple and feasible gastric location for SAL is
the anterior surface or the greater curvature. Difficult gastric locations are the pos-
terior wall, the smaller curvature, and the cardiac region.

Contraindications are huge and malignant tumors.

Finally, pure intraluminal resection of benign gastric lesions with successive
mucosal wall closure is possible by transumbilical SAL, but the stomach has to
reach the umbilicus in order to perform the gastrostomy and insert the port.
Unfortunately, this technique, quite common in Asia [15], is difficult to apply to
European and American patients due to their different physical status.

6.4  Tipsand Tricks
6.4.1 Hiatal Hernia Repair

* The curved reusable instruments have to be inserted into the abdomen and
removed from, following a 45° angle with respect of the abdominal wall.

» The distal curve of the bicurved grasping forceps III helps in the retraction of the
left liver lobe. To improve the exposure of the hiatal region, other devices,
needlescopic or millimetric instruments, have to be inserted under the xyphoid
access and below the liver segment 2.
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* The insertion of a piece of cotton tape to encircle the gastroesophageal junction
helps in exposing the right and left crus and in performing the cruraplasty.

* Use of the bicurved needle holder II helps in minimizing the movement during
the intracorporeal sutures. The instrument’s tip has a 45° orientation in respect of
the main shaft; hence, only a 15° rotation of the surgeon’s wrist is needed to
insert and remove the needle from the tissue.

* The operative table has to be used as an assistant’s help, and it has to be placed
in a reversed Trendelenburg position during the entire procedure with an
increased patient’s right-sided tilt during the step of the dissection of the short
gastric vessels. After the first short gastric vessels have been sectioned, the rest
of the fundus has to be freed “a la demand’’; hence, a medial-to-lateral dissection
is used, passing the fundus behind the gastroesophageal junction.

* Finally, the choice between the two fundoplications basically becomes from the
results of the patient’s preoperative work-up.

6.4.2 Gastric Resections

* The placement of a temporary suture on the gastric surface above the lesion helps
in retracting the tissue for subsequent resection.

* The gastroscope has to be pushed down at the beginning of the procedure to
explore the entire upper gastrointestinal tract. Then, staying intraluminally, it
permits to control specimen resection and the subsequent gastric wall closure.

* Use of sutures with preformed knots at their extremities permits to gain time dur-
ing the intracorporeal knotting technique.

* In front of a gastric lesion to be resected, the choice to remove the piece of the
stomach with or without the gastric opening basically depends from the localiza-
tion of the lesion and from the subsequent risk of stricture using the linear
stapler.
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7.1 Introduction

Multiport laparoscopic splenectomy (LS) is considered the “gold standard” for
the management of surgical diseases in normal or slightly enlarged spleens [1].
Its effectiveness and low complication rate, alongside patient comfort, decreased
hospital stay, and enhanced recovery, make it the procedure of choice for most
surgeons.

The concept of minimal invasive surgical techniques has progressed since the
early 1990s, from standard multiport laparoscopy to natural orifice transluminal
endoscopic surgery (NOTES) and, more recently, to single-port access (SPA).
Experience with SPA has been reported sporadically since minimal invasive pro-
cedures (appendectomy, cholecystectomy) first appeared, but the number of
papers on the subject has increased consistently since 2007, perhaps because sur-
geons view this technique as a bridge to the even lesser invasive NOTES [2].
Simultaneously, a concept of reduced port surgery (RPS) has emerged trying to
overcome the difficulties of SPA. The reduction of the number and size of inci-
sions as well as the use of natural orifices or scars permits to preserve the integrity
of the abdominal wall, reduces the number and size of wounds, and improves the
esthetic outcome [3].
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7.2  Single-Port Splenectomy
7.2.1 Indications and Contraindications

The best indication for single-port splenectomy (SPS) is the case of slim patients
with normal or slightly enlarged spleen. Previous surgery is not a definitive contra-
indication but, undoubtedly, increases the difficulty when adhesions should be taken
down. There exist two anatomic features that increase or preclude SPS. They are the
belly shape and the extremely tall patient. In the case of a prominent belly, the dis-
tance from the belly bottom to the splenic fossa increases and in some cases is not
possible to reach the top of the posterior adhesions of the upper pole of the spleen.
Also, in extremely tall patients, the distance from the umbilicus to the diaphragm is
too long for the use of conventional endoscopic instruments. A solution for these
situations may be the placement of the device just in the subcostal medioclavicular
point. Then the working distance is reduced significantly. Other technical alterna-
tive is to introduce an additional 2- or 5-mm trocar at the left hypochondrium, and
the use of this new instrument may permit to overcome dissection difficulties. This
port site may be used as drainage exit in the case that it would be necessary.

Splenomegaly or liver cirrhosis is not an absolute contraindication but
increases the difficulty of the dissection and removal maneuvers. Massive sple-
nomegaly is a formal contraindication.

7.2.2 Surgical Technique

The patient is placed in the standard right decubitus position for LS, with the table

flexed at the flank. A transumbilical approach can be chosen for thin patients and in

cases of splenic cyst. In the case of tall, obese, or noncompliant abdomen, a left
2-cm subcostal incision is placed at a point between the subcostal margin and the
umbilicus in the midclavicular line.

Single-incision splenectomy (SIS) can be performed through two approaches.

(a) SIS using multiple trocars. A 15-mm skin incision is made inside the umbilicus,
and a 12-mm bladeless trocar (Excel Endopath, Ethicon Endo-Surgery,
Cincinnati, OH, USA) is bluntly introduced into the abdomen under optic con-
trol with a flexible-tip 10-mm HD scope (Olympus, Center Valley, PA, USA).
After exploring the abdominal cavity, a 5-mm trocar with a flexible corrugate
shaft (Karl Storz, Culver City, CA, USA) is inserted into the left of the 12-mm
trocar, and another 5-mm trocar with a small head is placed to the right.

(b) SAP splenectomy using a multiport device. After the insertion of the Veress
needle, a 20-mm incision is made and a multiple-port device (TriPort,
Quadriport, [Olympus], Uno [Ethicon], Applied [GelPort]) is inserted (Fig. 7.1).

The technique used for splenic dissection is similar to that used in standard

LS. After an explorative laparoscopy, the possible existence of accessory spleens is

ruled out. A 5-mm curved grasper used for transanal endoscopic microsurgery

(TEM) (Richard Wolf, Vernon Hills, IL, USA) is placed through the left port.
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Fig.7.1 Intraoperative view of the multitrocar approach for a single-incision splenectomy

The slightly curved end of this instrument fits into the flexible trocar or through a
port of the multichannel device, and it is sufficiently curved to work intra-abdomi-
nally without causing instruments to clash. A 5-mm harmonic scalpel (Harmonic
Ace, Ethicon Endo-Surgery, Cincinnati, OH, USA) is then introduced through the
right port. Using this approach, it is possible to mobilize the splenic colon flexure
and to reach the lower pole of the spleen. The next step is to gain access to the ret-
rogastric pouch and to severe the short vessels at the upper pole of the spleen. With
this view, and thanks to the flexible tip of the scope, it is possible, if desired, to ligate
or clip the splenic artery. The instruments are then moved to the posterior face of the
spleen, and the table is tilted to the left to take advantage of gravity and obtain expo-
sure of the retrosplenic area. The posterior splenorenal attachments are freed.

Sometimes, especially if the umbilical approach is used and there are some dif-
ficulties with the more posterior and upper part of the upper splenic pole, a 3-mm
instrument can be introduced through the left flank. This mini-instrument can be
used to retract or section (hook) retroperitoneal adhesion.

Once the spleen is completely mobile, the flexible scope is retrieved, and the
intra-abdominal visual control is changed to a 5-mm scope. If the multichannel has
several large bore ports (Qadriport, Olympus), the 10-mm scope can be maintained.
A probe inserted through the left 5-mm trocar raises the splenic hilum, providing
sufficient space for the placement of the stapler. A stapler with a 6-cm white
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cartridge (Echelon, Ethicon Endo-Surgery) is inserted through a 12-mm trocar/port
and advanced to the splenic fossa. After adjusting the jaws, the stapler is applied
several times to sever the splenic hilum.

Once the spleen is completely free, a 15-mm endobag (Endo Catch II; Covidien,
Mansfield, MA, USA) is inserted. The spleen is grasped with a 5-mm instrument
and hung in the splenic fossa. The bag is deployed below the organ and the spleen
is introduced. The bag is pulled to the umbilical incision and the spleen is retrieved
(intact or morcellated), and the operating field is revised and complete hemostasis is
achieved.

In the case of fenestration of a splenic cyst, the first step is to puncture and evacu-
ate the cyst content. Then, with the help of the harmonic scalpel, we excise the
maximum segment of the wall cyst, reaching the spleen parenchyma. Once hemo-
stasis is completed, cyst wall fragments are extracted in an endobag.

The umbilicus is closed and carefully reconstructed, obtaining an optimal
esthetic result.

7.3  Reduced Port Splenectomy

Single-port access splenectomy (SPAS) emphasizes the concept of surgery
through one small transabdominal incision rather than the standard multiple tro-
car sites, with theoretic benefits of less pain and better cosmetics. The incision
can be hidden periumbilically and can be used as the specimen extraction site as
well. Nevertheless, the SPAS approach for solid organs poses several technical
challenges besides instrument clashing, difficult visualization, and limited range
of movements. Firstly, solid organs cannot be grasped and retraction is more dif-
ficult. Secondly, during SPAS, exposure of the lesser sac and upper pole of the
spleen is sometimes suboptimal. Thirdly, the approach trough the umbilicus in
cases of high BMI or very tall patients may preclude one from reaching the spleen
adequately. An alternative single access through a subcostal incision loses the
esthetic advantages [4].

The reduced port access splenectomy (RPAS) approach represents a hybrid
option between the standard LS and SPAS and makes it possible to perform the
operation using less trocars of smaller sizes and taking advantage of the umbilical
scar as the main entrance, thereby reducing the already minimal parietal trauma and
improving the cosmetic outcome.

7.3.1 Surgical Technique

The patient is placed in lateral decubitus, and the access to the abdominal cav-
ity is gained using a 12-mm optic bladeless trocar (Excel Endopath, Ethicon
Endo-Surgery, Cincinnati, OH) introduced through the umbilicus. We routinely
used a 10-mm flexible-tip HD scope (Endoeye, Olympus). A subcostal 5-mm
trocar is placed under direct vision at the level of the anterior axillary line.
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Fig.7.2 Intraoperative
placement of trocars in the
case of reduced port
splenectomy

Finally, a 3-mm port is inserted at the midepigastric region (Fig. 7.2). The sequen-
tial steps are essentially the same as with SPAS. Using a 5-mm harmonic scal-
pel (HARMONIC ACE, Ethicon Endo-Surgery) and 3-mm instruments (Storz,
Tuttlingen), access was gained to the lesser sac by dividing the gastrosplenic
ligament and short vessels until the upper pole of the spleen. Every attempt was
made to ligate the splenic artery at the superior border of the pancreas to allow
some shrinkage of the spleen. Next, splenic flexure of the colon was mobilized
to get the lower pole of the spleen freed. The table was then tilted to the right to
obtain a good exposure of the retrosplenic area, taking advantage of gravity. The
posterior splenorenal ligament was then freed. Once the spleen was completely
dissected free from all of its attachments, the optic was changed for a 5-mm, 30°
scope introduced through the left hypochondrium trocar, and a stapler with a
60-mm white cartridge (Echelon, Ethicon Endo-Surgery) was deployed through
the umbilical port, advanced to the splenic fossa, and fired to divide the splenic
artery and vein at the level of the hilum. A 15-mm endobag (Endo Catch II,
Covidien, Mansfield, MA) was used to retrieve the spleen after being morcellated
trough the umbilical incision. A drain, exteriorized through the lateral 5-mm
trocar, was used selectively.



94 E.M. Targarona et al.

7.4 Literature Review
7.4.1 Data Sources

A systematic search in PubMed (June 2013) was performed. The applied search
strategy included the key words: (single incision OR single port) AND (laparo-
scopic OR laparoendoscopic OR robotic) AND splenectomy.

7.4.2 Case Reports of Single-Incision Laparoscopic Splenectomy

The main characteristics of the studies (demographics, medical history, clinical fea-
tures of SILS performed, operative parameters, outcomes) are depicted in Table 7.1
[5-34]. A total of 81 patients were retrieved. The age ranged from 0.6 to 73 years.
The majority of them were female (57 %). The median body mass index of the
included patients was 23 kg/m? (range: 18-36). Partial splenectomy was performed
in two cases (2.5 %). The patients were positioned either in semi-lateral (62 %) or
lateral position (38 %). The most frequent surgical approach was through the umbi-
licus (91 %), while the supraumbilical (6 %) or left upper quadrant (2.5 %) was also
used. The median weight of the spleen was 446 g (125-590 g). Regarding the uti-
lized port system, a multitrocar system (5—12-mm trocars) were applied in (54 %)
patients, SILS® port in 27 %, TriPort® in six (8 %), glove ports in five (6 %), and
GelPort® in four patients (5 %).

The median operative time was 125 min (45-420), while the median blood loss
was 50 ml (10—450 ml). In 5 % a conversion was needed either to open or to mul-
tiport laparoscopic surgery, while transfusion was needed in 11 cases (14 %). The
hospital stay ranged between 1 and 9 days. Complications related to splenectomy
occurred in 7 % of patients. No death of patients was reported. Simultaneously,
we identified five case series that included 58 SILS patients (Table 7.2) [4,
35-38]. Only in one study, the final cosmesis of the surgical wounds was evalu-
ated with the difference being statistically significant in the single-incision group
compared to the classical laparoscopic one. A similar systematic review has
recently been published [39].

7.5 Comment

During the last years and after the dissemination of the NOTES concept, a trend to
reduce the access trauma by minimizing the abdominal wall injury in laparoscopic
surgery has emerged, and after anecdotal approaches through NOTES-assisted tech-
niques, the spleen has also been approached by SPA, showing to be a feasible and
reproducible technique. However, there has not been a substantial success, and pub-
lished cases so far do not reach more than 100, most of them being anecdotal case
reports (Tables 7.1 and 7.2). When analyzing our initial experience in a series of
eight cases [4], we found that SPAS takes longer and includes a number of
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Table 7.1 Single-incision laparoscopic splenectomy. Literature review: single cases

Demographics N (%)

Age (year) 23 (0.6-73)
Male/female 35/46

BMI (kg/m?) 23 (18-36)
Diagnosis

Splenomegaly 33 (45 %)
Idiopathic thrombocytopenic purpura 23 (31 %)
Immune thrombocytopenic purpura 5(7 %)
Lymphomas 5(7 %)
Splenic cysts 4 (5 %)
Traumatic rupture 23 %)
Hydatic cyst 1(1 %)
Multiple splenic abscesses 1(1 %)
Spleen weight (g) 446 (125-590)

Operative parameters
Port system applied

2 or 3 single ports 43 (54 %)
SILS® port 21 (27 %)
TriPort® 6 (8 %)
Glove port 5(6 %)
GelPort® 4(5 %)
Size of incision (mm) 22 (10-35)
Outcomes

Operative time (min)
Blood loss (ml) 50 (10-450)

125 (45-420)

Conversion 4(5 %)
Transfusion 11 (14 %)
Hospital stay (day) 3(1-9)
Complications 6 (7)
Death 0
Positive cosmesis 42 (52 %)

controversies, such as (1) the placement of the device for SPAS, subcostal or umbil-
ical. The subcostal placement facilitates the performance but obviously reduces the
potential esthetic advantages. In the case of a pure umbilical approach, the esthetic
result is maintained, but the difficulty increases to the point of becoming nearly
impossible in the case of obese or very tall patients. (2) Several published series
noted the need for some type of additional instrument to hold or expose surgical
areas during SPAS. There have been uses of tugs [38], strings [30], or merely addi-
tional mini-instruments [4]. (3) Finally, in some cases, a drain is needed, and a left
subcostal incision for drain placement may be required. All these factors and the
current availability of dedicated instrumentation (deflectable scope) encouraged us
to design a hybrid reduced port approach that could overcome some of the SPAS
drawbacks, maintaining the clinical and esthetic advantages of an even less invasive
minimal approach.
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Table 7.2 Main characteristics and outcomes of patients after single-incision laparoscopic
splenectomy, in published case series

Author/
year Study type
Boone Retrospective

2013 [35] comparative

Choi 2013 Retrospective
[36] comparative
Perger Prospective,

2013 [37]  comparative

Monclova  Prospective,
2013 [4] comparative

Misawa Prospect
2011 [38]

N

LS, 18/26
(69 %);
SILS,
8/26

(31 %)

LS, 18/34
(53);
SILS,
16/34
(47

LS, 14/30
(47);
SILS,
16/30
(53)

LS, 14/32
44);
SILS,
8/32 (25);
RPAS,
10/32
(31.2)

10

Age
(yrs)
LS,
49+17;
SILS,
51+22
p=0.81

LS,
46+20;
SILS,
52+13,
p=1
LS,7
(2-17);
SILS, 7
(1-15),
p=0.44

LS,
55+18;
SILS,
50+19;
RPAS,
4113,
p=NS

53
(24-66)

BMI
(kg/m?)
LS,27+5;
SILS, 27+38
p=0.98

LS, 23+2.6;
SILS, 25+4.
2p=04

NR

LS, 28+5;
SILS,
25+4;
RPAS,
24+4.5,
p=NS

NR

Diagnosis

LS, malg (8/26
(31); ITP, 6/26
(23); AHALI,
2/26 (8 7.7);
cyst, 1/26 (3.8);
splenic
infarction, 1/26
(3.8); SILS,
malg. 3/26
(11.5); ITP, 2/26
(7.7); AHALI,
2/26 (7.7); cyst,
1/26 (3.8)
LS:ITP, 11/34
(32)%; SILS: ITP,
9/34 (26)%

LS: sphere. 6/30
(20), sickle cell
dis./30 (17),
ITP: 3/30 (10)
SILS: spheroc.
8/30 (27), sickle
cell dis. 4/30
(13), ITP: 3/30
(10), AHAI 1/30
3)

LS: ITP, 13/14
(93); ATHA,
1/14 (7); SILS:
ITP, 3/8 (37);
sph, 2/8 (25);
malg, 3/8 (37);
RPAS: ITP, 8/10
(80); AHAI,
1/10 (10); malg,
1/10 (10)

ITP, 3/10 (30);
liver cirrhosis,
2/10 (20);
aneurysm, 2/10
(20); cyst, 2/10
(20); tumor,
1/10 (10)

Device

Gelpoint®

OCTO
port®/
glove port

QuadPort®

3 ports/
multi-
access
single port

SILS port®

Spleen
weight (g)
LS, 474
8+332;
SILS,
423+444
p=0.77

LS,
132+72.
SILS,
80+38.
p=0.1
LS, 229
(62—
1,145);
SILS, 169
(49-536),
p=0.86

LS,
212+127;
SILS,
394+153;
RPAS,
23087,
p=0.02

260
(100-580)

USA United States of America, N number, NR not referred, BMI body mass index, yrs years, LS
laparoscopic splenectomy, SILS single-port access splenectomy, RPAS reduced port access sple-
nectomy, /TP immune thrombocytopenic purpura, Sph spherocytosis, Malg malignant disease,
VAS visual analog score, NS not statistically significant
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Incision Duration

size
40

30

NR

20

(min)
LS,
186+77;
SILS,
102+32
p=0.003

LS, 89+21;
SILS,
95+32
p=0.6

LS, 99
(51-154);
SILS, 84
(40-190),
p=0.89

LS, 83+ 19;
SILS,
131+43;
RPAS,
81+22,
p=0.01

230
(150-378)

Blood loss
(ml)

LS, 399+494;
SILS, 79+68,
p=0.25

LS, 206+ 142.
SILS,
111£99.
p=0.04

LS, 10
(5-60); SILS,
10 (5-600),
p=0.61

15 (0-100)

Conversion
(%)

LS, 5/26
(19); SILS,
0/26

LS, 0/34;
SILS, 0/34

LS, 1/30
(3); SILS,
2/30 (6)

LS, 0/14;
SILS, 0/8;
RPAS,
0/10

1/10 (10)

Transfusion

LS, 6/26
(23); SILS,
2/26 (8 7)

LS, 1/34
(3); SILS,
1/34 (3)

LS, 1/14
(7): SILS,
1/8 (12.5);
RPAS,
0/10,
p=NS

NR

Hosp. stay

(day)

LS, 5+2.5; LS, 5/26 (19);

SILS,
4.4+28,
p=0.51

LS,5+3;
SILS,
5+2,
p=0.5

LS,2
(1-5);
SILS, 2
(1-8),
p=0.2

LS,5+3;
SILS,
4+2;
RPAS,
3+2,
p=NS

6.8+2.3

97

Complications Cosmesis

NR
SILS, 2/26 (8)

LS, 2/34 (5.9); NR
SILS, 1/34 (3)

LS,2/30 (6); NR

SILS, 3/30 (7)

NR Body image
index* LS,
7+3; SILS,
6+1; RPAS,
504,
p<0.02

0/10 NR
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In our experience comparing a series of cases operated by conventional laparo-
scopic approach, single-port splenectomy, or reduced port splenectomy, it is
clearly shown that RPAS is a good alternative to LS and SPAS. RPAS had opera-
tive times comparable to that of LS and significantly shorter than SPAS. No
patient was converted to open surgery in any group, but three patients required
additional trocars to finish the SPA splenectomy. Blood loss and morbidity were
similar in the three groups, as well as the clinical outcomes in terms of complica-
tions, reoperation, or stay.

Obviously, when analyzing the outcome after SPAS or RPAS, one of the main
advantages in comparison to LS should be better postoperative comfort and esthetic
results. Pain differences between conventional laparoscopy and SPA are a matter of
controversy, observing contradictory results in the literature [40, 41]. In our study,
we found no differences in relation to pain medication between the three groups.
However, the nonrandomized nature of the study without a defined protocol to eval-
uate postoperative pain precludes establishing definitive conclusions.

Other aspects considered to be important after RPAS are the esthetic results and
the possible avoidance of abdominal wall hernias, observed when large bore trocars
are placed in the abdominal wall. It is noteworthy that after the analysis of the
esthetic survey, all the three technical options were followed by a high degree of
satisfaction, a finding that it is difficult to compare these techniques from the esthetic
point of view. However, both SPAS and RPAS showed a significant improvement in
the body image index in relation to LS, and these overall results allow us definitely
to conclude that the reduction of the wound sizes has a small but positive impact on
the perception of scars.

The evolution of minimally invasive surgery, looking for the utopic “non-scar
surgery,” obviously goes through more complex procedures with sophisticated
tools. However, this philosophy may preclude the widespread acceptance of these
techniques. RPAS permits to maintain the basic surgical features (triangulation)
with similar clinical outcomes and better preservation of the abdominal wall. An
additional issue is the cost. The technical option that we propose here can be
afforded without increasing the overall expenditure, but obviously, it is best per-
formed with the aid of more sophisticated surgical tools (deflectable scope).

According to Curcillo’s beliefs [3], SPA surgery is not a “closed” concept. The
technique that we have shown may be facilitated using a SPA device placed at the
umbilicus adding other instrumentations through the umbilicus as needed, accord-
ing to the experience of the surgeon.
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Since the first laparoscopic colonic resection was reported in the early 1990s, lapa-
roscopic colorectal surgery has evolved as skills, experience, and, not less impor-
tant, technology have advanced tremendously.

Perfect standardization of the surgical technique, advanced instruments for dis-
section and coagulation, and modern laparoscopes with digital elaboration of the
image have driven to a reduced number of ports and instruments needed. This trend
toward making colorectal surgery more pleasing cosmetically has been further stim-
ulated by the introduction of NOTES (natural orifice transluminal endoscopic sur-
gery). However, the initial enthusiasm for this approach had to be faced with many
drawbacks, particularly the requiring of an expensive and specialized equipment,
longer operating time, extensive further training even for experienced laparoscopic
surgeons, use of additional ports for introducing stapling devices, and also ethical
issues concerning the access through the internal viscera or structures that have no
direct relations to the targeted organ [1]. As matters stand, NOTES colectomy prob-
ably has no clinical application [2].

As an alternative to this technique, single-incision laparoscopic surgery (SILS)
uses the umbilicus as an embryonic natural orifice to access the abdominal cavity,
promising to be an almost scarless procedure. SILS technique overcomes some of
the drawbacks of NOTES as it can be performed without the need of special instru-
ments and requires a single incision (the umbilicus or the ostomy site) that can be
used for the extraction of the specimen.

Since 2009, an explosion of publications on the topic of single-port colorectal
surgery has occurred, as shown in Fig. 8.1 [3]. However, despite the growing amount
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Fig. 8.1 The rate of publication on the topic of single-port laparoscopic surgery has increased
drastically in all surgical disciplines (red) and in colon and rectal surgery (blue) (Reprinted
from [3])

of data published, the experience in any given series remains limited with most of
the study being case series and no randomized trial on the topic. In other words,
although single-incision laparoscopic colectomy (SILC) is widely promoted, out-
come data are virtually absent [4].

In this chapter, we will describe the surgical technique but also data arising from
the literature about the real benefits the technique is expected to bring to the
patients.

8.1 Anesthesia for Laparoscopy

The physiological changes associated with the creation of a pneumoperitoneum and
positioning of the patient during laparoscopy must be appreciated and compensated
for, to avoid complications and adverse outcome, which may have an insidious
onset.

Laparoscopic surgery has been traditionally contraindicated in patients with
severe ischemic disease, valvular disease, and significant renal dysfunction or end-
stage respiratory disease. Nowadays, absolute contraindications to the laparoscopic
approach are limited to raised intracranial pressure, severe uncorrected hypovole-
mia, and acute heart failure. An accurate preoperative balance between the advan-
tages of the laparoscopic approach and intraoperative risks is crucial to maximize
the benefits of the technique [5].
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8.1.1 Conduct of Anesthesia

The safer technique for airway management involves placement of a cuffed oral
tracheal tube, neuromuscular relaxation, and positive-pressure ventilation. It is
recommended that mask ventilation before intubation should be minimized to
avoid gastric distension. The insertion of a nasogastric tube may be required not
only to deflate the stomach but also to reduce the incidence of postoperative nau-
sea and vomiting that can be very distressing for the patients [6]. The use of the
laryngeal mask airway remains controversial. Locoregional anesthesia is limited
to selected cases [7].

8.1.2 Ventilation

Traditional volume control modalities use constant flow to deliver a preset tidal
volume and ensure an adequate minute volume at the expense of an increased risk
of barotrauma and high inflation pressure. The use of pressure-controlled modalities
minimizes peak pressure and has been shown to provide improved areolar recruit-
ment and oxygenation [8]. The mean airway pressure (Paw), both the highest air-
way pressure (peak) and the airway pressure during the plateau phase, must always
be less than 30 cm H,O in order to avoid ventilatory-induced lung injury (VILI). In
fact, in case of rise in PCO,, ventilation strategy must be adapted to the patient,
preferring an increase of the respiratory rate and limiting tidal volume and insuffla-
tion pressure. Translating the concept of lung-protective ventilatory strategy from
the adult respiratory distress syndrome context, the application of “an open lung”
strategy consisting of a recruiting maneuver followed by the subsequent application
of positive end-expiratory pressure (PEEP) has been suggested to effectively reex-
pand pneumoperitoneum-induced atelectasis and improve oxygenation during lapa-
roscopic surgery [9].

8.1.3 Analgesia

By the nature of minimally invasive surgery, the pain is often short, yet intense,
requiring opioid analgesia at some stage perioperatively. The use of systemic drugs
(FANS and paracetamol), regional technique such as subdural, epidural, and more
recently transversus abdominis plane block (TAP block), together with wound infil-
tration with local anesthetic are increasingly used as opiate-sparing techniques [10].

8.1.4 Monitoring
Standard monitoring during laparoscopic surgery does not differ from open surgery

and includes noninvasive monitoring of blood pressure (NIBP), ECG, control of the
neuromuscular block (TOF), bispectral analysis (BIS) for assessing the depth of the
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hypnotic component of anesthesia, end-tidal CO, (EtCO,), and SaO,, supported by
information available on modern anesthetic machines such as peak and plateau air-
way pressures and dynamic flow-volume loops.

Most anesthetists advocate the use of invasive arterial monitoring, particularly
in those patients with cardiovascular comorbidities, which allows continuous anal-
ysis of arterial blood gas (ABG). In selected cases, due to the poor value of the
central venous pressure in the assessment of preload, other devices such as esopha-
geal Doppler monitor (EDM), transesophageal echocardiography, the Vigileo, and
the PiCCO systems can be used to monitor cardiac output (CO) of the patients.
Those methods are recently replacing the insertion of a pulmonary artery catheter
in an attempt to reduce iatrogenic complications and improve the ease of CO
monitoring.

The PiCCO system (pulse contour cardiac output) is based on a transpulmonary
thermodilution curve and allows continuous monitoring of the CO as well as moni-
toring of the global end-diastolic volume (GEDV) and of the extravascular lung
water (EVLW).

The Vigileo system (Vigileo, Edwards LLC) analyzes the entire arterial wave-
form, and it does not necessarily require a central line. Furthermore, it does not
require an initial calibration and allows continuous monitoring of the CO, the stroke
volume (SV), the systemic vascular resistance (SVR), and the stroke volume varia-
tion (SVV) which represents an important index of preload and of patient’s response
to fluids.

NICOM (noninvasive cardiac output monitoring) (Cheetah Medical, Tel Aviv) is
based on bioreactance measurements through external sensors positioned on
patient’s chest. Through this fully noninvasive method, continuous monitoring of
CO, SV, SVV, and total peripheral resistance (TPR) is possible.

Those systems have great importance also for tailoring intraoperative intravenous
fluid administration [11], as fluid restriction in colorectal surgery has been demon-
strated to reduce the rate of postoperative complications in randomized trials [12].

8.2  Surgical Technique

The procedure is performed with the patient under general anesthesia, with endotra-
cheal intubation. At surgery, prophylactic intravenous antibiotics are administered.
Pneumoboots are placed bilaterally in the operative room and activated before
induction. The pneumoboots remain in place until the patients are ambulating. Deep
vein thrombosis prophylaxis is started 6 h after the end of the operation, prolonged
during the entire hospital stay, and discontinued at home at different time interval
depending on the underlying disease (benign or malignant).

The patient lies in supine position, the table is 30° tilted leftward, while the sur-
geon and the assistant stand at the left side of the patient, the latter holding the cam-
era at the head of the patient. The laparoscopic track is positioned in front of the
surgeons, while the scrub nurse can stay between the patient’s legs or at the left side
of the surgeon (Fig. 8.2).
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Fig.8.2 Operative room setup

Access to the peritoneal cavity is obtained through a skin incision of about
25-30 mm either right around the upper edge of the umbilicus or dividing longitu-
dinally the umbilicus itself. In this case, the umbilicus is grasped at its base and
everted. A 25-mm fascial incision is made, the peritoneum is entered, and the single-
incision laparoscopic system (SILS) port (Covidien, Norwalk, CT, USA) or the
TriPort system (Olympus Surgical and Industrial America Inc., Center Valley, PA)
is placed into the peritoneal cavity. Those ports include an insufflation attachment
and, respectively, three or four access ports, which can be used for 12-mm and
5-mm trocars. Pneumoperitoneum is then established. Standard non-articulated
instruments are generally introduced through the single-access device: a 5-mm 30°
scope, and two 5-mm working instruments, usually a Johanne forceps and an ener-
gized device. The use of 30° scope is strongly recommended to keep the camera out
of line with the operating surgeon’s instruments. Also a 5-mm flexible-tip high-
definition laparoscope (Olympus KeyMed, Southend, UK) or a bariatric length
camera could provide better ergonomics to the surgeon and better facilitation of
camera operation.

Thirty-degree 10-mm optic can be used as well, but this will further reduce the work-
ing room and it will have to be replaced by a 5-mm optic when utilizing the stapler.

During dissection, the grasper and the energized device change port to ensure the
best angle.
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Fig.8.3 The ileocolic
pedicle is exposed by the
traction exerted by the left
hand on the ileocolic junction

Fig.8.4 Transverse colon
lifted up by a stay suture

Initial laparoscopic exploration is performed, and the patient is then placed in a
20° Trendelenburg position. The ileocolic pedicle is exposed retracting the ileocolic
junction with the left hand (Fig. 8.3). To facilitate the visualization of the ileocolic
pedicle, especially in obese patients, a stay suture introduced through the abdominal
wall with a straight needle can be positioned to lift up the transverse colon (Fig. 8.4).

Once the ileocolic pedicle is identified, it is lifted up to allow the opening of a
window beneath the vessels, thus identifying the duodenum (Fig. 8.5). A medial-to-
lateral dissection between Toldt and Gerota’s fascia is performed both with the use
of an energy device and with the aid of a small swab. We have to remember, in fact,
that this plane is a completely avascular plane and no vascular connection exists
between the visceral mesentery and the retroperitoneal plane (Fig. 8.6). Thus, when
dissecting this plane, one must be aware that the presence of a bleeding means that
dissection is being conducted in the wrong plane. It may be useful to remember that
when you go in the wrong plane, you are almost always going too posteriorly, put-
ting retroperitoneal structures (e.g., ureter and gonadal vessels) at risk of injury.

When the retroperitoneal plane is completely dissected free and the duodenum is
well visualized in the field, the ileocolic pedicle can be sealed either by the LigaSure
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Fig.8.5 The duodenum is
visible in the field

Fig.8.6 A window is
opened beneath the ileocolic
vessels and a medial-to-
lateral dissection is
performed between Toldt and
Gerota’s fasciae

Fig.8.7 Section of the
ileocolic pedicle

Advance (Covidien, Mansfield, MA, USA), the application of clips, or by the use of
an Endo GIA loaded with a white cartridge (Figs. 8.7 and 8.8).

The cecum is then mobilized, the lateral attachments are dissected free, and the
mesentery is divided up to the terminal ileum, which is then sectioned with an Endo
GIA (Figs. 8.9 and 8.10).
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Fig.8.8 The staple line
sealing the ileocolic vessels is
well visible in the field with
the duodenum and the
Gerota’s fascia

Fig.8.9 The cecum and the
ascending colon are
mobilized by cutting the
lateral attachments. Please
note in this case that the
dissecting instrument is in the
left hand while the traction is
performed with the right hand
of the surgeon

Fig.8.10 The terminal
ileum is transected with an
Endo GIA

To visualize the hepatic flexure, the grasper in the left hand can sweep the right
colon medially and anteriorly which will display the hepatocolic attachments and
the duodenum. Once the hepatic flexure is mobilized, the omentum attached to the
specimen is divided. The transverse colon is sectioned using an endoscopic linear
stapler, and the specimen can be positioned in an endobag to be removed through
the same umbilical incision together with the access device. A side-to-side
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extracorporeal anastomosis is then performed up to surgeon’s preference.
Alternatively, the specimen is positioned on the right lobe of the liver in an endobag,
and a side-to-side ileocolic anastomosis is fashioned by mechanical stapling, clos-
ing the defect with interrupted stitches tied extracorporeally.

If previously removed, the access device is then reinserted to allow inspection of
the peritoneal cavity and careful hemostasis. The fascial defect is then closed using
interrupted absorbable sutures.

8.3 What We Know

Up to date, all data emerging from the literature support the idea that right colec-
tomy with the single-access technique is not only feasible, but it is probably, together
with total colectomy with end ileostomy, most clearly suited to single-port proce-
dure, as it mandates an extraction site of equivalent size to a single-port apparatus.
In fact in a recent article, Costedio and Remzi, the first who described a single-port
right colectomy [13], stated that colorectal surgery is a natural place for single-
access surgery and, as technology advances, it is likely that there will be a niche that
benefits from single-port laparoscopy [14].

The theoretical benefits of SILC include improved cosmesis, decreased pain, and
shorter length of stay.

Randomized trial and meta-analysis in single-access laparoscopic cholecystec-
tomy failed to demonstrate a reduction in postoperative pain compared to conven-
tional laparoscopic cholecystectomy [15—17], but data are lacking in the colorectal
literature. Furthermore, in the authors’ opinion, it could be very difficult, even in
properly conducted randomized trial, to demonstrate a significant reduction of pain
when comparing right SILC with conventional 3-port laparoscopic right colectomy.

Despite the lack of data, all the published studies [18-34] suggest that SILC is
feasible and safe and has short-term and oncologic outcome (in terms of free mar-
gins and number of nodes harvest) comparable to multiport laparoscopy.

We will briefly analyze the published data to discuss if and how those data sup-
port this statement.

We were able to analyze the results of 11 case-controlled series, published
between 2010 and 2013 [18-28]. The results of those series are shown in Table 8.1.
There were 361 SILS procedures compared with 510 conventional multiport colec-
tomies (CMC). Rate of conversion from SILS to multiport laparoscopy was 5.8 %
(21 cases), whereas conversion to open surgery occurred in only 1.3 % of the whole
series (five patients). Rate of conversion to open surgery in the CMC was 4.5 % (23
patients).

Morbidity rate was 15.8 % (57/361) in the SILS group vs. 20.3 % (104/510) in
the CMC group.

Mortality rate was 0.6 % (two deaths) vs. 1.4 % (seven deaths) in SILS and CMC
groups, respectively.

Length of hospital stays was 5.1 days (range 2—41) in the SILS patients vs. 5.9
(range 2—-109) in the CMC patients. Operative time was 140" and 145.7" (range from
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45’ to 455’ vs. 45’ to 393’) in SILS and CMC respectively. Those data have been
recently confirmed in a systematic review and meta-analysis performed by Vettoretto
et al. in which nine studies fulfilling the inclusion criteria were analyzed. No statisti-
cally significant difference was found between the two techniques in overall morbid-
ity (14.6 % vs. 16.3 % in SILS and CMC) or in overall mortality (0.82 % SILS vs.
1.16 % CMC). No difference was found in the operation time (although data were
insufficient for meta-analysis), whereas data on the length of postoperative stay were
insufficient for a pooled analysis. Conversion rate to open surgery was 1.71 % in the
SILS group vs. 3.18 % in the CMC group. Similarly, there was no statistically signifi-
cant difference in the number of lymph nodes harvested between the groups [35].

The main clinic message coming from those data is that SILS is not only feasible
but even safer than conventional laparoscopy (0.5 % mortality rate and 13 % of
morbidity rate), needs less operating time, and allows for a quicker recovery without
compromising the quality of the oncologic resection (the mean number of harvested
nodes as well as margin status did not show any significant difference in all the stud-
ies). Although this might seem a clear message, we must look inside those data
before offering this approach to our patients routinely.

Three studies reported the length of skin incision that was found to be longer in
the conventional laparoscopy group than in the SILS group (3.0 cm vs. 5.0 cm and
3.8 vs. 4.5 cm, 3.8 vs. 5.1 cm in the SILS and CMC, respectively, in EGI et al. and
Champagne et al. and Adair et al. study) [23, 25, 27]. Rosati et al., in their article on
50 SILS matched with 50 conventional multiport laparoscopy, reported that the
approach to SILS or CMC was chosen according to the estimated tumor diameter at
preoperative CT scan (less than 3.5 cm in the SILS group) [19]. It has become clear
that the umbilical incision size is dictated primarily by the size of the colon and
tumor being removed [3], which means that patients operated with CMC technique
must have had greater tumor. In the study of Chew et al., no difference was found in
tumor size between the two groups, and in fact no significant difference was reported
in the length of skin incision [20].

In 2011 Ross et al. published a multi-institutional experience of 39 cases of SILS
colectomy. The operating surgeons, all experts in the field of laparoscopic colorectal
surgery, were asked to compare the impression of SILS with multiport colectomy,
which was summarized as “overall ease of the case,” into three category: “easier
than CMC,” “same of CMC,” and “harder than CMC.” No cases were felt to be
“easier than CMC.” Overall operative safety was judged same as CMC by 84 % and
harder than CMC by 16 % by participating surgeons. Variables identified that had
statistically high scores with SILC than with CMC (meaning SILS is more difficult
than CMC) included exposure of critical structures, ease of instruments, ease of
camera operation, flexure mobilization, and instrument conflict. Those data are of
great interest because patient and case selection was left to the discretion of each
individual surgeon [4].

As evidenced by this evaluation of metrics, even in a cohort of surgeons with
advanced skill, how can we explain a shorter operating time with SILS technique?
This is probably an effect of a selection bias toward more favorable cases selected
for the SILS approach in retrospective analyses.
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Another important concern in adopting any new technique or technology is the
learning curve. Many authors noted that the learning curve is little for experienced
surgeons [34, 36]. Recently, Hopping and Bardakcioglu have specifically studied
the learning curve for SILS finding that mean operative time and length of postop-
erative stay were significantly different between the first ten cases and second ten
cases, so it seems that for SILS, the learning curve is flat for experienced laparo-
scopic surgeons [37].

Many authors reporting on SILS procedures claim a cosmetic benefit and a
reduction of pain in this procedure. Interestingly, the only study, which reported the
duration of narcotic use, did not find significant disparities. Demonstrating those
benefits in the setting of a retrospective study would be challenging.

Only Yun et al. reported the short-term oncologic outcome. The disease-free
survival at 24 months was 89.7 % in the SILS group vs. 96.3 % in the CMC
(»=0.12) [18].

At this point, any advantages of this novel approach in right colon resection
remain theoretical, and we were not able to find evidence suggesting that this
approach is in any way superior to conventional multiple-port laparoscopy, although
this question warrants further study in a prospective fashion.

8.4 Comments

Successful implementation of any surgical procedure relies on processes that will
safely decrease morbidity to a minimum, avoid consumption of expensive medical
resources, and can be adopted by a large number of surgeons [38].

It is logical to propose a consistent change in the laparoscopic approach when the
uptake of laparoscopic surgery is so slow that nowadays less than 30 % of colorectal
resections are performed laparoscopically in Western countries? [39].

The benefits reaped by SILS colectomy patients do not seem to outweigh the
procedural difficulties faced by the surgeon. To maximize the benefits of the tech-
nique, patients must be selected carefully as not every individual may be a candidate
for SILS. Visceral obesity can make the exposure of critical structures difficult if
retraction cannot be appropriately obtained. This is in fact one of the main reasons
reported in the literature for conversion to conventional laparoscopy.

Also bulky tumors are probably better treated by a conventional approach with
an appropriate, cosmetic, Pfannenstiel incision used to extract the specimen.

Finally, it seems that SILS approach may predispose more toward extracorporeal
anastomosis via the extraction site. In the literature, reported advantages of the
intracorporeal anastomosis are represented by lesser postoperative pain and analge-
sia requirement with enhanced postoperative recovery [40], almost the same advan-
tages expected by SILS.

Currently, eminence-based opinion suggests that SILS can be an alternative sur-
gical technique, but a true, prospective analysis comparing standard of care and this
“new” approach has yet to be published. However, there is no evidence in the litera-
ture that SILS colectomy confers any disadvantage to the patients over conventional
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laparoscopic surgery and, to date, there are no reports of SILS putting patients at
increased risk of complications.

The Silvermanl prospective randomized trial will address most of the open
issues concerning pain reduction and cosmesis, which are the postulated benefits of
SILS colectomy over conventional laparoscopic colectomy. This trial started in July
2011 and will be completed on July 2016, with an estimated enrolment of 300
patients [41].

In the meanwhile, we do not think that SILS is just a “new toy for boys,” as lapa-
roscopy was nicknamed at its beginning 25 years ago, but rather a derivation of
laparoscopic surgery that in selected cases can be a more pleasing cosmetic alterna-
tive to offer to our patients [42].
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Giusto Pignata, Jacopo Andreuccetti, Francesco Cabras,
Giovanni Merola, Cesare Stabilini, and Umberto Bracale

9.1 Introduction

The laparoscopic approach has been one of the major technical advances in surgery
over the past 20 years. It is now the standard approach for many benign and malig-
nant diseases. Advantages include lower morbidity, less postoperative pain, shorter
hospital stay, long-term wound healing, and better cosmesis [1, 2]. Nevertheless, it
still requires several ports which may be liable to complications, including bleeding,
port-site hernia, risk of injury to internal organs, and pain. Some technical innova-
tions have been developed to reduce parietal trauma and visible scars as well as
minilaparoscopy, natural orifice transluminal endoscopic surgery (NOTES), and
single-access laparoscopic surgery (SALS).
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In colorectal surgery, the standard laparoscopic approach requires several small port
incisions and a medium-size laparotomy (normally a 5-cm Pfannenstiel) to remove the
specimen, while SALS may reduce the parietal trauma, ensuring a scarless surgery as
the wound is hidden within the umbilicus. Although SALS for colorectal resection was
initially performed only for benign diseases, there is now an increasing adoption for
malignancy, which raises questions concerning oncological adequacy. However, this
approach is not yet used routinely for the treatment of benign and malignant colorectal
disease, because clear advantages for the patient are still lacking.

We report our standardized technique as well as the case series in the use of a
single-access laparoscopic approach for the treatment of left colon disease.

9.2  Surgical Technique (with Tips and Tricks)
9.2.1 Essential Operating Room Equipment

* Adjustable, remote-controlled electric split-leg table

* Monitor placed on the left side of the patient, with a hanging monitor above the
patient’s head

* One or two carbon dioxide insufflators maintaining a pneumoperitoneum of
12 mmHg

» Ultrasonic dissector device

* Set of readily available conventional open instruments

* A 5-mm 30° laparoscope, better if long and flexible endoscope as EndoEye Flex
HD™ (Fig. 9.1)

* Long and straight atraumatic bowel graspers

* Scissors

* Bipolar diathermy forceps

Fig.9.1 Surgical team position
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* Monopolar diathermy hook

* Articulated linear stapler

¢ Circular stapler

* Suction irrigator

 Titanium clip applier, small and medium

9.2.2 PatientPosition

The patient is placed in supine position with legs apart. The right arm is adducted,
while the left one is opened. The surgeon is sitting at the right side of the patient,
and the camera assistant is located to the right side of the first operator during the
splenic flexure mobilization while to the left side during the other steps. The nurse
stays between the legs of the patient.

It is mandatory to place nasogastric tube and bladder catheter.

The monitor is placed in front of the surgeon, at the level of the left thigh, so that the
surgeon, working field and monitor represent almost subsequent points of the same
axle.

We suggest to use the energy device having commands with pedals to obtain
more hand freedom.

9.2.3 Step-by-Step Technique

All patients underwent single-access laparoscopic left hemicolectomy using the
device “QuadPort Plus access system” (Advanced Surgical Concept, Tokyo, Japan).
A 3—4-cm vertical incision was made in the umbilical fold. The umbilicus was sus-
pended for the “QuadPort Plus access system” insertion, and the pneumoperito-
neum was obtained with CO, gas (Fig. 9.2).

Fig.9.2 QuadPort Plus access system device
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Fig.9.3 Splenic flexure
mobilization

Fig.9.4 Operator hands fight

In high reverse Trendelenburg position, the mobilization of the splenic flexure and
descending and sigmoid colon was performed, and the Gerota fascia (Fig. 9.3) was
detached from the Toldt fascia. The gonadal vessels and the left ureter were identified
under the Gerota fascia. During this step, it is very important to find the best position
between the straight graspers and the 5-mm camera. With some flexible optic, it is
possible to avoid the internal instrument clashing as well as the operator hands fight
(Fig. 9.4).

During a conventional laparoscopic colectomy, we used to dissect the plane
between the Gerota and Toldt fascia pulling down the splenic flexure. During a
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Fig.9.5 Inferior mesenteric
artery isolation

single-access procedure, instead, this movement is not very easy and effective. So we
add to this an opposite movement of the right hand pushing down the Gerota fascia.

We suggest extending the dissection as much as possible down to the left
parieto-colic ligament in such a way to make the next step easier.

In slight Trendelenburg position, the inferior mesenteric vein was isolated and
transacted at the inferior margin of the pancreas after the incision of the Treitz
muscle. The artery was isolated and transected about 2 cm over the aorta, after a
complete mobilization of the sigmoid colon (Fig. 9.5).

In some cases of benign disease, we applied a standardized technique for the pres-
ervation of the inferior mesenteric artery (IMA) as reported by Valdoni et al. [3, 4].

The transection of the sigmoid-rectal junction was done in the same way as the
conventional laparoscopic procedure. We suggest to use an articulated linear stapler
with the handle rotated at the top.

The left colon resection was completed extracorporeally after the umbilical
extraction (Fig. 9.6), and the head of the 33-mm circular stapler was inserted to
the proximal colonic segment using a purse string of polypropylene. The T-T-
stapled colorectal anastomosis was performed intracorporeally according to the
Knight-Griffen technique and checked by hydro-pneumatic test.

The umbilical fascia was closed with continuous suture, and the skin was closed
with Dermabond glue (Ethicon Inc, Cincinnati, OH, USA) (Fig. 9.7).

9.3  OurExperience

Our experience included 45 single-access left hemicolectomies with or without preser-
vation of the IMA. All procedures were performed from October 2009 to August 2013.

The mean age was 63 years (range 37-84 years old); the mean BMI was 27.34 kg/m?
(range 19.82-30.1 kg/m?). Demographic and pathological features are summarized in
Table 9.1.
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Fig. 9.7 Final result of skin incision

We added a trocar to complete the procedure only in three cases. No open con-
version or mortality occurred (Table 9.2). We recorded four postoperative complica-
tions: in one case, it was necessary to reoperate with a conventional laparoscopic
approach, due to ileal perforation.

The mean flatus canalization was 2 days (range 1-7 days). The mean discharge
time was 5 days (range 4-37 days) (Table 9.3). At a mean 24-month follow-up, we
found an umbilical incisional hernia.
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Table 9.1 Demographic
features

Table 9.2 Intraoperative
data

Table 9.3 Postoperative
data

Demographic and pathological features
Patient number

Male

Female
Age (mean/range) years
BMI (mean/range) kg/m?
Diseases
Left colon cancer
Diverticulitis
Previous abdominal surgery
Appendectomy
Hysterectomy
Cholecystectomy
Annessectomy
Uterine myomectomy
Cesarean

Modified from Bracale et al. [5]

Intraoperative data

Surgical procedures
Left hemicolectomy

Left hemicolectomy with IMA preservation

Time (mean/range) min

Lymph nodes harvested (mean/range) n°
Final skin incision length (mean/range) cm

Blood transfusion
Ileostomy
Add trocar

Modified from Bracale et al. [5]

Postoperative data
Complication

Pancreatitis

Tleal perforation

Hemorrhage

Bronchopneumonia
Discharge (mean/range) days
NSAID duration (mean/range) days
Flatus canalization (mean/range) days
Feces canalization (mean/range) days

Modified from Bracale et al. [5]
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9.4 Discussion

Due to a rapidly increasing number of publications, there is now a need to assess the
results of single-access laparoscopic left colectomy.

A meta-analysis on single-access laparoscopic colorectal surgery performed all
over the world, conducted by Maggiori et al. [6] in 2012, records 251 cases of left
hemicolectomy compared to conventional laparoscopic surgery. No differences
were found in operation time and conversion rate compared with multiport laparos-
copy. They concluded that the single-access laparoscopic colorectal resection is fea-
sible only in experienced hands.

Only 1 comparative study conducted by Ramos-Valadez et al. [7], including 20
procedures, analyzed exclusively single-access left hemicolectomy. They concluded
that this approach was safe and feasible with respect to the conventional laparo-
scopic approach without increased operative time, risk of complication, or pro-
longed hospitalization when performed by an experienced laparoscopic surgeon.

More generally, the single-access laparoscopic approach, along with the benefits
brought by laparoscopy, could provide a reduction in complications related to
abdominal trauma such as pain, faster discharge, and better cosmesis.

Most wrongly think that one of the drawbacks of single-access laparoscopic sur-
gery when compared with multiport laparoscopic surgery is an increase of the need
for equipment and a consequent increase in initial cost.

In our experience, however, as in other reports [5], it is feasible and safe to use
conventional laparoscopic instruments.

During the first single-access procedures, we tried to use dedicated instruments,
like articulating forceps. However, we suspended the use of articulating instruments
because it is difficult to obtain adequate triangulation.

Similarly we tried to use a prototype camera with articulated tips. However, dur-
ing the dissection maneuvers, the unavoidable instrument clash with the camera tips
provided a very difficult view. In contrast, because of the possibility to avoid con-
flicts between the hands of both operators, we found very useful the camera with a
long and articulated handle (Fig. 9.1).

The technical feasibility of single-access laparoscopic surgery might also be
related to the umbilicus port. Several port designs are now available, but to date,
there are no studies comparing different ports.

We start our experience with a previous version of the actual TriPort® system,
recording many problems of gas leaks. The next version of the device surpassed this
limit, but it does not allow enough freedom of movement of the instruments. The
QuadPort® system, instead, has a wider-diameter cannula for the instruments, and it
allows better freedom of movement. Moreover, the umbilical incision necessary for
the QuadPort® system is more suitable for the specimen extraction than the TriPort®
one.

As reported previously [5], surgeons experienced in single-access laparoscopic
surgery describe a process of “reprogramming” where one learns how to operate
with crossed instruments. More generally, according to Spana et al. [8], the surgeon
needs to cross his or her hands, with the right-hand instrument crossing over to the
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left side and the left-hand instrument crossing over to the right side. The problem of
clashing instruments could be overcome by the use of robotic surgery.

So these troubles could make the single-access approach a time-consuming pro-
cedure; more expensive, with a longer learning curve; less safe when attempted by
inexperienced surgeons and less transferable than conventional multiport laparo-
scopic surgery.

Some surgeons have tried to resolve all these questions reporting their data
through case-controlled studies or, in lesser extent, through small randomized con-
trolled studies.

However, they collected data of many different surgical procedures (right and
left colon resections, rectal anterior resection), making it difficult to analyze the
results of each procedure.

It is important to appreciate that there are few data about the long-term results
including abdominal function and late wound herniation. Maggiori et al. [6] stress
that the major disadvantage is the need for an umbilical incision of 3-5 cm in length,
which would expose the patient to a greater tendency toward developing incisional
hernia than the conventional laparoscopy. This consideration is similar to that of
Podolsky et al. [9].

Doubts could remain about the oncological adequacy of single-access laparo-
scopic colic resections. We reported a mean number of 18 harvested lymph nodes
(range 10-25) similar to that reported by Huscher et al. [10] and by McNally et al.
[11], respectively, which are 16 (£5) and 15 (range 3-32). From an oncological
point of view, in all published cases, the resection margins always appear negative,
and the number of harvested lymph nodes is equal to that reported in the literature
relating to standard laparoscopic surgery. Moreover, at present, it is to be noted that
there are no studies on long-term outcomes.

In conclusion, we believe that although the SALS is a feasible and safe technique
when performed by experienced laparoscopic surgeons, to date, it cannot yet be
considered as the procedure of choice for the treatment of left colon disease.
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10.1 Introduction

Minimally invasive approach can be regarded as one of the major technical advances
in surgery of the past 20 years. It has progressively become the standard approach
for many benign and malignant diseases. As such, laparoscopy is now widely used
for colorectal surgery. Compared to the open procedure, laparoscopic approach for
colonic surgery provides various well-demonstrated benefits, including faster return
of bowel function, less postoperative pain, shorter hospital stay, lower morbidity,
and cosmetic advantage [1, 2]. Moreover, many studies have demonstrated the
oncologic safety of laparoscopic colon cancer resection [3-5], as it is associated
with similar results in terms of local control and survival, compared to standard
open surgery. Furthermore, we have recently demonstrated, at a national level, that
laparoscopy was independently associated with a lower postoperative mortality rate
in colorectal cancer surgery [6].

On the other hand, the safety of the laparoscopy for rectal cancer management
was initially questioned, mainly because of high rates of conversion and postopera-
tive morbidity in subgroup analyses of the first randomized control trial (CLASICC
trial) comparing open to laparoscopic approaches [5]. More recently, additional ran-
domized control trials, specifically focusing on rectal cancer, demonstrated the
safety of this minimally invasive approach even in this indication [2, 7, 8].

Interest in laparoscopy led to the development of more minimally invasive surgi-
cal approaches such as mini-laparoscopy, NOTES (natural orifice transluminal
endoscopic surgery), and more recently single port laparoscopy. This latter tech-
nique is a technical refinement of the laparoscopic approach and consists of using a
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single multichannel port site, allowing the introduction of a camera and several
instruments with only a 25-50-mm skin incision. In addition to the well-known
advantages of laparoscopy, the main benefit of single port laparoscopy might be
improved postoperative pain, postoperative recovery, and cosmetic results. To date,
single port laparoscopy has been reported for various surgical procedures, and pub-
lished experiences regarding more complex procedures such as colorectal surgery
are rapidly growing. Although single port laparoscopy for colorectal resections was
initially only performed for benign disease, there is now an increasing experience
for colorectal malignancy.

As for laparoscopic approach in rectal cancer management, single port laparos-
copy for rectal procedures raises some concern about feasibility and safety of this
technically demanding surgery. In this chapter we will review the published litera-
ture about single port laparoscopy for low anterior resection and total mesorectal
excision (TME), and we will describe our routine surgical technique for such cases.

10.2 Literature Review
10.2.1 Single Port Total Mesorectal Excision

Hamzaoglu et al. in January 2011 were the first to publish their experience with
single port laparoscopic sphincter-saving excision for rectal cancer [9]. They
reported a series of four patients. Two of them underwent a partial mesorectal exci-
sion with colorectal anastomosis and two underwent a total mesorectal excision.
Results were encouraging as additional laparoscopic port or conversion to laparot-
omy was required, intraoperative blood loss ranged from 50 to 200 mL, operative
time ranged from 240 to 480 min, and no postoperative complication was observed.

Since, several studies were published on the topic. After reporting our two initial
cases of TME for cancer by single port approach [10], we reported the results of 25
single port laparoscopic colorectal procedures in a case-matched study, including
three cases of single port laparoscopic proctectomy [11]. This study suggested the
feasibility of this single port approach, as we did not observe any difference of post-
operative mortality and morbidity, as compared to the standard multiport laparo-
scopic approach. In 2011, Bulut et al. reported ten consecutive cases of rectal cancer
treated by single port laparoscopic approach with good postoperative results [12].
These results were recently updated, including 25 patients, with satisfactory results
[13]. On the same way, Kim et al. [14] reported 73 colorectal cancer patients treated
by single port surgery, including 32 rectal cancers. In this latter comparative study,
although not randomized, postoperative morbidity was similar as compared to
patients operated by multiport laparoscopy, but both return to normal bowel func-
tion and postoperative hospital stay was significantly shorter in single port patients.
Additionally, two other recent papers reported 19 [15] and 8 [16] patients, respec-
tively, with rectal cancer treated by single port, also with satisfactory postoperative
results. Finally, very recently, Sourrouille et al. reported their results of 13 patients
who underwent a sphincter-saving rectal resection for rectal cancer through a single



10 Single Access Laparoscopic Rectal Anterior Resection 131

port [17]. As compared to the outcomes of 32 patients who underwent the same
procedure using a multiport laparoscopic approach, there was no difference in terms
of oncologic quality of the resection, postoperative morbidity, or length of hospital
stay. However, postoperative pain was reduced in the single port group.

In 2012, we performed a systematic review and meta-analysis on single port
laparoscopic colorectal surgery [18], including all studies published as of December
2011. We identified 20 studies [9-12, 16, 19-33], all of retrospective design, which
reported a total of 105 rectal procedures, including 55 low anterior resections
(52 %), 4 abdominoperineal resections (4 %), and 46 total proctocolectomies (with
or without ileal pouch—anal anastomosis) (44 %). Of these studies, only three were
case-matched studies [11, 16, 30], all of them comparing single port to standard
multiport approaches. One of the main conclusions of this meta-analysis was the
questioned technical feasibility of single port laparoscopic rectal surgery, as only
67 % were successfully completed through an SIL approach. Indeed, conversion to
multiport laparoscopy was needed in 32 cases (30 %) and conversion to laparotomy
was needed in three cases (3 %).

On the other hand, this meta-analysis demonstrated that postoperative outcomes
of single port laparoscopic rectal surgery were acceptable, as compared to the stan-
dard multiport approach. Pooled postoperative 30-day mortality rate was 0.2 % and
meta-analysis of the comparative studies showed no difference of postoperative
morbidity rates between single port laparoscopy and multiport laparoscopic surgery
(odds ratio, 0.84 [0.61;1.15]; p=0.27. Furthermore, we suggested that single port
approach might be associated with some benefits as compared to the multiport
approach as the single port approach was associated with a significantly shorter total
skin incision (weighted mean difference: —0.52 [-0.79;-0.25]; p<0.001) and a sig-
nificantly shorter length of postoperative hospital stay (weighted mean difference:
—0.75 [-1.30;-0.20]; p=0.008), as compared to the multiport approach. Finally,
this meta-analysis stressed out the point that single port laparoscopic surgery might
be acceptable regarding the oncologic results obtained. Indeed, all reported surgical
margins were negative (R0) and all studies reported a mean number of harvested
lymph nodes of 12 or more. However, to date, long-term follow-up of single port
TME for rectal cancer was not reported in any study and both overall and disease-
free survivals remain unknown.

Similarly, two additional literature reviews have recently been published on the
same topic [34, 35]. The first one [34] suggested that single port laparoscopic
approach was feasible and safe when performed by surgeons highly experienced in
laparoscopy. The authors concluded that, despite technical difficulties, single port
laparoscopy might be associated with potential benefits (i.e., size of the incision,
hospital stay, operative time) as compared to its multiport counterpart, but those
remain yet to be proven objectively. The second review, focusing only on colon
cancer [35], suggested that single port laparoscopic approach may be associated
with a lower postoperative morbidity rate, as compared to the results of large ran-
domized control trials of multiport laparoscopic approach.

More recently, two small-sampled randomized studies have been recently
reported on single port laparoscopic colonic surgery [36, 37], although they did not
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include rectal procedures. The first one, authored by Poon et al., included 50 patients
and demonstrated significantly shorter hospital stay and lower postoperative pain in
patients operated by single port [37]. The second study in 32 patients demonstrated
that operative results were similar in both single port and standard laparoscopy
groups [36].

10.2.2 Transanal-Transabdominal Total Mesorectal Excision

Several authors published their experience with transanal-transabdominal
TME. Different surgical techniques were reported, mostly because of variations of
the percentage of the TME dissection performed through the transanal approach.
Indeed this transanal dissection may vary from an isolated intersphincteric dissec-
tion, as we previously described [10], to a complete TME [38], associated with a
single port transabdominal approach.

The complete transanal TME derives from the natural orifice transluminal endo-
scopic surgery (NOTES) technique, initially described in bovine [39] and human
cadaver [40] and firstly described in human using a multiport laparoscopic assis-
tance by Sylla et al. [41]. In 2011, Tuech et al. reported the first case of complete
transanal TME with a single port laparoscopic assistance in a 45-year-old for a low
rectal adenocarcinoma [42]. In September 2012, Dumont et al. reported the first
series of four patients with rectal cancer treated with this approach [38]. Results
were encouraging, as additional laparoscopic port or conversion to laparotomy was
not required, mean intraoperative blood loss was 175 mL, and all surgical margins
were classified RO. After a mean follow-up of 3 months, Wexner scores indicated no
severe incontinence in any patient. The authors concluded that this technique was
feasible despite the limited working space in the pelvic area. Furthermore, they
hypothesized that this transanal approach for TME may be superior to the transab-
dominal TME for large pelvic tumors, minimizing the risk of perforation and presa-
cral bleeding. Similar results were observed regarding an updated population of
seven patients in 2013 [17]. Choi et al. also published their results of 22 patients
operated on with this technique [43]. No intraoperative complication was observed
and no additional port or conversion to open surgery was required. Furthermore, the
median number of harvested lymph nodes was 22 and the median distal margin
from the tumor was 2 cm, suggesting a satisfactory oncologic resection. However,
to date, no study compared the results of the transanal TME to those obtained after
transabdominal approach. In our department, we consider that a total transanal
TME presents two major drawbacks: firstly, the major anal sphincter required might
jeopardize the postoperative anal function; secondly, a hand-sewn coloanal anasto-
mosis is the rule after this technique, irrespective of the tumor distance from the
anal verge and therefore even in mid-rectal cancer where stapled anastomosis is
feasible. For these reasons, when a hand-sewn anastomosis is indicated (i.e., low
rectal cancer), we always begin the TME dissection from a perineal approach but
only up to approximately 5—-6 cm from the dentate line. Subsequently, we routinely
performed a standard abdominal laparoscopic approach.
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In their study, Dumont et al. advocate to reserve this technique to patients requiring
an intersphincteric dissection for oncologic reasons, i.e., tumors located at 2 cm or
less of the anal verge [38].

10.3 Surgical Technique

We routinely perform transabdominal approach with stapled low colorectal anasto-
mosis for single port laparoscopic rectal cancer management, reserving the trans-
anal—transabdominal with hand-sewn anastomosis for patients requiring either a
standard coloanal anastomosis on the dentate line (rectal tumor located at less than
3 or 4 cm from the dentate line, for which stapled anastomosis will be very difficult
by abdominal approach) or for intersphincteric dissection for lesions located at less
than 1 cm from the dentate line.

10.3.1 Transabdominal Approach and Stapled Low
Colorectal Anastomosis

The surgeon and a first assistant are positioned on the right of the patient. A second
assistant is placed on the left. As we always perform a diverting lateral ileostomy in
rectal cancer cases, the single port device is placed through a 25-mm skin incision
in the right lower quadrant, at the precise stoma location. The procedure is per-
formed using a 5-mm laparoscope with a 0° tip, a 5S-mm Ultracision Harmonic
scalpel (Ethicon Endo-Surgery, Spreitenbach, Switzerland), a 10-mm endoscopic
linear stapler, and conventional straight 5-mm laparoscopic graspers. We routinely
use the Octoport for single port (Landanger).

Single port TME is performed using the same technique as for standard laparo-
scopic TME with a medial-to-lateral approach. It begins by a medial approach (after
placing the patient in 30° Trendelenburg with 20° right lateral tilt position, using one
assistant grasper and the gravitational force) with vein division, dissection of the pan-
creas from below, mobilization of the transverse and left mesocolon, and, after a clear
identification of the left ureter, division of the inferior mesenteric artery. Then, splenic
flexure mobilization and left colonic mobilization are finished laterally. During the step
of splenic flexure mobilization, and because frequently the single port is too far for the
splenic flexure, we add a 5-mm trocar on the left lower quadrant which help for this
step and which will be used for the suction drain left in place in the pelvis at the end of
the operation. TME is then performed down to the pelvic floor. The rectum is distally
transected using an endoscopic linear stapler using one or two cartridges.

The specimen is extracted through the single port incision in the right lower
quadrant. The colon is proximally transected and prepared, allowing the insertion of
a circular stapler anvil. The colon is returned in the abdominal cavity, the single port
device is reinserted, and the pneumoperitoneum is reestablished. A low side-to-end
colorectal anastomosis is then mechanically performed using a transanally inserted
circular stapler. A pelvic suction drain is placed and the last ileal loop is exteriorized
through the site of insertion of the single port laparoscopic device.
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10.3.2 Transabdominal-Transanal Approach with Hand-Sewn
Coloanal Anastomosis

For transabdominal—transanal approach, we routinely use a primary transanal
approach. With the patient in lithotomy position, a Lone Star Retractor System
(Lone Star Medical Products, Inc., Stafford, TX) is introduced for surgical expo-
sure. The anal canal is divided circumferentially according to the level of the tumor
(i.e., at least 10 mm distal to the lower edge of the tumor). An intersphincteric dis-
section is then performed up to 5 cm above the dentate line. During this dissection,
the anorectal lumen is closed as soon as possible with a running suture, in order to
avoid any subsequent tumor spillage and for traction and exposure during the dis-
section. The transabdominal approach is then performed using the same technique
as depicted above, except that the specimen is extracted through the anal canal and
a hand-sewn side-to-end coloanal anastomosis is performed.

Conclusion

Published studies regarding single port laparoscopic TME are scarce and no ran-
domized control trial is available to date. However, review of the literature sug-
gests that single port laparoscopic TME is technically demanding but feasible
and safe. Furthermore, it may be associated with improved postoperative out-
comes as compared to the standard multiport approach. Long-term results of this
procedure and well-designed prospective studies are eagerly awaited for, as they
will allow complete demonstration of the outcomes associated with this novel
minimally invasive approach.
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11.1 Introduction

Laparoscopic surgery is a technology-dependent medical revolution, which is
directly performed by skillful and well-trained surgeons. Therefore, this endless
challenge made this technique worldwide accepted for many surgical procedures.

Since laparoscopic pancreas surgery was first introduced in 1994 [1, 2], tech-
nique continues to gain acceptance as an option for the surgical management of the
disease. The recent improvements in medical technologies, including staplers,
coagulation devices, and minimal invasive surgical instruments, caused an accelera-
tion in the frequency of laparoscopic distal pancreatectomies; moreover, the number
of centers performing laparoscopic distal pancreas resection with good clinical
results including less morbidity and shorter hospital stay is dramatically increasing
worldwide [2-6].

Recently, for more cosmetic requests of the patients, to further minimize the
surgical trauma and scar, surgeons develop a new minimally invasive technique
called single-access laparoscopic surgery (SALS). This approach has been success-
fully applied in many fields of abdominal surgery since its first use for laparoscopic
cholecystectomy in 1997 by Navarra et al. [7].

The aim of this technique was to decrease the number of trocars from 4 to 5 to
single and if possible preferably through the umbilicus. Among these techniques,
there are also advanced procedures like hepatectomy, splenectomy, colectomy, and
gastric resections [8—11]. Till now, comparative reports between standard multi-
trocar laparoscopy and single-access technique did not reveal any significant advan-
tages except than cosmetics [5, 12].
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In our center, we started this technique with appendectomies and cholecystecto-
mies (Table 11.1). After having sufficient experience regarding the steep-learning
curve in this technique, we performed the first single-incision splenectomy, and
right after this, we performed the first single-incision laparoscopic distal pancre-
atectomy [9, 13].

In this chapter, we will discuss the technical details of single-access laparoscopic
pancreas resection together with its advantages and disadvantages.

11.1.1  Our Experience

Our first case was a female patient who underwent surgery with the diagnosis of
renal cancer. During her follow-up period, she referred us with multifocal pancre-
atic metastasis of a renal cancer. After this first case, we continued to perform sin-
gle-access laparoscopic pancreas resection for different pathologies including
insulinoma, adenocarcinoma, mucinous cyst adenoma, and nonfunctional neuroen-
docrine tumor.

After performing ten cases of SALS distal pancreatectomies, we achieved to
preserve spleen only in one of the cases. This patient had an insulinoma located
at pancreatic tail. In this case, after defining the localization of the lesion with
laparoscopic ultrasonography, we preserved short gastric vessels. Although we
sacrificed the splenic artery, we protected the spleen successfully in the end. In
three cases (30 %), we had low-flow pancreatic fistula which ceased spontane-
ously during the follow-up period. In one case, we had umbilical trocar site
hernia. We had no conversion to multi-trocar laparoscopy or open surgery, and
no mortality occurred. The main problem was the duration of the surgical pro-
cedure which was as expected longer than standard laparoscopic distal
pancreatectomies.

In all our cases, we routinely used suction drains which were located in the pan-
createctomy bed. Before the removal of drains, we always analyzed the drain fluid
for amylase level. If this level was three times higher than normal serum amylase
levels, we did not remove the drain and accepted as pancreatic fistula.

One of the main challenging steps of the procedure was caused by the sword
fight of the laparoscopic instruments both inside and outside of the abdomen. In
order to prevent or minimize this challenge, the use of roticulated instruments is
mandatory for this technique. Today, we have even angulated energy devices that
are very useful for hemostasis in advanced laparoscopic procedures. The smoke
inside the abdomen and air leak are the other minor technical problems during
advanced single-access laparoscopic procedures. Using standard laparoscopic tro-
cars can be a solution for the easy evacuation of intra-abdominal fog. Air leak is
usually caused by deformation of the special single-access trocars toward the end
of the procedure due to overextension of the laparoscopic tools. You can deal with
this problem by having an extra single-access trocar for change where needed. The
details of our SALS distal pancreatectomy experience are summarized in
Table 11.2.
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11.2 Surgical Technique

Step 1: Patient setup and trocar placement

The patient was placed in a supine and reverse Trendelenburg position (30°) with
open legs. The surgeon stood between the legs; the first assistant was on the left side
of the patient with the monitor placed on the patient’s cranial side. With the patient
under general anesthesia, a completely transumbilical 2-cm skin incision was per-
formed. A special SALS port having four working channels was placed through the
umbilical incision. Pneumoperitoneum was applied through this port. After the
maintenance of 12 mmHg CO, pneumoperitoneum, the three 5-mm cannulas were
inserted inside through this special SALS port (Fig. 11.1). We used a rigid 30°
5-mm laparoscope and two standard rigid but articulating instruments.

As an alternative route, in two cases, we used standard laparoscopic trocars
through a 2-cm transumbilical incision. Initially, we started with three 5-mm trocars
that were introduced into the abdomen from different places of 1 cm apart from each
other. In this technique, the location of trocars was formed a triangulation (Fig. 11.2).

Step 2: Pneumoperitoneum and entry to lesser sac

We used 5-mm laparoscopic instruments for all SALS procedures. Once the laparo-
scope, grasper, and dissector were placed, the overall procedures were similar to the
procedures performed in a five-port laparoscopic pancreatectomy. The most diffi-
cult part of this technique was that the working instruments were crossing each
other and roticulated. The 5-mm telescope was introduced under both of the work-
ing instruments and sometimes over them, changing according to the surgical step
of the procedure. After less invasive entry into the abdomen, there was not any dif-
ference from the multi-trocar laparoscopic pancreatectomy technique. During all
these steps, at least one of the pieces of equipment, roticulated grasper and dissec-
tor, was used. Following a diagnostic laparoscopy, the lesser sac was entered fol-
lowing the division of the gastrocolic ligament using the advanced LigaSure probe
(Valleylab, Boulder, CO, USA). The whole pancreatic body and tail were then
exposed (Fig. 11.3).

Step 3: Retraction of stomach

Before starting pancreatic dissection, we placed a loop encircling the stomach cor-
pus by crossing the lesser curvature and greater curvature for preoperative continu-
ous retraction. We prepared the loop by using polypropylene suture covered with a
plastic tube of intravenous serum set to prevent a possible stomach injury. Two tips
of this suture were taken out of the abdominal cavity with a suture passer placed
under the xiphoid process. During the entire procedure, stomach retraction was pro-
vided with this tensed-loop Prolene securing the stomach (Fig. 11.4).

Step 4: Determination of the lesion site

Usually, superficial lesions are easily defined. However, as in standard laparoscopic
pancreatic surgery, intraoperative laparoscopic ultrasonography is a mandatory tool,
which helps not only to define the localization of the lesion but also to detect a
healthy transection site on pancreatic tissue. In order to introduce laparoscopic
ultrasonography probe, one of the 5-mm trocars should be changed with a 12-mm
trocar (Fig. 11.5).
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Fig.11.1 Special SALS port
with roticulated instruments

Fig.11.2 Standard trocars
located through the umbilicus

Fig. 11.3 Intraoperative
photo showing the widening
of the gastrocolic window
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Fig. 11.5 Intraoperative photo showing the transection of the pancreatic neck with endoscopic
stapler

Step 5: Transection and dissection of the pancreatic tail

One of the 5-mm trocars was replaced by a 15-mm trocar to be able to introduce a
linear stapler. The pancreas was then transected by using two 45-mm Endo-GIA
staplers or one 60-mm Endo-GIA stapler (US Surgical Corp., Norwalk, CT, USA).
We prefer thick tissue cartridge (4.5 mm) as stapler. The “medial-to-lateral”
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Fig. 11.6 Photo showing en
bloc resected pancreas
specimen

Fig. 11.7 Photo showing the postoperative appearance of the umbilical incision

technique was the chosen method for tumors located at the body and proximal tail
of the pancreas. The peritoneal lining along the inferior edge of the pancreas was
dissected at the point where transection of the pancreas would be carried. Then, an
adequate window was created; a roticulated grasper was passed around the body of
the gland. The splenic vessels were identified and ligated with LigaSure at this
level (Fig. 11.6) and dissection of the pancreas from the pancreatic bed was started.
Dissection was carried out in a medial-to-lateral fashion from the tail toward the
hilum of the spleen. Retroperitoneal dissection can take time because of dense
fibrosis of the region caused by a previous surgical procedure. In this manner, the
distal portion of the pancreas containing the tumor can be removed together with
splenic vessels and the spleen itself with its retroperitoneal attachments, and thus
freed. Once the distal pancreas was mobilized, the stapled closure of the proximal
pancreatic stump was reinforced with fibrin glue. The splenic part of the specimen
was retrieved using the Endo-Catch 15 (US Surgical Corp, Norwalk, CT, USA) by
morcellation, and then, the pancreatic part of the specimen was delivered through
the umbilical port site as an intact piece (Fig. 11.7). A closed system suction drain
was placed in the lesser sac. The umbilical site was sutured with no. O polypropyl-
ene suture. The skin closure can be done with either stapler or monofilament
absorbable sutures (Fig. 11.8).
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Fig.11.8

11.3 Discussion

The introduction of laparoscopy or minimal invasive surgery in the early 1990s has
revolutionized and ushered in a new era in the field of surgery. The literature is now
generally accepted that this minimal invasive approach results in better cosmetic,
decreased postoperative pain, less hospital stay, and reduced complication rates
compared with open surgery [20, 21]. Moreover, with the help of technological
innovations, in order to reduce the invasiveness of the procedures, the surgeons
eliminated the need for multiple incisions by performing single-incision techniques.
Since Navarra et al. performed the first SALS cholecystectomy in 1995 [7], tech-
nique has been described in a wide range of other general surgical procedures
including complex bariatric procedures and even pancreaticoduodenectomy [22,
23]. In 2009, our group reported the first single-incision splenectomy and in 2010
the first single-incision laparoscopic distal pancreatectomy [9, 13].

Laparoscopic distal pancreatectomy technique has been performed since the first
report by Soper et al. in 1994 which was performed in an animal model [24].
Following that, many surgeons have performed this technique safely in humans
[25]. Nowadays, the procedure continues to be performed for benign, malignant
[26], and inflammatory lesions [27] and even for harvesting pancreatic donor for
transplantation [28] with favorable postoperative outcomes including less pain,
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shorter hospital stay, better cosmetics, and early return of bowel function [29, 30].
Though conventional multiport laparoscopic pancreas surgery is technically feasi-
ble, the SALS procedure is not frequently performed, probably due to the step-
learning curve. Thus, majority of reports on SALS pancreatic surgery are often
based on limited experience with short-term outcomes. As far as we know, the
English literature for SALS performed on pancreatic lesions includes a total of 25
cases [13, 31-33].

SALS technique requires working in line with the camera making movements
complex to perform because of instrument crowding. This can be achieved by using
articulating instruments, and moreover, ports and instruments of different lengths
can be used to make the distance between the surgeon’s hands greater, allowing easy
maneuver. One of the main concerns is the long operative time. Although operation
times have been reported to be significantly longer in laparoscopic pancreas surgery
[34], in one of the largest series of 359 patients, Song et al. reported that operative
time decreased as surgeon’s experience increased as from 4 h at the beginning to
2.5 h at the final quarter of the series [35]. Moreover, in the largest multi-institution
series, Kooby et al. reported no differences in operative times between laparoscopic
and open distal pancreatectomy groups [5]. Compared to multiport laparoscopic
technique, SALS series have similar operative time results ranging from 95 to
330 min in the literature [13, 31].

When we discuss about the indications, one of the primary indications of the
technique is pancreatic endocrine neoplasm. The size of the lesion is usually small
which makes it suitable to laparoscopic removal [30]. However, because of their
small size, they are best localized with intraoperative ultrasound, which can be per-
formed with minimal invasive techniques [33, 36-38]. Small tumors like these,
which are separated from the main pancreatic duct, can be enucleated easily, and
tumors located in the tail of the pancreas can be treated with a SALS distal pancre-
atectomy [33].

Indications for conversion include technical problems or oncological properties
of the lesion that precluded a safe laparoscopic surgery. Some authors have reported
that malignant tumors of pancreas are a contraindication to laparoscopic resection
due to the concerns of oncological safety, but there are only limited reports of
patients undergoing laparoscopic resections or SALS for pancreas malignities [13,
35, 39, 40]. These reports note similar outcomes of SALS and conventional multi-
port laparoscopic and open techniques. In one of these reports, Song et al. reported
a91 % RO resection rate and similar survival rates [35], and in another study, Kooby
et al. also reported similar outcomes regarding the margin positivity, operative time,
hospital stay, and complications [39]. In our SALS series, we had two cases of pan-
creatic malignity including a metastatic cancer and an adenocarcinoma. In these
cases, we were able to perform the procedure in oncological principles with clear
surgical margins.

There are also debates regarding the preservation of spleen, which is another
important issue. The recent series report rates of splenic preservation that range
from 31 to 85 % in selected cases [41]. Warshaw et al. reported that spleen-preserv-
ing technique avoids the splenectomy with all related intra- and postoperative com-
plications [42, 43] and noted that if there is no tumor invasion, the splenic vessels
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can be spared, and patients do not have any morbidity of sinistral hypertension.
However, other authors report little benefit to splenic preservation adding that it is
more challenging, takes more time, and increases blood loss [44, 45]. In addition,
Benoist et al. reported that pancreatic complications such as fistula or subphrenic
abscess occurred more frequently in spleen-preserving technique [46].

Chang et al. reported that the operative time of SALS spleen-preserving distal
pancreatectomy procedure was 233 min which is comparable to the average time
used for conventional laparoscopic distal pancreatectomy series [47]. In our experi-
ence, the preservation of the spleen may take longer to successfully complete and
require advanced skills and appropriate instrumentations to compensate the lack of
triangulation as in conventional multiport laparoscopic surgery. Moreover, we could
achieve to preserve spleen only in one (10 %) case. Thus, we believe that Warshaw’s
technique is less demanding than the dissection and preservation of the splenic
artery and vein. Regarding the conservation of the splenic vessels, we agree with
Warshaw [48].

The total complication rate after laparoscopic distal pancreatectomy has been
reported between 12 and 40 % with one of the most common and serious complica-
tions as postoperative pancreatic leakage [5, 35]. Because the incidence of pancre-
atic fistula after left pancreatic resection is significant, ranging from 3 to 34 % [49],
several trials have investigated ways to prevent pancreatic fistula in laparoscopic
distal pancreatectomy. The noted potential factors for the development of pancreatic
leak include the technique of pancreatic stump closure, the underlying disease pro-
cess as chronic pancreatitis and malignant tumors, and concomitant splenectomy.
The automatic stapling technique is generally used in laparoscopic distal pancre-
atectomy for transection of the pancreas [50]. In the Multicenter European Study, it
has been reported that pancreas-related complications occurred in 35 % with linear
stapling of the pancreas.

As far as we know, Yao et al. reported the largest series of SALS distal pancre-
atectomy on 11 cases. In terms of postoperative complications, pancreatic leakage
occurred in one of these cases, which was ceased spontaneously with only drain
during the postoperative period [31]. The author also noted that there were no other
complications such as postoperative hemorrhage, venous thrombosis, infections,
and so on. In our series of ten SALS distal pancreatectomies, the rate of pancreatic
leakage was 30 %; however, these were low-flow pancreatic fistulas, which ceased
spontaneously with only drain during the postoperative first month. In addition to
pancreatic leakage, we had two other minor complications seen after SALS distal
pancreatectomy procedure including gastric atony and small incisional hernia.

Although prospective, randomized trials are lacking, our initial results show that
laparoscopic pancreas surgery through a single incision is feasible and safe; how-
ever, SALS approach does not have an advantage over the conventional multiport
technique except better cosmetic results. As an innovation and advanced laparos-
copy center, minimal invasive technique has become our preferred surgical approach.

We believe that in tertiary centers where advanced laparoscopic procedures are
performed by experienced hands, this technique may be preferred over the conven-
tional multiport laparoscopic technique.
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Federica Cipriani, Francesca Ratti, Fabio Ferla,
Michele Paganelli, Marco Catena, and Luca Aldrighetti

12.1 Introduction

With a certain delay compared to other surgical areas, the minimally invasive
approach has also been extended to liver surgery albeit with initial hesitations
related to the well-known technical features that characterize liver surgery and
doubts about adequate oncological radicality. Numerous case series, comparative
studies, and meta-analyses have progressively demonstrated the feasibility, safety,
and reproducibility of the minimally invasive approach to liver resections, as well
as the non-inferiority compared to the open technique in terms of oncological out-
comes, for both benign and malignant neoplasms [1, 2]. Moreover, the application
of minimally invasive approach to liver resections was found to be associated with
clinical benefits, particularly in terms of reducing blood loss and the subsequent
need for transfusion and rapid functional recovery [3, 4]. In addition, certain cate-
gories of patients undergoing liver resection have been shown to particularly ben-
efit from the advantages of the laparoscopic approach. In particular, cirrhotic
patients undergoing laparoscopic liver resection for hepatocellular carcinoma
appear to be less prone to liver failure and ascitic decompensation in the postopera-
tive period than patients undergoing open resection [5]. In addition, patients with
liver metastases often require repeated liver resections and can benefit from reduced
postsurgical adhesion that develops as a result of minimally invasive approach,
thus favoring reintervention [6]. On this evidence and on the basis that standard
laparoscopic hepatectomy entails the use of three to six ports and a skin incision to
extract the specimen, in the last few years, the single-incision laparoscopic tech-
nique has been extended to liver resections in order to minimize the number of
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incisions. As for other surgical procedures, such cholecystectomies and appendec-
tomies, the search for even less invasive methods has the aim of further reducing
surgical stress and postoperative pain with consequent favorable impact on surgical
outcome, in addition to the cosmetic benefit. Furthermore, port-related complica-
tions such as organ damage, adhesions, bleeding, wound infections, and hernias
could be decreased.

The first case reports about single-port approach in liver surgery have been pub-
lished in 2010 and showed the feasibility of cysts unroofing with acceptable intra-
and postoperative outcomes, even when combined to other procedures as
cholecystectomies [7-9]. Subsequently, several case reports have documented the
completion of some isolated partial hepatectomies through single-port laparoscopy.
The technique proved to be technically demanding but applicable for partial hepa-
tectomy as far as the benefits of cosmesis, hospital stay, postoperative pain, and
convalescence are concerned, especially if performed by teams already familiar
with the technique applied to other surgical procedures [10—12]. Some case series
have been published with the purpose of clarifying the reproducibility, the indica-
tions, and the possible effects of this technique on long-term outcomes and in order
to determine its potential position among other minimally invasive techniques for
liver resection.

12.2 Surgical Technique

From a technical standpoint, the patient is usually placed in reverse Trendelenburg
position with legs apart (the French position) and the first surgeon standing between
the legs. Some authors prefer the standard supine position for left liver surgery and
left semilateral or lateral decubitus for right liver manipulation with the surgeon
standing on the right side of the patient and the assistant on the left [13, 14].
Generally, an umbilical or supraumbilical midline incision is performed, with the
location of the incision varying slightly from patient to patient depending on the
body types and exact location of the lesion (Fig. 12.1). Both three and four access
ports can be used, and the size of the incision is dependent on the port adopted,
varying from 2 to 5 cm [15, 16].

The majority of the authors describe the use of tools and the choice of a surgical
technique very similar to the standard laparoscopic technique, with the difference
that is performed through a single access [17-19]. Both 30° and linear 5-10 mm
laparoscopes can be used to explore the peritoneal cavity. Then multiple instru-
ments are simultaneously introduced in the abdominal cavity that generally consist
of a tool for dissection along with one or more grasps or devices for aspiration
(Fig. 12.2). The major technical difficulty in the execution of procedures through
single-port technique is related to the parallel position that the devices mutually
assume and the consequent loss of triangulation with the optical system, which
limits considerably the possibilities of movement and the field of action. Therefore,
some authors suggest the use of curved instruments specifically designed so as to
obtain adequate exposure and triangulation, which can be an alternative to
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Fig.12.1 An umbilical or
supraumbilical midline
incision is generally
performed for LESS liver
resections, with the location
of the incision varying
depending on the body types
and topography of the lesion

Fig.12.2 Multiple
instruments are
simultaneously introduced in
the abdominal cavity through
the LESS device, generally
consisting of a dissection tool
along with one or more
grasps or devices for
aspiration

overcome this technical difficulty [20]. However, in the majority of cases, the use of
straight laparoscopic instruments has been adopted, thus enabling the execution of
these procedures without an increase in costs compared to traditional laparoscopy.
Moreover, the adoption of standard laparoscopic instruments may shorten the sur-
geon’s learning curve in the acquisition of skills in the new single-port technique.
As well as in open surgery, various methods and instruments for parenchymal tran-
section during single-port liver resection are described, mostly corresponding to the
methods adopted at individual centers for traditional laparoscopic liver resections.
The methods for parenchymal transection generally preferred are ultrasound and
radiofrequency-based devices [19-21]. As well as in open and laparoscopic surgery,
the section of larger portal pedicles and hepatic branches can be managed through
the use of articulating linear staplers. The single-port technique also allows the execu-
tion of intraoperative ultrasonography with a flexible laparoscopic ultrasound probe
[14, 22]. The intraoperative ultrasound routinely performed before parenchymal



154 F. Cipriani et al.

transection allows the operator to identify precisely the location of the lesion and to
plan the line of transection, which may be marked on the liver surface using dia-
thermy. During parenchymal transection, the repeated use of intraoperative ultraso-
nography allows to ride along a transection plan oncologically adequate.

12.3 Discussion

The published series show the possibility to perform liver resections by single-port
access without the need for conversion to traditional laparoscopy or open surgery.
The conversion rate reported in literature ranges between 0 and 16.7 % [18, 20].
Adding further trocar to the device is not required to praxis but can be useful in case
of need for better exposure of the operative field or for the management of compli-
cations. This occurrence may be necessary, in particular if using three-way single-
port devices (Fig. 12.3) [19].

Regarding intraoperative outcomes, the published series showed reduced blood
loss and operating time and comparable to those obtained with traditional laparo-
scopic approach to hepatectomy (80.4—205 min, 2-500 mL) [14, 15]. As well as in
traditional surgery, even for single-port hepatectomies, blood losses and operating
times are closely related to the technique for transection, the occurrence of compli-
cations, the extent of resection, and the expertise of the operator, which implies
certain variability with the completion of the learning curve.

The extraction of the surgical specimen can be carried out through the incision
made for the insertion of the single-port device, after insertion in a suitable plastic
bag retrieval, thus avoiding in most cases the need for additional abdominal wounds
(Fig. 12.4) [20]. In case of benign neoplasms, the specimen can be broken up so as
to avoid the need to expand the access for the extraction. In case of hepatectomy for
malignant disease, for which the evaluation of the surgical margin and the integrity
of the anatomical part are fundamental, it is possible to extend slightly the

Fig.12.3 Adding further
trocar to the single-port
device can be useful for
better exposure of the
operative field or for the
management of intercurrent
complications, in particular if
using three-way single-port
devices
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Fig.12.4 The extraction of
the surgical specimen can be
carried out through the
incision made for the
insertion of the single-port
device, thus avoiding in most
cases the need for additional
abdominal wounds

abdominal incision so as to remove the sample [11]. Therefore, it seems sensible to
identify optimal candidates for the technique as patients affected by liver lesions
smaller than 5 cm, so as not to dissolve the advantages related to the minimally
invasive access. Some authors also recommend that the patient is not taller than
180 cm or suffering from obesity because in these cases the traditional laparoscopic
instrumentation is not sufficiently long when inserted. Anyway, the single-port
approach has already been reported to be safe and effective for bariatric surgery;
therefore, obesity should not be considered an absolute contraindication in patients
who are candidates to hepatectomy [23]. When considering the single-port approach,
it should be rather argued that a thicker abdominal wall would lead to increased tech-
nical complexity because of instrument conflict at the fulcrum point. Another impor-
tant criterion for the selection of patients seems to be the location of the lesions
within the liver parenchyma. To be within reach of the laparoscopic instrumentation,
hepatic lesions should be localized within laparoscopic segments (i.e., segments 2, 3,
4b, 5, 6), while lesions of the cranial and the first segment are not optimal candidates
for a workable procedure. In this regard, at present, the best indication for the use of
the single-port laparoscopy seems to be left lateral sectionectomy, because the tran-
section line is in front of the device and significant triangulation of the instrument is
not needed. In fact, the suspensory ligaments (round and falciform ligaments, left
coronary and triangular ligaments) of the liver help the surgeon with the surgical field
exposure, and in-line view is not a major issue to deal with [18]. The comparative
analysis of a series of left lobectomy found that the single-port approach to liver
resection is feasible, safe, and at least not inferior to the standard laparoscopic resec-
tion in terms of complications and clinical outcomes [24].

With respect to the postoperative course, most of the series in the literature
describe a rapid return of patients to full functional recovery, reduced need for anal-
gesics, and limited postoperative complications. The majority of patients were able
to walk unassisted on the first postoperative day and could be discharged from the
second postoperative day [14, 20, 24].
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The series in the literature describe the feasibility of the single-port technique for
the resection of both benign and malignant liver lesions. Actually, there are no stud-
ies in the literature showing the oncological outcomes in the medium to long-term
for patients undergoing this type of procedure. However, the surrogate endpoints
(i.e., the infiltration of the surgical margin) evaluated in some of the published series
show the adequacy of the procedure from the oncological standpoint [14, 19].

Finally, the preliminary experience present in the literature with liver resection
via a single-port access suggests its technical feasibility and safety in terms of intra-
and postoperative results without any compromise in oncological safety for selected
patients. Better cosmesis and pain control seem to be so far the main benefits for a
patient undergoing single-port surgery. In addition to these advantages, single-port
approach has the potential advantages to reduce other complications related to sur-
gical accesses, such as bleeding, internal organ damage, wound infection, and
wound pain, even if these differences are not highlighted in the studies present in the
literature. Although it seems feasible, this approach needs caution and should be
initially reserved to minor resection in highly selected patients and should be under-
taken only with proper training and in high-volume centers by surgeons with exper-
tise in both liver and advanced laparoscopic surgery. Further studies are needed in
order to determine this method’s potential position among other minimally invasive
liver resection techniques.
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13.1 Introduction

In the last decades, minimally invasive surgery has been widely applied in many
surgical specialties, and laparoscopic surgery has assumed an increasingly central
role in gynecology. The published literature about minimally invasive surgery has
shown the benefits achieved in terms of surgical outcomes, cost, quality of life,
reduced morbidity, shorter hospital stay, and, accordingly, a quick return to daily
activities [1]. In the last year, it has been possible to complete a large number of
complex surgical procedures, thanks to important technical improvements. Lately,
the concept of laparoscopic surgery has been revised through the introduction of the
laparoendoscopic single-site surgery (LESS). The term “single site” describes the
use of a single small skin incision instead of the multiple accesses created in con-
ventional laparoscopy [2]. According to many studies, reducing the number of the
ports created in the abdominal wall, it is possible to improve the cosmetic results
and decrease the morbidity and complications, such us hernias, infection, and nerves
injuries [3]. One of the first applications of the LESS was in 1969, when Wheeless
[4] applied it in sterilization. Then, in 1991, Pelosi and Pelosi [5] completed the first
hysterectomy with salpingo-oophorectomy. However, only in the last years LESS
has become effective, safe, and feasible in the completion of complex surgical pro-
cedures in gynecology. In the same time, LESS has taken a leading role also in other
surgical specialties, such us urology [6, 7], and it is applied in much complex sur-
gery, such us appendicectomy [8], cholecystectomy [9], and colectomy [10]. Over
the years, the technical development in instrumentation has allowed to overcome
some challenges, making LESS safe for the patients.
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13.2 LESS Devices

In conventional laparoscopy, every port allows the insertion of a single laparoscopic
instrument. In LESS, there are three different ways to create the abdominal access.
At the beginning, an operative laparoscope, able to perform the tubal ligation, was
used in the sterilization. Another way was the passage of instrument through mul-
tiple incisions created in the fascia. In this case, the application of small ports, pro-
vided with an anchor (AnchorPort), could be of help in maintaining the stability
during the induction of pneumoperitoneum. Recently, new devices have been intro-
duced in order to allow the passage of multiple instruments through a single skin
incision, and, actually, different types of LESS devices exist and are currently used.
The SILS port (Covidien) necessitates a fascial incision of 1.8-3 cm and has four
channels: the first is used for gas insufflation, while the other three ports are used for
the insertion of different instruments. The SILS port belongs to the SILS kit which
has several benefits: it consists of roticulator instruments with a limited degree of
movement, but cheaper than other instruments available in commerce. Moreover,
the SILS port minimizes the gas loss through the port. The TriPort (Olympus) is a
single-port access consisting of two rings, one inner and the other one outer, and an
intervening plastic sleeve. The internal ring is placed into the abdominal cavity,
while the outer ring is sealed to the abdominal wall. The application of the TriPort
can help to minimize the gas loss, maintaining the pneumoperitoneum, and to
decrease the instruments’ collision, thanks to an optimal angle between the ports.
Unlike the TriPort, the QuadPort consists of four ports. The GelPOINT consists of
a wound retractor (Alexis wound retractor) and a cap (GelSeal) and allows the cre-
ation of four ports, three of 5 mm and one of 10 mm. Once the wound retractor,
consisting of two rings, one inner and the other one outer, and an intervening sleeve,
is placed through a skin incision of 1.5-7 cm, the cap can be applied on the external
ring. The gel cap makes possible the insertion of the instrument in the most suitable
configuration for the surgeon. The AirSeal Access induces the pneumoperitoneum
using a continuous gas insufflation. The high gas pressure in the abdomen keeps
the device tight to the abdominal wall. This device allows an easy insertion of the
instruments. On the other hand, the open device makes difficult to maintain the
stability of the instruments.

13.3 Learning Curve

In the last years, several studies have shown that LESS is a safe surgical approach
in the treatment of many kinds of gynecological disease. In view of what has just
been said, we need a thorough discussion about the surgeon’s learning curve. In
Escobar’s study [44], the operative time has been correlated to number of treated
cases unexpectedly resulting in a learning curve of 10—15 cases. Probably, the short
learning curve could depend by a reduced amount of time spent to close the single
port in the end of the procedure and, above all, by the surgeon’s experience. As a
matter of fact, the achievement of a wide experience in conventional laparoscopic
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surgery could contribute to make learning curve shorter. Fader et al. [23] calculated
the mean operative time for total hysterectomy and salpingo-oophorectomy in order
to describe the surgeon’s learning curve. The mean operative time to introduce the
device was 9.2 min in the first 10 cases, 4.8 min from case 11 to 20, and 4.3 min
from case 21 to 31. The mean operative time required for the total hysterectomy and
salpingo-oophorectomy was of 79.4 min from case 1 to 10 and 56.8 min from case
11 to 20. In both cases, the most significant reduction in operative time was detected
after the first 10 cases, but the value stabilized only after 20 cases. These findings
are very similar to those of the conventional laparoscopy. However, it should be
calculated a learning curve specifically for each kind of procedures and with a great
number of cases to validate the results. Every surgeon should start to perform sim-
ple procedures, because, in this way, it is possible to make the learning curve shorter
as he/she becomes more familiar with the surgical technique and instruments. The
major difficulties are the adaptation with in-line instrument and the lack of triangu-
lation, even if a surgeon’s wide experience in conventional laparoscopy might help
to overcome some technical challenges.

13.4 Benign Diseases

In recent years, single-site surgery has been applied in benign disease to a number
of surgical procedures including hysterectomy, adnexal surgery, and myomectomy.
Several studies have highlighted the improvement in terms of surgical outcomes,
cosmesis, and postoperative pain. Table 13.1 shows some of the several studies
published to date about the LESS application in gynecological benign disease. As
shown by some reports [11, 12], LESS has been successfully applied in the treat-
ment of ectopic pregnancy with good results in terms of blood loss, complication,
hospital stay, postoperative pain, and cosmesis. In two studies [30, 37] (Table 13.1),
two minimally invasive techniques, LESS and traditional laparoscopy, were com-
pared in the treatment of ectopic pregnancy, resulting in similar surgical outcomes.
In one of these two studies [30], no differences were found between LESS and lapa-
roscopy in operative time (52.6 vs 46.8), hemoglobin drop (1.7 vs 1.8), and hospital
stay (2.4 vs 2.4). Several reports [15, 18, 20, 21, 24-26, 31, 33, 36, 39, 41, 42]
described the role of LESS in the treatment of myomatosis, adenomyosis, and uter-
ine fibroid. Kim et al. [21] reported good results in 15 LESS myomectomy. As a
matter of fact, all the myomectomy were completed and no intraoperative and post-
operative complication occurred. The operative time was 96.7 min, the hemoglobin
drop was 1.8 g/dl, and the hospital stay was 3.1 days. Song et al. [24] described the
LESS-assisted vaginal hysterectomy with large uterus (>500). The operative time
and the blood loss were 125 min and 500 ml, respectively. No complications
occurred, but during two procedures, an additional trocar was inserted. All the
results confirmed the safety in feasibility of LESS in the surgical treatment of myo-
matosis. Moreover, Chen et al. [31], in a randomized controlled trial, compared
single-port and laparoscopic-assisted vaginal hysterectomy in women with myoma-
tosis, resulting in similar surgical outcomes, and in cases treated in single-site
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surgery, a less dose of postoperative analgesicswwas required. A great number of
studies [13, 14, 16, 17, 20-23, 26-29, 32-35, 38-41, 43] showed data about the
performance of LESS adnexal surgery, including procedures such as cystectomy,
salpingo-oophorectomy, and oophorectomy. In the prospective study of Kim et al.
[14], 24 benign adnexal masses were treated in LESS. Twenty-two procedures were
successfully completed and two conversions occurred, but one of these cases was a
borderline ovarian tumor. There were no complications, the blood loss was mini-
mal, and the hospital stay was only 1 day. Later, also Fagotti et al. [27] completed a
report of 28 cases of benign adnexal disease treated by LESS, showing optimal
surgical outcomes. Postoperative pain analysis in this report confirmed a need for
analgesic therapy in less than one-third of the cases. In another study of Kim et al.
[28], adnexal benign tumors were the target resulting in good surgical outcomes.
Moreover, this preliminary study indicated that LESS is feasible and safe in patients
who have undergone earlier abdominal surgery (n=27). Most of the more recent
studies [17, 29] have compared LESS and traditional laparoscopy, especially in the
treatment of adnexal disease, in terms of surgical outcomes, postoperative pain, and
cosmetic results. Two randomized trials [32, 34], comparing LESS and traditional
laparoscopy in the adnexal surgery, showed in the LESS group a higher satisfaction
for cosmetic results and postoperative pain but similar surgical outcomes. Altogether,
these recent reports prove that LESS is a safe and feasible alternative to laparoscopy
in treatment of benign conditions, especially considering the good cosmetic results
that can be guaranteed to younger women.

13.5 Malignant Diseases

In the last decade, minimally invasive surgery has been widely introduced in the
management of the gynecological malignant disease. As a matter of fact, the role
of LESS in gynecological oncology is well established, but it continues to evolve.
In particular, in the last years, published studies have shown the excellent applica-
tion of the LESS above all in the treatment of early stage endometrial cancer.
Table 13.2 shows the surgical outcomes achieved in some of the major studies
published to date. Fader AN in 2009 [16] described his results about the treatment
of five cases including endometrial cancer, granulosa cell ovarian cancer, and risk-
reducing performances for woman treated for breast cancer or for BRCA muta-
tions. All the procedures were successfully performed in LESS, without any
intraoperative and postoperative complications and with a short hospital stay
(1 day). Furthermore, no analgesics were required postoperatively, showing a
decrease in postoperative pain. Another Fader’s study [23], presenting 26 cases
including endometrial cancer, ovarian cancer, and others cancers, showed, also in
this case, a low complication rate (3 %) and low blood loss (100 ml), but three
conversions to laparotomy or conventional laparoscopy. Moreover, operative time
seemed to decrease with surgeon’s experience, increasing number of performed
cases. Boruta’s study [46] analyzed the surgical outcomes of five endometrial can-
cer cases treated with LESS, showing excellent results in terms of blood loss
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(50 ml) and hospital stay (1 day). No intraoperative and postoperative complica-
tion occurred and no patients required conversion to laparotomy and conventional
laparoscopy. Another study [47], including at least 20 cases of endometrial cancer,
aimed at evaluating the safety, feasibility, and surgical outcomes of single-site
hysterectomy in a consecutive endometrial cancer stage IA series. The procedures
were performed without conversion and intraoperative or postoperative complica-
tion; the blood loss was 20 ml, while the operative time was 105 min, trending to
decrease after almost ten procedures. Cosmetic results and postoperative controls
were both satisfactory. Following studies included a greater number of cases of
endometrial cancer, confirming the results already highlighted. Fagotti et al. [50]
reported their findings about the first 100 early endometrial cancer cases treated
with LESS. In all the 100 cases, total hysterectomy and bilateral salpingo-oopho-
rectomy were performed, while pelvic and para-aortic lymphadenectomy in 48
and 27 patients, respectively. The median numbers of pelvic and para-aortic lymph
nodes were 16 and 7, respectively, similar to those reported in studies utilizing
traditional laparoscopy. Two patients, undergone lymphadenectomy, required con-
version, and four intraoperative and four postoperative complications overall
occurred. Altogether, LESS achieved good results in terms of surgical outcomes,
postoperative pain, and cosmesis. Since the important role of the minimally inva-
sive surgery in gynecological surgery, several studies have compared perioperative
outcomes of different minimally invasive techniques. An Escobar report [48] com-
pared LESS and conventional laparoscopic and robotic surgery in the treatment of
endometrial cancer, but no differences were found in terms of operative time,
blood loss, hospital stay, and complication rates. Subsequently, another study
compared LESS and robotic surgery [49], showing that LESS had a shorter opera-
tive time (122 ml vs 175 ml) and lower blood loss (50 ml vs 80 ml) than robotic
surgery. Furthermore, a case-control study [51] compared LESS (38 patients) and
robotic single-port surgery (19 patients), showing no clinical relevant differences.
In 2012, two case studies by Fanfani et al. [33, 41], including cases with malignant
disease, compared LESS and mini-laparoscopic surgery. No significative differ-
ences were found in terms of surgical outcomes except for operative time that was
longer in LESS groups. At the same time, mini-laparoscopic surgery was associ-
ated to a less postoperative pain. Some studies [14, 16, 23, 27-29, 43, 45] have
reported data about the use of LESS in the treatment of adnexal malignant disease,
showing good surgical outcomes. However, in this study, the number of patients
treated for malignant ovarian cancer was too small to draw conclusions about.
LESS has been applied also in risk-reducing salpingo-oophorectomy [44], result-
ing in excellent surgical and cosmetic outcomes. Furthermore, Escobar in 2010
[45] described the single-port laparoscopic pelvic and para-aortic lymphadenec-
tomy in 21 patients. The median numbers of pelvic and para-aortic lymph nodes
retrieved were 14 and 6, respectively, and all procedures were successfully com-
pleted with only 1 conversion to traditional laparoscopy. Actually, few studies
report data about LESS in cervical cancer [52, 53]. Recently, a case report [53] has
described how the LESS radical hysterectomy type III in stage Ib1 cervical cancer
could be successfully performed.
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13.6 Our Experience

Between July 2009 and June 2013 (Tables 13.3 and 13.4), 47 woman underwent LESS
hysterectomy for the treatment of early stage endometrial cancer at the Gynecological
Oncological Unit, National Cancer Institute, Regina Elena, Rome, Italy.

All patients were positioned in the dorsal lithotomic Trendelenburg position,
with both legs supported by straps. Using the Hasson technique, it was possible to
place the SILS port (Covidien) through a 1.8-3 cm umbilical incision. The SILS
port (Covidien) is a multichannel port that allows the insertion of up to three instru-
ments. After the insufflation of CO, through one of the three available channels, it
was possible to introduce a 5 mm trocar for the insertion of the 30° laparoscope. In
the remaining two channels, two 5 mm trocars were placed for the introduction of
additional instruments. All patients underwent type A hysterectomy plus salpingo-
oophorectomy (Querleu-Morrow classification) [54]. After cauterization of the fal-
lopian tubes, the right round ligament was sectioned, entering in the retroperitoneal
space. Then, the ureter and uterine artery were visualized and adnexal resection was

Table 13.3 Clinical

at Characteristics Patients (n=47)
chneres e 0 Mdnage 159-81
cancer operated by LESS Med.ian BMI (kg/mz) 21.8 (19-48)
type A hysterectomy Previous abdominal surgery (%) 29.7
Histology
Adenocarcinoma 46
Clear cell 1
FIGO stage
1A 32
IB 11
I
111 1
BMI body mass index
Table 13.4 Surgical Characteristics Patients (n=47 )
outcome of patients with Median skin and fascial incision (cm) 2.2 (2.0-2.5)
endometrial cancer operated Median time positioning port (mi 1.5 (1-3
by LESS type A . p. . g PO (min) > (1-3)
hysterectomy Median operative time (min) 100 (50-240)
Median blood loss (ml) 90 (10-300)
Major intraoperative complications 0
Major postoperative complications 4
Blood transfusion 0
Conversion to laparoscopy 2
Reoperation 0
Median hospital stay (day) 3(2-9)
Median follow-up (month) 27 (4-50)

Recurrence 0
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performed. Subsequently, at first, the vesicouterine and the vesicovaginal spaces
were developed, and then, the rectovaginal space was developed incising the poste-
rior part of peritoneum. In this way, it was possible to cauterize the uterine vessels.
Finally, a sufficiently wide margin of vagina was exposed allowing the section. In
the end, uterus and adnexa were extracted through the vagina and the vaginal cuff
has been closed laparoscopically or through the vagina. No lymph node dissection
was performed in the low-risk endometrial cancer cases. Pelvic and para-aortic
lymphadenectomies were performed only in six and one cases, respectively, and the
median numbers of lymph nodes retrieved were 13.5 and 4, respectively. Median
age was 45 and median BMI was 21.8. Forty-three patients were in stage I, of which
32 in stage IA and 11 in stage IB, 3 patients were in stage II, and 1 patient was in
stage IIIA. No intraoperative complication occurred, but there were four postopera-
tive complications: a vaginal cuff dehiscence, an umbilical wound infection, a lym-
phorrhea, and a bladder fistula in the same patient during the 13th day. All procedures
were completed successfully, but there were two patients who required a laparo-
scopic conversion due to extensive adhesions from previous surgery. Median opera-
tive time was 100 min, median blood loss was 90 ml, and median hospital stay was
3 days. The median follow-up was 27 month and only one patient died due to the
occurrence of a new cancer after 11 month from the surgery.

13.7 Challenges of LESS

LESS is widely applied in the gynecological surgery with the same absolute contrain-
dication of the conventional laparoscopy: a metastatic disease, heart or pulmonary dis-
ease, and severe abdominal adhesions. Moreover, the surgeon should have advanced
skills in laparoscopic and single-port surgery. Obesity and previous abdominal surgery
should no longer be considered absolute limits in the performance of LESS. One of the
most important technical challenges is the instrument crowding due to the restricted
space available to perform movements. This problem can be overcome crossing the
instruments or utilizing the Gel point. As a matter of fact, this device allows placing the
instruments in the desired angulations. The lack of triangulation is another important
problem that can be easily overcome applying articulating and flexible instruments or
curved instruments. However, an extensive experience in laparoscopy might be enough
to overcome the challenges in single-port surgery. The latest innovation in minimally
invasive surgery is the introduction of the robotic system da Vinci [55]. The combina-
tion of robot and single port gives new advantages and it allows the overcoming of
many challenges in single-port surgery. As a matter of fact, despite being an expensive
surgical technique, robotic surgery improves the triangulation of instruments and surgi-
cal outcomes, and, moreover, it has a shorter learning curve. Probably, the robotic sin-
gle port could be a promising new surgical approach also in morbidly obese woman. In
a recent study [56], robotic surgery was confirmed to be the best surgical approach in
the treatment of endometrial cancer in obese woman. This would mean that the appli-
cation of the da Vinci robotic system in gynecological surgery might make the single-
site surgery feasible and safe also in morbidly obese woman.
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Conclusions

Laparoendoscopic single-site surgery is a safe and feasible surgical approach in
the treatment of both benign and malignant gynecological disease. Moreover,
LESS improves surgical outcome and cosmetic results and reduces postoperative
pain. Further studies are needed to define the long-term outcomes and, in gyne-
cological oncology, the disease-free survival and overall survival. Robotic single-
port surgery is a potential area of development, but it still is not completely clear
if the benefits of robotic surgery might justify the high costs of this new approach.
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14.1 Robotics in Surgery

The volume of available clinical outcomes of robotic laparoendoscopic single-site
surgery (R-LESS) has considerably grown since the pioneering description of the
first successful clinical series of single-port robotic procedures. The feasibility of
robot-assisted single-incision urologic and colorectal, as well as of many gyneco-
logic, procedures has been demonstrated. A novel set of single-site instruments spe-
cifically dedicated to LESS is now commercially available for use with the da Vinci
Si Surgical System, and both experimental and clinical uses have been reported.
However, the current robotic systems were specifically designed for LESS. The
ideal robotic platform should have a low external profile, the possibility of being
deployed through a single-access site, and the possibility of restoring intra-
abdominal triangulation while maintaining the maximum degree of freedom for
precise maneuvers and strength for reliable traction.

The concept of laparoendoscopic single-site surgery is based on the minimiza-
tion of skin incision to gain access to the abdominal or pelvic cavities to perform
surgical procedures. This concept might translate into a benefit for patients in terms
of port-related complications, recovery time, pain, and cosmesis [1-3]. Furthermore,
muscle sparing (transumbilical approach) and restriction of trauma to a small area
of the abdominal wall may explain these findings. Moreover, the single-site access
might also reduce adhesiogenic surface.

Early comparative studies have suggested that LESS is at least comparable to
standard laparoscopy [4, 5]. A large multi-institutional analysis has shown that
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LESS has significantly evolved, becoming a widely applicable technique in a rela-
tively short time [6]. Stringent patient selection criteria should be applied by sur-
geons approaching LESS to minimize the likelihood of complications [7]. Despite
the increasing interest in LESS worldwide, the actual role of this novel approach in
the field of minimally invasive surgery remains to be determined and its claimed
advantages to be demonstrated. Some features of LESS represent significant chal-
lenges compared with standard laparoscopy. Novel systems have been tested to
offer intuitive instrument maneuverability and restored triangulation without exter-
nal instrument clashing, but their use remains experimental [8]. To overcome these
constraints, it has been postulated that robotic technology could be applied to LESS
[9-12]. In 2009, Kaouk et al. reported the first successful series of single-site robotic
procedures in humans, and the authors noted improved facility for intracorporeal
dissecting and suturing because of robotic instrument articulation and stability [13].
Since then, there has been a growing interest from investigators in different surgical
specialties [14, 15].

14.2 Single-Site Robotic Surgery: Advantages and Limits

Laparoendoscopic single-site surgery (LESS) is a promising technique that might
progressively substitute conventional laparoscopy (CL).

However, LESS remains difficult to perform because of technical difficulties
such as loss of triangulation, poor exposition, and instrument crowding with con-
flicts of space on the patient’s exterior and other issues. Therefore, this approach has
been and is still under technical development. These technical difficulties lead to
limited use by mainly experienced and skillful surgeons.

One major technical disadvantage in LESS is the “sword fighting” among instru-
ments. During standard LESS, as laparoscopic instruments are inserted into the
abdominal cavity through a single incision, there can be a tendency to cross them
just below the abdominal wall to obtain a separation between instrument tips with-
out external collision of the handpieces. This crossing of the instruments allows a
better range of motion, but the resultant reversal of handedness introduces a major
mental challenge for the surgeon. Nevertheless, with the development of bent instru-
ments and new port devices, triangulation can be restored in proximity of the
target.

As a way to facilitate LESS and to restore dexterity, some surgeons have moved
forward and amalgamated this technique with robotic surgery.

This has led to a new kind of surgery, robotic LESS or R-LESS. In the early
approaches to R-LESS, researchers used a combination of commercially available
single-incision laparoscopy equipment and augmented it with robotic technology.

The da Vinci Surgical System was the first robotic system cleared by the US
Food and Drug Administration for use in general and urologic laparoscopic surgery.
Some of its benefits over conventional laparoscopy include superior ergonomics,
optical magnification of the operative field, enhanced dexterity, and greater
precision.
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Fig. 14.1 The “Chopstick”
surgery technique prevents
the collision of the external
robotic arms

To address limitations related to the coaxial arrangement of instruments, Joseph
etal. [16, 17] defined a “chopstick” surgery technique enabling the use of the robotic
arms through a single incision without collision (Fig. 14.1).

The robotic instruments cross at the abdominal wall to have the right instrument
on the left side of the target and the left instrument on the right. To correct for the
change in handedness, the robotic console was instructed to drive the left instrument
with the right-hand effector and the right instrument with the left-hand effector. In
this way, collision of the external robotic arms was prevented. A similar robotic
setup was adopted by Hagen et al., who explored the feasibility of single-incision
transabdominal and transvaginal surgery by crossing control-switching robotic
arms to achieve an intuitive control. Allemann et al. compared the outcomes of
LESS Nissen fundoplication performed with and without a robotic platform in a
porcine model [18]. Sugimoto et al. performed eight robotic hepatobiliary LESS
procedures, including four cholecystectomies and four lateral liver segmentecto-
mies, in a porcine study [19]. Again, the instruments were crossed to avoid sword
fighting and clashing of instruments.

Laparoscopic suturing and knot tying are considered advanced skills with a
steep-learning curve. Although the multisite approach to laparoscopic surgery is the
gold standard, increasingly complex operations are attempted with a minimal port
approach. Suturing and intracorporeal knot tying with single-port systems pose sig-
nificant difficulty, often requiring conversion to traditional multiport laparoscopy or
even open surgery. In fact, while suturing with extracorporeal knot tying is described,
few reports describe the learning curve of intracorporeal knot tying using LESS
surgical techniques [20, 21]. A specialized robotic platform for single-site surgery
can overcome the technical difficulties inherent to LESS surgery and to improve
operator ergonomics [22, 23]. Furthermore, the robotic single-site platform would
make more complex laparoscopic tasks easier than using more conventional single-
incision laparoscopic surgical techniques.
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14.3 Single-Port Devices for Robotic Surgery

As demonstrated by the high number of publications, R-LESS is a topic of interest.
This is particularly true in the field of urology, general surgery, and gynecology. The
analyses of the reviewed articles show that R-LESS is technically feasible and safe
for patients.

Most of the publications recorded were clinical case series and only few com-
parative studies were found. At present, no clinical controlled study has been
reported. However, the technique is new and we can expect in the future to have
publications with higher levels of evidence. Nevertheless, we can hypothesize that
R-LESS may share common outcomes with LESS which could be used as a surro-
gate. Another limitation of this review is that the reports covered a wide range of
procedures in different surgical specialties (mainly urology, general surgery, and
gynecology). Therefore, direct comparison was not always possible, but reviewing
different approaches has identified technical difficulties and common solutions. It is
evident from the literature that many access devices have been used so far for
R-LESS.

14.3.1 TriPort’/QuadPort’

TriPort® is a multichannel port with three soft valves. In order to adapt the instru-
ments and the camera, robotic ports are inserted directly in the valves of the multi-
channel port. Two of the three valves are used for one instrument and the camera.
The third valve is left to the assistant for suction and retraction. A third robotic port
for the second instrument is placed directly in the wound, in tandem with the R-port
(hybrid port technique). Using a QuadPort®, Desai et al. [24] reported a similar
method. However, they didn’t place any robotic port beside the multichannel port.
Both instruments and the camera passed through the four valves of the QuadPort®.
However, this device requires a minimal 25-mm length incision, whereas the
TriPort® needs only 12 mm. Allemann et al. [ 18] used only three valves of QuadPort®
which was positioned supraumbilically and placed an accessory port in the right
hypochondrium. Hagen et al. [23] inserted both the instruments and the laparoscope
through one TriPort.

14.3.2 GelPort®

The GelPort is an Alexis wound retractor/protector (Applied Medical, Rancho
Santa Margarita, CA, USA) adapted with a gel seal cap. The robotic ports were
directly inserted in the gel. The device rapidly became widely used for
R-LESS. Ragupathy et al. [25] reported their initial experience with GelPOINT®.
This platform is a kind of GelPort designed especially for single-site surgery with
insufflation and venting access.
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14.3.3 SILS®

Following the several attempts to use robotic technology originally designed for
multiport surgery by different authors, Intuitive Surgical International (Sunnyvale,
CA, USA) has recently developed a new set of instruments and accessories for
robotic single-incision laparoscopy to be used with the da Vinci Si Surgical System®:
the da Vinci Single-Site Instrumentation.

Since the market introduction of this new instrumentation in March 2011 in
Europe and December 2011 in the USA, an increasing number of surgeons have
started the clinical use of the da Vinci® Single-Site Instrumentation for different
procedures.

The set includes a multichannel access port with room for four cannulas and an
insufflation valve. Two curved cannulas are for robotically controlled instruments,
and the other two cannulas are straight; one cannula is 8.5 mm and accommodates
the robotic endoscope, and the other cannula is a 5-mm bedside-assistant port. The
curved cannulas are integral to the system, since their configuration allows the
instruments to be positioned to achieve triangulation of the target anatomy. This
triangulation is achieved by crossing the curved cannulas midway through the
access port. Same-sided hand—eye control of the instruments is maintained through
assignment of software of the Si system that enables the surgeon’s right hand to
control the screen right instrument even though the instrument is in the left robotic
arm and, reciprocally, the left hand to control the screen left instrument even though
the instrument is in the right robotic arm. The second part of the platform is a set of
semirigid, nonwristed instruments with standard da Vinci® instrument tips. The
semirigid, flexible shaft allows for insertion down the curved cannula and triangula-
tion of the anatomy. Robotic arm collisions are minimized externally because the
curved cannulas angle the robotic arms away from each other. Internal collisions
with the camera are avoided because the camera is designed to be placed into the
middle of the curved cannula zone and is not in a parallel arrangement. The single-
site instruments and accessories are intended to be used with the da Vinci® Si
Surgical System and are of similar construction to existing EndoWrist instruments,
except they do not have a wrist at the distal end of the instrument.

These accessories are of great value as their multichannel port includes four
separate access ports for instruments, camera, and assistance. They easily recreate
triangulation and allow better visualization of the operating field.

14.3.4 Trocars and Surgical Setting

QuadPort offers enough access for instruments, laparoscope, and assistance, but the
minimum incision required is large (25 mm). With only three channels, R-port/
TriPort is smaller. Authors using QuadPort or TriPort reported numerous instrument
conflicts. Moreover, the TriPort’s outer ring is rigid and induced interference with
the robotic port placed alongside. That’s why Stein et al. [26] changed to GelPort.
This configuration avoids almost all collisions. It allows enough space to be kept



180 A. Peri et al.

between each port. According to Joseph et al. [16], 2 cm is the minimum distance
required between each port to avoid “sword fighting.” Moreover, the GelPort allows
resetting port placement during the operation. Another advantage of the GelPort is
that it can be placed in various positions. For example, the Alexis wound retractor/
protector can be partially folded so that the GelPort can lie on the edge on the abdo-
men [19]. This maneuver allows the instruments to have extreme angulation with
the abdominal wall. However, the GelPort requires a large incision, which might be
an advantage when large specimens need to be extracted (3—5 cm).

Because of its foam structure, the SILS Port seems to be very effective in main-
taining pneumoperitoneum. However, it doesn’t avoid instrument clashing and
offers only three accesses. As a result, a supplementary port is generally required.

Regarding the arm positioning, the “chopstick” technique is a cornerstone. As
demonstrated by many authors, it is helpful in reducing crowding and instrument
clashing as well as allowing more lateral range of motion. Da Vinci S and SI have a
thinner arm than the standard version. This means that they are less clumsy. In order
to reduce external collisions, these versions should be used preferentially. Moreover,
5-mm instruments are thinner and more adapted to R-LESS because of their design.
Indeed, they are not conventionally articulated and can deflect. Their range of
motion is thus more important than a classical EndoWrist instrument. Changing the
level of motion scaling is another option to reduce instrument clashing. When the
robot is adjusted for fine-tuning, it slows down the movements realized by the arms.
Most tested surgeries needed assistance for retraction, irrigation, suction, etc. Some
procedures required specific implements like a stapler, bulldog clamps, or a
LigaSure®. An assistant port frequently necessitates a second access through the
same wound (hybrid port) or in another place (dual-port technique).

In these cases, the technique does not formally meet the criteria of single-site
surgery. Owing to technical difficulty, a second port is particularly necessary for
some procedures like partial nephrectomies [27]. Nevertheless, the introduction of
a third instrument complicates the position that the robotic arms need to keep to
avoid collisions. Use of bariatric instruments allows the assistant to interfere less
with the robot [28]. When possible, it is easier to work without any ancillary port.
The marionette technique or needlescopic retractors seem to be valid options for
dynamic retraction. Most surgeons use an assistant for dynamic retraction either
through an assistant port or through the techniques described above. The EndoGrab
system permits static retraction. It is easy to use and provides good retraction with-
out breaching the abdomen. Of course, it is not possible to modify exposition with-
out resetting the device placement.

14.4 Single-Port Robotic Surgery: Current Clinical
Applications

Desai et al. [24] were the first to report an R-LESS experiment conducted in
2008 on a cadaveric model. The procedure was a transvesical radical prostatec-
tomy. At the same time, Kaouk et al. [13] published the first R-LESS clinical
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case report. The authors performed three different kinds of urologic procedures:
an intraperitoneal radical prostatectomy, a pyeloplasty, and a radical nephrec-
tomy. The same group also reported the first human R-LESS partial nephrec-
tomy in a further publication [29]. At the beginning of 2009, Barret et al. [22]
from French Institut Montsouris reported initial clinical experiences with
R-LESS extraperitoneal radical prostatectomy. The first R-LESS clinical case in
gynecology was described by Escobar et al. [30]. They realized a prophylactic
bilateral hysterosalpingo-oophorectomy for a patient with a history of familial
breast cancer (BRCA). They subsequently reported two bilateral hysterosal-
pingo-oophorectomies and two bilateral salpingo-oophorectomies [31]. In July
2009, White et al. [32] mentioned the first and sole cases of R-LESS ureteral
reimplant and sacral colpopexy. Ostrowitz et al. [21] were the first authors to
report the use of R-LESS in digestive surgery. They performed right hemicolec-
tomies for two villous tumors of the cecum and one ascendo-cecal adenocarci-
noma. Romanelli et al. [33] mentioned the first R-LESS cholecystectomy. They
used three separated fascia access in the same wound, but because of loss of
pneumoperitoneum, the technique was abandoned and the procedure completed
with LESS. Allemann et al. [18] performed Nissen fundoplication on 18 pigs
with either R-LESS or LESS. They recorded external but also internal clashing
by the means of an observer and a second laparoscope inserted in the left iliac
fossa for this purpose. A unique case of partial colectomy for malignancy was
performed by Ragupathy et al. [25].

Haber et al. [34] reported their initial wet laboratory experience with the da Vinci
Single-Site Instrumentation in October 2010. Using a cadaveric model, Escobar
et al. [35] performed the first modified radical hysterectomy with this device. Wren
and Curet [28] and Kroh et al. [36] in the USA and Morel et al. [37] in Europe per-
formed the first human cholecystectomies by means of Intuitive’s new platform.
The first case control survey was published by White et al. [38]. They matched 10
R-LESS radical nephrectomies with ten CL controls. Sugimoto et al. [19] published
their experiences with R-LESS hepatic surgery. They performed four lateral seg-
mentectomies on laboratory pigs. The first multicentric study was published in June
2011 and analyzes retrospectively registries’ raw data.

Even if a wide range of surgical operations have been performed with the single-
site robotic technology, only few operations have shown to have those features
needed to be part of clinical routine.

14.4.1 Experience in Urologic Surgery

The volume of available clinical outcomes of robotic LESS (R-LESS) has consider-
ably grown since the pioneering description of the first successful clinical series of
single-port robotic procedures [13]. So far, roughly 150 robotic urologic LESS
cases have been reported by different institutions across the globe, with a variety of
techniques and port configurations.
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14.4.1.1 Upper Urinary Tract Surgery

Further expanding the application of robotics to LESS, Kaouk and Goel [29]
reported an initial experience with partial nephrectomy in two patients. Pediatric
instruments, including graspers, electrocautery hook, and harmonic scalpel, were
used for tumor exposure and excision. A 30° robotic lens was placed in the upward
configuration. A 2.8-cm left lower pole anterior medial tumor and a 1.1-cm right
lateral lower pole tumor were excised without renal hilar clamping. Both patients
had confirmed renal cell carcinoma with negative margins, and there were no intra-
operative complications. In another study from the Cleveland Clinic, Stein et al.
[26] reported R-LESS using a GelPort as the access platform. Four procedures were
successfully performed, including two pyeloplasties, one radical nephrectomy, and
one partial nephrectomy. The GelPort provided adequate spacing and flexibility of
port placement as well as acceptable access to the surgical field for the assistant.
Nephrectomy—simple, radical, or living donor—is one of the most commonly per-
formed procedures in the field of LESS, and different groups have reported their
techniques and early comparative outcomes [39—41]. White et al. detailed the tech-
nique of R-LESS radical nephrectomy and reported the outcomes compared with
the current gold standard laparoscopic procedure [38]. Two single-port devices, the
SILS Port and the GelPort/GelPoint, were used equally, and the da Vinci S or Si
Surgical System in a three-arm approach was used. There was no difference between
R-LESS and conventional laparoscopy in terms of operative time, estimated blood
loss, visual analogue scale, or complication rate. The R-LESS group had a lower
median narcotic requirement during hospital admission and a shorter length of stay.
Study limitations included the small sample size, short follow-up period, and retro-
spective study design.

LESS adrenal surgery has been effectively performed for a number of indica-
tions using a wide variety of approaches. Park et al. were the first to report a
case of retroperitoneoscopic R-LESS adrenalectomy for an adrenal cortical
adenoma [42]. A 3-cm transverse skin incision was made just below the lowest
tip of the 12th rib, and after exposing the retroperitoneal space, a glove port was
applied to the skin incision. A 10-mm robotic camera with a 30° up view and
three 5-mm robotic ports were inserted through the glove port. The total opera-
tion time was 188 min, and the patient recovered uneventfully. LESS pyelo-
plasty is technically demanding, largely because of the difficulty associated
with intracorporeal suturing through a single abdominal incision. By adopting
the principle of the chopstick technique for R-LESS, Olweny et al. used a setup
including a GelPoint access device, a 30° up robotic scope, and the da Vinci Si
surgical robot to enhance the applicability of the robotic platform to LESS
pyeloplasty and reduce its learning curve. The authors compared their initial ten
cases of R-LESS pyeloplasty with the last ten cases of conventional LESS
pyeloplasty done by a single surgeon. Mean operative time was significantly
longer for R-LESS but was probably related to the stent insertion time. Two
conversions to standard laparoscopy and two postoperative complications
occurred in 30 % of LESS patients, whereas there were no conversions and one
postoperative complication in the R-LESS group.
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14.4.1.2 Pelvic Urologic Surgery

When first reporting an initial feasibility study of LESS radical prostatectomy in
humans, Kaouk et al. acknowledged the limitation of this procedure because of
challenges related to ergonomics and intracorporeal suturing, and they claimed a
potential application of robotics [43]. Within the first clinical series of R-LESS
from the same group, a case of radical prostatectomy was reported, and the ben-
efits of the robotic platform were soon noticed [13]. After a preliminary experi-
ence in a cadaver model and a case completed with an additional 5-mm port [44],
Barret et al. also reported a complete case of R-LESS radical prostatectomy. They
used a single umbilical incision and placed a 12-mm port for the robotic scope, a
5-mm port for the assistant, and two 8-mm ports for the robotic arms arranged in
a rhomboid fashion. Significant external robotic arm collisions were experienced,
as well as a reduced space for the assistant to work [45]. White et al. detailed the
surgical technique and reported the outcomes of 20 R-LESS radical prostatecto-
mies [46]. Most of the study population was represented by low-/intermediate-
risk patients with baseline erectile dysfunction. An incision of 3.0-4.5 cm was
created intraumbilically. The initial robotic 8-mm port was placed at the most
caudal portion of the incision on the right side and directed as far laterally as pos-
sible; this procedure was repeated on the opposite side with a 5-mm pediatric or
standard 8-mm robotic port. A SILS Port was inserted and the patient placed in a
steep Trendelenburg position. The da Vinci S or Si System in a three-arm approach
was docked, and the robotic 12-mm scope introduced through the SILS Port, with
a 5-mm channel free for the suction or sutures to be passed. Steps of the proce-
dures resembled those of the standard robotic procedure. During the bladder neck
dissection, a suture was placed through the abdominal wall and then through the
distal bladder neck or prostatic base; it was then exited out of the abdominal wall
to serve as a retractor in a “marionette” fashion. Prostatic dissection was obtained
using a 5-mm harmonic scalpel in a non-nerve-sparing procedure. Otherwise, an
interfascial nerve-sparing approach was accomplished with a combination of
sharp dissection and robotically applied Hem-o-Lok clips. A standard lymph node
dissection was performed, and vesicourethral anastomosis was done with two
sutures in a semicircular running fashion. A positive margin was found in four
cases, two of the margins in the first three cases. The limited follow-up did not
allow a reliable oncologic assessment. Within the field of prostate surgery, single-
port transvesical enucleation of the prostate (STEP) was demonstrated to be tech-
nically feasible but still challenging by Desai et al. [47]. Recently, Fareed et al.
reported the perioperative and short-term outcomes of their initial series of robotic
STEP [48]. Nine patients with symptomatic benign prostatic hyperplasia were
scheduled for the procedure. A 3-cm lower midline incision was made, a cystot-
omy created, and a GelPort positioned in the bladder. The da Vinci Si operating
system was docked. There was significant postoperative improvement in the flow
rates, but a high-grade complication was observed in three patients (37.5 %). The
authors concluded that despite providing adequate relief of bladder outlet obstruc-
tion, the procedure carries a high risk of complications, and its role remains to be
determined.
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14.4.2 Gynecologic Surgery

The introduction of single-site robotic surgery in gynecology is a recent event. The
first worldwide case of robotically assisted single-port hysterectomy was performed
by Cela et al. in 2011 [49]. From these experiences, few studies with limited case
series or case reports were reported in literature regarding principally the single-site
robotic hysterectomy [50-53].

14.4.2.1 Surgical Indication to Single-Site Surgery

On the basis of the limited experience reported in literature, nowadays, the indica-
tion for robotic single-site surgery in gynecology is not well standardized. However,
single-site surgery permits to perform a series of procedures such as adnexectomy,
hysterectomy, ovarian cystectomy, and peritoneal biopsy for endometriosis. In gen-
eral, robotic single-site procedures are possible in benign or precancerous gyneco-
logic disease, such as myoma, adenomyosis, cervical dysplasia, and endometrial
hyperplasia, or in gynecology oncology, as endometrial cancer or cervical cancer in
early stage. The inclusion criteria to single-site procedure are the absence of any
contraindication to endoscopic surgery, the uterine size lesser than 16 gestational
weeks, and absence of previous pelvic or abdominal radiation.

Bogliolo et al. have recently proposed that the sexual exchange in female to male
transsexualism means a good indication to single-site robotic hysterectomy. The
minimal invasive surgery performs an important choice in transsexualism; indeed,
the reduction of aesthetic damage plays a key role in psychical acceptance. However,
the standard laparoscopic or robotic hysterectomy required three pelvic accesses in
abdominal wall, which can represent a specific marker of gynecologic surgical
approach, with possible psychological trauma [52].

14.4.2.2 Surgical Technique

The single-site system is the same described by Cela et al. [49]. A specific multi-
channel not-reusable port is employed, with space for four cannulas and an insuffla-
tion valve. A target anatomy arrow indicator is also marked. The specific cannulas
are the following: two 250 mm in length curved cannulas for robotic instruments,
one cannula for the high-definition three-dimensional endoscope, and one 5- or
10-mm bedside-assistant surgeon cannula.

The positioning of surgical device is as follows: after the completed eversion
of the umbilical scar with two Kocher surgical clamps, a 2-cm umbilical skin
incision at the umbilicus midline in correspondence to the physiological hernia
was performed. Indeed at the deepest point of umbilical scar, all the layers of
abdominal wall merge, and the incision at this site allows a rapid opening.
Through a 2-cm transumbilical incision, we introduce in the abdomen cavity the
single-site port, grasped just above the lower rim using an atraumatic clamp, with
a descending movement within the incision. The single-site port lubrification
with a sterile saline solution previous the introduction is recommended. After the
device positioning, the pneumoperitoneum up to 12 mmHg of pressure was
started.
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The patient was placed in lithotomic position at the 30° Trendelenburg position
and the da Vinci Si robotic column was positioned between the patient’s legs.
Therefore, the robotic arms were opened in the opposite positions. A da Vinci Si
8.5-mm 30° endoscope was placed into the umbilical trocar. A watchful inspection
of total peritoneal cavity was completed in order to discover any peritoneal lesion
that represents exclusion criteria to the robotic single-site procedure.

Following, a 5x250-mm curved cannula (arm 2) was introduced through the
specific lumen, under constant visualization of the cannula tip by the camera.

The cannula was located in front of the uterus and then held still to allow dock-
ing. The same process was performed for the placement of arm 1. Finally, the spe-
cific robotic instruments were introduced: a surgical forceps on arm 2 and a curved
scissor on arm 1. The assistant’s 5- or 10-mm cannula was also inserted. The absence
of specific robotic bipolar instruments was overcome by the use of classic bipolar
instruments, through the assistant’s cannula. A second assistant placed the uterine
manipulator in situ: this is a very important procedure because the uterine manipula-
tion permits to supply the defect in lateral movement of single-site procedure.

14.4.2.3 Limits of the Technique

The principal technical limitation to single-site robotic procedure is the reduction in
laterality movement and the difficulty in horizontal suture as vaginal cuff suture [49,
53]. The limitation in laterality is overcome by the use of the uterine manipulator,
with the aid of a second assistant.

Vaginal cuff closure with intracorporeal suture represents an important limitation
of single-site procedure as reported by all authors [49—53]. This restriction depends
from the defect in rotation of the robotic single site dedicated instruments.

Therefore, we usually perform vaginal cuff closure transvaginally, which shows
a safe technique according to the literature [54]. However, in selected cases, when
the vaginal access appeared difficult, the use of extracorporeal suture with knot-
push device allowed to overcome some limitations of the intracorporeal suture [53].

14.4.3 Current Application in General Surgery: Cholecystectomy

Cholecystectomy has been the most widely used application of LESS within gen-
eral surgery. In 2011, two groups independently reported the first clinical experi-
ence with the novel da Vinci Single-Site platform. Kroh et al. from the Cleveland
Clinic successfully performed 13 consecutive cholecystectomy operations [36].
One patient required placement of an additional extraumbilical trocar for appropri-
ate visualization secondary to gallbladder necrosis, and this incision also was used
for eventual drain placement. No significant complications occurred. Wren and
Curet reported their outcomes in the first ten cases and compared them with the
outcomes of traditional multiport laparoscopic cholecystectomy [28]. Another com-
parative study was reported by Spinoglio et al., who analyzed the data on the first 25
patients who underwent single-site robotic cholecystectomies and compared those
data with their first 25 single-incision laparoscopic cholecystectomies [55].
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Interestingly, the operative time was significantly longer for the single-incision lap-
aroscopic cholecystectomies. Operating time decreased with increasing number of
single-incision laparoscopic procedures; however, operative times for robotic sin-
gle-site procedures were lower since the beginning, without major fluctuations, thus
suggesting the robotic technique to be more intuitive and not to require a specific
learning curve. Another early series was published by Morel et al., who described
28 cases successfully performed without conversions or complications [37].
Konstantinidis et al. reported a large experience with the da Vinci Single-Site cho-
lecystectomy [56]. Forty-five patients underwent surgery without conversions,
although in three cases, a second trocar was used. There were no major complica-
tions apart from a single case of postoperative hemorrhage. Intraoperative blood
loss was negligible. The authors stressed the importance of specific training for the
induction of pneumoperitoneum and the new port insertion and docking process.

Pietrabissa et al. recently [57] published the results of a prospective longitudinal
observational study conducted on the first 100 da Vinci Single-Site cholecystecto-
mies performed at five Italian centers of robotic surgery. They observed a 2 % con-
version rate with a 12 % incidence of minor intraoperative complication (7 %
incidence of bile spillage from the gallbladder and 5 % of minor bleeding from the
liver bed) and the absence of major complications. These results are comparable
with the results of most published series of SILS cholecystectomies.

14.4.3.1 Surgical Technique

The setups of the console and slave are similar to that for standard robotic surgery,
and only arms 1 and 2 are used for this procedure. The da Vinci Single-Site instru-
ments are similar to those of the existing da Vinci Si EndoWrist except that the
entire length of the instruments is semirigid, allowing them to be inserted through
the curved cannulas. These instruments do not have the wrist at the tip of the instru-
ment, in contrast to standard robotic instrumentation. The instruments currently
available for this platform includes needle drivers, Cadiere grasper, Maryland dis-
sector, hook with cautery, curved shears, clip applier, and suction irrigation device.
In addition to the curved robotic instruments, the trocar allows insertion of a 5-mm
laparoscopic assistant instrument and a standard robotic three-dimensional 8.5-mm
high-definition laparoscope. The trocar is designed to fit through a single fascial
incision.

All laparoscopic cholecystectomy procedures are initiated as a single-incision,
single-trocar technique. After standard preparation, a 20- to 25-mm vertical intra-
umbilical incision is fashioned, and dissection is carried down to the fascia. Entrance
into the peritoneal cavity is performed under direct vision using a Hasson technique,
and the fascial incision is enlarged to approximately 25 mm (Fig. 14.2).

After successful docking, the gallbladder fundus is identified, grasped, and
retracted cephalad toward the patient’s right shoulder. This then is given to the bed-
side assistant, and the surgeon transfers to the console. The instrument orientation
is confirmed at the console such that the left hand of the surgeon at the console
controlled the left instrument in the operative field despite the curved cannulas mak-
ing an opposite configuration.
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Fig. 14.2 Robotic arms setting in single-site cholecystectomy

Many studies have demonstrated early experience with this technique. Vidal
et al. [58] reported a comparative study of 19 single-incision cholecystectomies
and 19 traditional laparoscopic cholecystectomies. The results showed that all
procedures were completed successfully and that the average operation time of
the two groups was in the same range, indicating the feasibility and safety of per-
forming single-incision cholecystectomy. Hodgett et al. [59] compared a cohort of
29 single-incision cholecystectomies with a cohort of 29 multi-incision laparo-
scopic cholecystectomies. The authors concluded that single-incision cholecys-
tectomy was a safe and effective alternative to multi-incision laparoscopic
cholecystectomy. Curcillo et al. [60] also reported a large multi-institutional series
of 297 patients that demonstrated safe and acceptable results with this technique.
Caution must be urged, however, with the application of these techniques in light
of improvements over standard laparoscopic cholecystectomy. With the rising
popularity of laparoscopic cholecystectomy in the 1990s, there was indeed an
increased incidence of major biliary injuries compared with open surgery counter-
parts, and this still exists. Single-incision cholecystectomy probably does not rep-
resent as significant a paradigm shift as that encountered in era of change from
laparoscopic to open surgery, but indeed, major biliary injury is of prime concern
with this technique.

The initial human experience with the current da Vinci Single-Site platform
demonstrated several of its limitations. For patients with thicker abdominal walls,
significant reverse Trendelenburg positioning resulted in dislodgement of the trocar
and consequent loss of pneumoperitoneum. This required undocking of the robot
and repositioning of the trocar, which means a much longer operative time.
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The studies on single-site robotic cholecystectomy published so far have demon-
strated that robotic single-site cholecystectomy can be performed with high standards
of safety and efficacy by general surgeons experienced with robotic surgery. Moreover,
most of the authors have shown that the robotic technology is a compensatory tech-
nique that can overcome the constraints and the ergonomic limitations of SILS and is
potentially capable to realize the full potential of the single-access approach.

14.5 Single-Port Robotic Surgery: New Perspectives

The current da Vinci system have shown to be a valuable ally in LESS even if is not
what it was specifically designed for. However, the lack of EndoWrist technology at
the instrument tips, which probably has represented the main feature of robotic
surgery as compared with standard laparoscopy, remains a major limitation. The
ideal robotic platform for LESS should have a low external profile, the possibility of
being deployed through a single-access site, and the possibility of restoring intra-
abdominal triangulation while maintaining the maximum degree of freedom for
precise maneuvers and strength for reliable traction. Several robotic prototypes for
single-port surgery are being tested. The SPRINT (Single-Port Laparoscopy
Bimanual Robot) is part of a major ARAKNES (Array of Robots Augmenting the
Kinematics of Endoluminal Surgery) program coordinated by Dario and Cuschieri
and funded by the EU Framework 7 program. This robot, which is intended to be
used in association with the Karl Storz ENDOCONE, has a three-dimensional high-
definition television imaging system and is operated through a console in the sterile
field so that the surgeon is not remote from the patient.

Laparoendoscopic single-site surgery (LESS) is currently constrained by the
existing instrumentation, which limits the surgeon’s ability to visualize and dexter-
ously manipulate within the surgical environment. The existing instruments for
these procedures are based on modified laparoscopic tools or a flexible endoscopy
platform. All of these instruments are still limited in dexterity due to the confined
insertion space and inability to triangulate. There are a number of technical limita-
tions with the miniature surgical robot that need to be addressed. The robot is too
large and needs to have its joints narrowly positioned to improve its reach. We had
to reposition the robot each time that we needed to move from one procedure to
another and several times within each procedure. In the future, the issue of reposi-
tioning could be managed with a remotely controlled robotic arm or by an active,
bedside assistant. Because of the single-incision nature of the insertion, it was often
difficult to get the robot inside through a reasonably sized hole. Subsequently, we
had to enlarge the incision and subsequently used the robot as the only operation
guide. A smaller and more robust robot would be able to perform surgeries through
a single incision without these limitations. These robotic devices are undergoing
continuous improvements. One of the fundamental modifications is to reduce the
size of the robot.

Miniature robots are inserted entirely into the peritoneal cavity for laparoscopic
and natural orifice transluminal endoscopic procedures. These robots can provide
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vision and task assistance without the constraints of entry-port incisions. Miniature
robots have the potential to bring about changes in modern surgery, as did laparo-
scopic surgery in the 1980s.

In particular, minirobots may enable surgeons to overcome challenges of eye—
hand dissociation, replace a two-dimensional field of view with a three-dimensional
one, and improve dexterity by increasing the freedom of working instruments.

Because they are small, multiple robots can be deployed given a specific task.
The possibility of telesurgery can be realized with miniature surgical robots. Future
plans involve developing smaller and more agile robots with additional degrees of
freedom for more dexterous movement. Such additional freedom of movement will
enable the surgeon to approach an area from several directions to avoid tissue-robot
collisions and object occlusion. It remains to be seen whether this new technology
will be a viable alternative to traditional laparoscopic approaches. Its adoption
would require surgeons to gain new skills to perform complex procedures. It has the
potential to be a major innovation in surgery of the twenty-first century, provided it
is safe for patients and can achieve equal or better results when compared to the
techniques being replaced.
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