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Memorial Tribute to Professor Motoo Yamagata

This is not, by all means, an obituary. This is a eulogy and a memorial tribute to our
dear friend, Prof. Motoo Yamagata. He was adored by many colleagues and friends
both in Japan and across the world. He was a prominent figure and led the field of
endoscopic surgery, always striving to move onwards and upwards.

Professor Yamagata has long been a dear friend, a colleague and a companion of
mine. He dedicated his life for his patients as a surgeon, a teacher, and a researcher.
He is the key person of this book not only for his pioneering work in minimally
invasive surgery but for his role to get surgeons and researchers together, and most
of all, for his effort for the international collaboration in this field.

Professor Motoo Yamagata was born on May 18, 1956 at Surugadai Nihon
University Hospital (which would later, rather coincidentally, turn out to be his
work place) as the eldest son to Kozo and Kiwako Yamagata. His father owns
Nihonbashi Yamagataya, a renowned tailor, established in 1890.

As a surgeon, he showed his ability to the fullest and shared his knowledge and
talent with many academics across different fields (including achalasia, breast can-
cer and single port laparoscopic surgery) at academic conferences such as the Japan
Society for Endoscopic Surgery, while always projecting strong traits of leadership
and a frontier spirit.

He was a co-founder of Japanese Society of Single-Port Surgery (TANKO) and
chaired the third meeting of TANKO on February 19, 2011. At this meeting, he
stressed as follows. “As life expectancy increases, patients may need surgery for a
second or third time. Reduced port laparoscopic surgery (RPLS), which causes
minimal abdominal wall damage and has a relatively low risk of postoperative adhe-
sion, will become even more vital going forward. Don’t think only in the present. We
need to think about 5 years, even 10 years from now. It is not just for a cosmetic
reason. We have to develop this technique right now.”

These are the distinguished thoughts of Prof. Yamagata, who always put his
patients first, above everything else.

Professor Giovanni Dapri, who was a close friend of Prof. Yamagata, visited Japan
for the first time to give a hands-on course and lectures in that meeting. Impressed
with TANKO development in Japan, Prof. Dapri promised to Prof. Yamagata to
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introduce TANKO in Europe. Professor Yamagata was later selected as course direc-
tor, along with Prof. Dapri, of the postgraduate course, “Single-Port Laparoscopic
Surgery—joined with TANKO (Japanese Society of Single-Port Surgery)” at the 20th
International Congress of EAES (European Association for Endoscopic Surgery),
which was held in Brussels, Belgium, in June 2012. In this way, Prof. Yamagata
helped to transmit Japanese RPLS to the rest of the world. It was also the time
when this international project to publish recent advancement in minimally invasive
surgery, namely RPLS, was first discussed.

However, Prof. Yamagata, in the most sudden and unexpected way, passed away
at Boston’s Massachusetts General Hospital on January 31, 2013 at the age of 56,
without seeing publication of this book. This was something that no one had antici-
pated in any way. His family, who was hoping for his full recovery, as well as his
loving friends and colleagues, were stunned at this sudden loss.

The all-night vigil on February 13, 2013, followed by the funeral on February 14,
2013, was attended by 2,000 people, who shed tears of sorrow and mourned the loss
of this great man.

He was truly an irreplaceable figure, both within Japan and in the wider interna-
tional community. This illustrates the extent to which he was loved, adored and
respected by all. The deep love and affection which Prof. Yamagata expressed was
felt by all and this love was also returned to him from those around him.

As many of you may know, his knowledge of food was seemingly infinite, he had
personal connections across a vast array of fields and sectors. It is clear that even
outside of his life as a surgeon, he had a very special life.

On August 3, 2013, the “Memory of Prof. Motoo Yamagata” memorial event was
held at the Reduced Port Surgery Forum in Morioka. In commemoration and recog-
nition of his great achievements, his name will be eternalized through the Yamagata
Prize, which will be awarded to acknowledge the most outstanding figures in the
field at the Reduced Port Surgery Forum from 2013.
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Finally, I would like to finish by writing briefly about “Moto-chan.” This is a
nickname that I lovingly gave Prof. Yamagata as a sign of my affection and respect
for him.

Professor Yamagata would sometimes speak and act in a superhuman way; dur-
ing these times, I believed that he was a messenger chosen by God.

It seems like Prof. Yamagata was working 24 h a day, 365 days a year, when
considering all of the work he did at his hospital, his academic contributions, and his
undertakings outside of work.

Although Prof. Yamagata lived a short life of only 56 years, he achieved more in
that short time than any ordinary person could achieve in over 100 years.

We are extremely fortunate to have lived at the same time and to have come in
contact with this great man. Professor Yamagata will be sorely missed. But greater
than the sorrow from his passing is the joy that he spread in his life. Just as he
guided every one of us, his wisdom and love will continue to guide each one of us
throughout our lives. His humility, integrity, and hard work continue to inspire those
who knew him.

On behalf of the editors and contributors, I would like to dedicate this book to
Prof. Yamagata, or rather, “Moto-chan.” You taught us to keep our sunny side up, so
we will. Moto-chan, we all love you and miss you very much. I am certain that your
spirits will stay alive with this book, forever.

Adachi Kyosai Hospital, Tokyo, Japan Manabu Yamamoto






Foreword

Reduced port laparoscopic surgery (RPLS) is laparoscopic surgery performed with
the minimum possible number of ports and/or small-sized ports. Considering that
the basic principle of laparoscopic surgery is minimal invasiveness, RPLS is a natu-
ral objective for surgeons in this field to pursue. In fact, surgery performed via a
reduced number of ports or via small ports (called needlescopic surgery) has been
attempted since the early days of laparoscopic surgery, but such procedures have not
gained widespread acceptance. For safe and easy performance of laparoscopic sur-
gery, the following are important: (1) a laparoscope system that provides strong
illumination and high resolution, (2) various energy sources, suturing devices, and
forceps with high operability, and (3) appropriate triangulation. It has been gener-
ally believed that these conditions could not be fully met with ports reduced in
number or size. Since its introduction, laparoscopic surgery has gradually expanded
to more difficult procedures. However, with more difficult surgeries, there is gener-
ally a need to increase the number as well as the size of the ports.

Somewhat unexpectedly, RPLS has attracted recent attention. This attention fol-
lowed the 2008 report of single-incision laparoscopic surgery (SLS), which is the
ultimate form of minimal incision surgery, in the United States. SLS garnered a
great deal of interest among patients due to the promise of an invisible scar. Because
almost all abdominal surgeries can now be performed laparoscopically, minimizing
the scarring and abdominal pain associated with the ports of entry has become a new
objective in the field. The efforts to accomplish this objective are supported by the
development of new laparoscopes and surgical instruments, which have made it
possible to perform operations easily and safely via fewer and smaller ports. SLS
and needlescopic surgery are referred to collectively as RPLS, and various tech-
niques have been developed. RPLS has been applied to almost all procedures in a
very short time.

Surgeons who wish to perform RPLS should not forget the following points.
First of all, an improved cosmetic outcome is the only evidence-based advantage of
this method. The reduced port method requires more advanced techniques than the
standard laparoscopic method requires, and thus it involves a new learning curve.
Therefore, surgeons who use this method should be careful to avoid telling patients
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that it is superior to conventional laparoscopic surgery by repeating unproven claims
(e.g., claims that the method reduces wound pain and invasion). Also, RPLS should
be performed only by surgeons who are experienced in conventional laparoscopic
surgery. For patients undergoing surgery for a malignant tumor, this method should
not be employed if there is any risk of lessening the radicality of treatment. If dif-
ficulties are encountered during RPLS or if there is any danger, additional ports
should be placed or small ports should be switched to larger ports without
hesitation.

In Japan, the TANKO Society (TANKO is an acronym that comes from the
Japanese words for Single Port Surgery) was established by Dr. Masazumi Okajima,
Dr. Toshiyuki Mori, and other practitioners in 2009, and the first study meeting was
held on February 20, 2010. Subsequent TANKO study meetings have been held
semi-annually. Since 2012, the study meeting has been called the Reduced Port
Surgery Forum and has been held in conjunction with the Needlescopic Surgery
Meeting. The 7th meeting was held August 2-3, 2013, and attendees numbered
more than 700. This meeting covered all areas of laparoscopic surgery. Thanks to
the efforts of many surgeons, it is believed that Japan currently leads the world in
the field of RPLS.

This book contains 43 chapters, 27 of which were written by Japanese surgeons
who are pioneers in the field of RPLS. Another 16 experienced surgeons from
Europe, the United States, South America and Asia have contributed to this book.
The book covers the history of RPLS, as well as its terminology, pros and cons,
instruments and equipment, suture methods, robotic surgery, and details of the vari-
ous operative procedures. When procedures are explained, numerous diagrams and
photographs are provided to facilitate understanding. In short, this is the most up-to-
date text written by leading laparoscopic surgeons, and it is a must-read book for all
operators who wish to perform RPLS.

Fujinomiya City General Hospital, Shizuoka, Japan Taizo Kimura



Preface

Few phenomena have changed the face of surgery like the widespread introduction
of videoscopic technologies in the 1980s. For one thing, the technology allowed all
members of the surgical team to view, on a video monitor, the same image of the
surgical field inside the patient’s body cavity. More importantly, the surgeons’ hands
were freed for more complex maneuvers. Thus, a dramatic increase in the adoption
of laparoscopic surgery occurred in the late 1980s and early 1990s. The method
represented a less invasive alternative to the conventional open wound method and
gained acceptance as the standard of care for many diseases.

Laparoscopic surgery is performed via access channels (ports). Decreased dis-
ruption of the normal structure of the abdominal wall, attributed to the dramatic
reduction in surgical invasiveness, resulted from performance of laparoscopic sur-
gery. Patients who underwent laparoscopic procedures experienced less pain,
required a shorter hospital stay, and returned to their normal activities much faster
than those who underwent open procedures. It did not take long for pioneering sur-
geons to put effort into minimizing the number and size of the ports and the caliber
of the devices with a belief that less destruction of the abdominal wall would result
in further reduction of the surgical invasiveness. One of the main goals became
SLS, in which access to the body cavity was to be achieved via a small wound (i.e.
umbilical access). Natural orifice translumenal endoscopic surgery (NOTES) has
been considered the ultimate goal in terms of minimal invasion. Theoretically
NOTES precludes any injury to the intact abdominal wall. Currently, NOTES stands
as a promising option for which the instrumentation and technicalities remain to be
worked out.

Another approach to reducing abdominal wall injury is needlescopic surgery, for
which a small caliber scope and small caliber instruments (<3 mm) are used.

Although the term remains ambiguous, “reduced port laparoscopic surgery
(RPLS)” is generally accepted to refer to a scenario in which minimally invasive
surgical methods are mixed. Many surgeons have noticed that the pros and cons of
single-incision and needlescopic surgery are complementary and that mixed use of
the two techniques markedly resolves the difficulty of performing single-incision
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surgery. Interestingly, introduction of RPLS gave birth to the hybrid use of other
minimally invasive surgical methods such as robotic surgery and NOTES.

This book was designed to describe the latest applications of RPLS. We have
been fortunate to assemble authors who are acknowledged authorities in the field.
They are true experts in both clinical performance and surgical education. Many
were involved in the development and dissemination of the procedures they describe.
We are much indebted to them for their contribution to this volume.

We have aimed this text at all levels of students of surgery—from surgical interns
to well-established surgical practitioners. Enough pearls and wisdom are contained
herein to enhance the readers’ technical ability to treat patients by means of RPLS.

We dedicate this book to Prof. Motoo Yamagata, who also served as director of
the first EuroTANKO (Japanese Society of Single Port Surgery), held in Brussels,
Belgium in June 2012. Collaboration between European and Japanese surgeons
began there and resulted in this textbook.

We also express our deepest gratitude to our Copy Editor, Ms. Tina Tajima, for
her invaluable and precise editing work. She was extraordinarily tolerant and sup-
portive throughout the editing process. Her constructive comments and suggestions
were invaluable. Without her consistency, accuracy and persistent help this textbook
would not have been possible.

Tokyo, Japan Toshiyuki Mori

Brussels, Belgium Giovanni Dapri
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Chapter 1
History of Single-Port Laparoscopic Surgery

Shuji Kitashiro, Shunichi Okushiba, and Yo Kawarada

Abstract The practice of endoscopic surgery spread quickly around the world after
an endoscopic cholecystectomy was performed in the late 1980s, and the number of
organs to which endoscopic surgery is applied has increased steadily. Endoscopic
treatment was actually introduced in the 1960s in the field of gynecology, and it was
implemented in the form of single-port laparoscopic surgery (SPLS). The application
of SPLS to many different organs is, however, something that began to emerge only a
few years ago, and the recent rapid spread of SPLS is due largely to technological
advances in endoscopic surgery over the past few years. The umbilical incision used
in SPLS is subject to scar contraction; after surgery the scar shrinks so that it is almost
unnoticeable. From a cosmetic perspective, the procedure offers greater advantage to
patients than any other surgical method currently in general use. For surgeons, who
are constantly required to reduce the cosmetic impact and implement minimally inva-
sive approaches, SPLS is worthy of serious consideration. This chapter reviews the
history of, and transitions in, SPLS, per the organ(s) to which it is applied.

Keywords Single-port laparoscopic surgery (SPLS) ¢ History of single-port surgery
* Single-port access (SPA)

1.1 Introduction

The practice of endoscopic surgery spread quickly around the world after an endo-
scopic cholecystectomy was performed in the late 1980s, and the number of organs
to which endoscopic surgery can be applied has increased steadily. Endoscopic treat-
ment was actually introduced in the 1960s in the field of gynecology, and it was
implemented in the form of single-port laparoscopic surgery (SPLS). The application
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of SPLS to many different organs emerged only a few years ago, and the recent
rapid spread of single-port surgery is due largely to technological advances, over the
past few years, in endoscopic surgery. This chapter reviews the history of, and tran-
sitions in, SPLS, per the organ(s) to which it is applied.

1.2 Transitions in SPLS

SPLS began in 1969, when Wheeless et al. [1] reported a successful tubal ligation
via a 1-cm wound, through which carbon dioxide gas was introduced into the abdo-
men through an endoscope equipped with an eyepiece lens. In 1991, Pelosi et al. [2]
reported the use of an endoscope with a working channel in performing a total hys-
terectomy, including removal of the fallopian tubes and ovaries. The same group
also reported the first appendectomy achieved by this method [3]. Since then, endo-
scopes with working channels have become—and are still—widely used for SPLS.
In 1997, Navara et al. [4] performed a single-port cholecystectomy, in which inter-
nal sutures were used for displaying the surgical field and for traction.

To maintain a good surgical view, Curcillo et al. [5] introduced, in 2007, a method
by which straight grasping forceps can be used by direct puncture so that the surgi-
cal procedure does not rely on a single incision. In the following year, Cuesta et al.
[6] used a Kirschner wire or a Mini Loop Retractor II™ (Covidien, New Haven, CT,
USA) percutaneously, and Leroy et al. [7] subsequently reported a method of dis-
playing the surgical view with the use of magnetic force for the tissue retraction.

Platforms changed over time. In 2007, Ates et al. [8] applied a 5-mm, 2-channel
trocar (11-mm trocar, Applied Medical Resources Corp., Rancho Margarita, CA, USA)
in SPLS. In the same year, the R-port was developed as a dedicated platform for SPLS,
and the TriPort™ system (trademark pending, Advanced Surgical Concepts, Wicklow,
Ireland), the Uni-X™ single laparoscopic port system (Pnavel Systems, Morganville,
NIJ, USA), and the SILS™ port (Covidien) followed as multi-channel ports.

The roticulator forceps that were made commercially available in 1991 (Roticulator
Endo Grasp II™, Covidien) became popular once again for the use in SPLS due to
their effectiveness in reducing “friction” in the surgical area, but in 2007, the multi-
joint RealHand® (Novare Surgical Systems, Cupertino, CA, USA) forceps were
developed, and in the following year, further improvements were seen in the prebent
forceps (S-Portal Instruments, Karl Storz Endoskope, Tuttlingen, Germany). The
addition of various energy devices to these platforms and forceps has meant that
SPLS has gradually, SPLS has become applicable to an increasing number of organs.

1.3 Gallbladder

SPLS gallbladder surgery began in 1997, when Navara et al. [4] reported single-port
endoscopic cholecystectomy. Two 10-mm trocars were inserted via the umbilical
region, and three transabdominal sutures were used to retract the gallbladder and
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expose the triangle of Calot. The surgery was performed in 30 patients, taking an
average of 123 min, with infection as the only complication in one case and no cases
requiring opening of the abdomen.

In 2008, Cuesta et al. [6] reported ten cases in which two 5-mm trocars were
inserted via an umbilical wound, and a Kirschner wire (¢1 mm) was inserted percu-
taneously, bent into a hook within the abdominal cavity, and used to pull the gall-
bladder. Average surgery time was 70 min. The gallbladder was perforated in three
cases, but no infection was noted after surgery.

In 2008, Rao et al. [9] reported use of a dedicated SPLS port (R-port, Advanced
Surgical Concepts), transabdominal stitches, and multi-joint forceps in 20 cases,
three of which required the addition of a trocar.

Romanelli et al. [10, 11] reported performing cholecystectomies with the use of
a dedicated SPLS port (TriPort, Advanced Surgical Concepts). Of 22 cases, one
required the addition of a trocar.

Curcillo et al. [5, 12, 13] reported a method in which three 5-mm trocars were
inserted from the umbilical region, and 5-mm forceps were directly inserted via the
umbilical region to retract the gallbladder without the use of sutures. Subsequently,
the same authors [13] reported 297 cases in which the umbilical incision measured
1.4-2 cm, the average surgical time was 71 min, and opening of the abdomen was
required in only four cases.

1.4 Small Intestine and Colon

In 2007, Cobellis et al. [14] reported nine cases in which part of the intestinal tract
was removed via a 10-mm wound in the umbilical region. The 10-mm wound facili-
tated both resection and reconstruction of the small intestine, and no case required
hemostasis in the intestinal tract.

Single-port laparoscopic colectomy was reported by both Remazi et al. [15] and
Bucher [16] in 2008. Remzi et al. [15] used a dedicated Uni-X™ (Pnavel Systems,
NY USA) port to treat appendix polyps by means of right hemicolectomy. The
wound measured 3.5-cm, and surgical time was 115 min. At the same time, Bucher
et al. [16] carried out a right hemicolectomy using an endoscope with a working
channel and transabdominal stitches. The incision was 3 cm, the surgery took
158 min, and reconstruction was carried out externally. Internal reconstruction was
reported by Bucher et al. [17, 18] in a case of left colectomy. The incision was 2 cm,
and the surgery took 213 min because it was performed concomitantly with
cholecystectomy.

The reconstruction of the bowel was performed by a totally intracorporeal
method [17, 18]. The anvil of the circular stapler was introduced in the abdominal
cavity via the port wound. The anvil was then inserted in the bowel through an
enterotomy near the anastomotic line in the segment to be resected. The central
shaft of the anvil was exteriolized through a hole on the anti-mesenteric teniae.
A linear stapler was applied to resect the specimen. The next steps were same as
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those of the standard double-stapling technique. Leroy et al. [7] reported using the
magnetic force to retract the organ in a sigmoid colectomy. Access was established
via a Triport™ (Advanced Surgical Concepts). A flexible scope inserted through the
anus was utilized to insert the anvil. An external magnet was used to move the
bowel intracororeally.

1.5 Stomach

In 2006, Kawahara et al. [19] reported performance of 22 single-site gastrostomies.
After insertion of a single 10-mm trocar and introduction of an endoscope with a
working channel, the abdominal cavity was observed, the anterior gastric wall was
checked, and straight grasping forceps inserted via the working channel were used
to pull out a part of the gastric wall via the trocar wound, after which a gastrostomy
was created.

In 2008 Bucher et al. [20] reported performing a gastrojejunostomy in which
three trocars (one 12-mm trocar and two 5-mm trocars) were inserted via a 2-cm
incision in the umbilical area, and an abdominoscope with a working channel was
used. Transabdominal sutures were used to lift the stomach and small intestine, and
a linear stapler was used to attach the stomach and jejunum laterally, with the entry
hole also being stapled and closed with the linear stapler. The surgery lasted 117 min.

Nissen surgery for GERD was reported by Hamzaogolu et al. [21] in 2010, with
access gained via a SILS™ port (Covidien). The liver was retracted with the use of
a Penrose drain 8-cm long and 1-cm wide, and it was lifted in a hammock fashion.
Once the field of view of the esophagogastric junction was established, suturing was
performed with SILS™Stitch (Covidien). The average surgical time was 190 min,
and blood loss was 30 mL. Henckens et al. [22] reported partial gastric resection for
gastrointestinal stromal tumor. A TriPort™ (Advanced Surgical Concepts) was
inserted via a 2-cm incision in the umbilical area, and prototype multi-jointed for-
ceps and a “gooseneck” videolaparoscope were used in the surgery, which took
140 min, and resulted in 10 mL blood loss. No post-surgical complications were
reported, and the patient left the hospital 4 days after the surgery.

1.6 Appendix

Twenty-five cases of single-port appendectomy were reported in 1992 by Pelosi
etal. [3]. In all cases, the appendix was mobilized with the use of a laparoscope with
a working channel, and the appendix was resectioned externally. D’ Alessio et al.
[23] reported application of the same method in 116 cases, 22 (19 %) of which required
the addition of a trocar, and 5 (4 %) of which required an abdominal incision. The aver-
age surgery time was 35 min. In 2007, Ates et al. [8] reported use of an 11-mm-
diameter trocar with two 5-mm forceps openings in 35 cases of appendectomy.



1 History of Single-Port Laparoscopic Surgery 5

A laparoscope with a working channel was used to dissect the area around the
appendix and to pull out the mesoappendix percutaneously to create a field of view
before internal ligation of the appendix root. The surgery took 38 min, and no post-
operative complications were noted.

1.7 Liver

In 2010, Mantke et al. [24] performed fenestration surgery on a 9-cm diameter
hepatic cyst by inserting a 10-mm trocar and two 5-mm trocars via a 2.5-cm umbili-
cal incision. Cholecystectomy was performed at the same time, and the surgery took
64 min [24]. Patel et al. [25] reported performing a hepatic resection using TriPort™
(Advanced Surgical Concepts), also in 2010. Gaujoux et al. [26] reported single-
port fenestration surgery in one case of hepatic cysts, single-port left lobe resection
in three cases of metastatic liver tumor, and single-port wedge resection in one case
of hepatocellular cancer. Access was obtained with a 40-mm Gelport™ (Applied
Medical), and none of these cases required the addition of a trocar. Surgery took
55-140 min, blood loss ranged from 20 to 50 mL, and patients remained in the hos-
pital for 2 days after surgery.

1.8 Spleen

The first two single-port splenectomies were performed by Barbaros et al. [27] in
response to idiopathic thrombocytopenic purpura. The umbilical incision was 2 cm,
into which three trocars were inserted, with surgery taking 110 min and 150 min,
respectively. You et al. [28] reported one case of splenic injury and two of idiopathic
thrombocytopenic purpura for which single-port splenectomy was carried out.
A 3.5-cm incision was made in the lateral region along the left anterior axillary line,
and an Alexis wound retractor (Applied Medical) was fixed and made airtight with
the use of a glove, with four trocars (12, 10, 5, and 5-mm) inserted from the fingers
of the glove. The field of view was extended with the use of a Snake retractor, and a
linear stapler was applied to the splenic hilum. Surgery took 195 min in the first case
due to injury to the stomach, but in the other two cases surgery took 125 min and
133 min, respectively.

1.9 Groin

The first single-port operation on an inguinal hernia was reported by Cugura et al.
[29] in 2008. The surgical method was total extraperitoneal repair, with a 2.5-cm
incision made below the umbilical area and three trocars (one 10-mm trocar and two
5-mm trocars) used, in an operation that took 90 min.
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Surgery for transabdominal pre-peritoneal hernia was reported by Kroh et al.
[30]. Surgery was implemented with a Uni-X™ (Pnavel Systems) and took 47 min.

1.10 Female Organs

A method involving the use of an endoscope with an eyepiece lens to introduce
carbon dioxide gas through a 1-cm incision below the umbilical area for tubal liga-
tion was reported by Wheeless et al. [1] in 1969. Three hundred sixty cases have
since been reported, confirming the safety of the procedure [31].

In 1991, Pelosi et al. [2] reported performing total hysterectomy including bilat-
eral salpingo-oophorectomy using an endoscope with a working channel.

In 2005, Ghezzi et al. [32] reported treatment of ten ectopic pregnancies for
which three trocars were inserted via an umbilical incision to lift and resect the fal-
lopian tubes.

1.11 Adrenal Gland, Kidney, Prostate

Single-port adrenalectomy was reported in 2008 by Castellucci et al. [33]. Three
trocars were used for extirpation, via a 2-cm umbilical incision, of a left adrenal
tumor measuring 4.5 cm.

Nephrectomy was reported by Rane et al. [34] in 2007 who used the R-port™
(Advanced Surgical Concepts) via a single port in the lateral region for retroperito-
neal extirpation. The first nephrectomy performed via an umbilical port was reported
by Desai et al. [35]. Gill et al. [36] reported four cases of single-port donor kidney
removal for transplantation, in which the average surgical time was 210 min, blood
loss was 50 mL, and the ischemic interval was 6.2 min. Total single-port extirpation
of the prostate was reported in 2008 by Kaouk et al. [37]. The procedure was applied
in four cases of prostate cancer. Surgery took an average of 285 min, and the aver-
age blood loss was 288 mL. The same authors subsequently reported single-port
prostate extirpation performed with a Da Vinci robot [38].

1.12 Gastrointestinal Tract

In 2008, Nguyen et al. [39] reported single-port gastric banding surgery. A 4-cm
incision was made between the xiphoid cartilage and the umbilical area, and a
15-mm trocar was inserted by which the band was inserted into the abdominal cav-
ity. The 15-mm trocar was removed, and four 5-mm trocars were inserted to place
and deploy the band. The surgery took 55 min. No difference was found in the time
needed for surgery, the amount of blood lost, or complications between this surgery



1 History of Single-Port Laparoscopic Surgery 7

and 23 subsequent conventional endoscopic surgeries. Three cases of SPLS required
the addition of a trocar [40].

In 2009, Saber et al. [41] reported six cases of single-port sleeve gastrectomy.
The SILS™ port (Covidien) was positioned between the xiphoid cartilage and the
umbilical area, and in three cases, the addition of a 5-mm trocar was required.
Surgery took an average of 123 min. Saber et al. [42] also reported a Roux-en-Y
gastric bypass performed through a SILS™ port (Covidien) in a patient with a
BMI of 39 kg/m? The surgery took 133 min, and the patient left the hospital
following day.

1.13 Conclusion

The umbilical incision used in SPLS is subject to scar contraction, and after surgery
the scar shrinks so that it is nearly invisible. From the standpoint of cosmesis, the
procedure offers greater advantages to patients than any other surgical method cur-
rently in general use. For surgeons, who are constantly required to reduce the cos-
metic impact and implement minimally invasive approaches, SPLS is worthy of
serious consideration. Various manufacturers of medical devices are in agreement
with the admiration shown by surgeons and have started to work in this area. As this
type of surgery extends its range with respect to various organs, surgical results
from the period of introduction continue to improve, with many reports suggesting
that the procedures are equivalent to conventional endoscopic techniques.
Improvements continue in terms of development of new equipment and safe surgi-
cal techniques. Currently, however, SPLS remains in the introductory stage, and the
number of cases in which it has been introduced is small. It is thought to be too early
to objectively assess the safety, invasiveness, and reliability, and the efficacy of
SPLS in various contexts must be seriously evaluated in the future.
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Chapter 2
Concept of Reduced Port
Laparoscopic Surgery

Toshiyuki Mori

Abstract Since the first report of single-incision laparoscopic surgery (SLS) for
gallbladder removal by Navarra in 1997, a number of approaches have been
reported in the literature. Nevertheless, SLS failed to attract the wide attention of
surgeons, because it violated a basic principle known as “triangular formation”
resulting in a clashing problem between the scope and instruments. Surgical
maneuver became technically demanding with these approaches. A new proposal
for SLS with a new accessing device (SILS™ port (Covidien, New Haven, CT,
USA)) and bendable forceps (Roticulator™ (Covidien)) was successful, and it
reminded surgeons of the promise of SLS, and again proposed it as a viable next-
generation surgical technique. Needle-scopic surgery was invented around the
same time (1996) and evolved gradually. After the introduction of SLS, many sur-
geons took note of the pros and cons of SLS and needle-scopic surgery and that
they are complementary to each other and the mixed use of the two techniques
drastically mitigates the difficulty in SLS. Surgeons started using needle instru-
ments as an active forceps. These approaches are collectively called reduced port
laparoscopic surgery (RPLS). Robot and natural orifices translumenal endoscopic
surgery (NOTES) devices have reportedly been used as tools of RPLS. The most
appropriate combination of these tools would suggest the future shape of mini-
mally invasive surgery.
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2.1 Introduction

Although begun in the early 1900s, laparoscopy had limited applications. In
1986, a small CCD camera (small enough to be attached to the eye-piece of the
laparoscope) was developed. This enabled all members of the surgical team to
share the image of the surgical field inside the body cavity displayed on the
monitor. In 1987, video-endoscopic cholecystectomy was first achieved by
Mouret, and dramatic increase in adoption occurred in the late 1980s and early
1990s [1].

Since that time, laparoscopic surgery has then been applied to a variety of surgi-
cal fields. It became a less invasive alternative to the standard open wound proce-
dures and accepted as standard care in many diseases.

Laparoscopic surgery was performed via accessing channel (port). Less
destruction in the normal structure of the body wall was attributed to drastic
reduction in surgical invasiveness [2]. Patients who underwent laparoscopic pro-
cedures experienced less pain, shorter hospital stay, and returned to normal activ-
ity much faster when compared to comparable open procedures. It did not take
long for the pioneering surgeons to make further efforts to minimize the number
and size of the port and the caliber of the devices with a belief that less destruction
of the body wall would result in further reduction of surgical invasiveness [3].
Although it has been difficult to scientifically prove that these approaches could
offer better outcomes to patients when compared to standard laparoscopic sur-
gery, three port (even two port) surgery has been practiced in the pioneering cen-
ters, and reportedly been better or, at least, comparable to the standard laparoscopic
procedures [4, 5]. One of the goals of these approaches is single incision laparo-
scopic surgery (SLS), in which the access to the body cavity is created via a small
wound (i.e. the umbilicus). Dr. Navarra is usually credited with the first single
incision laparoscopic cholecystectomy in humans [6]. Natural orifices translume-
nal endoscopic surgery (NOTES) has been thought of as the ultimate goal of these
approaches [7, 8]. It can theoretically negate injury to the normal body wall,
resulting in even further lessening of invasiveness. Nevertheless, NOTES is still
considered as one of the future options of surgery, because of imperfect instru-
mentation and technical difficulty to date. Another approach to reduce body wall
injury includes needle-scopic surgery, first advocated by Gagner in 1996 [9] and
reported by Tanaka in 1997 [10], in which small caliber camera and instruments
(<3 mm) are used. The resulting wound is just a puncture hole and almost invisi-
ble. Reduced port laparoscopic surgery (RPLS) is a relatively new term, first
coined by Curcillo in 2010. Although the definition is still ambiguous, it is gener-
ally accepted to use the term ‘reduced port surgery’ to describe a condition where
these approaches of minimally invasive surgery are in mixed use, as to reduce
invasiveness of the procedure and provide good cosmetic results while maintain-
ing visibility of the surgical field and permitting intuitive handling of the instru-
ments, thus promoting patient safety.
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2.2 Single-Incision Laparoscopic Surgery (SLS)

Since the first report of SLS by Navarra [6], a number of approaches have been
reported in the literature [11-15]. It was in 2009 that SLS first gained wide accep-
tance by surgeons. In a seminar of the society of american gastrointestinal and endo-
scopic surgeons (SAGES), attendants voted for SLS to be the primary access
method in a few years for relatively simple laparoscopic procedures (e.g. laparo-
scopic cholecystectomy for non-inflamed gallbladder). Many manufactures and
venders of laparoscopic instruments have noticed the importance of the market for
SLS, and have started providing new tools and gadgets (even without scientific veri-
fication). Some of the instruments that seemed already obsolete or less functional in
standard laparoscopic surgery have been revived for use in SLS [16].

2.3 Characteristics of SLS

Laparoscopic surgery is generally more technically demanding when compared to
the comparable open wound surgery. Visual perception is limited for two-dimensional
display of the surgical field in laparoscopic surgery. Long and leveraged instruments
make surgical maneuvers awkward. Loss of tactile and kinesthetic sensation in lapa-
roscopic surgery further adds difficulty in recognition of surgical anatomy. Use of
multiple instruments sometimes resulted in “sword fighting” between the scope and
instruments. To cope with these problems, basic principles should always be adhered
to reduce difficulty in surgical maneuvers and thus to promote patient safety. Among
these principles, co-axial set-up and triangular formation of the instrument are most
important. Co-axial set-up means that the monitor, surgical field, camera port, and
the operator are ideally placed in a line (Fig. 2.1). Triangular formation is a principle
of port placement for the operator, in which instruments from both sides make an
angle of 30—60° to the line (axis) mentioned above (Fig. 2.2). With this set-up, the
gap between visual perception and surgical exertion can be minimized (eye-hand
coordination), avoiding mutual interference of the scope and instruments [17, 18].

In SLS, the ports for scope and instruments are placed in a restricted area, the
angles between the scope and instruments are less than 10° at the surgical site. The
principle of triangular formation is violated, which imposes problems that are not
usual in standard laparoscopic surgery.

The shaft of the instruments and the scope interfere with each other (“sword
fighting”). In standard laparoscopic surgery, the length of the instruments is uni-
formly 33-35 cm. This fact adds clashing problems, in which the handles of instru-
ments interfere with each other outside the abdomen. The relatively large housing
of regular ports also clash. In addition, the light guide in a rigid angled scope and
the camera head further complicate this clashing problem. Furthermore, the shaft of
the instruments tends to eclipse the surgical field for this narrow angle, making it
difficult to see the exact place where the force and energy is applied (Fig. 2.3) [16].
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Fig. 2.1 Co-axial setup.
Monitor, surgical field,
camera port, and the operator
are ideally placed in a line

Fig. 2.2 Triangular
formation. Instruments from
both sides should make an
angle of 30° to 60° to the line
(axis) mentioned above

Operating port

T. Mori

* Scope port
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Fig. 2.3 Eclipse of the surgical field. Because of the narrow angle between the scope and instru-
ment, the shaft of the instrument tends to eclipse the surgical site where the force and energy is
applied

2.4 Instrumentation and Techniques in SLS

Regardless of the names, including SILS™ (Single-Incision Laparoscopic Surgery,
Covidien http://www.covidien.com/), LESS™ (Laparo-Endoscopic Single-Site
surgery,  Olympus  http://www.olympusamerica.com/LESS/,  http://www.
advancedsurgical.ie/), SSL™ (Single Site Laparoscopy J&J http://www.jnj.com/
connect/), and S-Portal™ (Karl Storz Endoskope, http://www.karlstorz.com/cps/
rde/xchg/karlstorz-en/hs.xsl/146.htm), the underlying concept is almost identical,
restoration of triangular formation while avoiding clash and “sword fighting.” In
order to restore triangular formation, two basic techniques have been employed, first
placing the operating ports at a good distance of separation from one another, and
second using curved, angulated, or articulated instruments. The first technique is
commonly referred to as the parallel technique, and the second one as the cross hand
technique (Figs. 2.4 and 2.5). In clinical settings, these techniques are often in mixed
use. Tissue retraction is a key step of operation for good exposure of the surgical
field with some tension to apply force and energy to the surgical site. In standard
laparoscopic surgery, the assisting forceps is inserted through an independent port to
achieve this. In SLS, additional instruments from the same wound further compli-
cate the clashing problem. Sutures are introduced in the abdominal cavity from a
different site and the tissue is pierced, and then the sutures are retrieved through the
abdominal wall. By pulling the thread outside, the tissue is retracted. Although some
surgeons advocate this technique, it is cumbersome and sometimes causes bile spill-
age in laparoscopic cholecystectomy. Gadgets that measure 1.6-3 mm in caliber,
including pre-tied loop, wire snare, and a needle grasper can be independently


http://www.covidien.com/
http://www.olympusamerica.com/LESS/
http://www.advancedsurgical.ie/
http://www.advancedsurgical.ie/
http://www.jnj.com/connect/
http://www.jnj.com/connect/
http://www.karlstorz.com/cps/rde/xchg/karlstorz-en/hs.xsl/146.htm
http://www.karlstorz.com/cps/rde/xchg/karlstorz-en/hs.xsl/146.htm
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Fig. 2.4 Parallel Technique
(Boxing Style). In parallel
technique, the operating ports
are placed at a distance of
1.5-2.5 cm away from the
scope port

Fig. 2.5 Cross Hand Technique. In the cross hand technique, the shafts of the instrument cross at
some point and the instrument that approaches the surgical site from the left-side is manipulated
by the right hand
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Fig. 2.6 Gadgets for Tissue Retraction. (a) Riza-Ribe Needle and GraNee Needle (M-Med).
(b) Mini loop retractor (Covidien)

inserted elsewhere as in standard laparoscopic operations and used for tissue retrac-
tion (Fig. 2.6). The use of additional instruments adds confusion to the terminology
of SLS, because these techniques leave an additional wound, even though small and
in name, scarless. The purists of SLS demanded that these techniques requiring
another wound should be distinguished from the pure one, resulting in further confu-
sion of the terminology including with one additional port surgery, single plus one
port laparoscopic surgery, or two-port laparoscopic surgery [19-21].

2.5 Needle-Scopic Surgery

Although the term needle-scopic surgery was first used in 1996 by Mathias [22],
Tanaka in 1997 is usually credited with the first report of needle-scopic cholecystec-
tomy in humans [10]. This report was followed by a number of clinical reports from
various fields of surgery [23-25]. The merits of needle-scopic surgery included its
cosmetic advantage over standard laparoscopic surgery while keeping the operabil-
ity of instruments. Several randomized control studies were conducted, but failed to
prove the better outcome of needle-scopic cholecystectomy when compared to stan-
dard laparoscopic cholecystectomy in regard to postoperative pain, convalescence
and recovery [26-28]. The disadvantages of needle-scopic surgery result from the
small caliber of the scope and instruments. The image that needle-scope provides is
unsatisfactory. The shaft of the forceps bends when force is applied, and the small
jaws of instruments tend to bite the organs more easily than atraumatically-designed
jaws of standard laparoscopic instruments.

In a meta-analysis by Sajid et al. [29], needle-scopic cholecystectomy was
reportedly associated with longer operating time and higher conversion rate com-
paring to standard laparoscopic cholecystectomy. Although needle-scopic surgery
has been routinely performed for relatively simple procedures in pioneering institu-
tions, it failed to gain wide acceptance as a standard procedure to date.
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2.6 Inception of Reduced Port Laparoscopic Surgery (RPLS)

In general, SLS is more technically demanding than standard laparoscopic surgery.
In the beginning, indications suggested that it was limited to relatively simple oper-
ations. Many surgeons have noticed that the pros and cons that SLS and needle-
scopic surgery bring are complementary to each other and the mixed use of two
techniques drastically mitigate difficulties in SLS. Surgeons started using needle
instruments as an active forceps [30]. These approaches are collectively called RPLS.
Unleashed from the limitations of SLS, RPLS widened its indication to a variety of
procedures, as is described in this book. Interestingly, the introduction of RPLS
evoked the idea of hybrid use of other approaches of minimally invasive surgery,
including robotic surgery and NOTES [31, 32]. The daVinci single-site platform
(Intuitive Surgical Inc., Sunnyvale, CA, USA) is already on the market (Fig. 2.7),
and endoscopic robot designed for NOTES was introduced through an access device
of SLS. A flexible endoscope is also introduced through the single access device,
and the endoscopic device through the working channel is used as a forceps in coop-
eration with standard instruments [33]. Assisting forceps were reportedly intro-
duced through the port placed in the vagina, and the specimen was eventually
retrieved via the vagina [34]. Various approaches to minimize invasiveness of sur-
gery merge here in reduced port laparoscopic surgery. In the toolbox of RPLS, we
have a wide variety of tools, including standard and needle-scopic instruments,
robots, NOTES devices, and even the flexible endoscope and its various forceps
(Fig. 2.8).

Fig. 2.7 Single Site daVinci (Intuitive). Single incision robotic surgery is already in clinical use
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Fig. 2.8 NOTES device.
NOTES device can also be
used in reduced port
laparoscopic surgery

2.7 Future of Minimally Invasive Surgery

It is hardly possible to predict even the near future of minimally invasive surgery.
Although technically feasible, RPLS is still in its infancy. The optimal combination
of the hybrid use of a list of tools should be discussed from various points of view.
The middle and long-term outcome of RPLS, especially for malignant diseases,
should be extensively studied. One thing for sure is that patient preference would be
a minimal wound. A short-as-possible convalescence and leave period is most desir-
able, as far as the selected treatment, RPLS, can give better or, at least comparable
outcome to standard (laparoscopic) surgery. [ believe that RPLS would be the main-
stay of accessing method in minimally invasive surgery.
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Chapter 3
Terminology

Takeshi Naitoh

Abstract A laparoscopic surgery through one skin incision by collecting all the
ports to one incision is known as a single-port or a single-incision laparoscopic
(SLS). Although many names and their acronyms have been proposed, a consensus
name for this technique does not exist yet. Trans umbilical endoscopic surgery
(TUES), embryonic natural orifices translumenal endoscopic surgery (E-NOTES)
and natural orifices trans umbilical surgery (NOTUS) are terms derived from the
natural orifices translumenal endoscopic surgery (NOTES) concept. Terms called
single-port access (SPA) laparoscopic surgery, one port umbilical surgery (OPUS),
single-port surgery (SPS), single-port laparoscopic surgery (SPLS), and single-port
incisionless conventional equipment-utilizing surgery (SPICE) have also been used.
Laparo-endoscopic single site surgery (LESS) was proposed by the United States
multidisciplinary consortium. Needlescopic surgery is defined as a procedure using
less than 3-mm laparoscopic instruments. Reduced port laparoscopic surgery
(RPLS) is a concept that indicates a laparoscopic surgery aiming at both reducing
the number of ports and reducing the diameter of the port. Therefore, both a SLS
and a needlescopic surgery are considered to be included into the category of the
RPLS.
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3.1 Terminology of Single-Port Laparoscopic Surgery

Although more than 100 years have already passed since a surgeon in Dresden
named Georg Kelling developed a “Coelioscope” in 1901, and Hans Christian
Jacobaeus, a Swedish internist, applied a technique, named “Laparoscopy”, when
treating a patient suffering from abdominal tuberculosis in 1910 [1], the enthusiasm
for minimally invasive surgery has not abated. Surgeons are still committed to
reducing surgical stress and minimize scaring.

A laparoscopic surgery through one skin incision and performed by collecting all
the ports to one incision, usually to the umbilical incision, is known as a single-port
or a single-incision laparoscopic surgery (SLS). This technique was first described
by Pelosi in 1992 and it was used for an appendectomy [2]. The surgery in which
this technique is most frequently used is cholecystectomy. The first cholecystec-
tomy with this technique was reported by Navarra in 1997 [3].

Although many names and their acronyms have been proposed, a consensus
name for this technique does not exist yet. Pelosi et al. described their technique as
single-puncture laparoscopic appendectomy, while Navarra titled their procedure,
though it was different surgery, as one-wound laparoscopic cholecystectomy.

3.2 Acronyms of Single-Port Laparoscopic Surgery

In the literature, there are many acronyms used to express the single-port laparo-
scopic surgery. TUES stands for trans umbilical endoscopic surgery, which was
first used by Zhu et al. [4]. This is rather similar technique to NOTES, which is
natural orifices translumenal endoscopic surgery. E-NOTES [5-7], embryonic-
NOTES and NOTUS [8], natural orifices trans umbilical surgery is also derived
from the NOTES concept.

Likewise, terms called single-port access (SPA) laparoscopic surgery [9, 10], one
port umbilical surgery (OPUS) [9], single-port surgery (SPS) [11], single-port lapa-
roscopic surgery (SPLS) [12], and single-port incisionless conventional equipment-
utilizing surgery (SPICE) [13] has also been used to explain this surgery.

In July 2008, a multidisciplinary consortium of surgeons from the United States
concluded that the term, laparo-endoscopic single site surgery (LESS) conveys the
broad philosophical and practical aspects of this technique. Besides, they created
the laparo-endoscopic single-site surgery consortium for assessment and research
(LESSCAR), which is a similar consortium to the natural orifice surgery consortium
for assessment and research (NOSCAR) for the field of NOTES [14].

SILS™ is the acronym for single-incision laparoscopic surgery, and it is the
trademark of Covidien Inc. (New Haven, CT, USA), while Ethicon Inc. (Cincinnati,
OH, USA) proposed the term SSL, single site laparoscopic surgery [15]
(Table 3.1).
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Table 3.1 Ter.minology and Trans umbilical endoscopic surgery (TUES)
acronyms (_)f single port Natural orifice trans umbilical surgery (NOTUS)
laparoscopic surgery Embryonic natural orifice translumenal endoscopic surgery
(E-NOTES)
Single port access (SPA) surgery
One port umbilical surgery (OPUS)
Single port surgery (SPS)
Single port laparoscopic surgery (SPLS)
Single port incisionless conventional equipment-utilizing
surgery (SPICES)
Laparo endoscopic single-site surgery (LESS)
Single incision laparoscopic surgery (SLS)
Single site laparoscopic (SSL) Surgery

3.3 Definition of Needlescopic Surgery

The needlescope or minilaparoscope was first utilized for diagnostic purposes.
Therapeutic procedures using needlescopic instruments began in the mid 1990s.
Gagner et al. described the technical aspects of needlescopic cholecystectomy, sple-
nectomy, appendectomy, inguinal herniorrhaphy, adrenalectomy, and fundoplica-
tion [16]. Needlescopic surgery is defined as a procedure using less than 3-mm
laparoscopic instruments.

3.4 Terminology of Reduced Port Laparoscopic Surgery

Reduced port laparoscopic surgery (RPLS) is a recent concept that indicates a lapa-
roscopic surgery aiming at both reducing the number of ports and reducing the
diameter of the port. Reducing the number of ports means not only reducing the
number of ports inserted to the abdominal cavity, but reducing the number of skin
incision by collecting a couple of ports to one incision [17, 18]. Currently, a single-
incision or single-port laparoscopic surgery is therefore considered to be included
into the category of RPLS. Besides, the needlescopic surgery or minilaparoscopic
surgery is also considered as a part of RPLS.
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Chapter 4
Pros and Cons

Akira Sasaki, Hiroyuki Nitta, Koki Otsuka, Toru Obuchi, Shigeaki Baba,
Keisuke Koeda, Masaru Mizuno, and Go Wakabayashi

Abstract Recently, single-port laparoscopic surgery (SPLS) has seen renewed
interest and has developed as an extension of the standard laparoscopic minimally
invasive procedures. SPLS has the potential to provide patients with improved cos-
mesis, decreased pain, and higher satisfaction for with having only a single-wound.
SPLS obviates the need to place ports externally for triangulation, thus allowing for
the creation of a small, solitary portal of entry into the abdomen. However, many
laparoscopic surgeons have already tried, and found, the technique challenging.
Additionally, questions remain regarding the safety of the procedure, real benefits,
and the ideal patient population for these new techniques. Recently, reports of a
reduced port laparoscopic surgery (RPLS), a hybrid operation of SPLS and conven-
tional laparoscopic surgery, are increasing because of the better-feasibility and
safety than SPLS. We believe that standardization of RPLS will increase its adop-
tion, decrease intraoperative complications, and improve the efficiency and safety
of this approach. Further studies are necessary to identify clearly the risks and real
benefits of this new approach.
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4.1 Introduction

Conventional multiport laparoscopic surgery (MPLS) using a laparoscopy is the
standard of care for many abdominal operations. The benefits of MPLS over open
surgery include decreased pain, shorter hospital stays, and an earlier return to nor-
mal activity. With the advent of natural orifice translumenal endoscopic surgery
(NOTES) and the acknowledged limitations of the current technology, single-port
laparoscopic surgery (SPLS) or laparoendoscopic single site surgery has emerged as
a viable and more widely applicable minimally invasive technique [1]. In SPLS
through the umbilicus, the scar was almost completely hidden within the umbilicus.
SPLS allows for significant wound cosmesis and has even been termed “invisible
surgery” (Fig. 4.1) or “embryonic natural orifice transumbilical endoscopic surgery
(E-NOTES)” [2, 3].

Single-port laparoscopic cholecystectomy was first attempted in the 1990s [4,
5]; however, it has not enjoyed widespread use to date. Recently, SPLS has experi-
enced renewed interest and has developed as an extension of the standard laparo-
scopic, minimally invasive procedures. SPLS has the potential to provide patients
with improved cosmesis, decreased pain, and higher satisfaction with having a
single-wound [6—11]. SPLS obviates the need to space ports externally for triangu-
lation, thus allowing for the creation of a small, solitary portal of entry into the
abdomen. However, many laparoscopic surgeons have already tried, and found, the
technique challenging. Additionally, questions remain regarding the safety of the
procedure, real benefits, and the ideal patient population for these new techniques.

Fig. 4.1 Postoperative
photograph of patient’s
abdomen at 6 months after
single-port laparoscopic
adrenalectomy. The patient
has had excellent cosmetic
results at postoperative
follow-up
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Recently, reports of a reduced port laparoscopic surgery (RPLS), a hybrid operation
of SPLS and conventional laparoscopic surgery, are increasing because of the better
feasibility and safety than SPLS [12—15]. In this chapter, we will summarize the
pros and cons of RPLS.

4.2 Indications and Contraindications

Although the benefits of SPLS over conventional MPLS have not been clearly elu-
cidated, worldwide use of the technique is constantly increasing. Currently, the fea-
sibility of SPLS or RPLS has been demonstrated in a clinical setting for almost
every type of gastroenterological surgery. At experienced laparoscopic centers,
results equivalent to those of conventional MPLS have been documented for many
SPLS or RPLS procedures, including general, gastroenterological, urologic, gyne-
cologic, and other abdominally-related surgeries [16-22].

The indications, contraindications, and preoperative preparation for SPLS and
RPLS are almost identical to those for MPLS. SPLS is a challenging operation for
even experienced laparoscopic surgeons. The newer SPLS procedure may someday
be equally efficacious and feasible as MPLS in high-volume centers [23]. However,
patients with risk factors such as previous abdominal surgery, history of severe or
on-going inflammation, and obesity were thought to have a higher incidence of
conversion to MPLS or open surgery [24].

From our own experience, cholecystectomy for non-inflamed gallbladder, partial
gastrectomy for gastric gastrointestinal stromal tumors (GISTs) located anterior or
on the greater curvature, appendectomy, or inguinal hernia repair were the ideal
indications for SPLS when compared to MPLS [6]. Alternatively, adrenalectomy
[10, 25, 26], the Heller—Dor procedure [8], Nissen fundoplication [27, 28], liver
resection [29, 30], and colectomy [31-33] were indications for RPLS and were
equally feasible for experienced laparoscopic surgeons in terms of perioperative and
postoperative parameters compared with MPLS. Splenectomy for patients with
splenomegaly remains challenging, even for laparoscopic surgeons in high-volume
centers [34, 35]. The major problems were spleen retraction and the control of
excessive bleeding. Additionally, obese patients may not always be suitable candi-
dates for the SPLS technique.

4.3 Knack of Surgical Technique

Access to the abdominal cavity in SPLS and RPLS should follow accepted stan-
dards for safe entry, including avoidance and recognition of complications. The
introduction of new instruments, access devices, or new techniques should be done
with caution and under a study protocol. Prior to its use, any new instrument or
device should be proven safe to the fullest extent possible. Adequate training
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Fig. 4.2 Reduced port
laparoscopic splenectomy.
The patient was placed in the
right semilateral position.
GelPoint (Applied Medical,
Rancho Santa Margarita, CA,
USA) and 12 mm port were
used for patient with
splenomegaly

should also be provided. During initial procedures, a low threshold for using
additional ports should be maintained so as not to jeopardize a safe dissection and
result [23].

Access into the peritoneal cavity to achieve SPLS or RPLS has not been standard-
ized. We believe that a multichannel port is advantageous, and we support this
approach over multiple ports through a single-incision. A multichannel port is benefi-
cial in that it minimizes air leaks, promotes safe insertions, enables insertion of curved
instruments, provides a wider insertion point for instruments, and has better triangu-
lation. Based on our experience, a reduced port approach using the multichannel port,
plus one puncture or port, also makes it possible to triangulate even with standard
instruments to ensure immediate control of any bleeding site, if necessary (Fig. 4.2).

Needlescopic-assisted SPLS is a variation of SPLS. In advanced SPLS, we
typically use a multichannel port and an additional “needle-like” 2—-3 mm instru-
ment (Figs. 4.3 and 4.4). Needlescopic instruments reduce the main limitation of
SPLS, that is, the lack of instrument triangulation. Their assistance can prevent a
conversion of the procedure to a conventional MPLS when failure to progress is
noted. Moreover, they can significantly reduce operating time. Additionally,
needlescopic-assisted SPLS could be considered as an approach that diminishes
the steep learning curve of pure SPLS, as it resembles conventional MPLS.
Needlescopic assistance does not negate at all the cosmetic outcome, which is still
considered the main advantage of SPLS over MPLS.

4.4 Tips and Tricks

Many important benefits of laparoscopic surgery result from preserving the integ-
rity of the abdominal wall, including decreased operative trauma and complications,
and improved cosmesis. For many operations, several attempts have been made to
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Fig. 4.3 Needlescopic-assisted single-port laparoscopic splenectomy. (a) The patient was placed
in the right semilateral position. SILS™ port (Covidien, New Haven, CT, USA) and mini-loop
retractor (Covidien) were used for idiopathic thrombocytopenic purpura. (b) The spleen was gently
lifted up using a loop-shaped 4-mm Penrose drain, with traction supplied by a mini-loop retractor
inserted from below the costal margin on the left midclavicular line

Fig. 4.4 Needlescopic-assisted single-port laparoscopic right adrenalectomy. (a) The patient was
placed in the left semilateral position. GelPoint and MiniLap (Stryker, Kalamazoo, MI, USA) were
used for primary aldosteronism. (b) The right liver lobe was evaluated using a MiniLap and small
gauze, providing good visualization of the operative field surrounding the right adrenal gland

reduce operative trauma further by decreasing the number and size of the ports used
in the procedure. The use of three ports instead of four, and the use of needlescopic
instruments, is definitely a step in this direction. The use of a flexible scope, an
articulating instrument, and a needlescopic instrument, along with standardization
of the procedure, greatly reduces the “learning curve” for the procedure. Based on
our experience, surgeons became familiar with both the technique and visualization
of single-port laparoscopic cholecystectomy after about 20 cases. Other investiga-
tors have reported a similar learning curve in operating times for initial cases when
single-port laparoscopic access was used [24, 36]. However, one of the concerns
with SPLS and RPLS is that they are inherently one-operating-surgeon techniques.
This may have a negative impact on resident education and the training of future
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surgeons. A formal course with collaborative learning, video simulations, “hands
on” education with instrumentation, and in-operating room reservation would
shorten the learning curve for new adopters.

In SPLS or RPLS, the control of bleeding is as important as it is in MPLS.
Excessive bleeding must be dealt with and controlled immediately. While conver-
sion may immediately lead to a conversion to an MPLS or open procedure, this is
not a necessity. Controlling bleeding with a gauze compression or a grasper pro-
vides temporary control. Surgeons should not extend the damage by indiscrimi-
nately applying clips.

4.5 Recommendations for RPLS

RPLS is a safe and technically feasible procedure for patients with diseases of a
general, gastroenterological, urologic or gynecologic fields. RPLS also offers cos-
metic benefits and the potential for postoperative pain reduction. However, inexpe-
rienced surgeons performing SPLS should understand that the use of needlescopic
instruments does not negate the cosmetic results for difficult cases. Additionally,
obese patients may not always be suitable candidates for pure SPLS techniques. We
should consider needlescopic-assisted SPLS as a valuable tool to employ whenever
organ retraction or instrument triangulation for suturing is necessary.

Although safety should be the primary goal for any surgical intervention, cosme-
sis should not be overlooked as an overall secondary goal of patients [37]. Two
important factors to consider in the future may be careful patient selection and rec-
ognition of the limitations of RPLS. Further studies are necessary to identify clearly
the risks and real benefits of this new approach.
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Chapter 5
Access Device 1: Multiple Trocars Method

Hidenori Fujii

Abstract In this chapter, the Multiple Trocars Method will be explained using an
Optical View Method.

A 2- to 2.5-cm vertical skin incision is made just above the umbilicus and the
fascial defect is grasped with Kocher’s clamp. After creation of the pneumoperito-
neum by Veress needle, a 5 or 12 mm trocar suitable for optical viewing in which a
direct vision camera is inserted via the fascial defect for optical viewing. Next, two
trocars are inserted twisting without additional fascia incision. By using ports with
different length, mutual interference of the port heads is easily avoidable. Since all
of the devices can be inserted without additional fascia incision, as mentioned
above, this method can minimize the injury of the insertion site. This method can be
economical, because all of the devices used are reusable except the first optical
viewing trocar.

For cholecystectomy for the non-inflamed gallbladder or small organs removal
like appendectomy, an incision at the umbilicus can be very small. In this case, the
procedure can be done by inserting two trocars from the umbilicus or using another
thin forceps. Approximately 1- to 1.5-cm vertical incision is made from the center
of the umbilicus to the cranial or caudal side, a concave of the navel is preserved. A
camera trocar is inserted as described above. Only one working trocar is inserted
from the umbilicus and a trocar for a thin forceps is inserted elsewhere. This par-
ticular procedure may be better cosmetically compared to the TANKO procedure.

Keywords Single-incision laparoscopic surgery (SLS) ¢ Multiple trocars method
* Optical view method
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5.1 Introduction

There are two approaches to single-incision laparoscopic surgery (SLS) via the
umbilicus: the multiple trocar approach [1-3] and the multi-channel port approach
[4-6]. In this chapter, the multiple trocar approach is explained.

With the multiple trocar approach, trocars are inserted directly into the peritoneal
cavity through an umbilical incision made according to the number and size of the
trocars needed. The first is an optical view trocar. This approach is not used for open
laparoscopic surgery because there is a risk of pneumoperitoneum gas leakage.

5.2 Optical Insertion Technique

For performance of the so-called “TANKO surgery” which comes from the concept
of reduced port laparoscopic surgery (RPLS), three (sometimes four) trocars are
inserted via the umbilicus, one camera trocar and two working trocars. For insertion
of three trocars, a 2- to 2.5-cm vertical skin incision is made just above the umbili-
cus, and the subcutaneous tissue is divided (and retracted) to widely (but minimally)
expose the fascia. The subcutaneous tissue is dissected to confirm the fascial defect
at the center of the umbilicus. The fascial defect is then grasped with Kocher clamp
to elevate the anterior abdominal wall (Fig. 5.1a—c). A Veress needle is inserted into
the fascial defect, angled vertically or toward the pelvis. Saline is then injected into
the Veress needle with the stopcock closed. The saline should drip smoothly and
quickly into the abdominal cavity when the stopcock is opened if the Veress needle
is inserted correctly (saline test). Under the saline test, no bodily fluid or saline
should be aspirated through the Veress needle. This step is used to confirm whether
the Veress needle is correctly inserted into the abdominal cavity without damage to
any organs. The abdominal cavity is insufflated with carbon dioxide, with the intra-
abdominal pressure maintained at 7-8 mmHg. Total gas volume should be 1.5-3 L,
depending on the patient’s body size (Fig. 5.2a, b).

After creation of pneumoperitoneum, a 5-mm trocar suitable for optical viewing
(Versaport Bladeless Optical Trocar or Xcel Trocar (Ethicon Johnson & Johnson,

Fig. 5.1 An approximate 2-2.5-cm longitudinal incision is made from the center of the umbilicus
(a). The fascial defect (b) is grasped with Kocher forceps (c)
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Fig. 5.3 While the operator
twists the optical trocar, the
assistant stands to the
patient’s right and holds the
laparoscope to prevent excess
insertion force due to its
weight

Cincinnati, OH, US), with a forward viewing scope (5 mm in diameter) is inserted
via the fascial defect. If no 0-degree rigid scope is available, a 30-degree rigid scope
can also be used. While the operator twists the trocar, an assistant holds the laparo-
scope to prevent excess insertion force due to its weight (Fig. 5.3). After assuring
that the trocar is in the free abdominal cavity, the obturator is pulled out, and a Karl
Storz Hopkins telescope (30°, 5.5 mm in diameter, 50 cm in length) is used with a
high definition camera system. Because the scope is 50 cm in length, interference
between the scope head and the forceps handles is prevented. During the operation,
if a linear stapler is required, the 5-mm camera trocar is replaced with a 12-mm
trocar (Fig. 5.4a—d). When forceps larger than 5 mm in diameter is needed, the same
methodology is applied. However, for this procedure, opening the incision with
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Fig. 5.4 View of the optical
method: (a) edge of the
fascial defect (fascia), (b) the
fascia (white layer), and (c)
fat (yellow layer); (d)
30-degree scope penetrates
the peritoneum (white) and
reaches the abdominal cavity

H. Fujii




5 Access Device 1: Multiple Trocars Method 39

Kelly clamp or an additional skin incision is often required. Fascial incision is not
usually required, and an unnecessary incision can lead to gas leakage.

Two trocars are then inserted. We normally use trocars of different lengths with
a relatively small head, such as EndoTIP cannulas (both 6 mm in diameter), one
6 cm long and the other 10.5 cm long. These trocars are reusable and are thus eco-
nomical. First an isosceles triangle centered on the line between the target organ as
the vertex and the camera trocar insertion point is assumed, and the ports are inserted
at the both ends of the incision corresponding to the angles at the base of the trian-
gle. It is then possible to set the ports coaxially and to maximize the distance
between them. Ports are inserted with a twisting motion, without any additional
fascial incision. By using ports of different lengths, the port heads will be prevented
from hitting each other. When the ports are inserted, the scope is replaced with a
50-cm 30-degree scope (Karl Storz-Endoskope, Tuttlingen, Germany). Use of a
high definition system provides high quality viewing of the operation even though
the scope is as small as 5 mm in diameter. The secret to success with this method is
the best possible vertical insertion of both the camera trocar and the EndoTIP can-
nulas. When the devices are inserted obliquely, the procedure takes time because
they slide along the abdominal wall. In addition, vertical insertion increases the
safety of the procedure because insertion of the EndoTIP cannulas can be monitored
through the transparent side wall of the camera trocar. Because all of the devices can
be inserted without any additional fascial incision, this method minimizes injury at
the insertion site. In addition, because the devices can be tightly inserted, there is no
need for concern over leakage of the pneumoperitoneum gas (Fig. 5.5a—d).

Surgery is usually conducted with two working trocars, but if the surgery proves
difficult, one more trocar can be used. For a pure TANKO surgery, forceps are
inserted directly from an appropriate incision in the umbilicus, but it is possible for
the pneumoperitoneum gas to leak. If a fourth trocar is needed, an additional inci-
sion may be needed. If the surgery is not a pure TANKO procedure, thin forceps
may be used, as described below. 36- and 43-cm forceps are properly used accord-
ing to the specific circumstances to avoid clashing of their handles. A 360-degree
rotatable L-shape light cable is used in combination with a long scope to avoid
interaction with the camera head. The correct combined use of the above-mentioned
devices enables us to avoid interference between them. All of the devices used are
reusable (Fig. 5.6a, b).

For some procedures, we can use another method. For particular organs, we also
insert a working port toward the target organ, being conscious of the need for coax-
ial positioning. After directing the scope toward the target, a straight line is marked
on the abdominal wall. Another line is assumed perpendicular to the straight line at
the scope insertion point, a hook is inserted along the perpendicular line, and an
EndoTIP cannula, as a working trocar, is inserted toward the hook. Thus, an isosce-
les triangle centered on the line of the camera heading toward the target is formed.
This method secures sufficient distance from the port and allows coaxial positioning
(Fig. 5.7a—c).
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Fig. 5.5 (a, b) Endo TIP cannulas, 6.5 and 10.5 cm in length, are screwed in on both sides of the
incision; (c) insertion of the EndoTIP cannulas is monitored through the transparent side wall of
the camera trocar; (d) view of the umbilical site after trocar insertion

Fig. 5.6 Abdominal view after insertion of three umbilical ports. (a) The view from the top.
(b) The view from the side. The 50-cm long scope and 36- and 43-cm forceps are properly used
according to the particular circumstance to avoid interference between handles
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Fig. 5.7 (a) After insertion of the scope toward the target, a straight line is marked on the abdomi-
nal wall. Next, a line is assumed perpendicular to the straight line at the scope insertion point (b).
An isosceles triangle centered on the line of the camera heading toward the target is thus formed.
This method secures sufficient distance from the port and allows coaxial positioning (c¢)

Recent years have seen the development of very high quality thin forceps. From
the standpoint of RPLS, TANKO is not the sole surgical ideal. For example, for
cholecystectomy in cases without inflammation or for appendectomy, i.e., removal
of a small organ, the incision at the umbilicus can be very small. In such cases, the
procedure can be done by inserting two trocars from the umbilicus or by using thin
forceps less than 3 mm in diameter.



42 H. Fujii

5.3 Alternative Trocar Placement

A vertical incision of approximately 1 or 1.5 cm when a 12-mm trocar is required is
made from the center of the umbilicus to the cranial or caudal side. The subcutane-
ous tissue is dissected to confirm the fascial defect at the center of the umbilicus.
A camera trocar is inserted, as described above. Only one working trocar is inserted
through the umbilicus (Fig. 5.8a—d). For cholecystectomy, the trocar is inserted
from the patient’s right side, and another trocar for thin forceps is inserted from
the right side of the abdomen. For appendectomy, a working trocar is inserted
from the patient’s right side, and another trocar for thin forceps is inserted in the
suprapubic region (Fig. 5.9a, b). Use of thin forceps allows for triangulation of the

Fig. 5.8 An approximately 1-cm longitudinal incision is made from the center of the umbilicus to
the cranial or caudal side (a). The fascial defect is grasped with Kocher forceps (b)

Fig. 5.9 Abdominal view after insertion of two umbilical ports and thin forceps for (a) cholecys-
tectomy, (b) appendectomy
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Fig. 5.10 The depression at the center of the umbilicus is preserved with this technique, as seen
by comparing the umbilicus (a) just before surgery and (b) just after surgery

forceps, and maneuvering the forceps can be easier than from the umbilicus, as in
TANKO. The incision for the thin forceps will be inconspicuous, and the umbilical
incision will be hidden, so this particular procedure may be cosmetically better than
the TANKO procedure (Fig. 5.10a, b).

5.4 Closure

The fascia where the EndoTIP cannula was inserted and the fascia at the umbilicus
are closed with 2-0 absorbable interrupted sutures. The subcutaneous tissue is
closed with buried 4-0 absorbable interrupted sutures. However, the EndoTIP can-
nula insertion site is hard to detect by palpation, so suturing this incision may be
omitted.
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Chapter 6
Access Device 2: Multi-Channel Port

Kazunori Shibao, Aiichiro Higure, and Koji Yamaguchi

Abstract Laparoendoscopic single-site (LESS) surgery and/or reduced port
laparoscopic surgery (RPLS) is a new surgical modality that produces increased
cosmetic benefits compared to conventional endoscopic surgery. A number of medi-
cal device companies have designed single-port devices to be placed through
15-25 mm open fascial incisions. This rapidly progressing technique is facilitated
by developments and innovations in devices, allowing surgeons to perform a various
LESS/RPLS procedures in safe with less stress. This chapter aims to summarize the
characteristics of each multi-channel port devices, which is available at present for
LESS/RPLS. A comprehensive electronic literature search was conducted in May
2013 using the Medline database to identify all publications relating to LESS/RPLS.
Various multi-channel port devices are currently available for LESS/RPLS. Each
port has advantages for application in specific disciplines. Further investigations
will be needed in order to evaluate the efficacy and safety of multi-channel port
devices in LESS/RPLS.

Keywords Port device * Reduced port laparoscopic surgery ¢ Single-incision lapa-
roscopic surgery (SLS) ¢ Single-port laparoscopic surgery

6.1 Introduction to the Technique

Laparoendoscopic single-site (LESS) surgery and/or reduced port laparoscopic
surgery (RPLS) is a new surgical modality that produces increased cosmetic ben-
efits compared to conventional endoscopic surgery [1-3]. Since the initial report of
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single-port laparoscopic surgery, various surgical procedures have been performed
[4-11]. However, LESS remains a challenge for the surgeon due to the lack of tri-
angulation, the decreased working space and the risk of instruments clashing inher-
ent to the use of a single-access. To facilitate the performance of these procedures,
a number of medical device companies have designed multi-channel port devices
that can be placed through an open 1.5- to 2-cm fascial incision. These devices
have been designed either with multiple fixed low-profile ports or channels for
instruments housed within the device or with a barrier that allows some degree of
customization for the number and location of the ports. The aim of the present
chapter is to describe the currently available multi-channel port devices for LESS
and RPLS.

6.2 Indications and Contraindications

Since the induction of LESS, a wide variety of LESS procedures have been per-
formed on many organs, including but not limited to the gallbladder, colon, small
intestine, stomach, common bile duct, liver, pancreas, kidney, adrenal gland, ovary,
and uterus [4—11]. Good indications for LESS are relatively simple laparoscopic
procedures. Although, many surgeries that were once performed “laparoscopically”
can be performed LESS/RPLS by skilled laparoscopic surgeon, surgeon should
evaluate patient’s safety and merit prior to their surgery. Any previous surgery can
create scar tissue in the abdomen, especially around the umbilicus, making a LESS/
RPLS procedure more technically difficult. Especially, the multiple trocar method
is contraindication in patients who have an operative scar around the umbilicus.
Since this method requires nearly blind trocar insertion to the abdominal cavity at
the setup, the potential organ injury cannot be avoided because of adhesion. On the
other hand, the multi-channel port method is not contraindication for the patient
who has a past history of the abdominal surgery, because this method makes a small
laparotomy in the umbilicus at the insertion of the multi-channel port device. As the
abdominal cavity can be inspected by direct vision, adhesiolysis can be performed
under the direct vision for ensuring the insertion space of the multi-channel port
device.

6.3 Technique

The umbilicus is incised 1.5-2.5 cm long longitudinally. The length of incision is
decided according to the patient’s structure and depending on the procedure. The
ligament beneath the umbilicus is sharply divided so that the fascial defect is clearly
palpated. The fascial defect is extended to be approximately 2.5 cm in length
by cutting the fascia longitudinally to both caudal and cephalic direction.
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The peritoneum is sharply opened to enter the abdominal cavity. If there are local
adhesions, they can be dissected by finger or sharply under the direct vision.
A multi-channel port device can be introduced through this access.

The multi-channel port method involves the use of a singular access device that
permits the ingress of three or four instruments through a single opening in the
umbilicus. Starting in 2008 with the single-use TriPort system (Advanced Surgical
Concepts, Wicklow, Ireland), there are many multi-channel port devices options for
transumbilical laparoscopy currently available [12]. These are the TriPort+™/
QuadPort+™ (Olympus, Center Valley, PA, USA), the SILS™ Port (Covidien,
Mansfield, MA, USA), GelPOINT™/GelPOINT Mini (Applied Medical, Rancho
Santa Margarita, CA, USA), ENDOCONE®/X-Cone/S-PORT® (Karl Storz-
Endoskope, Tuttlingen, Germany), Octo™ Port (Dalim Surgnet, Seoul, South
Korea), SPIDER™ (TransEnterix, Durham, NC, USA), E*Z Access™ and EeZ
Access Oval type (Hakko, Tokyo, Japan), x-GATE® (Sumitomo Bakelite, Tokyo,
Japan), Free Access (TOP, Tokyo, Japan). All the devices’ characteristics are sum-
marized in the Table 6.1 and all available devices are exposed in Table 6.1. This
unbiased pro—con listing is meant to inform the potential user and not to dissuade
the usage of any one device.

6.3.1 TriPort+™ and QuadPort+™

The TriPort™ (Olympus) was the first available access system approved by the US
Food and Drug Administration (FDA). Since Rane et al. [12] reported the first
clinical use of the TriPort, it has been used in such common operations as single
incision cholecystectomy but also more complex operations as adrenalectomy,
hemicolectomy, distal pancreatic resection and finally in bariatric surgery [13, 14].
Recently, the next generation of their products, which named as TriPort+™ and
QuadPort+™ are unveiled [15]. The TriPort+™ has four channels, allowing up to
one 10-mm and three 5-mm instruments, while the QuadPort+™ has five lumens,
permitting up to one 15-mm, one 12-mm, one 10-mm and two 5-mm instruments.
The TriPort+™ is designed for standard laparoscopic surgeries, whilst the
QuadPort+™ is constructed for more complicated types of surgical procedure that
require large amounts of tissue to be removed and employ up to four instruments.
Each channel has the duckbill/lipseal valve which allow for the smooth introduc-
tion and removal of instruments while maintaining pneumoperitoneum. Flexible
instrument ports enhance access to the surgical site and accommodate different
types and sizes of laparoscopic instruments: straight, curved and articulating.
Reducer caps at the larger ports allow the insertion of 5-mm instruments without
loss of pneumoperitoneum. The retraction sleeve provides wound protection and
helps streamline specimen removal. It is self-adjusting to different incision length
(TriPort+™/TriPort15: 12-25-mm, QuadPort+™: 20-60-mm) and abdominal wall
thicknesses (up to 100-mm).
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Some negative aspects of the TriPort+™/QuadPort+™ were encountered. One
was the “chimney effect”, where the pneumoperitoneum was leaking along the
space between the port’s sleeve and the wound. Moreover, retraction system is com-
plicated with multiple steps including cinching of the sleeve attachment of two
retainer clips, and removal of excess sleeve. Also, the sheath can easily be torn,
which may result in a need to replace the device. These devices require crossing of
curved or roticulating instruments.

6.3.2 SILS™ Port

The SILS™ Port (Covidien) is a blue flexible soft-foam port that conforms to the
patient’s abdominal wall to maintain pneumoperitoneum. The soft-foam minimizes
abdominal bruising and provides stability/support to hand instruments. But no
wound protection is brought to this port device. Although it recommends that the
port is lubricated and inserted using a large Kelly clamp through a 20 mm incision,
slightly larger fascial incision needed to accommodate port in most cases. It includes
three cannula access channels, which can accommodate three 5-mm cannulas or two
5-mm cannulas and one 12-mm cannula. It’s possible, but may not be easy to use
12-mm cannula because of relatively narrow trocar separation (1.5-mm). Using this
device, crossing of roticulating or curved instruments is required. In obese patients,
use of this port is difficult due to its foam design. Since Fader et al. [16] reported the
first clinical use of the SILS™ Port, it has been used in such common operations as
single incision cholecystectomy but also more complex operations as adrenalectomy,
hemicolectomy, distal pancreatic resection and finally in bariatric surgery [17-22].

Burgos et al. [23] described their initial experience with the SILS™ Port in per-
forming laparoscopic prostatectomy. They compared their experience with their
previous experience with the TriPort (Olympus) and noted that the SILS™ Port was
easier to place, had less leakage of pneumoperitoneum. Conversely, Brown-Clerk
indicated the SILS™ Port’s difficult insertion and lack of abdominal wall adjust-
ability [24].

6.3.3 GelPOINT™ and GelPOINT Mini

The GelPOINT™ system (Applied Medical) consists of the Alexis® wound retrac-
tor, GelSeal cap, and 10 or 12-mm self-retaining trocars. The Alexis® wound retrac-
tor includes a distal and proximal ring that can accommodate a 1.5-7-cm
(GelPOINT™) and 1.5-3-cm incisions (GelPOINT Mini), and a wide range of
abdominal wall thicknesses. Trocars can be positioned anywhere within the GelSeal
cap. This facilitates triangulation of standard instruments and provides additional
procedural and instrumentation flexibility. Removable GelSeal cap streamlines
specimen removal.
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GelSeal cap bows outward during insufflation providing a flexible fulcrum for
improved instrument articulation, but cannot provide stability/support to instru-
ments. Use of this port in obese patients is restrictive secondary to the increased
abdominal wall thickness. Endoscopic staplers can insert with included 12-mm tro-
car. There are many clinical reports using GeIPOINT™ [25-28].

6.3.4 ENDOCONE?®, X-Cone and S-PORT®

The ENDOCONE?® (Karl Storz-Endoskope) system is manufactured from stainless
steel with a design that facilitates both insertion and retention within the anterior
abdominal wall. Additionally the system includes coaxially curved instruments
designed to facilitate triangulation, provide traction and counter-traction during dis-
section of tissue planes and maximize their range of motion within the operating
space.

X-CONE (Karl Storz-Endoskope) is a reusable metallic conical structure con-
sisting of two half cones, to which a plastic cap is attached which have four instru-
ment ports and an insufflation port [29]. The port insertion through a mini-laparotomy
is quick and easy. They allow the insertion of curved or straight 3-mm to 12.5-mm
(X-Cone) and up to 15-mm (ENDOCONE®) instruments. However, significant
leakage and restricted mobility have been reported [30, 31].

S-PORT® (Karl Storz-Endoskope) is a modular system which is developed to
improve these issues. It consists of the basic ring, upper part ring, and the wound
protector. The upper part ring is compatible with the sealing caps of X-CONE and
ENDOCONE®. Other merit of the S-PORT® is reusable except for the wound pro-
tector and simple recovery of resected tissue.

6.3.5 OCTO™ Port

The OCTO™ Port (Dalim Surgnet) consists of an inferior base plate that sits under
the skin edge in the peritoneum, an external disc with self retractor, and a detachable
port cap. It is capable of holding one to four working channels. The cap is easy to
remove, thus allowing easy specimen extraction. The 360° port cap rotation during
the surgery enables the surgeon to change the location of ports. The cannulas are of
different heights, which reduce external clashing of instruments. The silicone cover
cap supplies a flexible fulcrum for improved instrument articulation, while cannot
provide stability/support to instruments. This port device requires crossing of curved
or roticulating instruments [32].
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6.3.6 The Single Port Instrument Delivery Extended Reach
(SPIDER™)

The SPIDER™ (TransEnterix) consists of a retractable sheath, two laterally placed
instrument delivery tubes that can operate in three dimensions, and two rigid chan-
nels. It is designed to allow multiple flexible instruments to be manipulated through
a single cannula. Surgeons who use the SPIDER Surgical System benefit from
single site triangulation with true left and true right control over flexible, articulat-
ing instruments. One of the demerits of the SPIDER™ is the cost. It costs $875.00
for main unit and $40-$95 for each instruments. It also provides articulation of
instruments, which is useful, yet may limit retraction of tissues and torque due to
force dissipation. Furthermore, the SPIDER™ flexible or rigid 5-mm ports are not
large enough to allow for >10-mm Hem-o-lok clip application or a laparoscopic
stapler. Moreover, no wound protection is ensured at the specimen retrieval with
this device [33].

6.3.7 Ee®Z Access™ and E*Z Access Oval Type

The E*Z Access™ (Hakko) is made from a silicone-rubber cap and designed to be
applied to an existing incision margin protector (LAPPROTECTOR) [34-36].
Trocars can be positioned anywhere within the cap, providing additional proce-
dural flexibility and stability/support to hand instruments. Three size variations are
currently available in EeZ Access™ (round type). Each of them is applied depend-
ing on the length of the skin incision (1.5-5 cm) in various LESS/RPLS
procedures.

E*Z Access Oval type, which is one of the product lines of EeZ Access, is
designed exclusively for use with the LAP PROTECTOR™ Opval type device [37].

The LAP PROTECTOR™ OQval type device has an oval-shaped flexible shape-
memory frame, which allows abdominal wound openings to be expanded in the
long axis direction.

This oval-shaped device was developed to utilize umbilical incisions in more
efficient ways to ensure wider trocar separation. Actually, this device can maintain
35-mm of trocar separation with 25-mm umbilical incisions. A wide trocar sepa-
ration distance decreases conflicts of instruments or clushing during surgery and
makes RPLS surgery easier and safer to perform even with conventional straight
laparoscopic instruments. The adjustment of device rotation during surgery
enables surgeon to maintain wider trocar separation. Removable cap allows
smooth specimen removal and re-pneumoperitoneum. This product is difficult to
use with large abdominal wall, but longer sleeve variations are available (up to
70-mm).
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6.3.8 x-GATE®

x-GATE® (Sumitomo Bakelite) is disassembled into two parts; the main unit and the
converter [38]. The main unit attached to the abdominal wall is composed of two
rings and a barrel with four belts connecting these rings. Pulling the four belts
evenly slides the inner ring closer to the outer ring, while the belts expand the
abdominal wall wound. Eventually, the abdominal wall is wedged between the inner
and outer rings. In addition, as the belt forces the abdominal wall wound to open
from the inside, resulting in the strong fixation of the main unit to the abdominal
wall and in the expansion of the parietal incision.

The converter attached to the main unit has four channels (3 x 5-mm, 1 x 12-mm).
An endoscopic stapling device can be inserted into the larger channel. The distance
between the centers of the main channels ranges from 29 to 31-mm, which is rela-
tively long distance among currently available port devices. It decreases conflicts of
instruments or clushing during surgery. Furthermore, removable converter allows
specimen removal easily. Since this device has a fixed channel, channel setting limi-
tation may be a problem to adopt various procedures.

6.3.9 Free Access

The Free access (TOP) is made from a silicone membrane cap and designed to be
applied to the Alexis® wound retractor. This cap has many cross-slits which are
arranged in a matrix on a top of the cap for the trocar insertion. Trocars can be posi-
tioned in any cross-slits within the cap. This cross-slits minimize air leakage and
facilitates triangulation of standard instruments. Removable cap streamlines speci-
men retrieval. The demerit of this device is easy to detach the cap accidentally dur-
ing the surgery. Moreover, as the prepackaged 5-mm trocar has no valve, air leakage
is the problem.

6.3.10 Surgical Glove Port

This homemade access port consists of an Alexis® wound (Applied Medical) retrac-
tor and a surgical glove. After insertion of the wound retractor into the abdomen, a
non-powdered surgical glove is fixed to the outer ring of the wound retractor through
which two or three 5-mm slim trocars are inserted via the finger tips. Trocars are
fixed with a tie and a rubber band. The merit of this access port is the cost and
increased flexibility in terms of the number and size of trocars. On the contrary the
disadvantage of this method is unstability of instruments because of no instrument
fulcrum [39, 40].
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6.4 Tips and Tricks

Common problems of LESS/RPLS comparing to multitrocar laparoscopy are the
lack of triangulation intracorporally, conflicts among the instruments (clashing),
and insufficient surgical views (in-line viewing). To solve or reduce these problems,
two approaches are currently introduced to LESS/RPLS with multi-channel port
devices. One is to use bent, flexible, or articulating instruments and the other is to
maintain wider trocar separation using small incision in an efficient way. Former
approach is adopted in TriPort+™/QuadPort+™ (Olympus), the SILS™ Port
(Covidien), GelPOINT™/GelPOINT Mini (Applied Medical), ENDOCONES®,
X-Cone, S-PORT® (Karl Storz-Endoskope), Octo™ Port (Dalim Surgnet), and Free
Access (TOP). Although most of these devices require the crossing hand to manipu-
late the instruments, SPIDER™ (TransEnterix) and ENDOCONE® do not need to
cross hands. The later approach is relatively new concept and adopted in E¢Z Access
Oval type (Hakko) and x-GATE® (Sumitomo Bakelite). Umbilical small laparot-
omy is retracted with oval type basement device (E*Z Access Oval type) or four
belts (x-GATE®). Eventually, the abdominal wall is opened in an efficient way and
resulting in maintaining wider trocar separation. Crossing hands with bent, articu-
lating instruments do not need with this approach, while a bit larger incision may
need comparing to former approach.

The extra costs are another concern in multi-channel method. The universal
acceptance of this method and its success hinges on whether the safety, efficacy,
efficiency, and cost justify its use over multitrocar laparoscopy.

6.5 Recommendations from the Author

Regarding the choice of the mutichannel port device, it continues to be a matter of
debate. At present the surgeon chooses the type of single-port device according to
his personal preference. Table 6.1 summarized all the devices’ characteristics and
pros/cons.

Ross et al. reported the consensus statement of the consortium for LESS in cho-
lecystectomy [41]. They did not mentioned which access port is superior over oth-
ers, but described their standardized approach that surgeons with laparoscopic skills
can follow with the prospect of quick mastery [15, 42, 43]. They recommended
LESS four or three-trocar approach using multi-channel port with a bent grasper or
articulating/roticulating grasper.

Thomas et al. [44] described the specific advantages and disadvantages of the
multi-channel port devices. They commented that a rigid shaft like with the X-Cone
(Karl Storz-Endoskope) leads in comparison to the flexible ports to a tighter fit in
the abdominal wall, but the mobility of the instruments shafts is more restricted. In
contrast, a very flexible approach as the TriPort (Olympus) makes the introduction
easier but may lead to slight dislocation and corresponding gas loss. Schill et al. [45]
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compared in a trainer box model the laparoscopic skills performance between four
kinds of multi-channel port devices: GeIPOINT™ (Applied Medical), SILS™ Port
(Covidien), SSL Access System (Ethicon, Cincinnati, OH, USA), and TriPort
(Olympus). They found no significant difference with task performance times
among these multi-channel port devices.

Furthermore, Brown-Clerk et al. [24] also conducted a study to compare the
three multi-channel ports (SILS™ Port, TriPort, and GelPOINT™) in a simulating
box and concluded that the GeIPOINT™ appears to be the easiest system for nov-
ices to use. Among the three devices the GeIPOINT™ is the only one in which the
users have freedom to select the points to insert the trocars at and could have a wider
distance between the channels compared to the other two devices, which have a
fixed distance (approximately 1.5-cm) between the channels [25]. There is a possi-
bility that this accounted for the better results the GeIPOINT™ demonstrated. In
this point of view, E*Z Access Oval type (Hakko) and x-GATE (Sumitomo Bakelite)
which can keep wider trocar separation comparing to other multi-channel port
devices may contribute to overcome the difficulties in LESS/RPLS [37, 38].

As for the channel size exchange from 5-mm to 12-mm for a complex proce-
dures, some devices can be exchanged to different size of trocar during the surgery
(SILS™ Port, GelPOINT™ and GelPOINT Mini, E*Z Access™ and EeZ Access
Oval type, and Free Access), other devices have a channel size converter
(TriPort15™, TriPort+™, and QuadPort+™, and Octo™ Port). With respect to the
specimen retrieval and wound protection, as most of the Multi-channel port device
(TriPort15™, TriPort+™, QuadPort+™, ENDOCONE®, X-Cone, S-PORT®,
Octo™ Port, GeIPOINT™, GelPOINT Mini, E*Z Access™, E*Z Access Oval type,
x-GATE®, and Free Access) has their removable top/basement system, specimen
removal/re-pneumoperitoneum is much easier and the wound is protected.

6.6 Conclusions

This chapter summarized advantages and disadvantages of multi-channel port
devices that are currently available for LESS/RPLS. The development of multi-
channel port devices is still in the beginning. As with any new technology further
development of instruments and surgical skills will be needed in order to make
RPLS with multi-channel port devices easier and safer.
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Chapter 7
Video-Endoscopes and Instruments

Minoru Matsuda, Ken Hagiwara, and Tadatoshi Takayama

Abstract In reduced port laparoscopic surgery (RPLS), insertion of the scope and
instruments through the same port can cause interference. It is, thus, important to
select theories and instruments that will minimize this interference. This chapter
describes the scopes and devices that are currently available for use in RPLS (the
development of a variety of new devices is also anticipated). Without a full under-
standing of these devices, surgeons in the field will be unable to perform RPLS
safely and effectively. Sufficient preclinical training is strongly recommended
before any of these devices are used clinically.

Keywords Instrument ¢ Reduced port laparoscopic surgery ¢ Single-port
laparoscopic surgery ® Sword fighting

7.1 Introduction

Reports in the literature include single-port laparoscopic surgery (SPLS) as one of
several procedures within conventional laparoscopic surgery (CLS) [1, 2]. However,
until recently SPLS has not been widely practiced. This has been due in part to the
lack of suitable instruments, and in part because the procedures themselves were not
yet mature. The first reports of natural orifice translumenal endoscopic surgery
(NOTES) [3] produced a surge of interest in minimally invasive procedures with
reduced scarring. With the associated development of instruments and the matura-
tion of techniques, SPLS is coming into wide use. However, the procedural
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difficulties associated with SPLS have caused many surgeons to review their options
and to consider the intermediate step of simply reducing the number of CLS ports
and using slimmer forceps for what is known as reduced port laparoscopic surgery
(RPLS). Although generally speaking SPLS would be the final objective in practic-
ing RPLS, exclusive reliance on SPLS can be particularly challenging in some cases
of malignant or benign disease. For a surgeon who has mastered SPLS procedures,
the use of RPLS should not be considered as a “step down” but rather as an addi-
tional option: SPLS + 1 port or SPLS +2 ports, as needed.

For these procedures, the introduction of both the scope and instruments through
a single incision can result in interference. It is important to select theories and
instruments that will even slightly minimize such interference.

In this section, we discuss the scopes and devices that are currently available for
use in RPLS.

7.2 Characteristics of RPLS

RPLS refers to laparoscopic surgery procedures in which the scope and operating
forceps are inserted through a single-port. The visual field is no different than that
for CLS. However, the forceps vectors differ from those in CLS (Fig. 7.1), being
tangential to the scope. Also, because the forceps are introduced through the navel,
the distance from the abdominal wall to the target tissue is greater than for CLS.
When the left and right forceps are inserted through the same port, the angle
between the forceps is reduced to less than 10° at the surgical site [4] and the prin-
ciple of triangulation, established in CLS, is violated. As a result, when traction

CLS

Fig. 7.1 Vector of forceps movement in laparoscopic cholecystectomy. In RPLS, the forceps are
in coaxial becomes with the scope. (CLS conventional laparoscopic surgery, RPLS reduced port
laparoscopic surgery)
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Fig. 7.2 Clashing: clashing
occurs because the forceps
and scope are located within
a limited space

must be applied to tissue, the forceps are usually manipulated in a cephalad to
caudal or anterior to posterior direction. Use of these instruments in SPLS can also
result in interference between the handles and unwanted contact within the abdomi-
nal cavity, termed “clashing” and “sword fighting.” Interference is also commonly
seen between scope and ultrasonically activated device (USAD), vessel sealing sys-
tem (VSD), and/or irrigation and suction device (Fig. 7.2).

7.3 Techniques for Avoiding Clashing and Sword Fighting

RPLS requires considerable adjustment to avoid interference when a multi-channel
access device is inserted through the limited area of the navel. Here are some impor-
tant points to remember.

7.3.1 Scopes

CLS commonly uses a rigid scope angled at 30° or 45°. The standard scope is
approximately 30 cm in length and has an eyepiece attached to a camera head and
light guide cable. The light guide cable is ordinarily positioned perpendicular to the
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Fig. 7.3 A 50-cm long, 5-mm rigid scope and 90° light adapter (Karl Storz-Endoscope)

Fig. 7.4 The flexible scope can be used to establish a suitable distance between the forceps and
the handheld scope

scope. In RPLS, the light guide cable and camera head can interfere with the
operating forceps, making it difficult to maintain a clear visual field.

Use of a longer scope is one option for reducing interference between the scope
and forceps. Recently, scopes for bariatric surgery have come onto the market,
including a 45-cm scope from Stryker Corporation (Kalamazoo, MI, USA) and a
50-cm scope from Karl Storz-Endoscope (Tuttlingen, Germany) (Fig. 7.3). With
these scopes, the camera head and light guide cable can be moved away from the
hand that operates the forceps, reducing interference.

In particular, the light guide cable can interfere with forceps manipulation. This
is because the cable is positioned perpendicular to the scope. Such interference can
be avoided by using a light adapter angled at 90° (Fig. 7.4).

The use of a flexible scope requires less space between the hand operating the
scope and the hand operating the forceps. The Olympus LTF-S19-5 (Olympus
Medical Systems Co., Tokyo, Japan) is a flexible hi-vision scope 5.4-mm in diam-
eter (Fig. 7.5) that maintains a clear visual field while reducing clashing.
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Fig.7.5 LTF-S19-5 deflectable videoscope (Olympus). The tip of the scope can be moved 200° in
four directions and the CCD/ light-guide cables are arranged in one line

Fig. 7.6 Trocar housing
clashes are prevented by

(a) use of different sleeve
lengths (ex. 5-, 10- and
15-cm) and (b) use of small
housings (low-profile trocars)

7.3.2 Trocars

Two or more trocars can be inserted directly through a single incision in the abdomi-
nal wall (multiple trocar approach). This permits the effective use of conventional
tools in SPLS. However, only limited space is available for trocar positioning. The
use of three to four conventional trocars can result in clashing of their housings,
which interferes with accurate forceps manipulation. Such clashing can be avoided
if we vary the trocar length (Fig. 7.6a). By using three trocars of different lengths
(5-, 10-, and 15-cm), clashing can be reduced or eliminated.
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Fig. 7.7 Low-profile trocars. (a) Versaport Bladeless Optical Trocar (Covidien). (b) Linaport
(LINA Medical). (¢) E*Z Trocar Smart Insertion II (Hakko). (d) Slender port (TOP)

Another approach is to use trocars with smaller housings. These “low-profile”
trocars also effectively reduce clashing (Fig. 7.6b). A number of brands are cur-
rently on the market (Fig. 7.7).

7.3.3 Access Ports

The multi-trocar approach can make it difficult to consistently insert the trocars in
the appropriate positions, and it is subject to differences among surgeons. In addi-
tion, the location of the inner tip is difficult to confirm upon insertion of a second
and third trocar. The use of a multi-channel port, in comparison to the multi-trocar
approach, facilitates easier insertion of instruments developed for SPLS. Ordinarily,
the port is inserted through a 2- to 4-cm skin incision.

Ports currently on the market are shown in Fig. 7.8. These include gel-based
membrane devices that permit free positioning of dedicated trocars (GelPoint®
(Applied Medical Resources Corporation, Rancho Santa Margarita, CA, USA)),
devices with dedicated fixed channels for scopes and forceps (X-CONE® and
ENDOCONE® (Karl Storz-Endoskope); TriPort and QuadPort (Advanced Surgical
Concepts, Wicklow, Ireland); OCTO™ Port (Dalim Surgnet, Seoul, Korea); SILS™
Port (Covidien, New Haven, CT, USA); X-Gate (Ethicon Endosurgery, Cincinnati,



7 Video-Endoscopes and Instruments 63

Fig. 7.8 Access devices. (a) GelPont (Applied Medical). (b1) X-CONE, (b2) ENDOCONE (Karl
Storz-Endoscope). (c1) TriPort, (¢2) QuadPort (Advanced Surgical Concepts). (d) OCTO Port
(Dalim Surgnet). (e) SILS™ Port (Covidien). (f) X-Gate (Ethicon Endo-Surgery). (g) E*Z Access
(Hakko). (h) Free Access (TOP)

OH, USA), and devices that use silicone membranes to permit the insertion of
conventional trocars (E*Z Access (Hakko, Nagano, Japan); Free access (TOP Co.,
Tokyo, Japan). Please note that operating procedures can vary with respect to differ-
ent devices, so caution is advised.
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Fig. 7.9 Length of the forceps and distance between the hands. The distance between the hands
increases when long forceps are used

7.3.4 Instruments for RPLS

RPLS allows greater distance between the two operating forceps, so clashing is
reduced. However, with small incisions it can be difficult to maintain forceps spac-
ing. A number of devices are currently available to prevent clashing.

7.3.4.1 Long Instruments

Ordinary forceps are 36-cm in length. Longer forceps allow greater distance
between the hands and reduce clashing, even when the angle between the instru-
ments is small (Fig. 7.9). A number of companies currently market 5-mm forceps
with a 43-cm shaft. The forceps angle decreases for deeper surgical sites that are
farther from the abdominal wall. Long-shaft forceps are particularly useful under
these conditions. Powered devices can also be involved in instrument clashing. The
Sonosurg® USAD (Olympus) has a shaft length of 45-cm, which is useful in avoid-
ing such clashing (Fig. 7.10).

7.3.4.2 Articulated Instruments

Articulated forceps have been used in CLS to change the tip vector. Covidien has
improved this forceps design for use with SPLS (Fig. 7.11a). These forceps [SILS™
articulating hand instruments (Covidien)] provide maximum articulation of 85° and
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Fig. 7.10 The Sonosurg instrument is 45-cm long
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Fig.7.11 Articulated forceps. (a) SILS™ articulating hand instruments (Covidien). (b) Autonomy
Laparo-Angle instruments (Cambridge Endoscopic Devices)

can be fixed at any desired angle. The tip can be rotated 360°. The shafts are available
in two lengths: 36- and 42-cm. With the cross-hand technique recommended by
Covidien, the shafts of the instruments cross within the body. This eliminates instru-
ment clashing, but the left-hand forceps perform operations that were convention-
ally done by the right hand, so training and practice are required (Fig. 7.12).
Articulated forceps can also be used effectively with the parallel technique.
Considerable clashing can be avoided by the use of articulated forceps for one of the
grasping forceps (Fig. 7.13).
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Fig. 7.12 Cross-hand
technique (Covidien). With
this technique, the
instruments do not clash;
however, practice is required
because the forceps are
applied to opposite sides

Fig. 7.13 Articulating
forceps. Articulating
forceps can be used to
prevent handle clashing at
hand when instruments are
used in parallel

M. Matsuda et al.

Suturing is also more challenging in SPLS than in CLS. The SILS™ Stitch
(Covidien, Fig. 7.14) has a curved tip, which facilitates suture placement. The
Autonomy™ Laparo-Angle™ Instruments (Cambridge Endoscopic Devices Inc.,
Framingham MA, USA) include articulated forceps (Fig. 7.11b) that can also be

useful in suturing.
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Fig. 7.14 SILS™ Stitch
(Covidien). Suturing and 3

ligation are relatively easy ..

&
with the bendable tip < \
\
E /

Fig. 7.15 Bending
instrument (S-Portal, Karl
Storz-Endoscope). Bending
forceps are designed to avoid
clashing and restore
triangulation

L

7.3.4.3 Bending Instruments
Bending forceps (S-Portal (Karl Storz-Endoskope) Fig. 7.15) are designed to change

the vector at the forceps tip and prevent handle clashing. They allow triangulation
even if little space is available between the forceps. However, they cannot be
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Fig. 7.16 MIT port (Create
Medic). Bending forceps
can be inserted through this
flexible trocar

inserted into conventional trocars. Bending forceps must be used with a flexible
trocar (MIT port (Create Medic Co. Ltd., Yokohama, Japan) Fig. 7.16) or a dedi-
cated multi-channel port (ENDOCONE® (Karl Storz-Endoskope) Fig. 7.8b2).
Although some special techniques are required for forceps insertion and manipula-
tion, these instruments can provide operability equivalent to that achieved in CLS.

7.3.4.4 Needle Devices

Needle devices play an important role in RPLS. Slender forceps and other instru-
ments used to assist in grasping tissue are commercially available. The Mini Loop
Retractor II (Covidien) has a diameter of 2.2-mm. It can be inserted directly through
the skin, and tissue can be grasped with the wire loop (Fig. 7.17a). Tissue can be
retracted to provide a clear visual field. The MiniLap (Stryker) is a similar device that
comes with four different types of forceps jaws to facilitate tissue grasping (Fig. 7.17b).
Small forceps (diameter, 3.5 mm or less) are now widely available. Because a
thinner shaft is also weaker, shafts are generally limited to no more than 30-cm in
length. However, the BJ Needle forceps (NITI-ON, Chiba, Japan) shaft is 2.1-mm in
diameter and 33-cm in length, and is quite strong like the DAPRI trocarless grasping
forceps (Karl Storz-Endoscope) with a shaft of 1.8-mm diameter and length of
25-cm. The 3-mm ClikLine® forceps (Karl Storz-Endoscope) shaft is 36-cm in
length, and when used with the CARVALHO trocar (Karl Storz-Endoscope), is as
strong as 5-mm forceps. These forceps can be used not only through an ancillary
trocar for SPLS, but also as conventional grasping forceps and dissecting forceps.

7.3.4.5 Anchoring System for RPLS

The EndoGrab™ (Virtual Ports Ltd., Caesaera, Israel) and the Cinch Organ
Retractor (Aesculap, B Braun Melsungen AG, Melsungen, Germany; Fig. 7.18)
enable tissue retraction within the body cavity without the continued use of a
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Fig. 7.17 Needle
instruments. (a) Mini Loop
Retractor II (Covidien). (b)
Mini Lap (Stryker)

Fig. 7.18 Anchoring system

for RPLS. (a) EndoGrab a
(Virtual Ports). (b) Cinch

Organ Retractor (Aesculap)
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port. These devices make it possible to grasp and retract tissue by anchoring the
hook directly to the peritoneum. No additional port is required. These devices are
highly useful for RPLS, but training and practice are required for successful
manipulation.

7.4 Conclusion

We anticipate the emergence of a number of new devices in the near future, some of
which will involve the use of robotics [5]. Without a full understanding of these
devices, surgeons in the field will be unable to perform RPLS safely and effectively.
Sufficient preclinical training is strongly recommended before any of these new
devices is used clinically.
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Chapter 8
Needlescopic Devices and Pre-bent Forceps

Nobumi Tagaya

Abstract Reduced port laparoscopic surgery (RPLS) has recently been introduced
into the laparoscopic arena as a result of efforts to find a method that is truly
minimally invasive. RPLS is associated with limited tissue trauma and improved
cosmetic outcomes. However, it is also associated with a high incidence of conver-
sion to conventional laparoscopic or open surgery. Convenient and miniaturized
surgical tools are thus necessary for good outcomes in patients undergoing RPLS.
Here, we describe the tools that are available for surgeons who wish to minimize
surgical trauma and provide optimal cosmesis during RPLS including single-access
laparoscopic surgery and needlescopic surgery. RPLS has been further refined with
the introduction of needlescopic devices and pre-bent forceps. The main purpose of
these devices is three-fold: minimal invasion, nearly invisible scarring, and opti-
mum post-surgical quality of life. To ensure such outcomes, we find it necessary to
improve our own skills and understand the characteristics of each needlescopic
device and pre-bent forceps.

Keywords Curved reusable instruments * Needlescopic device * Needlescopic
surgery * Pre-bent forceps * Reduced port laparoscopic surgery

8.1 Introduction

Laparoscopic surgery has evolved over the past two decades. Laparoscopic sur-
geons have provided minimally invasive therapies while improving their own skills
and developing special surgical instruments. Laparoscopic instruments themselves
have been improved and updated year by year. Patients have benefitted from both
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minimal surgical invasion and minimal postoperative discomfort. Reduced port
laparoscopic surgery (RPLS) was recently introduced into the laparoscopic arena
as a result of efforts to develop an approach that is truly minimally invasive.
Although reducing the size of the laparoscopic ports and instruments has, for
patients, resulted in decreased tissue trauma and improved cosmetic outcomes,
RPLS has proved to be relatively stressful for surgeons performing the procedures
and resulted in a high incidence of conversion to conventional laparoscopic or open
surgery. The surgeons increased stress is the result of a number of factors, including
a narrow operative field, reduced light transmission and image quality, blurred
vision with the use of electrocautery, increased difficulty in manipulating the instru-
ments due to their increased flexibility, particularly in the presence of fibrosis or
inflammation, and the learning curve associated with proficient use of the instru-
ments. Convenient and miniaturized surgical tools are thus necessary for good out-
comes in patients undergoing RPLS. Here, we describe the tools that are available
for surgeons who are considering minimizing surgical trauma and providing
improved cosmesis during RPLS including single-access laparoscopic surgery
(SALS) and needlescopic surgery [1-3].

8.2 Surgical Tools
8.2.1 Optics (Fig. 8.1)

A significant obstacle to needlescopic surgery is the limited visualization achieved
with 3-mm and smaller laparoscopes. Minilaparoscopes are available from Olympus
Medical Systems Co. (Tokyo, Japan), Aesculap (Tuttlingen, Germany), Karl
Storz-Endoskope (Tuttlingen, Germany), and Stryker (Kalamazoo, MI, USA) [1].

Fig. 8.1 Differences between
2-, 5- and 10-mm optics
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Fig. 8.2 The 3-mm minilaparoscopy system (Karl Storz-Endoskope)

The Stryker Ideal Eyes™ line includes a 2.9-mm pediatric scope, 20-cm in length.
Karl Storz-Endoskope offers two 30-degree laparoscopes, a 2.4-mm scope and a
3.3-mm scope, 18 and 25 cm in length, respectively. Aesculap has 2- and 2.5-mm,
0-degree laparoscopes, 22 and 30 cm, long respectively. Because of the limited
optics and limited available laparoscopes, many needlescopic procedures are
performed with a fairly large umbilical port, which accommodates a larger laparo-
scope and offers better visualization. For procedures such as cholecystectomy, a
needlescopic umbilical port site would most likely require enlargement for extrac-
tion of the gallbladder.

8.2.2 Laparoscopic Instruments

Currently several minilaparoscopic instrument sets are commercially available: the
MiniSite™ disposable instrument set manufactured by Covidien (New Haven, CT,
USA), the 3-mm minilaparoscopy set from Karl Storz-Endoskope, and a similar set
of instruments from Stryker [1].

The MiniSite™ MiniShears™ (Covidien) 2-mm instrument with unipolar cau-
tery is applicable to a variety of endoscopic procedures for mobilization and tran-
section of tissue. This instrument has a 2-mm diameter insulated shaft that is
approximately 33 cm in length, it is designed for introduction and use through the
MiniPort™ (Covidien) introducer sleeve. The scissors blade has a cutting edge
approximately 5.9 mm in length, and the maximum blade opening is 5.9 mm.

The 3-mm minilaparoscopy instrument set manufactured by Karl Storz-
Endoskope (Fig. 8.2) is a completely reusable set of instruments 36 cm long. A full
complement of instruments is available including graspers, dissectors, scissors,
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Fig. 8.3 BJ needle (NITI-ON)

electrocautery, suction device, and needle holders for intracorporeal suturing. The
major advantage of this set is that it is made up of the longest currently available
needlescopic instruments, which are thus versatile and can accommodate thick
abdominal walls as well as operations in which relatively long instruments are
needed. In addition to these 3-mm-diameter, 36-cm-long instruments, Karl Storz-
Endoskope offers shorter 3-mm instruments (20 and 30 cm in length) as well as a
line of 2-mm instruments in lengths of 20 cm and 30 cm instruments, but that set is
available only in 20-cm lengths.

The Sovereign® mini-instrument set (Aesculap) is another set designed for mini-
laparoscopy. These instruments are actually 3.5 mm in diameter, which by strict
definition does not make them needlescopic. They are available in lengths of 20 and
29 cm. The set of Soverign® mini-instruments (Aesculap) work through a reusable
trocar system and includes graspers, scissors, dissectors, and needle holders.
Although this line does not fall under the definition of needlescopic surgery devices,
it includes small-diameter instruments that are introduced through a 4-mm trocar. In
comparison to a 5-mm instrument setup, such small instruments and trocar should
reduce abdominal wall trauma. This is an example of compromising size for
strength. These instruments are more rigid than the 2-mm instruments, making them
particularly suitable for operations that require strong instruments, yet they still
decrease abdominal wall trauma.

A new-generation 2-mm instrument called BJ Needle (NITI-ON Co., Ltd.,
Chiba, Japan) (Fig. 8.3) was recently introduced. This new instrument, in com-
parison to first-generation 2-mm instruments, allows more rigid grasping with
less bending of the instrument shaft. The shaft is a 2.1 mm in diameter. We antici-
pate that the outcomes achieved with such instruments, in terms of operation time
and the surgeon’s stress level, will be similar to those achieved with 3-mm
instruments.

Endo Relief forceps (Hope Denshi Co., Ltd., Chiba, Japan) (Fig. 8.4), which is
used to grasp and retract the organs, consist of a 2.4-mm shaft and a 5-mm head, and
the two parts are joined intraoperatively. To join the two parts, a 5-mm port and a
2/3-mm port are needed, because a 2/3-mm shaft is connected to the 5-mm head
after incorporation of the shaft guide, the 2.4-mm shaft is moved from inside to
outside the abdominal cavity through the 2/3-mm port. Manipulation of this device
is similar to that of 5-mm instruments except for the easy bending of the shaft. The
head cannot be easily changed during the operation.
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Fig. 8.4 Endo Relief (Hope
Densi)

Fig. 8.5 The Mini-loop
system (Stryker)

8.2.3 Trocar-Less Instruments

Mini-loop retractor II and Endo Surgi Retractor (Covidien) (Fig. 8.5) have two
functions, direct insertion into the abdominal cavity and loop retraction of the inter-
nal organs. The shafts of both instruments are 2.2 mm in diameter and 200 mm in
length, and both have a stopper that can be fixed at any desired position. These
devices provide for hands-free retraction.

MiniLap instruments from Stryker are disposable instruments with a 2.3-mm
outer diameter and a unique access insertion needle. The MiniLap system (Stryker)
allows for percutaneous introduction without a trocar in even the thickest of abdom-
inal walls, and it comprises several types of instruments including graspers and
electrosurgical probes.

Riza-Ribe Needle (R-Med, Inc., Oregon, OH, USA) was initially used for the
closure of port-induced fascial defects. GraNee Needle (R-Med, Inc.) is a 16-gauge
grasper and needle for single use. It is used for transferring a ligature during laparo-
scopic procedures. It can be inserted at multiple sites with minimal penetration
trauma. These needles are used for tissue retraction during laparoscopic surgery.
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Fig. 8.6 Mini Step S,
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Karl Storz-Endoskope recently produced the DAPRI trocarless grasping forceps
of 1.8 mm in diameter and 25 cm in length which can be inserted through the same
hole created before by a classic Veress needle.

8.2.4 Trocar

The Karl Storz-Endoskope cannula and trocar system is the most traditional type of
trocar. It consists of a rigid cannula that is introduced with a metal conical tip trocar
and has silicone leaflet valves to help maintain pneumoperitoneum. The Karl Storz-
Endoskope system has 10- and 15-cm reusable trocars. The longer trocar may add
stability for cases in which relatively thick abdominal walls are encountered. The
Aesculap trocar system is rigid, is available in 6- and 11-cm lengths, and is inserted
with a conical sharp or blunt tip metal trocar.

The MiniPort™ (Covidien) 2-mm introducer system is a single-use introducer. A
circular adjustable stopper located on the sleeve of the MiniPort™ allows for adjust-
ment of depth in the cavity.

Mini Step produced by Covidien (Fig. 8.6) is a 2/3 mm disposable port for
insertion of needlescopic or miniaturized instruments of less than 3.5 mm in
diameter.
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Fig. 8.7 YGT and AT forceps (Adachi)

8.2.5 Pre-bent Forceps

YAMAGATA (YGT) and ADACHI-TANKO (AT) forceps (Adachi Industry Co.,
Ltd., Gifu, Japan) (Fig. 8.7) are curved and reusable and designed for use during
SALS. These devices are 5 mm in diameter, 47.5-cm and 65-cm in length, and they
provide more direct pressure to target organs with adequate articulation. The tip can
rotate 360° around its axis. These forceps can be used without a trocar in the setting
of SALS performed by the glove port technique: however, a flexible trocar is useful
for easy exchange of several curved devices. A flexible trocar is available for use
with MIT™ port (Create Medic Co., Yokohama, Japan).

Curved instruments (Olympus) that rotate but do not reticulate are available.
Thus the angle of curvature is fixed, which may be useful when additional rigidity
is needed.

Curved and reusable forceps according to DAPRI (Karl Storz-Endoskope)
(Fig. 8.8) are designed to be inserted into the abdomen through the umbilicus with-
out trocars. The curved grasping forceps is advanced through a separate window,
5 mm outside the purse-string suture, and the other instruments (coagulating hook,
scissors, suction device) are introduced on the other side of the grasper, alongside
the 11-mm trocar and inside the purse-string suture.

8.3 Comments

Needlescopic devices and techniques are now being re-revaluated in view of the
rapid development of SALS. However, several unresolved issues remain to be
worked out before these devices can be used routinely. With the currently available
technology, needlescopic devices have limitations related to surgical optics and
manipulability. The needlescope is hampered by poor illumination, poor resolution,
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Fig. 8.8 Curved and reusable instruments according to DAPRI (Karl Storz-Endoskope)

and lack of clarity because of the optical limitations of the rod lens. Moreover, tiny
laparoscopic devices are not as sturdy and manipulable as larger instruments.
Furthermore, we must consider the increased risk of tissue damage during dissec-
tion performed with the pointed ends of fine graspers. These issues can prolong the
operation time, increase the risk of perioperative complications, and increase the
surgeon’s stress level.

However, there are several advantages in performing needlescopic procedures.
A tiny skin incision leaving an undetectable scar is cosmetically advantageous, and
it requires no skin closure, thus reducing costs. Furthermore, access to the
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peritoneal cavity via needlescopic ports is relatively easy, reduces the risk of hernia-
tion and port-related injury to both the abdominal wall and intra-abdominal organs,
and minimizes the possibility of wound infection. Furthermore, the cost of needle-
scopic ports themselves in a disposable setting is approximately 27.5 % lower than
that of standard ports.

Two-millimeter needlescopic devices are employed in various surgical fields [2].
However, 3-mm instruments are much more versatile and resilient, allowing perfor-
mance of a wide variety of procedures, and they can be used in patients with an
inflamed or thickened gallbladder wall because they have good rigidity, facilitate
easy division and dissection of a curved jaw is used, and provide sufficient suction
and irrigation. Therefore, 3-mm instruments are more useful than 2-mm instruments
for completion of needlescopic procedures. However, new generation instruments
of less than 3-mm (BJ Needle (NITON) and EndoRelief (Hope Denshi) have been
introduced. In comparison to standard 2-mm instruments, these devices allow more
rigid grasping with less bending of the instrument shaft. The outcomes achieved
with such devices, in terms of operation time and the stress experienced by the sur-
geon, are similar to outcomes achieved with 3-mm instruments.

However, the outcomes of needlescopic procedures are greatly dependent on the
skill of the individual surgeon. Therefore, new surgeons or surgical residents should
not begin to learn laparoscopic surgery using needlescopic devices. The manipula-
tion of needlescopic instruments is appreciably different from that of standard 5-mm
or 10-mm devices. If surgeons do not bear this in mind, patients could be put at
increased risk.

The curved and reusable instruments must be inserted in one of two ways through
the umbilicus [3]. One method is to introduce the instrument alongside the 11-mm
trocar and inside the purse-string suture without a trocar. The other is to insert it
through the flexible trocar from the umbilicus. The purse-string is adjusted to main-
tain a tight seal during the procedure, avoiding leakage of the pneumoperitoneum
gas, and it is opened when the smoke issuing from the cautery must be evacuated or
when the instruments need to be changed. Although flexible trocars are disposable
and designed for single use, the exchange of several devices is less stressful than
manipulations involving the flexible trocar and results in maintaining a better opera-
tive field. The curved instruments avoid conflict between the surgeon’s non-
dominant hand and the laparoscope inside the abdomen as well as conflict between
the surgeon’s hand and the scope assistant’s hand outside the abdomen.

8.4 Conclusion

RPLS has been further developed with the introduction of needlescopic devices and
pre-bent forceps. The chief benefits of using these devices are minimal invasiveness,
invisible scars, and optimum quality of life after surgery. To obtain these outcomes,
it is necessary for us to improve our own skills and understand the characteristics of
each needlescopic device and pre-bent forceps.
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Chapter 9
Different Tools

Noam Shussman and Yoav Mintz

Abstract In recent years, efforts to reduce post-operative pain, to lower wound
related morbidities and to improve cosmetic outcomes have led to the development
of single-port laparoscopic surgery (SPLS). This technique, however, is not
straightforward. The technical complexity of the procedure results in a significant
learning curve, which increases operating room time and mandates specialized
equipment.

This chapter reviews the various tools, which have been developed and are aimed
at overcoming the technical pitfalls of SPLS. Different access devices, cameras,
retraction methods and operative instruments can be used in SPLS. Some are com-
mercially available and some are now being used in clinical studies. Some tools
were developed especially for SPLS after understanding the special needs for this
approach and some are improvisations or adjustments of previously accepted instru-
ments for standard laparoscopic surgery to the novel concept of SPLS. This chapter
does not list all of the available instruments on the market, but rather serves as an
overview of the principles that should guide surgeons in choosing the tools for
SPLS. Optimization of the view, providing with adequate organ retraction and
achieving triangulation should be the basis of the surgeon’s decision when choosing
which tools to use for performing SPLS.
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9.1 Introduction

Since being introduced more than three decades ago, laparoscopic surgery has
become progressively accepted. For some procedures, the laparoscopic approach
has become the standard of care. The classic example for such a procedure is lapa-
roscopic cholecystectomy [1-4], and following the acceptance of this procedure
more operations followed like adrenalectomy, Nissen fundoplication, Heller myot-
omy, splenectomy, appendectomy and more. In recent years, surgeons are faced
with the challenge of accomplishing the requisite tasks of the same surgical proce-
dure through smaller incisions and an ever-reducing number of ports, in an effort to
reduce post-operative pain and morbidities such as wound infection and trocar site
hernias. This challenge is being sought for further enhancing the cosmetic results as
well. Initial attempts to perform surgery through a lower number of ports or with
reduced diameter trocars (“needle-scopic surgery”) [5-9] have since been super-
seded by even less invasive, more innovative techniques namely: single-port laparo-
scopic surgery (SPLS) and Natural Orifice Transluminal Endoscopic Surgery
(NOTES) [10-13].

SPLS is an attractive technique due to the above-mentioned potential benefits
of superior cosmetic results and the potential to reduce the rate of wound related
complications (infection, hematoma, hernia, etc.). Another possible potential
benefit is the reduction of postoperative pain. This technique, however, is not
straightforward. The technical complexity of the procedure results in a significant
learning curve, which increases operating room time and mandates specialized
equipment.

The primary technical obstacles that make SPLS challenging include [14]:

* collision of instruments both within and outside the abdomen as a result of their
common entry point (“sword fighting”)

* inadequate triangulation and hence decreased maneuverability

* compromised field of view due to obstruction by the working instruments enter-
ing the common channel and inability to position the camera correctly for an
adequate view

* inadequate exposure and retraction.

Due to these reasons, opponents of SPLS have concerns regarding the safety of
this surgical approach. Proponents of SPLS, on the other hand, claim that it is purely
an issue of employing dedicated instruments and mastering the learning curve of the
techniques for maintaining the same high level of safety.

This chapter will review the various tools, which have been developed and are
aimed at overcoming the pitfalls of SPLS. It was not the authors’ intention to list
here all the countless instruments available on the market for SPLS. Rather, this
chapter is aimed at being an overview of the principles that can guide surgeons to
choose the tools for SPLS.
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9.2 Access Devices

The access device is the key component that can facilitate the SPLS technique. The
intrinsic complexity of SPLS includes inadequate triangulation, compromised field of
view, inadequate exposure and instrument collision. These can be simplified using a
well-designed access port. Such a device should have the following characteristics:

* it should be small in order to minimize the skin and fascial incisions thereby
reduce incision related morbidity and improve cosmetic outcomes

* it should be secured to the abdominal wall in order to provide an optimal airtight
seal to prevent CO, leakage

* it has to enable the passage of a sufficient number of instruments into the abdom-
inal cavity and allow some freedom of their motion without causing movement
of the other tools.

Various methods to access the peritoneal cavity have been developed and
described in a pursuit to achieve such an optimal access device. Some of these meth-
ods are improvised while others were developed as dedicated access devices for
SPLS. The most common access methods and devices are described herein.

9.2.1 Multiple Ports Through a Single-Incision

A simplistic way of accessing the abdominal cavity through a single skin incision is
to position several independent trocars through a single incision. Five millimeter
low profile trocars (Fig. 9.1) have a better maneuverability than standard trocars and
allow for a relatively independent movement for each one of the instruments with
only some resultant movement of the other instruments [14]. In 2010, the

b
|

Fig. 9.1 (a) 5-mm low profile trocars (Karl Storz-Endoscope). The use of low profile trocars
enables improved avoidance of instrument collision and better maneuverability. (b) Three low
profile trocars inserted through a single 18-mm skin incision during a SPLS cholecystectomy. Note
staged insertion of the trocars into the abdominal wall to minimize their collision with one another
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consortium for Laparo-Endoscopic Single-Site (LESS) surgery has published a
consensus statement which stated “the use of three standard laparoscopic trocars
through a single skin incision (with multiple facial puncture sites) can provide the
independence of movement necessary for LESS surgery” [15]. The length of the
skin incision when using three 5-mm trocars should not be greater than 2-cm hence
the incision is kept small. This method, however, may result in a sub-optimal
maneuverability of the trocars resulting in a limited independent movement of each
instrument, especially if non low profile trocars are being used. There is also a
potential for a CO, leakage during the procedure if the trocars are not independently
secured to the fascia, which might result in a challenge maintaining pneumoperito-
neum. If organ removal is necessary, enlargement of the fascial incision takes place
usually at the end of the procedure.

9.2.2 Improvised Access Device: The Glove Port

Several studies have reported an improvised technique to access the abdominal cav-
ity through a single incision, with the application of a surgical glove. Hayashi et al.
and Livraghi et al. reported on a series of SPLS (mainly cholecystectomies and
appendectomies) using a standard wound protector covered with a surgical glove
with several small incisions made on the tips of the glove-fingers to induce pneumo-
peritoneum and to create working channels for the laparoscopic instruments [16,
17]. The authors described this technique as having multiple advantages: easy to
use, simply accommodated to the abdominal wall even in overweight patients,
allows simultaneous passage of a maximum of 5-mm instruments and allows a wide
axis of movements and hence minimizes instrument collision. The low cost of the
application of this technique is mentioned as a potential advantage as well. Eumatsu
et al. as well as Ishida et al. applied a similar technique for SPLS colectomies and
concluded it is safe and feasible [18, 19].

Although the glove port technique may be safe and feasible, in the era of stand-
artization and strict FDA control of medical devices, this technique may be used
only in countries free from FDA/CE mark device approvals.

9.2.3 Dedicated Access Devices

A variety of dedicated access devices are available. These devices offer different
solutions to the challenges mentioned above. Some are reusable, but most are dis-
posable and thus increase the overall OR cost.

The SILS™ port (Covidien, New Haven, CT, USA) is a disposable access port.
It has a firm foam-like consistancy and is inserted through a 2-cm fascial incision.
The port adjusts to the wound edges and retracts the abdominal wall to provide an
airtight seal. Through this port 5/12-mm trocars and instruments can be passed into
the peritoneal cavity (Fig. 9.2).
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Fig. 9.2 SILS™ port
(Covidien)

Fig. 9.3 GelPOINT® access
device (Applied Medical)

The GelPOINT® (Applied Medical, Rancho Santa Margarita, CA, USA) has a
disposable gel platform connecting to an adjustable polyethilene sheath which has
an inner and external rings (Fig. 9.3). This sheath serves also as a standard wound
protector while extracting organs. The gel platform enables insertion of several
dedicated or standard trocars wide apart from each other lowering the incidence of
instrument collision.

The Triport® and Quadport® (Advanced Surgical Concepts, Wicklow, Ireland)
are disposable devices. Both have a similar adjustable plastic sleeve which is inserted
through a 2-cm fascial incision using a special introducer. The sleeve is then con-
nected to an external cap with different configurations of several valves allowing
passage of rigid and curved instruments into the abdominal cavity (Fig. 9.4).

The X-Cone™ (Karl Storz-Endoscope, Tuttlingen, Germany) is a rigid reusable
port, which consists of two metallic parts and a reusable silicone cap (Fig. 9.5). The
port is assembled following the positioning of both metallic parts through the
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Fig. 9.4 Quadport® acces
device (Advanced Surgical
Concepts)

Fig. 9.5 X-Cone™ (Karl Storz-Endoscope), a reusable SPLS access device

incision, thereby creating an air tight seal and maintaining constant fascial incision
length. The silicone cap contains three flexible ports enabling the passage of rigid and
curved instruments, and two more ports, which have no profile height to reduce the
space occupied by the ports. In total the port offers introduction of five instruments.
The special rigid hourglass configuration facilitates the use of curved instruments to
achieve adequate retraction and triangulation.
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Fig. 9.6 Single site
laparoscopy access system
(Ethicon)

The Single Site Laparoscopy Access System (Ethicon Endosurgery Inc.,
Cincinnati, OH, USA) is a disposable port. It has a plastic sheath in various sizes
that is inserted through the incision using a dedicated introducer. A unique rigid cap
is then connected to the external ring of the sheath, which has three entry ports
(Fig. 9.6). These ports are the seal mechanisms only without any tubing or trocars
thereby maximizing the space offered for instruments and motion around the cap.

Several other devices are on the market like the ENDOCONE™ (Karl Storz-
Endoscope), the S-Port® (Karl Storz-Endoscope), the X-Gate (Ethicon) and more.
Most have similar designs with minor changes that differentiate them.

9.3 Cameras

As mentioned above, the view is compromised in SPLS, due to the common point
of entry of instruments and camera into the abdominal cavity. The passage of instru-
ments within the camera’s visual field obscures the surgical field and creates a chal-
lenge. Excellent coordination and communication between the surgeon and the
camera operator is crucial to the success of SPLS, but sometimes it is not enough.
The consortium for LESS surgery has stated in their consensus statement that “the
surgeon should be able to visualize structures from differing perspectives, prefera-
bly offline from the axis of the instruments” [15]. In an attempt to overcome the
challenge of a compromised view, different cameras and endoscopes were
evaluated.

9.3.1 Rigid Laparoscope

The rigid laparoscope is the most commonly used endoscope for SPLS, as in any
other laparoscopic surgery. The use of a 30 degree laparoscope is highly recom-
mended if a rigid laparoscope is being used, this is due to its ability to deviate from
the axis of the instruments while viewing the surgical field [14, 20].
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Standard telescopes are 30 cm in length, and this might exacerbate the challenge
of instruments’ “sword fighting”, especially outside the abdomen. This issue might
be somewhat alleviated with the use of bariatric length telescopes. Longer laparo-
scopes can make it possible for the camera operator to hold the laparoscope further
back and to leave the space closer to the access device for the surgeon to operate the
instruments. Another deviation from the standard technical operation of the laparo-
scope is the light cord assembly. Traditionally the light cord attaches to the laparo-
scope at a right angle, which makes the laparoscope three-dimensionally space
occupying. Assembling the light cord via a 90-degree angle connector will make the
light cord and camera parallel, thus adding free space near the access device and
enhancing the surgeon’s maneuverability to operate the surgical instruments.

9.3.2 Flexible Endoscope

Palanivelu et al. [21] were the first to describe the feasibility of flexible endoscope
for performing single-port cholecystectomy in human patients. They used the endo-
scope’s working channels to pass instruments which assisted in the procedure. Soon
after, more reports were published about a series of SPLS in both porcine models
and in humans [11, 14, 22-23].

While definitely improving the compromised view of SPLS (due to both its abil-
ity to overlook the surgical field from multiple different angles and its inherent
irrigation system), the use of a flexible endoscope has disadvantages as well. The
lack of rigidity causes the endoscopes shaft to surender to the forces of gravity and
hence often times the angle of view achieved is from down-up instead of the stan-
dard view. Most surgeons do not have experience with the flexible endoscope (gas-
troscope) and operating with this tool in the abdominal cavity is a new challenge
that needs to be mastered. Another problematic issue is the limited availability of
this device in the OR and the need for collaboration and cordination with
gastroenterologists.

9.3.3 Modified Laparoscopes

Several modifications for the “classic” rigid laparoscopes have been developed.
These modifications attempt to provide improvements for the viewing capabilities.

Two examples for such modifications are the EndoCAMeleon™ (Karl Storz-
Endoscope), a 10-mm rigid non articulating scope with adjustable viewing angle of
0° to 120° and the IDEAL EYES HD™ Articulating Laparoscope (Stryker,
Kalamazoo, MI, USA), a 10-mm scope equipped with an articulating tip with an
angle range of up to 100° of flexion in all directions.

One study evaluated the efficacy of semi-rigid laparoscopes used in extreme
angles (to view the anterior pelvis trans-vaginally) [24]. The conclusion was that
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Fig. 9.7 A miniature camera
anchored to a laparoscopic
articulating instrument has
the ability to supply
additional angles for
optimizing the view during
SPLS

there was no obvious advantage gained by using the new laparoscopes. Another
study has evaluated the Storz EndoCAMeleon™, the Olympus EndoEye™ and the
Stryker IdealEye™. These articulating laparoscopes were compared using standard
industry testing protocols for image resolution, distortion and color reproducibility
and were concluded with conflicting results [25]. Their use, nevertheless has been
shown to be feasible in several case series [26—29].

Articulating laparoscopes are important tools in SPLS, however they are still not
the ideal solution for acquiring the best imaging necessary. Several experimental
cameras aimed toward achieving better viewing angles in SPLS are being devel-
oped. One experimental method of achieving enhanced visualization in SPLS,
either as the primary camera or as an adjunct is the use of a miniature camera
anchored to a laparoscopic articulating instrument (Fig. 9.7). This camera is still
under development and holds the promise of having the ability to acquire additional
angles of view during SPLS [30].

9.4 Retraction

One of the basic requirements of any kind of surgery is retraction. Retraction enables
the surgical field to be visible to the surgeons in both open and laparoscopic surgery
and enhances surgical dissection. As procedures become less invasive, adequate
retraction must often be sacrificed, as ports designated for retraction are invariably
the first to be waived. Nevertheless, surgeons must find ways to provide adequate
retraction even though they use a reduced number of ports. Inadequate retraction
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undoubtedly serves as an obstacle when performing SPLS, especially when the
anatomy encountered is less than “textbook” [31]. Aside from its inevitable prolon-
gation of operative time, inadequate retraction can potentially convert a technically
straightforward case into a complex ordeal, lead to the conversion of a single-port
surgical procedure to conventional laparoscopy or open surgery, and eventually
increase morbidity. As such, the achievement of optimal retraction without addi-
tional ports is an everlasting pursuit.

9.4.1 Trans-Abdominal Stay Sutures and Endoloops

One commonly employed method of retraction in SPLS is trans-abdominal stay
sutures [32]. The sutures can be placed through the dissected organ (e.g. through the
fundus of the gallbladder in cholecystectomy) using a straight Keith needle and then
externalized trans-abdominal to allow continuous extracorporeal manipulation.
This method allows for continuous external manipulation of the target organ while
leaving a negligible mark where the needle passed through the skin. Some surgeons
perform a variation of this method whereby the needle enters and exits the abdomen
in two different locations (e.g. enters at the subxiphoid region, is sutured to the
Hartman's pouch and exits in the right lower quadrant) thereby enabling a “mario-
nette” effect of external manipulation.

The major limitation of the trans-abdominal stay suture method of retraction is
the potential perforation and leakage of gastrointestinal content into the peritoneal
cavity; hence it is limited to surgeries which involve retraction of organs to be
removed, e.g. cholecystectomy. Another drawback of this method is its restricted
retraction capability, with a fixed anchoring point, which makes repositioning dur-
ing surgery impossible.

Trans-abdominal endoloops have also been used to achieve gallbladder retrac-
tion during SPLS cholecystectomy [31, 33]. The endoloop is introduced trans-
abdominally into the peritoneal cavity and is attached to the gallbladder, which is
then retracted to the anterior abdominal wall. Endoloops are safer to use then stay
sutures in the manner that they have less of a potential for a perforation or leak,
given that they do not pierce the tissue. Nevertheless, their retraction capability is
sub-optimal.

9.4.2 Magnetic Anchoring and Guidance System (MAGS)

Magnetic Anchoring and Guidance System (MAGS) employs intra-abdominal
magnetically-anchored instruments to perform trocar-sparing laparoscopic surgery.
MAGS uses 2 internal neodymium-iron-boron magnetic platforms introduced into
the abdomen through a 12-mm trocar. The internal platforms are magnetically
anchored to external anchors on the patient's skin, capable of manipulating and
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Fig. 9.8 (a) Endograb™ (Virtual Ports). The use of endo-retractors optimizes retraction and expo-
sure capability including changing retraction angles during the operation. (b) Gallbladder retrac-
tion achieved with the device

stabilizing these platforms [34]. The internal magnetic platforms allow for a non-
traumatic elevation and retraction of organs like the liver and spleen. A modification
of the MAGS retraction system was described using magnet-conjugated clips,
which were placed along the inferior edge of the liver and were used to accomplish
retraction [35]. MAGS platform has recently also been described to operate surgical
instruments and this way to enhance triangulation [36, 37]. Nevertheless, studies
with the MAGS have only been performed on animal models and cadavers. The
main technical pitfall of the MAGS system (in addition to its cost) is the exponential
decrease in magnetic coupling strength as a function of distance (i.e. abdominal
wall thickness). Hence, a tissue thickness greater than 15-mm does not allow use of
the magnetic anchoring system [34].

9.4.3 Internal Retractors

The decreased ability to achieve optimal retraction in SPLS has led to the develop-
ment of newly designed internal retractors. These devices are introduced to the
abdominal cavity via the SPLS access system and anchor the target organ to the
abdominal wall. An example for such a retractor is the EndoGrab™ (Virtual Ports
Ltd., Caesaera, Israel) (Fig. 9.8) [14, 31]. This is an internally-anchored retracting
device which can be introduced into the abdomen through a 5-mm port. Once
deployed, one of the two grasping ends is attached to the target organ and the other is
then anchored to the abdominal wall. Internal retractors can be anchored in different
places within the abdominal cavity, including under the diaphragm without concern
of entering the thoracic cavity. In addition, their position can be repeatedly adjusted
throughout surgery in order to allow for a dynamic retraction, just like in open sur-
gery. The ability of internal retractors to accomplish complete anterior-superior
retraction of the gallbladder fundus was shown to be a distinct advantage over other
methods [31].
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9.5 Instruments

Traditional laparoscopic instruments are straight and rigid. The mobility of straight
instruments is limited and when a few straight instruments are inserted through a
common entry point in the abdominal wall, their maneuverability is lacking. In addi-
tion, in these circumstances triangulation of the instruments and camera towards
the surgical field is limited as well, which turns even a simple surgical procedure
into a technically demanding ordeal. This problem is even more prominent if the
single-port access device is bulky and long [20]. Many efforts have been made to
develop instruments that would simplify the technical challenge and would achieve
triangulation, mainly curved and articulating instruments. Even though the use of
straight laparoscopic instruments comes with technical difficulty, all laparoscopic
instruments can still be used for SPLS. The main pros for the use of straight (“con-
ventional”’) laparoscopic instruments is the reduced cost associated with their use by
eliminating the need to buy new instruments, and the elimination of a learning curve
for the use of a new type of instruments [38]. Some studies have shown the feasibility
and safety of large series of SPLS using standard laparoscopic instruments [38, 39].

9.5.1 Articulating Instruments

3

Articulating (also called “roticulating” or “wristed”) instruments are ones with
maneuverability at their tip that can be controlled with movement of the surgeon’s
wrist. Some of them allow locking of the articulation at the desired angle as well as
360° rotation of the tip (which when combined with the tip’s angulation creates a
three-dimensional tip movement). The use of articulating instruments facilitates tri-
angulation towards the surgical field and hence enhances the view and dissection
capability (Fig. 9.9).

Many articulated instruments are available on the market. The authors’ main
experience is with RealHand™ articulating instruments (Novare Surgical,
Cupertino, CA, USA) (Fig. 9.10) [14]. Other brands include SILS™ Hand
Instruments (Covidien), Autonomy™ Laparo-Angle™ instruments (Cambridge
Endo®, Framingham, MA, USA) and EnTouch® handles and AEM® articulating
laparoscopic instrument (Encision Inc, Boulder, CO, USA).

The main advantage of articulating instruments are the ability to create instru-
ment triangulation and a very particulate dissection capability. The disadvantage is
the need for a learning curve for their operation, which is complex especially due to
the fact that handling the instruments is not intuitive and adds a third dimension of
movement while operating with a two dimensional view. Also, best retraction and
triangulation is achieved while crossing the handles (i.e. the surgeon’s right hand
controls the instrument which approaches the surgical field from the left and vice
versa) (Fig. 9.9).
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Fig. 9.9 Illustration of the
need for triangulation, and
the way to achieve it in SPLS
surgery. Articulating
instruments use enhances
triangulation hence
improving the view

Fig. 9.10 (a) RealHand™ (Novare) articulating laparoscopic instruments. (b) Dissection of the
gallbladder from its fossa by an articulating hook during single-port cholecystectomy. The use of
articulating instruments enables local triangulation, enhances dissection capability and improves
the view

The more complex operation of the articulating devices was demonstrated by
Tuncel et al. which compared the success of medical students in completing stan-
dardized laparoscopic suturing tasks with a standard versus an articulating needle
driver [40].

Sodergren et al., on the other hand, have shown no difference in the learning
curve when using straight or curved laparoscopic instruments when performing
simple laparoscopic tasks [41]. The only significant factor they found related to a
quicker learning curve was the subjects’ prior exposure to multiport laparoscopy,
with a quicker improvement of the single-port technique in subjects who were mul-
tiport laparoscopic proficient.
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a b

Fig. 9.11 (a) HIQ™ LS curved laparoscopic instruments (Olympus). (b) The instruments’ curves
result in their tip and handle having the same axis, which gives the surgeon the feeling of using
virtual trocars with triangulation as in traditional laparoscopy without crossing hands

9.5.2 Curved Instruments

The use of curved instruments situates the handles (and hence the surgeon’s
hands) apart from each other. Instruments with double curvings also allow the
instrument tip and handle to come in the same direction, as in standard multiport
laparoscopy. This technique is intuitive in the way that it allows the surgeon to
work without crossing handles and hence facilitate triangulation and dissection
(Fig. 9.11).

As in articulating instruments, there is also a large variety of curved instruments
available on the market. An example is “S-PORTAL® Instruments acc. to LEROY”
(Karl Storz-Endoskope) which have four curves, resulting in the instrument tip and
handle having the same axis (“coaxial instruments”), which is reported by the man-
ufacturer as giving the surgeon the feeling of using virtual multiport laparoscopy
with triangulation without crossing hands. Another example is HiIQ™ LS curved
instruments (Olympus, Tokyo, Japan) (Fig. 9.11).

Manukyan et al. have shown ergonomic superiority of curved over straight
instruments in a prospective study on multiport laparoscopic sigmoid resections
[42]. Stolzenberg et al. compared curved (single-port), articulating (single-port) and
straight (multiport) instruments both in basic laparoscopic simulator and in an ani-
mal lab and showed superiority of the curved instruments over articulating instru-
ments with decreased operative time in both the simulator and in the animal model.
In that manner they found that using curved instruments via a single-port is compa-
rable to the use of straight instruments via multiport laparoscopy [43]. Rimonda
et al. showed the superiority of curved coaxial instruments over straight instruments
in the rate of task performance in a laparoscopic single-port lab simulation per-
formed by surgical residents [44]. Botden et al. evaluated box trainer task perfor-
mance of experienced (>50 laparoscopic procedures) surgeons and compared
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Fig. 9.12 A flexible CO,
laser tool (Lumenis®,
Yokneam, Israel) delivers
thermal energy to porcine
small bowel mesentery,
causing division and
coagulation of the mesentery.
Conventional thermal energy
devices are rigid, hence they
do not enhance triangulation
in SPLS

standard laparoscopy, SPLS with straight crossed instruments and SPLS with
curved instruments. Their results, however, showed faster task performance with
both standard laparoscopy and single-port crossed instruments than with single-port
curved instruments. Fourteen out of the fifteen participants preferred standard lapa-
roscopy over SPLS [45]. To date, the evidence for the superiority of one of the types
of instruments over the others is lacking.

9.5.3 Instruments for Hemostasis

As in any laparoscopic surgery, energy devices are crucial. Obviously, standard lap-
aroscopic thermal energy devices can be used in SPLS as well as in standard lapa-
roscopy. Current technologies are based on either ultrasonic energy like the
Harmonic™ (Ethicon) and the Sonicision™ (Covidien) or bipolar coagulation (e.g.
LigaSure™ (Covidien) and Enseal™ (Ethicon)). The problem with these standard
energy delivering devices is their inability to articulate in order to enhance triangula-
tion which is a crucial element in making SPLS “user friendly” as mentioned above.

In 2009 Ogura et al. reported the development of a small ultrasonically-activated
transducer attached to the tip of an articulating device [46]. They reported that the
device offered both coagulation and dissection performance similar to that of con-
ventional instruments in a porcine model. Unfortunately, no follow up studies with
this device were reported in humans.

Recently a novel technology to deliver thermal energy via a flexible laparoscopic
instrument has been developed: it features CO, laser energy transmitted through a
specialized flexible optical fiber [47, 48]. This technology was tested in animal
models and is reported to provide excellent hemostasis and to cause minimal col-
lateral tissue damage [48] (Fig. 9.12). Human studies are currently under way
mainly using robotic articulating devices.
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Fig. 9.13 The SPIDER®
Surgical System
(TransEnterix), a minimally
invasive surgical device that
includes an access device and
a combination of two
articulating instruments and
one straight instrument for
retraction

9.5.4 Combined Dedicated Systems

The SPIDER® (Single-port Instrument Delivery Extended Reach) Surgical System
(TransEnterix Inc., Durham, NC, USA) is a minimally invasive surgical device that
includes an access device and a combination of two articulating instruments and one
straight instrument for retraction (Fig. 9.13). It is claimed that it is able to achieve
intra-abdominal triangulation via a single site and to offer true left and true right
motion with flexible, articulating instruments. Recent feasibility studies in animal
models and one case report in a human have shown the feasibility and safety of its use
[49-51]. The most recent study noted difficulty in achieving optimal retraction with
the system [50]. No comparative studies to other systems were performed up to date.

9.6 Summary

Many different access devices, cameras, retraction methods and operative instru-
ments are available for use and can be used in SPLS. Some of these are commer-
cially available and some are still experimental. Some are dedicated tools which
were developed especially for SPLS and some are improvisations or adjustments of
previously accepted instruments for standard laparoscopic surgery to the novel con-
cept of SPLS. Maintaining the principles of optimizing the view, supplying ade-
quate retraction, and achieving triangulation should be at the basis of the surgeon’s
selection of which tools to use when performing SPLS.
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Chapter 10
Technical Considerations

Masazumi Okajima, Yasutomo Ojima, and Masanori Yoshimitsu

Abstract In this paper we describe the basic techniques for a single-port
laparoscopic surgery. The surgical techniques are classified into the multiple trocar
method and the multi-channel port method because of access port differences. They
are also classified as well according to technique, e.g., the parallel technique, cross
technique, and cross hand technique. Forceps manipulation is different in each tech-
nique, therefore, it is important for surgeons to understand the characteristics of
these methods. An appropriate method should be chosen on the specific situation to
render surgical maneuver to be easily performed.

Keywords Cross hand technique * Cross technique * Multi-channel port method
» Multiple trocar method ¢ Parallel technique

10.1 Introduction

It is important to understand the difference between single-port laparoscopic surgery
(SPLS) and conventional laparoscopic surgery when considering a SPLS. Trocars
should be placed in consideration to forceps selection and its manipulation. In a
SPLS, there are a great number of limitations with respect to surgical manipulation
because multiple devices are inserted almost coaxially within a single small incision,
and thus, the devices or surgeon’s hands can interfere with each other (Fig. 10.1).
It is vital to exercise ingenuity regarding the approach and the manipulation of the
forceps to overcome this limitation.
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monitor monitor

Fig. 10.1 The difference between conventional laparoscopic surgery (a) and SPLS (b)

10.2 Types and Characteristics of Access Ports

Usually, a trans-navel approach is chosen. This approach consists of a method that
uses a platform exclusively applied in a SPLS and has several trocars inserted into a
single incision.

10.2.1 Multiple Trocar Method (Fig. 10.2) [1]

This method requires the gathering of multiple trocars that are used in conventional
laparoscopic surgery in a limited space within the umbilical region. Several trocars
are inserted into one skin incision. For the forceps used exclusively for tissue retrac-
tion, direct puncture insertion can also be performed. Direct insertion of the forceps
is of great help to avoid interference of trocar head. On the other hand, this causes
difficulty in replacing the forceps, and manipulation of the forceps is encumbered.
In addition, occurrence of tissue damage should be in consideration. Usually, a
common surgical method is to insert about three 5-mm trocars into the umbilical
region. If trocars with large heads are used, they may interfere with one another. To
avoid this issue, it is better to use a trocar with a small head or to arrange trocars of
differing lengths. Once a 2-cm incision in the umbilical region and then an incision
in the region between the umbilical fossa and beneath the skin is made, a space of
about 2.5 to 3 cm can be obtained. With this approach, a distance of 3 cm or more
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Fig. 10.2 Multiple trocar
method

between two forceps can be ensured. Moreover, if the incision is extended to about
2.5 cm, the distance between the two forceps could be 3 cm or more. Therefore, it
becomes possible to operate via laparoscopy and have a feeling similar to that of
performing a conventional operation. On the other hand, if the incision is too small
and excessive stress is applied to the skin, the tissue could sustain injury, and wound
healing could be delayed. Hence, an incision with some margin should be made.
Moreover, if resection of an organ is required, it might be necessary to incise the
fascia more. In that case, attention is required because if the fascial closure were
performed too securely, a complicating hernia could occur.

Because a major advantage of the multiple trocar method is the greater flexibility
and configurability of the distance between the two forceps, we can also use a con-
ventional trocar or forceps; that is to say, SPLS can be performed without using
special equipment. For a multiple organ resection, attention is required because a
trocar positional change can be difficult once the trocar is inserted. It is difficult to
always insert a trocar in the same position for various cases. Individual differences
among surgeons are likely to occur. In addition, upon insertion of the first trocar, it
is necessary to use the optical view trocar or to make a small incision. Moreover,
manipulation proficiency is required to insert the second and third trocars safely
because positional confirmation of the trocar tip is difficult.

10.2.2 Multi-Channel Port Method (Fig. 10.3) [2]

The advantages of the multi-channel port method are in opposition to those of the
multiple trocar method. With this method, insertion and indwelling are easy, and
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Fig. 10.3 Multi-channel port
method

experience has shown that there is little negative impact. Moreover, it can be per-
formed safely because the port in this method is kept in place after a fasciotomy has
been performed appropriately. The indwelling of the second and third trocars is also
easy. However, the distance between the two forceps is generally smaller than that
of the multiple trocar method, as the trocars are arranged at a given distance. On the
other hand, this method becomes effective for surgeries such as a multiple organ
resection or large intestine surgery because we can move each channel position by
turning a trocar’s port.

10.3 Classification of Basic Surgical Techniques

In a SPLS, a device having the smallest possible diameter is desirable to reduce
interference between the devices. The basic surgical techniques are classified as fol-
lows. However, these classifications can be further broken into two types, depending
on whether a surgeon uses a straight-type or flexure-type device. We will describe
the techniques with the different characteristics of forceps to be considered.

10.3.1 Parallel Technique (Fig. 10.4)

In the parallel technique, a surgeon performs a surgical technique while holding two
straight-type devices in both hands. As for the implementation of the parallel tech-
nique, it is similar to that of the conventional laparoscopic surgery in that a surgeon
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Fig. 10.4 Parallel technique \ /
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holds an electro-cautery and a dissecting forceps in the dominant hand, as well as a
holding forceps in the non-dominant hand to display the operation field. Therefore,
this technique is easy to introduce. However, as the distance between the trocars in
the umbilical region becomes smaller, the devices overlap coaxially, and their move-
ments interfere with each other making surgical techniques difficult. In the multiple
trocar method, the distance between the two trocars can be expanded to 3—4 cm, a
distance that is suitable for the parallel technique. Because the distance between the
two trocars is less than 3 cm in the multi-channel port method, there are only a lim-

ited number of surgical techniques that can be applied in the parallel technique
because the devices may collide with one another.

10.3.2 Cross Technique (Fig. 10.5)

In this technique, a triangular formation can be re-established with the intersection of
the forceps. Surgeons must become accustomed to the fact that the right and left sides
on a monitor are the reverse of the surgeon’s right and left hands actually being used.

As for the right and left tips of a forceps, they can be gradually detached at the
intersecting point. Therefore, it is easier to use bent forceps. With this technique, the
best triangular formation is obtained if the forceps has both tips bent. However,
using such a forceps is technically difficult. This is because even if a retention for-
ceps is bent, its manipulation is relatively easy; however, if those apparatuses are
used for incision or dissection and are also bent, the difficulty of the manipulation
increases. Therefore, it is appropriate to use only (exclusively?) a curved forceps
among the surgical instruments used in this clinical setting.
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Fig. 10.5 Cross technique
using bent forceps

Fig. 10.6 Cross hand
technique

10.3.3 Cross Hand Technique (Fig. 10.6)

A technique to correct the left-right reversal on a monitor is the cross technique.
In clinical settings, surgeons rarely prefer this technique. As a result of this reversal,
the forceps sometimes move in a direction different to the surgeon’s intention. The
above-mentioned techniques can also be applicable to the parallel technique and the
cross technique. It is important to understand that these three techniques have their
own property and character. Before the clinical application of SPLS, surgeons
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should be trained for ingenuity of these techniques. In clinical settings, it is absurd
to be a fundamentalist of a specific technique. As techniques differ by situations,
surgeons should be prepared to apply the best technique described above or com-
bine applicable techniques.

In this section, we described the basic concept of techniques in performing a
SPLS. It is also true that each procedure needs to be discussed more in detail not
only for incision or dissection, but for tissue retraction or tissue approximation.
More detailed information regarding techniques for each procedure may be
described in the following chapters.
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Chapter 11
Suturing and Knot-Tying Technique

Kazunori Uchida, Hirotaka Tashiro, and Hideki Ohdan

Abstract Suturing in endoscopic surgery is greatly influenced by the set-up of the
forceps. For the so-called “TANKO procedure” which comes from the concept of
reduced port laparoscopic surgery (RPLS), the distance from forceps to the other is
very small and the angle of the forceps becomes very narrow. In order to suture in
this situation, two ways of manipulation are necessary. One is the technique to
manipulate the tip of the needle holder that controls suture materials and the other
is the technique to control the hands of the operator who controls the needle holder.
To control the hands is a technique common in RPLS, so in this chapter, the selec-
tion of a proper user-friendly needle holder (even when the distance between for-
ceps is small) and suturing technique will be explained.

Keywords Knot-tying ¢ Single-port laparoscopic surgery * Suturing

11.1 Introduction to the Technique

Suturing in endoscopic surgery is greatly influenced by the set-up of the ports. For
the so-called “TANKO procedure” which comes from the concept of reduced port
laparoscopic surgery (RPLS), the distance between forceps is very small and the
angle of the forceps becomes very sharp. In order to suture in this situation, two
ways of manipulation are necessary. One is the technique to manipulate the tip of
the needle holder that controls suture materials and the other is the technique to
control the hands of the operator who controls the needle holder. To control the
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Fig. 11.1 Types of inline
handles

hands is a technique common in RPLS, so in this chapter, the selection of a proper
user-friendly needle holder (even when the distance of forceps is small) and suturing
technique will be explained.

11.2 Selection of the Needle Holder

Most needle holders have a straight handle called an in-line handle. The handle is in
this particular shape in order to operate the forceps and to permit rotation to make
loops for suturing easier. There are two types of inline handles: a double-action type
and a single-action type (Fig. 11.1). For TANKO, it is better to use one with a com-
pact handle to avoid clashing of the handles. The double-action type opens up to the
both sides, so they can easily cause interference with the other forceps. On the other
hand, the single-action type opens up only in one direction, so the possibility of
interference decreases. Moreover, it can be used even in a narrower space (Fig. 11.2).
The parts of the single action type may clash, but this can be avoided by removing
the screw cap (plug) (Fig. 11.3).

To approximate the tissue, it is absolutely necessary to grasp the tissue by an
assistant forceps with rotating mechanism. Otherwise, even with the single-action
type, depending upon how you open the handle, the handles may easily interfere
with each other. In order to avoid this, it is also helpful to use a needle holder that
has a rotation knob (Fig. 11.4). It is recommended to use a diamond type jaw sur-
face, not a serrated type, which can provide with a good grip. It is of key importance
to use the needle driver and assisting forceps of different length to avoid interfer-
ence of the handles (Fig. 11.5). The handle grip needs a little “twist”, too. If one
holds an in-line type handle with a palm grip, the operator’s hands interfere with
each other, so it is better to hold it with a pencil grip (Fig. 11.6).
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Fig. 11.2 Clashing of
handles

Fig. 11.3 Screw off
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Fig. 11.5 Change the length
of forceps
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Fig. 11.6 Palm grip and
pencil grip

In conclusion, at present, for needle holders, the Szabo-Berci needle holder or
the Snowden-Pencer needle holder with a rotation knob are both considered very
useful.

11.3 Kbnot-Tying Technique in Reduced Port
Laparoscopic Surgery

In general, the use of two needle holders makes knot tying easier. We will describe
our “thumb’s up technique” [1] which can even be done with almost parallel needle
holders as shown in the illustration.

1. Make “C loop” (Fig. 11.7a)
Make a C loop first. The important point here is how you hold the long tail with
the right needle holder. By turning the suture toward the needle holder, catching
the thread becomes easier.
2. Open the jaw (Fig. 11.7b)
Open the jaw of the left needle holder. This is the “thumb’s up” technique.
3. Hook the suture (Fig. 11.7¢)
By moving the needle holder forward, hook the suture on the back of the jaw.
4. Coiling the suture (Fig. 11.7d)
Usually, for knot tying, one would twist the suture around the forceps, but for
this particular suturing, turn the left needle holder to the left and coil the thread.
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Fig. 11.7 (a) Make “C loop” (b) Open the jaw (¢) Hook the suture (d) Coiling the suture (e)
Completion of the loop (f) Completion of the half hitch knot (g) Surgeon’s knot (h) Coiling the
suture again (i) Completion of the double loop (j) Keep “thumb’s up” (k) Completion of the
Surgeon’s knot (1) Making a complete knot
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5. Completion of the Loop (Fig. 11.7¢)
Make a loop by trying not to touch the lower part of the left needle holder and
pull the thread with the right needle holder. By turning the left one to the point
where you can see the back of the holder, the long tail will go smoothly behind
the left needle holder.
6. Completion of the Half Hitch Knot (Fig. 11.7f)
Turn the left needle holder to the right and pick up the short tail to complete the
half hitch knot
7. Surgeon’s knot (Fig. 11.7g)
By repeating a set of above suturing technique, a surgeon’s knot is easily
completed.
8. Coiling the suture Again (Fig. 11.7h)
By turning the left needle holder to the left, coiling the suture is done.
9. Completion of the Double Loop (Fig. 11.71)
By pulling the right needle holder, a double loop can be made on the left needle
holder.
10. Keep “Thumb’s Up” (Fig. 11.7j)
During the procedure, the jaw of the left needle holder needs to be open all the
time. By doing so, slackening of the loop and potential escape can be avoided.
Also, interference of the holder's hands can be lessened.
11. Completion of the Surgeon’s Knot (Fig. 11.7k)
By picking up the short tail, the Surgeon’s knot is completed.
12. Making a Complete Knot (Fig. 11.71)
Almost all procedures are done by moving the forceps back and forth. By doing
so, interference of the forceps can be avoided and suturing can be
accomplished.
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Chapter 12
Single-Incision Robotic Surgery

Gopal Menon, Monica T. Young, and Alessio Pigazzi

Abstract Robotic surgery represents the latest advance in minimally invasive
techniques. Single-incision robot-assisted surgery is the ultimate robotic surgery
technology and has received enthusiastic acceptance in field of gallbladder surgery.
However, apart from improved cosmesis, its reported benefits are thus far not widely
known. Its application is limited largely to cholecystectomy, but it is gradually
being applied to other procedures. As the results of further studies surface, a clearer
picture of the role of reduced-port robotic surgery will emerge.

Keywords Access port * Cholecystectomy * Colectomy ¢ da Vinci surgical system
* Single-incision robotics

12.1 Introduction

12.1.1 Overview

Robotic surgery represents a relatively new and exciting stage in the development of
minimally invasive surgical techniques. The last quarter of a century has seen the
rapid growth of robotic surgery from a tentative concept to an established modality
in medical practice. The benefits of robotic surgery over conventional laparoscopic
surgery remain controversial. However, recent reports in the United States and other
countries show a trend toward an increasing use of robotics in various procedures.
Single-incision robotic surgery is the latest development in the robotic surgery
armamentarium and has been hailed by many enthusiasts as the answer to the dif-
ficulties encountered during single-access laparoscopic procedures.
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12.1.2 History

The term “robot,” when used to describe a current robotic surgical system, is a
misnomer of sorts. A robot is technically defined as “a machine capable of carrying
out a complex series of actions automatically, especially one programmable by a
computer.” Surgical robots are fully automated yet incapable of independent move-
ment or decision-making. They rely on a “master—slave” interaction, with the robot
(slave) mimicking movements of the surgeon (master).

The Puma 560 is credited with being the first in a long line of surgical robots. In
1985, this machine was used to perform a CT-guided stereotactic brain biopsy with
greater accuracy and precision than previously achieved. The FDA approved the
first robot, christened ROBODOC, for surgical use in 1990. In the years that fol-
lowed, the range of robotic procedures expanded quickly. Urologic, gynecologic,
and cardiothoracic surgeons pioneered the robotic surgery movement. The first
transurethral robotic prostatectomy was performed in 1992. In 1998, the first robot-
assisted coronary artery bypass graft surgery was performed. Urologists in particu-
lar embraced this new technology and made rapid strides in the surgical technique
and in the scope of what could be accomplished.

In the general surgery arena, robotic techniques have been adopted more slowly.
Several contributing factors have been proposed. Urological procedures are gener-
ally localized to the pelvis. General surgery procedures often involve more than one
abdominal quadrant, making the use of a robot at times cumbersome, as it must be
repositioned for each quadrant. The first general surgery procedure successfully
completed robotically was a cholecystectomy, in the year 2000. A variety of addi-
tional procedures have been performed since. Three years later a fully robotic
Whipple procedure was successfully completed. Currently, the most common
robotic general surgery procedures are cholecystectomy via a single-incision plat-
form, colorectal resection (especially total mesorectal excision), and some foregut
surgeries. The 12 most frequently performed robotic general surgery procedures are
given below.

Anti-reflux surgery
Adrenalectomy
Low anterior rectal resection
Proctocolectomy
Rectopexy
Hepatectomy
Gastrectomy
Splenectomy
Cholecystectomy
Donor nephrectomy
. Gastric bypass

. Heller myotomy

NI PD =
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12.1.3 Advantages and Disadvantages

There are several stated advantages to robotic surgery over traditional laparoscopic
surgery. Improved access to anatomically difficult locations is perhaps the most
significant. This is particularly true for surgery involving the mediastinum and pel-
vis, where traditional laparoscopy is technically challenging due to space restric-
tions. Robotic assistance allows for superior three-dimensional visualization,
improved dexterity provided by articulating instruments, improved ergonomics for
the operating surgeon, and precise instrument control. Electronic mitigation of hand
tremor allows for finer and more accurate dissection [10]. The latest generation of
robots permits seven degrees of movement, mimicking the range of movement of
the human wrist. All of these factors contribute to improved operative techniques
and potentially improved surgical outcomes.

Despite the advantages, cost remains a serious concern. Robots are expensive,
with costs running into millions of dollars for each robotic platform. The da Vinci
platform (Intuitive Surgical, Sunnyvale, CA, USA) currently holds virtually the
entire market share. Each robotic platform costs about two million dollars with a two
hundred thousand dollar annual service contract. Is it worth the investment? In the
climate of increasing austerity, is it a viable and, more importantly, justifiable option?
These questions will remain unanswered until a substantial number of large-scale
prospective studies are conducted to evaluate the clinical benefits of robotic surgery.

12.2 Indications and Contraindications
12.2.1 Indications

The use of robotic assistance in general surgery is increasing. Each year, newer, cut-
ting edge procedures are performed. However, broad consensus on the best indica-
tions for robotic surgery has yet to be reached, and this is especially true for
single-access robotic procedures.

The Society of American Gastroenterology and Endoscopic Surgery (SAGES)
consensus statement on the indications for robotic surgery, single- and multiple-port
surgeries included, recommends its use for the procedures listed below. This list is
based on the results of studies looking at operative and post-operative outcomes for
each of the procedures listed. No significant benefit was noted for other general
surgery procedures.

Heller myotomy
Paraesophageal hernia repair
Gastric bypass

Gastric resection

Biliary reconstruction
Esophagectomy

Distal pancreatectomy
Rectal resection

NN P
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Table 12.1 Reports published to date on single-site robotic general surgery

Number Operation
of time (in
Investigators ~ Evidence type Procedure patients  Access minutes)
Ostrowitz Prospective Right 3 SILS port 166
etal. [1] clinical series hemicolectomy
Romanelli Case report Cholecystectomy 1 Separate fascial 156
et al. [2] incisions
Ragupathi Clinical case Partial cecetomy 1 GelPort 120
et al. [3] report
Singh et al. Clinical case Right 1 GelPort 179
[8] report hemicolectomy
Kroh et al. [S]  Prospective Cholecystectomy 13 Glove 107
clinical series technique
Wren and Comparative Cholecystectomy 10 da Vinci SSI 105.3
Curet [4] study®
Morel et al. Prospective Cholecystectomy 28 da Vinci SSI 80
[6] clinical series
Spinoglio Comparative Cholecystectomy 25 da Vinci SSI 62 [13]
et al. [9] study®
Konstantinidis Case series Cholecystectomy 45 da Vinci SSI 84.5
etal. [11]
Pietrabissa Multicenter Cholecystectomy 100 da Vinci SSI 71
etal. [12] prospective
case series

*Comparative study vs. standard laparoscopic cholecystectomy
"Comparative study vs. laparo-endoscopic single-site surgery

Very few studies have analyzed the impact, benefit, and outcomes of reduced-
port or single-incision robotic surgery, and to date there have been no long-term
prospective trials comparing reduced-port to multiport robotic procedures. Much of
the work done thus far has pertained to cholecystectomy; thus, commenting at this
time on the virtue of single-incision robotics in other fields would be premature.
The studies published to date on single-site robotic general surgery are summarized
in Table 12.1.

12.2.2 Qutcomes

Outcomes gleaned from the literature seem to establish the safety of single-incision
robotic surgery. Pietrabissa et al. reported a conversion rate of 2 % in a series of 100
cholecystectomies, with one conversion to multiport laparoscopy and the other to
open surgery, both due to severe chronic inflammation. Minor complications
encountered included gall bladder rupture (7 %) and bleeding (5 %). Konstantinidis
et al. in a study of 45 patients who underwent cholecystectomy reported no conver-
sion to open surgery, although additional port placement was required in three
patients. Complication rates were similarto the study by Pietrabissa et al. and 40 of
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Table 12.2 Physiologic Physiologic variable Position-induced change
changes associated with the

.. Intracranial/intraocular pressure Increase
Trendeleburg position

Central venous pressure Increase
Cardiac output Decrease
Blood pressure Increase
Venous return Increase then decrease
Systemic vascular resistance Decrease
Airway resistance Increase

the patients were discharged within 24 h. Interestingly, the duration of surgery did
not change significantly with increasing operative experience. The remaining stud-
ies were too small to draw meaningful conclusions regarding outcomes, but the
feasibility of such procedures has been established.

12.2.3 Contraindications

Contraindications for single-incision robotic surgery are not dissimilar to those for
conventional laparoscopic surgery or multiport robotic surgery. Robotic general sur-
gery (abdominal procedures) are usually performed in the Trendelenburg or reverse
Trendelenburg position; thus, the physiologic effects of a steep incline and pneumo-
peritoneum creation must be taken into account. The most important physiologic
changes are listed in Table 12.2.

Due to the potential for risky physiologic changes, the following are considered
relative contraindications for robotic surgery:

* History of cerebrovascular accident, intracranial aneurysm, elevated intracranial
pressure, or glaucoma

» Severe chronic obstructive pulmonary disease, bullous emphysema, spontaneous
pneumothorax, or diaphragmatic hernia

12.3 Description of the Technique

12.3.1 Basic Structure

The typical robot consists of the surgical console, a three-dimensional camera sys-
tem, and a bedside cart equipped with robotic arms. Conventional robotic surgery
uses four separate arms; one for the camera and the other three for the instruments.
Slight variations exist between different generations of systems, but the principles
remain the same. The locations of the ports vary according to the type of procedure
being performed.

Single-port/single-site robotic surgery is a modification of the multiport approach
and can be carried out in two ways. One method involves inserting three ports of the
multiport robotic system through separate but closely placed incisions or through a
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da Vinei 4

Fig. 12.1 The da Vinci robotic console

GelPort® device (Applied Medical, Rancho Santa Margarita, USA) or simply
through the fingers of a standard surgical glove. A newer method takes advantage of
a specially designed single-incision platform comprising a large silicone port with
four channels and commonly placed in the umbilicus. The single-port robotic trocars
and instruments differ in design from those of the conventional robotic system.

12.3.2 Individual Components

12.3.2.1 Console

The da Vinci console developed by Intuitive Surgical is currently the only commer-
cially available robot. A number of robot alternatives are in various stages of devel-
opment and are projected to enter the market within the next few years. The console
shown in Fig. 12.1 may be housed at a remote location, but at most hospitals, the
console is housed within the operating room itself.

The da Vinci console controls translate movements of both the hands and the wrists
to the instruments inside the patient’s body. A high-definition image, typically produced
by two separate endoscopic camera lenses, allows stereoscopic, magnified vision.

12.3.2.2 Access Platform

Access platforms provide the conduit through which robotic components enter the
body. The platform must form an airtight seal, preventing the escape of gas used for
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Fig. 12.2 Typical access port

insufflation. Multiport robotic surgery uses devices similar to laparoscopic entry
ports. With single-incision robotics, however, improvisation became necessary.
Modified platforms include the “glove port,” comprising a glove folded around an
Alexis wound retractor (Applied Medical) for insertion of instruments through the
finger holes; the “GelPort” (Applied Medical) into which the instruments are
inserted directly; the “TriPort or QuadPort” (Olympus, Tokyo, Japan) multichannel
ports with valves for instrument insertion [7]; the “SILS™ port” (Covidien, New
Haven, CT, USA), which is made of one piece of elastopolymer that deforms with
instrument placement; and the recent “da Vinci SSI”” (Intuitive Surgical) a soft sili-
con port with four channels that accommodate instruments designed for single-inci-
sion procedures. Some surgeons have opted to insert instruments through multiple
fascial incisions, thereby avoiding the need for a special device.

A typical access port and orientation of the instruments through the device are
shown in Fig. 12.2.

12.3.2.3 Instruments

Single-incision robotic surgery requires specially designed instruments. To achieve
instrument triangulation through a single access site, the ports are curved, so that the
instruments meet at their tips. This allows for unobstructed movement of the robotic
arms with respect to each other. The camera is positioned at the center of the curved
arms, such that it does not interfere with movement. The instruments are flexible so
that they can be easily inserted through the curved trocars.

Unlike standard robotic instruments, the single-site instruments do not articulate
at the tip, losing some of the advantages of the increased robotic articulation com-
monly associated with the conventional robotic platform. As a result, movement is
along straight lines, as in conventional laparoscopy. However, the curved working
instruments allow for optimal triangulation, thus obviating some of the limitations



124 G. Menon et al.

associated with single-site laparoscopic surgery conflicts [4]. In addition, the system
software ensures that even if the instruments cross inside the abdominal cavity, the
actual control of the instruments at the console will remain with the appropriate
hands without the surgeon being aware of any differences in comparison to multi-
port robotic surgery.

A variety of semi-rigid instruments, such as hooks, scissors, graspers, needle
drivers, and clip appliers, are available for the robotic platform. The optics consists
of an 8.5-mm stereoscopic telescope in either a 0° or 30° configuration to be used
according to the specifics of the case.

12.3.2.4 Patient-Side Cart

The patient-side cart consists of a scaffolding to which the robotic arms are attached.
The robotic cart has four arms, one of which remains unused during single-incision
robotic surgery (usually arm 3).

12.3.2.5 Assistance

The operating surgeon at the console requires assistance in manipulating tissues and
in providing traction. The assistant uses a laparoscopic instrument through one of
the ports. Several different methods are used to provide traction. They vary, depend-
ing on the location of the assistant’s port. Occasionally, a marionette or transparietal
technique is used whereby the tissues are suspended by sutures.

12.3.3 Procedure

The single-site port is inserted by first making a 2-3 cm incision at the desired fas-
cial level. CO, is insufflated via a specific side valve, and the camera is then intro-
duced to allow insertion of the curved port. The robotic curved trocars are inserted
under direct vision. Because the curved trocars are longer than straight robotic tro-
cars, care must be taken to avoid damage to surrounding structures and other organs
during their insertion.

The robotic cart is brought in by a appropriate approach, and the camera and the
arms are docked sequentially, resulting in the configuration shown in Fig. 12.3.

12.3.3.1 Cholecystectomy

The robotic cholecystectomy procedure follows the same principles as in other
approaches. The assistant’s port can be used to grasp the dome of the gallbladder,
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Fig. 12.3 Docked system

Fig. 12.4 Single-incision robotic cholecystectomy

thus elevating it cephalad. The hilum can be dissected with a hook or scissors
manipulated by the surgeon’s right hand and a grasper manipulated by the left hand,
according to surgeon’s preference. After identification of the cystic duct and artery,
these structures can be clipped and divided (Fig. 12.4). The single-incision robotic
system with its fluorescent “firefly” mode allows visualization of the biliary struc-
tures with the use of indocyanine green (ICG) and a special light source with a near
infrared wavelength. This can be useful in cases in which the anatomy is unclear, in
essence creating a fluorescent cholangiogram Fig. 12.5-12.9.
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Fig. 12.5 Adhesiolysis

Fig. 12.6 Triangle
of Calot dissection

Fig. 12.7 Critical view
approach
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Fig. 12.8 Cystic duct and artery ligation

Fig. 12.9 ‘Firefly’ mode fluorescence with Indocyanine green

12.3.3.2 Colectomy

Single-site robotic-assisted colectomy has been performed in a few centers with the
use of a single-site platform or simply by using the glove or GelPort (Applied
Medical) technique. Colectecomy is carried out in a medial-to-lateral or lateral-to-
medial fashion, according to surgeon’s preference. Tilting the table to the side oppo-
site the lesion exposes the mesentery and assists in moving the small intestine out of
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the way. The surgeon at the console, and, using appropriate atraumatic robotic
graspers, retracts the mesentery; because no vessel sealer device is available for the
single-site platform designed for curved instruments, the vessels are divided by the
assistant or clipped and divided by the operating surgeon. If the multiport arms are
used in a single-site configuration, the operating surgeon can divide the vessels
independently. Performing intracorporeal anastomosis in patients undergoing right
colectomy is quite difficult under the single-incision approach. Thus, most surgeons
exteriorize the bowel and perform extracorporeal anastomosis according to standard
techniques. In sigmoid or low anterior resection, after division of the vessels and
mobilization of the mesentery, the sigmoid or descending colon can be exteriorized
through the single site; an anvil can be inserted into the proximal bowel, and
anastomosis can be performed under robotic or laparoscopic visualization after
re-insufflation of the abdominal cavity.

12.4 Tips and Tricks

As with every new procedure, appropriate patient selection is key to success, espe-
cially at the beginning of the single-access robotic experience. While single-incision
robotic surgery offers certain advantages over use of a laparoscopic platform, the
robotic platform poses unique challenges that can render the procedure equally
arduous. Challenges include the lack of tactile feedback and the need to find or
move instruments that are outside the visual field. Thus, the potential for complica-
tions and errors is ever present. Familiarity with the robotic system is key, and
extensive practice with a simulator will be beneficial at any stage of training.
Incisional hernia at the single-incision site is a known postoperative complication;
therefore, closure of the fascia must be carried out in a very methodical manner.
Despite this precaution, umbilical hernia will likely occur in a substantial number of
obese patients. In our opinion, then, single-incision robotic surgery is contraindi-
cated for individuals with a high body mass index.

12.5 Recommendations from the Author

Cholecystectomy is currently the only FDA-cleared application for the single-site
robotic surgery platform. We suggest performing the procedure in cases of uncom-
plicated gallbladder disease, at least initially, before venturing into more difficult
cases. Finally, given the increasing medicolegal scrutiny under which all robotic
surgeons currently operate, we advise performing other single-site robotic proce-
dures under an IRB protocol or at least after extensive and documented patient
counseling.
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Chapter 13
The Umbilicus as the Access Site

Atsushi Iida and Akio Yamaguchi

Abstract The umbilicus is the scar that remains after the umbilical cord is removed
from a newborn baby. As a simple structure without layers, the umbilicus is suitable
as the surgical access window for entry into the peritoneal cavity as well as the site
for tissue extraction. Reduced port laparoscopic surgery requires use of the umbili-
cus as the access site. There are some very important points to remember for recon-
structing the umbilicus after surgery. A beautiful finish requires a beautiful incision.
A vertically oriented umbilicus is commonly favored. To close the incision, the
fascial wound and the floor of the umbilicus must be closed firmly to avoid inci-
sional hernia. The umbilicus is a key aesthetic landmark. To avoid complications
from the incision as well as patient dissatisfaction with the shape of the umbilicus
after surgery, surgeons must understand the details of its anatomy and the fine points
of reconstructing the umbilicus, giving proper attention to cosmesis.

Keywords Laparoscopic surgery * Single-port laparoscopic surgery * Umbilicus

13.1 Anatomy of the Umbilicus

The umbilicus is the scar that remains after the umbilical cord has been removed
from a newborn baby. The umbilical cord itself contains the umbilical vessels, rem-
nant allantois, and the remnant vitelline duct [1] (Fig. 13.1). The structure of the
umbilicus is completely different from that of the abdominal wall, which comprises
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Fig. 13.1 Illustration of the human embryo at 8 weeks

Fig. 13.2 Computed
tomography image at the
level of the umbilicus. There
is no muscle layer or
subcutaneous fat layer at the
umbilicus

layers of muscle, fascia, skin, fat, and peritoneum. The structure of the umbilicus is
simple. There are no layers. Rather, the umbilicus is made up of skin, scar tissue,
and peritoneum at its center. The suitability of the umbilicus as an access window
for entry into the peritoneal cavity is evident on a computed tomography scan
(Fig. 13.2).

The deepest part of the umbilicus is the scar where the round ligament of the
liver, the para-umbilical vein, and the urachus were once attached (Fig. 13.3).
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Fig. 13.3 The deep surface of the umbilicus is the scar where the round ligament of liver, the
paraumbilical vein, and the urachus are attached

The fascia of the umbilical scar differs in structure from the linea alba, which is the
site of fusion between the bilateral posterior layers of the rectus sheath [2—4].

The umbilicus, unique in shape, is also a key aesthetic landmark on the abdomi-
nal surface. The shape of the umbilicus varies from person to person. Most com-
monly, the umbilicus is either T-shaped or rounded. A crescent shape is common in
obese persons, but the floor of even a crescent-shaped umbilicus is rounded, formed
by the disk-shaped scar tissue.
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13.2 Surgical Window to Access the Peritoneal Cavity

In conventional open surgery, laparotomy is performed without cutting out the
umbilicus. Cutting the umbilicus has been avoided for very specific reasons: the risk
of bleeding from umbilical vessels, the risk of surgical wound contamination and
ensuing infection by bacteria harbored in the umbilicus, and the difficulty involved
in reconstructing the umbilicus aesthetically. Laparoscopic surgery necessitates
only small wounds for the trocars and a route for tissue extraction. Because of its
anatomy, the umbilicus is the perfect candidate for a workable surgical access site.
It meets the goal of reducing or eliminating the need for laparoscopic trocars and
has made it easy for surgeons to improve outcomes [5] (Fig. 13.4).

13.3 Surgical Window for Tissue Extraction

Due to its anatomical structure, the umbilicus is a suitable gate for extraction of the
resected specimen. When the umbilicus is cut out, the incision is approximately
2 cm; however, the surgeon can extract a specimen that is as large as 4 cm in diam-
eter by withdrawing it through the umbilicus. The simple structure of the umbilicus
lends elasticity, which in turn facilitates the removal of a large specimen (Fig. 13.5).
The incision should be sized according to the size of the specimen.

Fig. 13.4 The single-incision multi-trocar method applied to laparoscopic cholecystectomy. The
operation is completed strictly through the umbilicus
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Fig. 13.5 The resected gastric specimen, together with dissected lymph nodes, is extracted
through the umbilicus. The tissue is removed in a bag that, when packed, is 3—4 cm in diameter and
pulled through the opened umbilicus

13.4 Methods for Single-Port Laparoscopic Surgery
at the Umbilicus

There are two main single-port laparoscopic surgery (SPLS) methods: the single-
incision multi-trocar method and the multi-channel port method [6]. The former is
the original SPLS method. With this method, several trocars are placed in the same
single incision. The advantages of this method are the ease of placing the trocars,
the ease in manipulating the forceps even from the small single incision, and the fact
that standard devices can be used. However, the single-incision multi-trocar method
can be problematic. The procedure is not standardized, and proper placement of the
trocars depends on the surgeon’s experience and skill level [5, 7].
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The other method, the multi-channel port method, has become the preferred and
most commonly used approach. This method originated with the use of a surgical
glove, leading to the development of the SILS™ port (Covidien, New Haven, CT,
USA) as the first commercially available multi-channel port. The advantage of this
method is its simplicity as a means of setting and fitting the window through the
opened umbilicus. The multi-channel port makes it possible for every surgeon to set
the trocars in a standard fashion, depending on the surgery that is to be performed.
There are some disadvantages to using the multi-channel port, however. Because
standard forceps cannot be manipulated from outside the window, the surgeon is
often required to use bent or curved forceps [8, 9]. The recent development of a
multi-channel port with dedicated forceps has provided for the performance of
advanced laparoscopic surgeries.

13.5 Closure of the Opened Umbilicus

Closure of the opened umbilicus and umbilicoplasty are very important steps in
SPLS. In terms of trauma to the abdominal wall, SPLS through the umbilicus is a
real advantage for the patient, but when the surgeon cannot reconstruct a beautiful
umbilicus, the patient is greatly disappointed by the outcome, having lost the aes-
thetic appeal of this abdominal landmark.

To reconstruct a beautiful umbilicus, there are some surgical principles to be
adhered. When the incision is made in the umbilicus, the surgeon must imagine how
to close and shape the wound, not simply how to use the wound for surgical access
and instrumentation. A beautiful result requires a beautiful incision; thus, the sur-
geon’s forethought and artistic skill become important.

An aesthetically pleasing umbilicus is difficult and even controversial to define.
One yardstick is the shape of the navels of fashion models. Not only are fashion
models attractive in body and face, but they tend to have a T-shaped or small rounded
umbilicus. Craig et al. reported that the longitudinally oriented, small T-shaped
navel is favored in the cosmetic evaluation of the umbilicus [10].

There are various ways of making the umbilical incision. Some surgeons make a
vertical incision, whereas others make a curved, transverse, or zigzag incision. The
vertical incision is currently the most popular umbilical incision. For purely cos-
metic considerations, an incision within the scar at the base of the umbilicus is ideal,
but we must remember that the length of the incision affects the performance of the
surgery as well as the size of the specimen that can be extracted.

Thereafter, the fascial wound and the base of the umbilicus must be closed firmly
to avoid incisional hernia. The umbilical vessels and the urachus must be surely
ligated. Because the deep portion of the umbilicus is made up of both scar tissue and
skin, the skin at that site must be trimmed to close the fascia. This is the most impor-
tant step in reconstructing a beautiful umbilicus. After the wound is washed with
saline to prevent infection, the skin should be closed with absorbable hairline sutures
and include umbilicoplasty (Fig. 13.6).
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Fig. 13.6 Closure and reconstruction of the opened umbilicus. Vertical orientation of the
umbilicus is favored for the reconstruction

The umbilicus is a very suitable gate for abdominal surgery. If we understand the
anatomy of the umbilicus and how to properly use it, patients will be satisfied with the
cosmetic results of the procedure and the skill of the surgeon. Of course, this is not
without the performance of a skilled operative procedure within the abdominal cavity.
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Chapter 14
Cholecystectomy

James Skinovsky, Marcus Vinicius Dantas De Campos Martins,
Francisco Almeida, and Fernanda Keiko Tsumanuma

Abstract In 1987, the practice of videosurgery in the hands of the French surgeons
Mouret and Perissat began one of the greatest revolutions in the history of the art of
surgery, comparable to such landmark advances as the discovery of anesthesia and
development of antibiotic therapy. Minimally invasive surgery has reduced suffer-
ing, decreased metabolic changes, and sped up patient recovery, being welcomed
quickly and enthusiastically in operating rooms around the world.

The steady improvement in optical systems as well as the instruments used in
videosurgery has allowed increasingly complex operations to be performed by
minimally invasive methods.

For more than 20 years, videosurgery has been the gold standard for treating
gallstones. New surgical approaches have been proposed as substitutes or comple-
ments to traditional, i.e., conventional videolaparoscopy, such as NOTES (natural
orifice transluminal endoscopic surgery), needlescopy, and surgery by single access
or LESS (laparoendoscopic single-site surgery). NOTES remains in the experimen-
tal stages, while LESS is a step ahead and expected to soon see widespread use.

In this chapter, the techniques, indications, possible contraindications, and
preliminary results of LESS cholecystectomy are discussed.

Keywords Videosurgery ¢ Cholecystectomy * LESS
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14.1 LESS: The Evolution

Since the report of experiments conducted by Kalloo et al. [1, 2], which signaled a
new approach to endoscopic surgery, now known as NOTES, several researchers
around the globe have been examining new devices and instruments to support the
method as well as other new approaches, attempting to clarify their viability and
practical applications.

The NOTES approach, a current challenge that will ultimately affect the future
of minimally invasive surgery, presents several problems that remain to be resolved;
examples include difficult internal orientation, the need for innovative hence expensive
equipment and instruments, as well as training stations and courses, the infectious
potential, and the questionable capacity to close the hollow organs appropriately.
The use of standard endoscopes is problematic because surgeons are not used to the
inverted view given by these devices. Accordingly, several barriers must be over-
come to allow for adequate development of transluminal surgery, transforming
NOTES into a routine clinical and surgical reality.

The transumbilical path currently presents itself as the most acceptable approach
because the view is similar to that of conventional videosurgery, and the use of flex-
ible and/or articulated instruments allows a better degree of triangulation, facilitat-
ing the necessary surgical manipulations.

Wheelees is credited as being the first to use the principles of single-access
surgery, performing laparoscopic tubal ligations in 1969 [3].

In 1997 Navarra et al. [4] described cholecystectomy performed through two 10
mm trocars, which were introduced via the umbilicus.

Single-access surgery entered a period of latency, reappearing in 2007, when
Zhu published his early experience using the umbilicus as a single access passage to
the peritoneal cavity. He referred to this new approach as transumbilical endoscopic
surgery (TUES) [5].

In 2008, Zhu et al. [6] described new clinical applications of TUES: hepatic cyst
fenestration (two cases), cholecystectomy (six cases), and appendectomy (nine
cases). The surgeries were achieved with the use of one trocar with three working
channels.

Also in 2008, Palanivelu et al. [7], practicing in India, published a paper describ-
ing eight transumbilical appendectomies achieved with a standard flexible endo-
scope. The authors considered the technique as a stepping stone to NOTES.

Since then, single-access surgery, now called LESS, has been performed for dif-
ferent procedures such as nephrectomy and pyeloplasty [8—10], adrenalectomy
[11], right colectomy [12], sleeve gastrectomy [13, 14], adjustable gastric band
[15], Roux-en-Y gastric bypass [16], gastrostomy [17], intracorporeal gastrojeju-
nostomy [18], and splenectomy [19], among others.

Several different multichannel trocars have been developed by companies around
the world, such as the SITRACC® device (Edlo, Brazil), the Single-Site Laparoscopic
Access System® (Ethicon Endo-Surgery, Cincinnati, OH, USA), GelPOINT®
(Applied Medical, Rancho Santa Margarita, CA, USA), the TriPort or R-Port® sys-
tem (Advanced Surgical Concepts, Wicklow, Ireland), X-Cone® and Endocone®
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Fig. 14.1 SITRACC?® (Edlo)
multichannel platform

Fig. 14.2 (a, b) Articulated
distal extremity; prehension
forceps and hook for
coagulation

(Karl Storz-Endoskope, Tuttlingen, Germany), SILS™ (Covidien, New Haven, CT,
USA), AirSeal® (SurgiQuest, Orange, CA, USA), and the SPIDER® system
(TransEnterix, Durham, NC, USA) [20, 21], all of them assuming the use of a mul-
tichannel trocar and curved, flexible and/or articulated instruments.

Pioneering work in Brazil reported in 2007 issued in the development of a plat-
form for single-access surgery, called SITRACC® (Single Trocar Access, Edlo,
Porto Alegre, Brazil), consisting of a trocar with four working channels; flexible
and/or articulated instruments were specially developed for this platform (Figs.
14.1, 14.2, and 14.3). With the technique studied in experimental animals, the first
SITRACC® cholecystectomies performed in humans were reported in the following
year [22, 23].
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Fig. 14.3 Disposition of
internal and external
SITRACC® platform (Edlo)
and its curved/articulated
instruments

14.2 LESS Cholecystectomy: Technique

The SITRACC® platform (Edlo) consists of a multichannel trocar, with three 5-mm
openings and one 10-mm opening, which can be changed to a 5-mm opening with
the use of a reducer that is provided. Curved, articulated end, and flexible instru-
ments have been specially created for this platform and approach. The use of 5-mm
optics, with a minimum angle of 30°, is highly recommended.

The team positions are similar to those for conventional videolaparoscopic cho-
lecystectomy, except the surgeon must stand more caudal to the patient, on the
patient’s left side. The camera person also stands on the left side (Fig. 14.4).

The multichannel trocar is introduced by the open technique through the umbili-
cus. It must be noted that better aesthetic results can be obtained with a completely
perpendicular intra-umbilical incision. With such an incision, the surgical scar is
fully hidden within the natural scar.

After introduction of the platform, the distal fixator balloon, which has a dual
function (fixation in the abdominal wall and prevention of pneumoperitoneum leak-
age), must be inflated with approximately 15 mL of air; tension is registered and
controlled externally (Fig. 14.5a, b). The entry portals of the platform must remain
in the form of a cross, with the largest placed in the lower quadrant.

The first instrument introduced is the fully flexible grasper, which must grasp the
bottom of the vesicle, pulling it toward the diaphragm and, at the same time, retract
the liver to facilitate exposure of Calot’s Triangle (Fig. 14.6).

The curved prehension forceps (which remain in the surgeon’s left hand) are
introduced through the left entry portal. These forceps must grasp the gallbladder
infundibulum and, with lateral and anterior traction, adequately expose Calot’s
Triangle so that the cystic duct and artery are properly visualized.

The instruments for dissection/sectioning are then introduced under direct visu-
alization, through the right entrance. These instruments, which may vary according
to the circumstance and the surgical strategy, include the articulated hook, articulat-
ing dissector forceps, and curved scissors. It should be noted that, at certain times
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Fig. 14.6 Totally flexible
grasper. Note the dual
function — to pull the
gallbladder and retract the
liver

Fig. 14.7 Isolation of the
cystic duct by forceps for
articulated dissection

during the surgery, conventional rigid laparoscopic instruments may be needed.
These can be used in a hybrid way, especially in cases of advanced inflammation
and/or adhesion, because they provide greater strength for dissection.

The elements of the pedicle are then dissected and isolated, with movement facil-
itated by the distal articulation of the dissector instrument (Fig. 14.7). The cystic
duct and pedicle vessels are then doubly clipped with 5-mm clips. If the cystic duct
is particularly wide, a 10-mm clip applicator (LT400) can be used through the south
entry portal. In this case, the reducer is removed, and the 5-mm optic is placed later-
ally. The curvature of the scissors helps greatly here (Fig. 14.8).

The gallbladder is then dissected from the liver bed by means of a coagulation
hook with distal articulation (Fig. 14.9). This device allows adequate and ample
movement for this step. After dissection of the gallbladder, hemostasis is estab-
lished, and the organ is removed through the interior of the platform after the distal
balloon is deflated (Fig. 14.10).
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Fig. 14.8 Section of the
clipped cystic duct

Fig. 14.9 Dissection of the
gallbladder by the articulating
hook

Fig. 14.10 Removal of the
gallbladder inside the
platform; the balloon is
deflated posteriorly
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Fig. 14.11 Immediate
postoperative results

In difficult cases, it is possible to make use of a trocar of 5-mm or even 2-mm and
positioned in the right hypochondrium to facilitate exposure of Calot's Triangle
through traction at the bottom of the vesicle. When necessary, a Penrose drain can
be inserted through the platform and removed via the same trocar.

The final scar measures about 20-mm (Fig. 14.11).

14.3 LESS Cholecystectomy: Results

A multicenter study [23] performed in 2008 and reported the next year, involved
nine Brazilian surgery services in several cities and culminated in the performance
of 81 LESS cholecystectomies. Ten surgeries required placement of an extra trocar
in the right hypochondrium, due to technical difficulties. Three of the LESS proce-
dures were converted to conventional videolaparoscopy.

Our personal experience with the LESS approach, using the SITRACC® plat-
form, includes 172 cholecystectomies performed at the Red Cross Hospital/Positivo
University, Curitiba, Brazil between October 2008 and June 2013, under approval
of the institution’s Ethics in Research Committee. All patients had symptomatic
gallstones. Eight procedures required an additional portal of 5 mm in the right hypo-
chondrium and, in four cases, full conversion to what we call conventional video-
laparoscopy was required (all because of “difficult infundibulum”). There were no
conversions to open surgery. The average operative time was 43 minutes, and all
patients were released 24 hours after the surgery.

Post-operative complications were few. In one case, reoperation by means of
conventional laparoscopy was necessary due to bleeding of the cystic artery within
minutes after the procedure. In another case, a trocar-site hernia was found 11
months after the surgery.
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14.4 Discussion

LESS maintains the principles of so-called scarless surgery, which leaves minimal
or no scars. It also allows an operative view close to the view that the surgeon is
already used to in regular laparoscopic procedures.

Due to the inherent difficulty of the method, there is a learning curve, and the
team that proposes to perform LESS cholecystectomy must first attend preparatory
courses and simulator training. Even surgeons experienced in the conventional lapa-
roscopic approach will face initial difficulties with the peculiarities of the method:
visualization is not always centered on the monitor, movements are restricted, the
positions of the surgical team are different, and the manipulation of the instruments
is particular. For this approach, a cohesive team that has worked together for a sub-
stantial amount of time is crucial to success.

Some challenges remain to be overcome before LESS can be considered a stan-
dard surgical reality. The triangulation capacity must be enhanced by the develop-
ment of better articulated and curved instruments, allowing safer dissection
movements. New lower caliber instruments and platforms are needed to increase
ease of movement inside the abdominal cavity and decrease the surgical trauma.

The main difficulty to overcome arises from the need to work in a single axis of
action, with the instruments disposed in parallel. The attempt to meet this challenge
is represented by the above-mentioned development of flexible instruments and/or
instruments articulated at their distal extremity, allowing for optimum albeit limited
triangulation.

Internal movement of the instruments, even those adapted for LESS, is arduous,
and it must be kept in mind that, when moving a single instrument, the whole tends
to move in a single axis, requiring a team trained and experienced in the technique
so that the visual field is not altered. The use of optics with angulation of at least 30°
provides optimum visualization of the target tissue.

The training requires patience and time because, as shown, the procedure is not
a simple variation of laparoscopy, and indeed, it is a new approach. Surgery work-
shops that provide practice in experimental animals as well as simulations are
essential for good outcomes in human surgical settings.

The arrival of new tools and new and longer optics and use of output light source
cables that can rotate 180° will facilitate the implementation of LESS and secure the
ultimate popularity of this promising surgical method. We should remember that
the LESS approach is part of the minimal-access surgery concept, and, in the event
of need, nothing should prevent its use as a hybrid method, with, for example,
elements of needlescopy and, in the near future, even a NOTES approach. The
ultimate goal is a safely performed procedure, quick recovery, and satisfactory
aesthetic results.

LESS cholecystectomy is feasible and safe in experienced hands. The operative
time, after the learning curve, becomes similar to that of conventional laparoscopic
surgery procedures. New studies in a large patient series are needed to compare this
new approach to conventional endoscopic surgery procedures, especially with
respect to metabolic response and the trocar hernia rate [24-26].
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LESS procedures must be considered part of an operative arsenal that includes
open surgery, endoscopic surgery, needlescopy, and eventually NOTES. Each
patient is unique, as is his illness. It is up to the surgeon to determine the best
approach in each particular case, with overall regard for the patient’s safety and
optimum surgical and aesthetic results.
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Chapter 15
Cholecystectomy with Improved Retraction

Guillermo Dominguez and Marcelo Martinez-Ferro

Abstract The concept of Transumbilical Cholecystectomy with Magnetic
Retraction (TCMR) is founded on reproducing classic laparoscopic surgery of the
gallbladder, with an optimum vision and exposition of the triangle of Calot. Newly
designed and already existing instruments and devices are deployed inside the
abdominal cavity and used to perform surgical procedures. Thereafter, they are
removed together with the surgical specimen through a single umbilical incision.
Because TCMR is only performed with a single 12-mm trocar, it results in no visi-
ble scars and provides a superlative cosmesis and inferior pain scores in comparison
to classic laparoscopy and other transumbilical approaches. The internal magnetic
device replaces the use of graspers, needles or sutures and supplies the necessary
retraction/countertraction force to enable sufficient triangulation. An external,
larger and more powerful magnet placed over the abdominal wall controls it.
Moreover, since it is not fixed at any level it can freely cruise the abdominal cavity
according to the surgeon’s need. Despite its few limitations and the need for further
research, TCMR is a feasible and safe alternative to videosurgery and other tran-
sumbilical approaches. It is simple to learn and applicable in patients weighing
more than 10 kg and a body mass index inferior to 40kg/m?>.
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» Magnet assisted laparoscopic surgery
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15.1 Introduction

Laparoscopic cholecystectomy has become the procedure of choice for the treatment
of symptomatic stones and polyps in the gallbladder. The advantages of minimally
invasive surgery have been widely accepted including shorter operation times, faster
recoveries as well as decreased blood loss, scarring and pain [1-3]. In an effort to fur-
ther minimize its invasiveness, surgeons have commenced operating on patients via a
natural orifice or through a single transabdominal incision, generally umbilical,
through which all instruments are introduced, either into a single specialized port or
multiple small fascial incisions. Compared to laparoscopy, transumbilical surgery is
associated to less parietal aggression, less risks of complications due to trocar inci-
sions, inferior pain scores and improved patient cosmesis [4—6]. However, there are
several technical complications that limit these practices including a safe access to the
abdominal cavity, poor triangulation of the instruments and scope, instrument colli-
sions and lack of maneuverability and reach [7].

Magnet-assisted laparoscopic surgery was developed in an effort to overcome the
already mentioned shortcomings while reducing the number and size of trocars and inci-
sions and the number of instruments and staff required in the operating room. It enables
efficient multi-axial retraction, countertraction, mobilization and separation maneuvers
just as if there were multiple access ports with opposite directions [8, 9]. The main
objective is basically to create a safe and reproducible therapeutic option, so that patients
can be treated even more gently and effectively though a single incision.

In 2005, one of the authors (GD) began with the design and development of the
IMANLAP™ project (<<Iman>> stands for magnet in spanish and <<Lap>> is the
abbreviation for Laparoscopy) to replace the use of graspers, needles or sutures
commonly employed to retract an organ or tissue and sometimes associated to sur-
gical trauma. In March 2007, GD performed the first laparoscopic single trocar
cholecistectomy in Buenos Aires, Argentina. The surgery was completely assisted
by IMANLAP™ technology. It was further registered at the argentine copyright
registration office and a patent was requested in USA in August 2007 [10]. The
following 40 consecutive cholecystectomies carried out in adults [11] and both
authors pediatric experience with magnet-assisted laparoscopic surgery, have also
been described [12] and shared with the scientific community.

The basic concept of this novel surgical modality is the use of a magnetic intra-
corporeal deployable device, the Internal Dominguez Magnetic Grasper internal
magnetic grasp, composed by a spring-loaded alligator clamp linked to an 11.83-
mm neodynium magnet coated with steel (Fig. 15.1) and guided by a larger, extra-
corporeal and powerful External Dominguez Magnetic Device external magnet
(Fig. 15.2). The internal magnetic grasper is used to firmly grab and retract organs
or tissues of up to 0.5 kg. By moving the external magnet (IMANLAP Ltd) in any
direction, the internal magnetic grasper (IMANLAP Ltd) is displaced accordingly
within the peritoneal cavity. The retracting magnetic force transmitted to the inter-
nal magnetic grasper is modulated by varying the distance between the external
magnet and the abdominal wall.



Fig. 15.1 The internal magnetic grasper IMANLAP Ltd) can be (a) disposable or (b) reusable and is
composed of a spring-loaded alligator clamp linked to an (¢) 11.83-mm neodynium magnet. (d) The
jaws of the alligator clamp (previously opened with the Thomas grasper™) are fastened tightly to the
gallbladder’s fundus (arrow). The gallbladder is tractioned cephalad and retracted over the liver edge
towards the patient’s right shoulder

Fig. 15.2 (a) The external magnet IMANLAP Ltd), coupled to its articulating self-retaining arm, is
placed over the patient’s abdominal wall. The laparoscope allows the surgeon to operate (take note of
the 5-mm instrument inserted through the working channel) and drive the camera simultaneously
(remember the camera headlight is coupled to a different and independent line). Visualization at the
point of dissection can also be fixed this way (observe the red light below the external magnet) without
the need for cumbersome roticulating instruments. (b) New version of the articulating self-retaining arm
(arrowhead), which can be easily manipulated with one hand. It is more flexible and articulated
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15.2 Instruments and Devices

Magnet-assisted laparoscopic surgery requires two sets of instruments and devices.

The first one comprises those specifically designed for magnet-assisted laparo-
scopic surgery as the Thomas grasper™ (IMANLAP Ltd, Buenos Aires, Argentina),
the internal magnetic grasper, the external magnet, the Dominguez articulating self-
retaining arm, and the Williams grasper™ (IMANLAP Ltd, Buenos Aires,
Argentina) (Table 15.1).

The internal magnetic grasper IMANLAP Ltd) can be reusable—environmentally
friendly—or disposable (Fig. 15.1). By covering the intracorporeal magnet with bio-
compatible plastic, attractions between the instruments and the magnet are impeded.
Moreover this material prevents the alligator clamp from transmitting electricity to
the abdominal wall and enables the use of monopolar hook even in those cases in
which the electrocautery device is leaning on the alligator clamp. This new version of

Table 15.1 Special instruments and devices for MALS (IMANLAP, Buenos Aires, Argentina)

Instrument Brand Description Image
Internal IMANLAP Ltd,  Itis a spring-loaded alligator O !
dominguez Buenos Aires, clamp linked to an " "
magentic Argentina 11.83-mm neodynium “ |
grasper magnet (5,000 Gauss or ‘
internal 0.5 Tesla) coated with steel.
magnetic The newest versions are
grasper additionally coated with
biocompatible plastic
External IMANLAP Ltd, Of major size and potency. It q =
dominguez Buenos Aires, can be used solely or, as in v
magnetic Argentina the image, fixed to the
device Dominguez articulating
external self-retaining arm |
magnet

[l
Thomas IMANLAP Ltd, Size: 5-mm x 50-cm. Made of \ ’/

grasper™ Buenos Aires, austenitic surgical steel, {
Argentina which is unaffected by —t
magnetic fields. It has two "“,"

converging indented arms !

to handle, open, close and
remove the internal
magnetic grasper by its
alligator clip. It allows its
easy position and reposition
within the body cavity

Williams IMANLAP Ltd, Size: 5-mmx 50-cm. Curved,

grasper™ Buenos Aires, non-magnetic, roticulating
Argentina and rigid grasper
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Fig. 15.3 10-mm, 27-cm,
0° laparoscope with a 6-mm
working channel

the internal magnetic grasper ensures its sterilization with ethylene dioxide and is far
more practical as there is no need to disassemble it for cleansing.

With the aim of achieving an effective surgical manipulation of the target organ,
flexible control of its application point is essential. Fixation of the internal magnetic
grasper (IMANLAP Ltd) was consequently improved by linking the alligator clamp
to the magnet via a flexible connector. This results in softer retraction movements as
the distance between the barycenter of the magnet and the application point is reduced.

The Thomas grasper™ (IMANLAP Ltd) handles the jaws of the alligator clamp intra-
corporeally. It was specially designed to be unaffected by electromagnetic fields and with
the necessary strength to open and close the alligator clamp. The force needed for these
maneuvers is substantially greater than that required for any other routine endosurgical
grasping action, what explains the reason why the internal magnetic grasper IMANLAP
Ltd) is held tightly at the application site and rarely becomes loose, being a safe and effec-
tive retraction tool. If by chance, the internal magnetic grasper is released, it can be rapid
and easily managed with the Thomas grasper™ and attached where it corresponds.

The external magnet IMANLAP Ltd) frees surgical assistants for other tasks and can
enable the main surgeon to operate alone whenever coupled to the Dominguez articulating
self-retaining arm fixed to the operating table. Since the external magnet can be easily
engaged and disengaged from the arm, it is possible to use it manually when dynamic
magnetic retraction is needed. However, when static magnetic retraction is required, the
external magnet can always be re-engaged to the arm without difficulty (Fig. 15.2).

The second set comprises already existing instruments and devices as a single
12-mm trocar (any brand is suitable) to accommodate the 11.83-mm internal mag-
netic grasper IMANLAP Ltd) or the SILS™ port (Covidien, New Haven, CT, USA)
for operations requiring more extensive dissection or intraabdominal suturing. We
recommend the use of a 10-mm, 27-cm, 0° laparoscope, with a 6-mm working chan-
nel (Karl Storz-Endoskope, Tuttlingen, Germany) because it allows surgeons to
operate and drive the camera simultaneously (the camera headlight is coupled to a
different and independent line) (Fig. 15.3). Commercially available 42-cm, 5-mm
instruments (irrigation/aspiration devices, dissectors, graspers, scissors, forceps,
harmonic scalpels, staplers, needle holders, etc), can be perfectly accommodated.
The Thomas grasper™ (IMANLAP Ltd) and the 5-mm Hem-o-Lok clip applier
(Weck Teleflex, Research Triangle Park, NC, USA) have been lengthened up to
45-cm, to enhance reach and to allow extra maneurability within the body cavity
(Fig. 15.4). Regular transumbilical instruments with exaggerated curves or roticulat-
ing tips are impractical for magnet-assisted laparoscopic surgery because they trans-
mit little torque and their movements are counteractive. We therefore prefer to use a
5-mm, gently curved non-roticulating grasper (Karl Storz-Endoskope).
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Fig. 15.4 (a) Instruments and devices required to perform a transumbilical cholecystectomy with
magnetic retraction. (b) A closer view to their tips. From left to right: Thomas grasper™
(IMANLAP Ltd), dissector, irrigation/aspiration device, Hem-o-Lok clip applier (Weck Teleflex),
gently curved non-roticulating grasper, monopolar hook, scissor

15.3 Contraindications

The absolute constrainments are pregnancy and pacemaker patients.
The relative constrainments are:

» Size of the patient: in those patients weighing <10 kg magnet-assisted laparo-
scopic surgery is unrecommended, as the internal magnetic grasper IMANLAP
Ltd) diameter is 11.83-mm, what means that at least a 12-mm trocar is needed.
This trocar size can be too large for small patients as neonates or nursing babies.
Moreover, the small size of the body cavity difficults a safe and effective move-
ment of instruments and magnetic devices.

 Thickness of the abdominal wall: for patients with a BMI >40 kg/m?, magnet-
assisted laparoscopic surgery is not suggested as the thickened abdominal wall
provokes a loss of tractive and/or repelling force of the magnet. However in
patients undergoing bariatric surgery they can be safely used with a larger and
more powerful external magnet (IMANLAP Ltd).

* Adhesions, distance from the abdominal wall and weight of the tractive organ:
can reduce the tractive force of the magnetic devices, though it is not necessarily
a contraindication to magnet-assisted laparoscopic surgery.

154 Technique

Transumbilical Cholecystectomy with Magnetic Retraction, or in other words,
magnet-assisted laparoscopic surgery of the gallbladder is founded on reproducing
the classic laparoscopic cholecystectomy, with an optimum vision and exposition of
the triangle of Calot. Before describing the technique, it must be pointed out that the
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technique can also be used as a complement in classic laparoscopic cholecystectomy
since it clearly does not replace videosurgery but adds a surgical variant to the so
called reduced port surgeries [11]. Additionally it makes possible the retraction of
key structures without the need for needles, sutures and retractors permitting mini-
mization of the number of access ports, incisions, and eventually staff.

General anesthesia is used in the same fashion as for a laparoscopic cholecystec-
tomy. The patient’s umbilicus is infiltrated with local anaesthesia (bupivacaine) to
facilitate an equilibrated analgesia. A single 1.5-cm umbilical incision for a 12-mm
port is performed. Even though in the beginning, we used to create the 12/14-
mm Hg pneumoperitoneum using a Veress needle, we nowadays prefer the Hasson’s
technique, which is safe and recommendable since many years ago, and because it
is the best alternative in those occasions in which a good exposition of the umbilical
aponeurosis is indispensable for the extraction of surgical specimens.

15.5 TCMR with One Trocar and Assisted by Two internal
magnetic grasper IMANLAP Ltd)

The patient is placed in a reverse Trendenlenburg’s position slightly rotated to the left.
Initially the surgeon would stand up between the legs with the assistant aside and the
scrub nurse opposite to the assistant (French position). Nowadays we use the American
position with the monitor placed at the head of the operating table (Fig. 15.5).

Fig. 15.5 Patient placed in the anti-Trendelenburg position and slightly rotated towards the /left.
The monitor (not seen in the picture) is placed at the head of the operating table. Transumbilical
cholecystectomy with magnetic retraction permits operating on patients through one single inci-
sion, with one trocar and only one surgeon. Patients can therefore be operated on with less compli-
cations (as postoperative pain and wound infection), superlative cosmesis (scarless surgery) and
inferior costs in comparison to other laparoscopic and transumbilical approaches
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Fig. 15.6 The 1° internal magnetic grasper IMANLAP Ltd) is used (a) to grasp the gallbladder
and once the adhesions are released (b) to retract its fundus over the liver edge (arrow)

The approach is transumbilical in all patients. The umbilical stem is never
removed to accomplish an excellent cosmetic result. The laparoscope is introduced
through the 12-mm trocar. Once the first internal magnetic grasper IMANLAP Ltd)
is progressed into the abdominal cavity, it is manipulated under direct vision with
the Thomas grasper™ (IMANLAP Ltd). The latter enables the surgeon to maneuver
the alligator clamp (onward, from behind, laterally and from its tip) to further orient
it towards the gallbladder whereas the magnet faces the parietal peritoneum.

The external magnet IMANLAP Ltd) attached to the articulating self-retaining
arm, is drawn near the patient’s skin to generate a magnetic field across the abdominal
wall that allows the mobilization of the internal magnetic grasper IMANLAP Ltd) in
all directions to suit the surgeon’s need. The jaws of the alligator clamp are opened
with the Thomas grasper™ (IMANLAP Ltd) and fastened tightly to the gallbladder’s
fundus or Hartmann’s pouch. By moving the external magnet in the direction of the
axilla, the liver is lifted cephalad exposing the gallbladder, which is retracted over the
liver edge toward the patient’s right shoulder (Fig. 15.6). By repositioning the external
magnet on the abdominal wall, the intraabdominal magnet moves to provide further
traction. Because the magnet is not fixed at any level, it can freely cruise around the
peritoneal cavity, extending the surgeon’s reach without the need for additional ports.
Next, the laparoscope is removed and another internal magnetic grasper is inserted in
the same way as the first one. This 2° internal magnetic grasper is placed in the infun-
dibulum and managed by another external magnet to expose the triangle of Calot for
its dissection (Fig. 15.7a) at first and for the cholecystectomy next (Fig. 15.7b, c).

Once the surgical field is exposed, each 5-mm diameter instrument can be
passed through the laparoscope’s 6-mm working channel for the cystic duct and
vessels dissection, ligation and section, the cholangiography (whenever neces-
sary), and the gallbladder dissection in the usual way that traditional laparoscopic
cholecystectomy is performed. The cystic duct is sealed with a proximal medium
sized Hem-o-lok polymer clip using the Hem-o-lock ligation applier, size M-L
(Weck Teleflex) (Fig. 15.7a). The gallbladder is dissected at its base using an insu-
lated hook. Finally, both internal magnetic grasper IMANLAP Ltd) are released



15 Cholecystectomy with Improved Retraction 159

Fig. 15.7 The 2° internal magnetic grasper IMANLAP Ltd) is placed in the infundibulum to expose
the triangle of Calot as in (a). The cystic duct is sealed with proximal Hem-o-lok clips (Weck Teleflex).
The gallbladder is dissected with an insulated hook. In (b) the 2° internal magnetic grasper is placed in
the infundibulum and managed by a 2° external magnet (c) to complete the cholecystectomy

using the Thomas grasper™ (IMANLAP Ltd) and removed through the umbilical
12-mm trocar. The gallbladder is withdrawn under direct vision.

15.6 Transumbilical Cholecystectomy with Magnetic
Retraction with One internal magnetic grasper:
The Hybrid Method

The inconvenient of working with two internal magnetic grasper (IMANLAP Ltd)
within the body cavity is the possibility of interactions produced between them. Despite
this is infrequent when handled by experts, it can easily be solved by adding a leash to
the 2° internal magnetic grasper (Fig. 15.8).

Another solution to this problem is the implementation of the non-magnetic curved
Williams grasper™ to replace the 2° internal magnetic grasper (The Hybrid Method).

To carry out the surgeries, the same 12-mm trocar is used and the Williams grasper™
introduced parallel to the trocar (Fig. 15.9). This facilitates the election of the most
adequate fixation site for the internal magnetic grasper. When the Williams grasper™
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Fig. 15.8 A leash is added
to the 2° internal magnetic
grasper (IMANLAP Ltd) to
prevent interactions produced
between IDMGs. This is
helpful when beginning with
the practice of magnet-
assisted laparoscopic surgery

Fig. 15.9 The hybrid
method: The Williams
grasper™ (IMANLAP Ltd)
introduced parallel to the
trocar facilitates the election
of the most adequate fixation
site for the internal magnetic
grasper (IMANLAP Ltd)

G. Dominguez and M. Martinez-Ferro
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Fig. 15.10 (a) When the Williams grasper™ (IMANLAP Ltd) leaves an indentation (circle) in the gall-
bladder (b) the internal magnetic grasper IMANLAP Ltd) can be anchoraged straightforwardly. (c) The
Williams grasper™ and the internal magnetic grasper are grasping the gallbladder. Once the fundus is
retracted, the Williams grasper™ is used to take control of the movements in the already formed bassinet

PHILIPS BV2S gold

Fig. 15.11 Surgeon and assistant performing the cholangiography (leff) and imaging of the bile
duct (right). Take notice of the internal magnetic grasper IMANLAP Ltd) (arrow head) and of the
Williams grasper™ (IMANLAP Ltd) (arrow) inside the abdominal cavity

(IMANLAP Ltd) leaves an indentation in the gallbladder, the internal magnetic grasper
can be anchoraged straightforwardly. Once the fundus is retracted over the liver edge,
the non-magnetic curved grasper is used to take control of movements in the already
formed bassinet (Fig. 15.10). Whenever necessary a colangiography can be done by
performing the puncture in the right hipocondrium (Fig. 15.11). The rest of the proce-
dure is as described anteriorly (Fig. 15.12). The pneumoperitoneum remained stable
even during the fulfillment of extreme movements (Figs. 15.13, 15.14).



Fig. 15.12 The internal magnetic grasper IMANLAP Ltd) retracts the fundus while the Williams
grasper™ (IMANLAP Ltd) retracts the infundibulum (a) and releases the adhesions (b) to facilitate
the dissection of the triangle of Calot

Fig. 15.13 (a) Exposition of the triangle of Calot after the dissection. The cystic duct and cystic
artery are identified (flag technique) in (b) to be further clipped and cut

;;'-:-?Z .

Fig. 15.14 (a) The non-magnetic curved grasper is inserted straightforwardly, parallel to the
12 mm trocar. The pneumoperitoneum remains stable even during the fulfillment of extreme move-
ments. (b) The introduction of the Williams grasper™ (IMANLAP Ltd) can be observed by using
a transparent trocar as the XCEL® trocar (Ethicon, Cincinnati, OH, USA)
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15.7 Results

The results were very satisfactory for both procedures and for both programmed and
urgent cholecystectomies (Table 15.2). All the cholecystectomies were completed
exclusively with magnetic retraction, with no need to convert to open surgery. Even
though a second additional port was required in three cases (0.76 %), the steps of
multiport laparoscopy were successfully recreated and an optimal surgical view and
working space, triangulation and ergonomics were attained in all cases.

The overall mean operation time was 54 min (range, 45—130 min) Intraoperative
cholangiography resulted normal in all cases. There was a 1 % rate of minor intra-
operative complications. In two cases, a small disruption of the gallbladder wall
occurred and was solved with an alligator clamp (without magnets) that closed the
hole. The operations continued as usual. In two of the first cases, the internal mag-
netic grasper IMANLAP Ltd) fell in the abdominal cavity, and it was necessary to
look for it with radioscopy. The new versions of the internal magnetic grasper for
training surgeons have a leash that passes through the working port and enable their
separation if they get entangled with each other. The recent biocompatible plastic
they are covered with, additionally diminishes their probability of coupling.

There were no anesthetic complications related to the magnetic devices, such as
changes in the pulse rate or the electrocardiographic monitoring. One adult patient
had a metallic prosthesis in the dorso-lumbar backspin, but no interference with the
magnetic devices was observed. Moreover, no interference between the magnetic
devices and other devices and equipment in the operating room was detected.

One patient developed an infection at the site of the umbilical trocar insertion
and received oral antibiotics for 1 week. No patient required opioid analgesia in the
post-operative course.

Although not clinically studied, it was obvious in all cases that the postoperative
pain was inferior in comparison to that reported after classic videosurgery. The hos-
pital stay was the expected one for a laparoscopic cholecystectomy. In adults it was
<24 h. The cosmetic results were superlative due to the use of one umbilical incision
<15-mm. No scars were left even in pediatric patients. No biliar leakages were
recorded. There were no re-operations or deaths. The time of follow-up time was
6 years (03-2007/03-2013).

Table 15.2 Results of cholecystectomies by magnet-assisted laparoscopic surgery

Mean Conversion to Conversion to

operative open surgery; MIS with two Reoperation;
MALS Case # time (min) n=# (%) trocars; n=# (%) n=# (%)
Two IDMGs 138 60 0(0) 2 (1.45) 0(0)

Hybrid 207 50 0 (0) 1 (0.05) 0(0)
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15.8 Discussion

Laparoscopic surgery has outgrown conventional techniques thanks to endoscopic
monitoring and specially designed instruments, which transmit the actions of the
surgeon, as kinetic and static forces, to key structures with a good and safe exposition
of the surgical field. Its main disadvantage compared with open surgery is the loss of
tridimensional vision, but this has been rapidly compensated by an improved image
and lightning quality, as well as professional training [1-3]. During the last few
years, there have been various attempts to minimize the invasiveness of laparoscopic
surgery including the development of needle-scopic instruments (with a diameter
of <or=3-mm) [13, 14], and the decrease in the size and number of access ports and
instruments [4—6]. Several technical challenges have aroused, related principally to
retraction and triangulation. Additionally, since both the instruments and laparo-
scope are introduced through the same incision and on the same axis, they often
interfere with each other not only within the abdomen but also extra-abdominally,
where attachments such as the camera light head, often impede movement.

Cholecystectomy is one of the most commonly performed transumbilical. In 1997
Navarra et al. described the first transumbilical cholecystectomy using transabdominal
stay sutures on a Keith needle, secured externally using a clamp to allow for retraction
of the gallbladder and infundibulum [15, 16]. Rawlings et al. proposed the addition of
endoclips on each side of infundibular sutures to allow for extra external control in a
“puppeteering” fashion [17]. Intracorporeal suture retraction has been described to
eliminate the need to pass a needle through the abdominal wall [18]. Other authors
[19, 20] recommend the use of an endoloop around the gallbladder fundus to replace
any kind of sutures or the Endograb™ (Virtual Ports, Inc., Caesaera, Israel), a retrac-
tion system consisting of a reusable hand instrument (insertion tool) introduced via a
5-mm port and two disposable spring-loaded graspers (a gallbladder and an infundibu-
lar grasper) which are deployed in the abdominal cavity [19, 20]. The specific attach-
ment points may be adjusted by simply opening the graspers and reattaching them to
a different location. Last but not least, Horgan et al. have reported on the use of an
extra-long RealHand™ grasper (Novare Inc., Cupertino, CA, USA) to perform a
hybrid transvaginal cholecystectomy [5, 21]. The RealHand™ instrument is advanced
transvaginally through a trocar and used to retract and manipulate the gallbladder.
Other groups in Europe have depicted similar retraction strategies using extralong
laparoscopic graspers placed transvaginally during NOTES cholecystectomy [22].

Even though numerous investigators have described the use of these techniques
with good results, several potential drawbacks as bile spillage, tissue shearing, risk
of bleeding from piercing blood vessels with either the needles or graspers, the fact
the Keith needle is 6-cm in length and may be particularly awkward to manipulate,
the difficulty to learn the procedure in some cases or the high cost of using the
endoloop and the Endograb™ device.

Different other authors have accounted the use of magnets as retraction devices
for less invasive gallbladder surgery. Cadeddu and Scott developed a magnetic
anchoring and guidance system (MAGS) for endoscopic surgery [23, 24], consisting
of a portable magnet placed intraabdominally and then coupled to an extracorporeal
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handheld neodymium magnet across the abdominal wall. MAGS instruments, which
include a camera, tissue retractors, and monopolar cautery, are then controlled trans-
abdominally, allowing for unrestricted intraabdominal movement and improvement
in spatial orientation. The internal magnet can be attached to an 18-gauge percutane-
ous needle lock, anchoring the platform to permit the removal of the external mag-
net. Continuous instrument development and rapid prototyping have created more
robust MAGS platforms while potentially obviating the need for laparoscopic assis-
tance. Animal work to date has been promising with successful completion of a
single-port nephrectomy as well as transvaginal NOTES cholecystectomy in both
non-survival and survival porcine models [7]. Ryou and Thompson described the use
of magnets attached to endoclips to elevate the liver for gallbladder retraction during
transcolonic cholecystectomy in a porcine model [25]. They used several magnetic
clips placed along the inferior edge of the liver and a very large external magnet to
elevate the right anterior portion of the liver. This in turn provided good exposure of
the gallbladder to facilitate dissection with flexible endoscopic instruments. After
completion of the procedure, the clips were removed with apparently no major tissue
trauma. Kume et al. presented a swine operation performed with a magnetic retrac-
tion system. One magnet was inserted into the peritoneal cavity and fixed to the
gallbladder’s fundus using an endovascular clip. The other one was located outside
the abdominal wall to guide the intra-peritoneal magnet. They concluded the newly
designed magnet-retracting forceps could transfer the electromagnetic force through
the abdominal wall with good endoscopic view. The magnets enabled highly flexible
retraction with variable angle, distance and location [26]. However they pointed out
a series of drawbacks and limitations mainly that although neodymium represents an
adequate material for efficient magnetic power, it is fragile and susceptible to corro-
sion. Multiple magnets would interfere with each other and their force could crush
intra-peritoneal tissue. The magnetic interactions with a lot of magnetic materials
contained in various surgical instruments would not only disturb smooth surgical
procedures, but also generate unexpected motions that could not be controlled. The
magnetic force could also affect the electro-magnetic function of human physiology
and interact with electrical devices and equipment in the operating room.

Concerned by the potential tissue effects of magnet compression, Mashaud et al.
examined abdominal wall tissue grossly and histologically after transumbilical chole-
cystectomy using a MAGS cautery dissector device in a porcine model [27]. They
observed no histological evidence of tissue necrosis or damage of skin, muscle, or
peritoneum. However, they highlighted insufficient coupling strength may be a prob-
lem. Magnetic coupling across the abdominal wall is exponentially related to the dis-
tance between magnets, with magnetic attraction decreasing dramatically as separation
distance increases. In an ex vivo model investigating magnetic force decay, Best et al.
found that static coupling was maintained to a maximum distance of 4.78-cm [28].
Milad et al. conducted an investigation in 138 women in which they measured abdom-
inal wall thickness in the left upper quadrant and umbilicus after insufflation using a
spinal needle during gynecologic laparoscopy [29]. They found that only 1.5 % of
women with a BMI greater than 40 kg/m* had an abdominal wall thickness greater
than 4 cm. While these data do not account for potential frictional forces, current data
suggest that the MAGS platform should be suitable for a significant portion of the
adult population undergoing procedures such as cholecystectomy.
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The IMANLAP™ technology permits dynamic and flexible retraction and triangu-
lation from different angles as if there were multiple trocars with opposite directions
as well as enough instrument spacing to prevent collisions, in patients of all ages,
whose BMI is inferior to 40 Kg/m?. An electromagnetic field is generated by drawing
the external magnet (IMANLAP Ltd) upon the abdominal wall. This allows magnetic
devices to move unrestrictedly from the upper abdomen to the pelvis with no need for
a new incision. The magnetic retraction forces depend on the distance between the
internal magnetic grasper IMANLAP Ltd) and the external magnet and the magnetic
field strength of each, which in turn depend on the thickness of the abdominal wall
[16, 17]. Therefore, regulation of the distance between magnetic devices enables reg-
ulation of magnetic retraction forces during the entire surgery. Since retraction is not
confined by an access-port fixed to the abdominal wall, the operation turns out to be
less invasive and surgical trauma is further decreased. Magnet-assisted laparoscopic
surgery provides good visual access to the point of dissection too.

By performing a transumbilical cholecystectomy with magnetic retraction the
use of tractor stitches, needles and hepatic separators can be avoided by firmly fix-
ing the alligator clamp to key structures as the gallbladder’s fundus and the infun-
dibulum. Bile spillage, tissue shearing and the risk of bleeding from piercing blood
vessels is thereby precluded.

Recent redesign of the IDMGs (IMANLAP Ltd) makes them easier to handle
within the peritoneal cavity and yet more difficult to couple; however, if this happens,
the IDMGs can be easily separated without intraoperatory complications as tissue
damage or uncontrollable maneuvers. Alterations in physiological parameters resulting
from the interaction of the magnetic devices with the patient, the anesthetic monitoring
and the rest of the devices and equipment in the operating room were never noticed.

The internal magnetic grasper (IMANLAP Ltd) enhances intracorporeal instru-
ment manipulation and facilitates comfortable operating movements. Surgical
devices made of austenitic stainless steel which are unaffected by alterations in
magnetic fields, are used to handle and take control of them.

In comparison to other transumbilical approaches, transumbilical cholecystec-
tomy with magnetic retraction reduces the number of instruments and staff neces-
sary, thereby lowering the costs. Since the number of incisions required is one, it
leads to less postoperative pain, less risks of wound related complications and a
superlative cosmesis (the surgical scar can generally be hidden within the umbilicus).
Transumbilical cholecystectomy with magnetic retraction is environmentally
friendly. X-rays or fluoroscopy can be carried out without inconveniencies. Hospital
stay and operatory time are commensurate with traditional videosurgical results. The
only current limitation is patient weight and BMI.

15.9 Tips, Tricks and Recommendations

1. Whenever the patient has voluminous breasts or breast prosthesis, these are dis-
placed with hypoallergenic tape to avoid putting the external magnet IMANLAP
Ltd) over them and to decrease the distance between the magnetic devices. Extra
efficient maneuvers are thereby enhanced.
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2. If the gallbladder is distended or its wall is thickened as it occurs in many patients
with cholecystitis, the organ can be punctured and evacuated, and then the alliga-
tor clamp is fixed to the puncture site to avoid biliary leakages.

3. The external magnet IMANLAP Ltd) can be easily engaged and disengaged from the
Dominguez articulating self-retaining arm, which is quite flexible, whenever dynamic
magnetic retraction is needed. The external magnet is used manually then. Nonetheless,
whenever static magnetic retraction is required, the external magnet can always be
linked to the Dominguez articulating self-retaining arm without difficulty.

4. Even though it is believed that two magnets might interfere with each other and that
their magnetic retraction force could eventually press and crush intra-peritoneal
tissue, this is solved by adding a leash to the 2° internal magnetic grasper IMANLAP
Ltd) in order to facilitate their rapid separation in case they get entangled. Surgeons
with experience in magnet-assisted laparoscopic surgery can further opt to employ
the Williams™ grasper to replace the 2° internal magnetic grasper, at first through
a 5 mm trans-aponeurotic trocar and later alone.

5. The interactions with magnetic materials contained in various surgical instru-
ments is a big problem because they do not only disturb smooth surgical proce-
dures, but can also generate unexpected and uncontrollable motions. This
dangerous property was solved carefully by using the Thomas™ grasper
(IMANLAP Ltd) which is made of austenitic surgical steel, unaffected by mag-
netic fields. It has two converging indented arms to handle, open, close and
remove the internal magnetic grasper (IMANLAP Ltd) by its alligator clip. It
basically allows the internal magnetic grasper to be easily positioned and reposi-
tioned within the body cavity thus avoiding any kind of magnetic interaction
between instruments and devices. The biocompatible plastic of which the inner
magnet is coated additionally reduces the probability of IDMGs entanglement.

6. Since magnetic fields can affect the electro-magnetic function of human physiol-
ogy and interact with electrical devices in the operation room, the IDMGs
(IMANLAP Ltd) are coated with martensitic surgical steel additionally covered
by a biocompatible plastic to prevent this from happening.

7. By using the internal magnetic grasper IMANLAP Ltd) a secure grabbing is
warranted. The gallbladder’s fundus and infundibulum are never released. No
organ or tissue has ever been perforated. The Thomas grasper™ (IMANLAP
Ltd) has been lengthened to further enhance reach and to allow extra maneurabil-
ity within the body cavity.

8. Transumbilical instruments with exaggerated curves or roticulating tips are
unrecommended because they transmit little torque and their movements are
counteractive.

15.10 Conclusions

Magnet-assisted laparoscopic surgery is feasible and safe in hands of experienced
laparoscopic surgeons. It reproduces classic laparoscopy through a single umbil-
ical incision, resulting in no visible scars, a superlative cosmesis and lesser
pain. The possibility to control the magnetic field provides enough strength for
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retraction and sufficient triangulation for adequate exposure of the surgical field.
The technique is reproducible, easy to learn and applicable in pediatric, adolescent
and adult patients.
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Chapter 16
Common Bile Duct Exploration

Akiko Umezawa

Abstract Treatment for common bile duct stones (CBDS) has been divided roughly
into two different procedures, two-step and single step methods. In the two-step
method, LC is performed after endoscopic treatment. The single-step method
includes open or laparoscopic surgery in which common bile duct stones are
removed during surgery. Single-step laparoscopic surgery, namely laparoscopic
common bile duct exploration (LCBDE), is preferred because of the simplicity of
treatment. Needlescopic LCBDE has two benefits. One is completion of treatment
for CBDS during one time laparoscopic surgery, and the other is less invasiveness
to the abdominal wall and resulting cosmetic improvement.

There are two kinds of approaches in LCBDE, according to the route of explora-
tion: trans-cystic duct exploration (LTCE) and trans-choledochal exploration
(LCHE).

Although there are limitations to the indication for needlescopic LTCE, it is fea-
sible and should be the first line of treatment for CBDS. The benefits of this approach
include not only the fact that it is non-invasive to the sphincter and does not injure
the CBD wall, but also that it can offer a good cosmetic result. With LCHE as a
redeeming approach, LCBDE with needle forceps is also feasible and offers good
clinical outcomes in treatment for CBDS.
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16.1 Introduction to the Technique

Laparoscopic cholecystectomy (LC) has been the most common procedure world-
wide. Patients who undergo LC may have certain expectations for their surgery,
such as safeness, minimal invasiveness, and cosmetic satisfaction. In an effort to
fulfill those expectations, ports and instruments need to be as thin as possible while
maintaining their maneuverability. The term “needlescopic” is for operations per-
formed with laparoscopic instruments up to 3-mm in diameter, as introduced by
Gagner and Garcia-Ruiz [1].

Common bile duct stone (CBDS) is one of the most common comorbidities in
cholecystolithiasis and occurs in 10—15 % of the patients. It occurs more frequently
in the elderly.

Treatment for CBDS has been divided roughly into two different methods, two-
step and one-step methods. In the two-step method, LC is performed after endo-
scopic treatment (EST). The single step method includes open or laparoscopic
surgery in which common bile duct stones are removed during surgery. The two-
step method requires endoscopic treatment, which is time consuming, sometimes
requiring several sessions. Residual choledochal stone is not a rare condition after
the endoscopic removal.

In contrast, single step laparoscopic surgery, namely laparoscopic common bile
duct exploration (LCBDE), is preferred because of the simplicity of treatment.
There are two kinds of approaches in LCBDE according to the route of exploration:
trans-cystic duct exploration (LTCE) and trans-choledochal exploration (LCHE).

Needlescopic LCBDE has two benefits. One is completion of treatment during
one time laparoscopic surgery, and the other is less invasiveness to the abdominal
wall and resulting cosmetic improvement.

16.2 Indications and Contraindications

Our indications of needlescopic LCBDE are as follows.

Generally, patients with eligibility for general anesthesia, no acute settings such
as obstructive cholangitis, no severe inflammation as with Mirizzi’s syndrome with
biliobiliary fistula, and no recent previous abdominal operations are always suitable
for LCBDE.

When the number of stones is 4 or less and within 8-mm in diameter, the case
will be suitable for LTCE (Table 16.1). Other conditions and failure of LTCE are
indications for LCHE.

Table 16.1 Indications of LTCE LCHE
approach for common bile
duct exploration

Conditions of stones
Number <4 5<
Size <8 mm 8 mm=
Others Unsuitable for LTCE
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Although some say that the cases with recent previous abdominal operations
should be excluded, but it is worth trying even after LC. Those with Mirizzi’s syn-
drome, cicatrice change of Calot’s triangle, confluence stone and atrophic gallbladder
are not suitable for needlescopic LCBDE, but it may depend on the surgeon’s skill.

16.3 Description of the Technique

16.3.1 Port Arrangement and Needle Equipment

LCBDE is usually performed with LC. Unless the patient has been proven suitable
for LCHE preoperatively, indication of LCBDE should be decided during intraop-
erative cholangiography (I0C), according to the size and number of the stones. The
port arrangement is identical to those in needlescopic-LC (N-LC), consisting of two
punctures and two incisions (Fig. 16.1). The primary surgeon stands on the patient’s
left side, with the assistant on the patient’s right. Initial entry into the abdomen is
made via an open approach at the umbilicus. Typically, a 12-mm port is inserted at
this location. Another incision is made below the left costal margin for the 5-mm
port (OP). The puncture sites are below the right costal margin on the mid-clavicular
line (MC) and on the right anterior-axillary line of the navel level (AA). Two-
millimeter forceps are inserted through these thin caliber ports (Fig. 16.2). We used
‘BJ needle’ (Niti-On Company, Tokyo, Japan) or ‘Mini-Site’ (Covidien, New
Haven, CT, USA) as 2-mm forceps. These forceps can be inserted through the thin
caliber trocar ‘Mini-Port’ (Covidien, New Haven, CT, USA) by puncture without

Fig. 16.1 Port arrangements. Left: Port arrangement for cholecystectomy. A 12-mm port is
inserted via open approach at the umbilicus. A 5-mm port is below the left costal margin (OP). Two
puncture sites with a 2-mm port are below the right costal margin on the mid-clavicular line (MC)
and on the right anterior-axillary line of the navel level (AA). Middle: Arrangement for transcystic
duct exploration. The MC port is changed to a 3-mm port for exploration. Right: In the arrange-
ment for trans-choledochal exploration (LCHE), a 5-mm port is added at the subxiphoid level.
When LCHE is clearly supposed to apply preoperatively, the MC port will be arranged as 3-mm
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Fig. 16.2 Two-millimeter needle forceps and port

Fig. 16.3 Port set up for needlescopic cholecystectomy

incision. Because Mini-Site (Covidien) was discontinued, we have mainly used BJ
needle (Niti-On) in recent years. Fig. 16.3 shows the set up for a N-LC. For both
N-LC and LCBDE procedures, a 30°, 10-mm laparoscope is introduced through the
umbilical port. The MC port is used for retracting and manipulating the gallbladder
and the liver with a BJ needle (Niti-On) by the assistant. The primary surgeon uses
the OP and the AA ports. A 5-mm titanium clip, a 5-mm energy device, such as
electrical cautery and laparoscopic ultrasonic coagulating shears (LCS), or 5-mm
scissors are introduced through the OP port. We routinely perform IOC using
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Urographine (Bayer Yakuhin, Osaka, Japan) diluted with saline by 30 % with an
introducing catheter via the MC. The catheter for IOC is LAP-13 (Ranfac, Avon,
MA, USA), Cholagiocatheter TH type (Hakko-medical, Tokyo, Japan), or thin cali-
ber (2-mm) feeding tube (atom tube, Atom Medical, Tokyo, Japan).

With the confirmation of CBDs with IOC, LCBDE is performed followed by
cholecystectomy.

16.3.2 LTCE with Needle Forceps

Following IOC, the route of LCBDE is decided according to the condition of CBDs
(Fig. 16.4). When the number of stones is 4 or less and within 8-mm in diameter, the
case will be suitable for LTCE (Table 16.1).

At the beginning of LTCE, the MC port is changed to 3-mm for exploration, and
the grasper through the AA port is fixed to hold the tail of the gallbladder (Fig. 16.1).

The atom tube from the MC port is cannulated in the cystic duct about 5-cm long.
Then the guide wire (0.035-mm in diameter) is inserted into the common bile duct
(CBD) through the atom tube, but not through it. The atom tube is removed, leaving
the guide wire, and a 6Fr balloon catheter (Ascend AQ balloon catheter, Cook
Japan, Tokyo, Japan) is then inserted over the guide wire. The balloon is gradually
inflated until it reaches 6-mm in diameter with an atmospheric pressure of 13. After
4 min, the balloon is deflated and removed, leaving the guide wire, and a 2.8-mm
cholangioscope (CHF-CB30S, Olympus, Tokyo, Japan) is inserted over the guide
wire. Under the cholangioscope vision, the stones are removed via the cystic duct
using 3.2Fr basket catheter (Fig. 16.5).

To end the exploration, a cholangiography is performed to confirm that there are
no residual stones and that the contrast agent flows out to the duodenum freely
(Fig. 16.6). Then the cystic duct is closed with clips, and cholecystectomy is per-
formed in a routine manner. Generally, a biliary drainage tube is not necessary when
performing LTCE.

16.3.3 LCHE with Needle Forceps

To perform LCHE, a 5-mm port is added at the subxiphoid level (SX) after cholan-
giography (Fig. 16.1). When LCHE is clearly indicated preoperatively, the ports are
arranged as 2-mm for AA, 3-mm for MC and OP, and 5-mm for SX. The operator
uses the MC and the SX ports from the beginning of the procedure. In this instance,
OP is used for a needle driver.

After confirmation of CBDS with cholangiography, the cystic duct is temporarily
closed with a clip or thread to avoid unnecessary bile spillage during operation. This
clip is removed afterward to place a catheter for a completion cholangiography at
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Fig. 16.4 Indications of approaches to common bile duct according to intraoperative cholangiog-
raphy. Left: One small stone (arrow) is observed at the end of common bile duct. This is for trans-
cystic duct exploration. Right: Stones more than 8-mm in diameter (arrows) are for the choledochal
approach

Fig. 16.5 Trans-cystic duct exploration. Upper left: A 6Fr balloon catheter is inserted via guide
wire to cystic duct and inflated until 6 mm in diameter. Upper right: A 2.8-mm cholangioscope is
inserted along with the guide wire. Lower left: Under the cholangioscope vision, a stone is removed
via cystic duct using 3.2Fr basket catheter. Lower right: After exploration, the cystic duct is closed
and cholecystectomy is performed in a routine manner
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Fig. 16.6 Completion cholangiography. Left: Confirmation of a common bile duct stone (arrow)
with intraoperative cholangiography. Right: At the end of exploration, completion cholangiogra-
phy is performed to confirm there are no residual stones, and the contrast agent flows out to the
duodenum freely

Fig. 16.7 Procedure of choledochal approach. Upper left to middle: The anterior surface of the
common bile duct is exposed widely and cut with a scalpel. Upper right: A stone flows out from
the opening spontaneously. Lower left to middle: A 4.9-mm cholangioscope is inserted through the
opening to extract stones with a basket catheter. Lower right: The opening is closed with a running
suture

the end of common bile duct exploration. Next, the anterior surface of the common
bile duct is exposed widely, and cut with a scalpel or scissors through SX to a length
long enough to remove the stones (Fig. 16.7).

There are several maneuvers to extract the stones. Useful methods include flush-
ing the CBD or common hepatic duct (CHD) with saline using a thin caliber tube or
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X

primary closure primary closure with T-tube drainage
C-tube drainage

Fig. 16.8 Primary closure of the opening and drainages for choledochal exploration

irrigation cannula, using a Fogarty balloon catheter, or using a basket catheter with
4.9-mm cholangioscope (CHF-P20, Olympus, Tokyo, Japan) inserted through SX.
SX, sometimes MC, is suitable to approach the opening since it is the nearest port.
Two different procedures are usually used to close the opening after completing
exploration: primary closure (with or without transcystic biliary drainage, C-tube
drainage) or T-tube drainage (Fig. 16.8).

For primary closure, the opening is closed with one anchor stitch at the end,
followed by a fine running suture using 4-0 or 5-0 absorbable thread. The 3- to
5-mm needle-driver inserted from OP and 2- to 3-mm from AA are suitable for
suturing.

After closing the opening, a completion cholangiography is performed to con-
firm there are no residual stones, no leakage of contrast medium, and no stenosis of
the suture line.

Bile duct drainage is placed, depending on the case. A C-tube might prevent
postoperative bile leakage and allow for a postoperative cholangiography to check
for bile duct stenosis or residual stones. It is also beneficial for the endoscopic treat-
ment in the case of a residual stone. In 1-7 days after the operation, a cholangiogra-
phy through the C-tube is performed to identify any residual stones or stenosis
following the C-tube removal.

When a T-tube is required, it is inserted through the opening in the duct and
placed on the cranial side. The arms of the T-tube are usually shortened to make the
removal easy after the operation. The remaining opening below the catheter is
closed with an absorbable interrupted suture (Fig. 16.9). The main stem of the
T-tube is pulled out from the appropriate port site, usually SX or MC, after complet-
ing the cholecystectomy.
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Fig. 16.9 T-tube drainage. The arms of the T-tube are shortened and shaped (a), and the T-tube is
inserted through the opening in the duct (b) and placed cranial side (¢). The remaining opening
below the catheter is closed with absorbable interrupted suture (d)

16.4 Tips and Tricks

16.4.1 Port Arrangement and Needle Forceps

Our port arrangement is a co-axial setting in order to exert sufficient motion of
the needle grasper. Needlescopic forceps are sharp-pointed, and care should be
taken to avoid intraoperative complications such as perforation of liver paren-
chyma, gallbladder wall, and other viscera. For sufficient retraction of the organs
in obese patients, the retraction assistant such as a Silicone disk (Hakko, Tokyo,
Japan) is helpful to avoid injury (Fig. 16.10). When a patient has dense adhesion
or a thickened gallbladder wall, changing 2-mm forceps to 3-mm would be
preferable.
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Fig. 16.10 Creating a sufficient operative field. (a) Operative field obscured with duodenum.
(b) and (c) Using displacing equipment (Silicone disk) provides enough operative field

16.4.2 LTCE

LTCE uses the cystic duct for exploration. Difficult cannulation may result in tear-
ing of the cystic duct in cases with cicatrice change around the duct, a dense spiral
structure, or an extremely thin cystic duct. To avoid this failure, the cystic duct
should be skeletonized as long as possible to straighten the duct, and the balloon
dilator used routinely. Routine IOC will help to familiarize how to cannulate the
cystic duct skillfully. However, when the cannulation to the cystic duct is failing, it
is better to switch to LCHE quickly.

Generally, it is not possible to observe the CHD in most of the cases with LTCE.
In this case, the completing cholangiography is essential to avoid residual stones.
When stones are found in the CHD, move the cholangioscope to the end of the cys-
tic duct. With a reverse Trendelenburg position, fill saline into the bile duct gradu-
ally, and wait until the stones have moved to the CBD.

Although there is another method of exploration for LTCE by inserting a basket
catheter directly into the CBD through cystic duct under fluoroscopy, it is preferable
to use a cholangioscope to avoid perforation of the cystic duct, injury to the CBD,
crushing the stone, or unnecessary irradiation of the physician.
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We always perform a bile duct exploration (both LTCE and LCBDE) before a
cholecystectomy because holding the gallbladder with needle instruments can pro-
vide a good operative field.

16.4.3 LCHE

Exposure of the CBD should not be more than half its circumference to avoid isch-
emia of the CBD, which later causes bile duct stenosis. The length of the opening
depends on the size of the stones but should not be too wide because a longer open-
ing may also cause stenotic change. When bleeding occurs during the incision, firm
compression for hemostasis is the primary maneuver to prevent thermal damage
with electrocautery or LCS.

Stones should be stowed each time in a plastic bag when they flow out from the
opening spontaneously during exploration.

For LCHE, a 4.9-mm (or more) cholangioscope is preferable because of a wider
view. It requires a 5-mm port in SX. A slimmer, 2.8- to 3.3-mm cholangioscope
might not detect the stones during LCHE.

When closing the opening, we routinely use a fine absorbable running suture, 4-0
or 5-0, because it is time-saving. On the other hand, since an interrupted suture is more
adjustable and accurate, it is preferable for a longer opening or a thin bile duct wall.

A T-tube is old-fashioned but still needed in certain cases. For instance, it is
applied to avoid bile duct stenosis or when there is suspicion of residual stones.
Marked dilatation of CBD, persistent sludge, or stacked stones will suggest the pos-
sibility of residual stones. The T-tube will need to be removed 3—4 weeks after
operation after a cholangiography with confirmation of no remnant stones. Should
remnant stones be revealed, they will be removed under the cholangioscopy through
the fistula which is formed along the T-tube.

16.5 Recommendations from the Author

Using needle forceps can provide a good cosmetic result, especially with the 2-mm
port. In needlescopic LCHE, a thin needle driver is sufficiently functional. In addi-
tion, because our co-axial port arrangement facilitates the reordering port site to the
umbilicus, it may contribute to a smooth transition to a single sitt LCBDE (TANKO-
LCBDE) as the surgeon's skill improves.

Endoscopic exploration sometimes requires several sessions to clear the CBD,
and then might have residual stone or recurrent stone while awaiting LC.
Needlescopic LCBDE is obviously preferable for a patient when it is completed
successfully in one operation.

Although there are limitations to the indication for needlescopic LTCE, it is fea-
sible and should be the first line of treatment for CBDS because it is not invasive to
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Fig. 16.11 Cosmetic results. (a) Operative scars one month after trans-cystic duct exploration. (b)
Same after choledochal exploration. (c¢) Scars after needlescopic cholecystectomy. Both a and b
are comparable to ¢

the sphincter and does not injure the CBD wall. LTCE can lead to a shorter hospital
stay and smaller medical cost compared to EST+LC [2]. Using 2- to 3-mm ports
can offer good cosmetic results (Fig. 16.11). With LCHE as a redeeming approach,
LCBDE with needle forceps may be the way to pursue in the treatment for CBDs.
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Chapter 17
Distal Gastrectomy

Takeshi Omori and Toshirou Nishida

Abstract Laparoscopic gastrectomy has recently gained acceptance as a less invasive
treatment for early stages of gastric cancers. The applications for laparoscopic gastrec-
tomy for malignancy have gradually expanded, with improvements in both surgical
techniques and instruments. Although laparoscopic gastrectomy for early gastric can-
cer is performed in many institutions in Japan now, laparoscopic operations for
advanced gastric cancer is currently performed mainly in institutions that deal with
many such cases on a regular basis.

More recently, reduced port laparoscopic gastrectomy has been introduced as an
advanced technique, in which fewer access trocar points and/or small caliber for-
ceps may prove less invasive than traditional laparoscopic approaches. One of the
ultimate goals of this type of surgery is single-incision laparoscopic (SLS) gastrec-
tomy, in which gastrectomy with reconstruction is performed through a single tran-
sumbilical incision. Although this approach provides an excellent cosmetic result,
the procedure is technically demanding due to the difficulty in creating the proper
operative field with the appropriate counter-traction. To overcome these issues, the
position of the forceps must be systematized in each surgical field to gain a better
view and to prevent the interference of forceps. In this chapter, SLS distal gastrec-
tomy will be described in detail.

Keywords Gastric cancer * Reduced port laparoscopic surgery * Single-incision
laparoscopic gastrectomy
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17.1 Introduction

Ever since laparoscopy-assisted gastrectomy was first reported in 1994 by Kitano
[11, the laparoscopic approach has gained acceptance as a less invasive treatment for
the early stages of gastric cancers [2]. The procedure is accompanied by less pain,
faster recovery, shorter hospital stay, decreased blood loss, and better cosmesis
compared to open approaches, and has shown similar oncological outcomes [2—4].
The applications for laparoscopic gastrectomy for malignancy have gradually
expanded, with advances in both surgical techniques and instruments [5, 6].
Although the merit is yet to be scientifically proven, laparoscopic surgery is also
performed for advanced gastric cancer in high volume centers where laparoscopic
gastrectomy is regularly done for early cases. In conventional laparoscopy-assisted
gastrectomy, a 5-cm mini-laparotomy in the upper abdomen is required for extra-
corporeal anastomosis and extraction of resected specimens, after gastric mobiliza-
tion with lymphadenectomy in laparoscopic approaches. Totally laparoscopic distal
gastrectomy, which includes intracorporeal anastomosis and specimen extraction
through the umbilical incision, has recently been used as an alternative procedure to
conventional laparoscopy-assisted gastrectomy [7, 8].

More recently, reduced port laparoscopic gastrectomy (RPLG) was introduced
as a new, minimally invasive technique requiring fewer access trocar points and/or
small caliber forceps [9, 10]. Single-incision laparoscopic (SLS) surgery, which is
performed through only a small transumbilical incision, can be one of the ultimate
goals of RPLG. It offers excellent cosmetic results because the wound appears to be
hidden in the umbilicus and may be invisible after scarring. However, ever since
transumbilical SLS gastrectomy was first reported by Omori et al. [11], few reports
have been available, probably because the procedure is technically difficult.
Because laparoscopic gastrectomy for gastric cancer necessitates multiple surgical
views where laparoscopic instruments should reach organs throughout the upper
abdomen, it is extremely difficult to maintain triangulation, the proper operative
field, and retraction of the organs. Therefore, it is necessary to consider ways to
overcome these difficulties. In our institute, the positioning of the instruments is
formulized in each surgical step to prevent interference of the forceps. The proce-
dure of single-incision laparoscopic distal gastrectomy (SLSDG) will be described
in detail.

17.2 Indications and Contraindications

Early gastric cancer seems to be a good indication for RPLG, e.g., cT1NO gastric
cancer in cases endoscopic mucosal resection or endoscopic submucosal dissection
is not indicated. Indication can also include advanced gastric cancer, if performed
with proper oncologic principle.

Patients with complete obstruction caused by the cancer, cancer invasion to the
adjacent organs, and bulky cancer larger than 8-cm in size should be excluded.
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17.3 Technique

17.3.1 Patient Positioning and Operating Room Setup

The patient was placed in the supine position with their legs apart. The surgeon was
positioned between the patient’s legs. The first assistant was on the left side of the
patient, and the second assistant (who held the camera) was on the right side. The
scrub-nurse stood near the patient’s left knee (Fig. 17.1). The team remained in the
same position throughout the entire procedure. The laparoscopic unit with the mon-
itor was located above the patient’s head.

17.3.2 Port Setting

An umbilical laparotomy through a 2.5- to 3-cm vertical skin incision into the umbi-
licus was made by the open method. A wound protector (Lap retractor (Hakko Co.,
Nagano, Japan)) was applied to this wound. A plastic cover (E-Z access (Hakko
Co., Nagano, Japan)) with 4 trocars inserted in a diamond-shaped position (Fig. 17.1)
is then placed, and pneumoperitoneum was established. The bottom 12-mm trocar
was used for introducing the laparoscope. The main surgeon performed the proce-
dures with a co-axial setting using a conventional straight instrument and an energy
device through bilateral trocars. An assistant provided counter-traction to maintain
the surgical view using forceps through a top trocar in the umbilical access port.

MONITOR [\ )

First
Assistant

Second
Assistant

Fig. 17.1 Positions of the equipment and the surgical team and placement of trocars through
transumbilical port for the SLS gastrectomy for gastric cancer
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17.3.3 Procedure

After establishment of the CO, pneumoperitoneum, a careful exploration of the
entire peritoneal cavity was done to examine the metastasis of other organs, such as
liver metastasis and peritoneal dissemination.

17.3.3.1 Liver Retraction

Proper liver retraction was a key to the success of the laparoscopic gastrectomy. Our
preference is the “V-shape retraction technique” as follows: a straight needle with
2-0 nylon was used to puncture first the upper abdomen and then at the right crus
and through the abdominal wall again. It was simple and inexpensive without leav-
ing a scar at the punctured site.

17.3.3.2 Suprapancreatic Lymph Nodes Dissection

Suprapancreatic lymphadenectomy is one of the most important and technically
difficult aspects of laparoscopic gastrectomy. Various approaches, such as right-to-
left, left-to-right (left-sided approach), and medial-to-lateral (medial approach),
have been reported in conventional laparoscopic gastric surgery, which can be
applied to the single port approach. In these approaches, dissection is initially per-
formed at the cranial edge of the pancreas and then proceeds in a dorsal-to-cranial
direction. The medial approach is quite effective for complete dissection of the
lymph nodes, with dissection of the layer between the adipose tissue (including
lymphatic tissue and the autonomic nerve sheath of major arteries) and medial tran-
section of the left gastric artery [12]. We commonly use the cranial-to-caudal
approach (cranial approach), in which the mobilization of the stomach and pancreas
and the dissection of the cranial side of the station no. 9 lymph nodes are performed
prior to the medial approach. We believe that prior dissection of cranial connections
between the lymph nodes and the plexus celiacus will make it easier to perform
cephalad dissection of the suprapancreatic lymph nodes in the conventional
approach.

17.3.3.3 The Cranial Approach

The patient was placed in the reverse Trendelenburg position. The assistant intro-
duced the intestinal grasping forceps with gauze from the top trocar to retract the
stomach caudad. The main surgeon retracted the liver cephalad for retraction of the
hepatogastric ligament. The assistant’s forceps were placed between the surgeon’s
bilateral forceps. The procedure was performed smoothly without interference of
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Fig. 17.2 The hepatogastric ligament is dissected with the aid of caudal counter-traction by the
assistant’s forceps with gauze, preserving the hepatic branches of the vagus nerve

Fig. 17.3 In the cranial approach, the mesogastrium is tented ventro-laterally, and the peritoneum
is incised along the right crus of the diaphragm. The plane is dissected between Gerota’s fascia and
Toldt’s fusion fascia to mobilize the stomach and pancreas from the retroperioneum

each instrument in this formation, which is a basic positioning for this surgery
(Fig. 17.2). The hapatogastric ligament was then dissected towards the esophagus
with preservation of the hepatic branches of the vagus nerve (Fig. 17.2). The meso-
gastrium was retracted anteriorly using a grasper introduced through the right tro-
car. The peritoneum was incised at the level of the right crus of the diaphragm
(Fig. 17.3). This incision continued downward along the right crus up to the celiac
artery. The mesogastrium was retracted anteriorly to expose the posterior space.
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Fig. 17.4 The left gastric artery is clipped and divided at its origin

The plane between Gerota’s fascia and Toldt’s fusion fascia could then be identified.
This plane is avascular and easily divided. The dissection continued posterior to the
Toldt’s fusion fascia going laterally and caudad. By this dissection, both the pancre-
atic body and stomach were mobilized.

The left gastric artery was carefully grasped and retracted in a ventro-lateral
direction. The adipose tissue including the station no. 9 lymph nodes was separated
from the outer layer of plexus celiacus, and we identified the three branches of the
celiac artery—the left gastric artery, the common hepatic artery, and the splenic
artery. If possible, the left gastric artery should be skeletonized distally, clipped, and
divided at its origin using a vessel-sealing device or laparoscopic coagulation shears
(Fig. 17.4). This adequate separation of the lymph nodes from the nerve increased
the movability of the lymph nodes and facilitated the following caudal-to-cranial
dissection of the suprapancreatic lymphadenectomy (Fig. 17.5).

17.3.3.4 Dissection of No. 5 Lymph Nodes and Division of Right
Gastric Artery

The assistant introduced the intestinal grasping forceps with gauze from the top
trocar to retract the duodenum caudad and stretch the hepatoduodenal ligament. The
main surgeon retracted the right gastric artery in a ventro-lateral direction. The ven-
tral peritoneum was initially incised along the duodenum, and the opening window
was spread. Under continuous traction, the peritoneum was incised cephalad along
the right edge of the proper hepatic artery up to its bifurcation. Using a combination
of gentle force and sharp dissection, the right gastric artery with lymph nodes was
swept ventrally and the hepatic plexus swept dorsally. Then the right gastric artery
was divided using a vessel-sealing device or laparoscopic coagulating shears
(Fig. 17.6).
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Fig. 17.5 The cranial approach is completed by exposing the celiac plexus. The cranial side of no.
9 lymph node is separated from the nerve ganglion
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Fig. 17.6 The right gastric artery is retracted ventro-laterally and divided using a vessel-sealing
device

17.3.4 Dissection of the Suprapancreatic Lymph Nodes

The assistant introduced the intestinal grasping forceps with gauze from the top
trocar to retract and rotated the pancreas in a dorsocaudal direction. After the supra-
pyloric lymph nodes were separated from the right gastric artery, the main surgeon
provided traction by using the right hand grasper to pick up the cut edge of the
peritoneum. The peritoneum was incised toward the left side along the cranial edge
of the pancreas, while the adipose tissue with lymph nodes was separated cephalad
and laterally from the hepatic plexus and splenic plexus. If the proper plane is
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Fig. 17.7 In dissection of the suprapancreatic lymph nodes, the layer between the adipose tissue
including lymph nodes and the nerve surrounding the artery, i.e. the outmost layer of the nerve, is
dissected. Proceeding along the layer connects to the space created in the cranial approach. CHA:
common hepatic artery, SA: splenic artery, LGA: left gastric artery

Fig. 17.8 In the station no. 12a dissection, the proper hepatic artery is skeletonized to the line on
which the left edge of the portal vein can be seen

entered posteriorly, no bleeding will occur, and the connective tissue in this plane
can be divided easily. This plane directly connects the previous dissection plane
from the cranial approach, providing a wide space for lymphadenectomy (Fig. 17.7).
Dissection continued in a medial-to-lateral direction by applying ventrolateral trac-
tion with a grasper along the bilateral celiac ganglion.

The adipose tissues including the station no. 8a, 9, 12a lymph nodes were
retracted ventrolaterally. In the station no. 8a dissection, the common hepatic artery
and the bifurcation of the proper hepatic artery and the gastroduodenal artery were
exposed along the plane of the periarterial plexus. In the station no. 12a dissection,
the proper hepatic artery was skeletonized to the line on which the left edge of the
portal vein could be seen (Fig. 17.8). Surgeons should make sure not to cut the pos-
terior peritoneum of the hepatoduodenal ligament because retraction of the
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Fig. 17.9 In the station no. 11p dissection, after identifying the splenic artery by incising the
gastropancreatic fold, the lymph nodes are dissected on the plane of the splenic plexus by retract-
ing the tissue ventro-laterally

peritoneum allows for proper dissection of the no. 12a lymph nodes. The bifurcation
of the proper hepatic artery from the common hepatic artery was the view point to
observe the portal vein. Careful dissection with a dissector was used to create a
window just lateral to the bifurcation of the proper hepatic artery from the common
hepatic artery.

The posterior peritoneum of the hepatoduodenal ligament was incised and the
stations no. 7 and 9 lymph nodes were then dissected from the periarterial plexus
using a vessel-sealing device and laparoscopic coagulating shears, alternatively.
When identifying the left gastric vein during the step of lymphadenectomy, the ves-
sel was transected using a vessel-sealing device or laparoscopic coagulating shears.

In station no. 11p dissection, the splenic artery was identified by incising the
gastropancreatic fold. The lymph nodes were dissected on the plane of the splenic
plexus. Lymph nodes were dissected to the dorsal plane on which the splenic vein
or pancreas could be identified (Fig. 17.9).

17.3.4.1 Dissection of No. 4d, 4sb Lymph Nodes

The assistant introduced the intestinal grasping forceps from the top trocar to hold
the gastric body at the greater curvature side and retracted the stomach ventrally
toward the right side of the abdomen. The greater omentum was dissected about
4-cm away from the gastroepiploic artery for T1, T2 gastric cancer. The greater
omentum was completely resected along the transverse colon for T3, T4 gastric
cancer. The omentum was dissected toward the left side. The left gastroepiploic
artery was transected using a vessel-sealing device or laparoscopic coagulating
shears for dissection of the station no. 4sb lymph nodes.
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7.

Fig. 17.10 Using triangulating tension, the gastroepiploic vessels are divided after adequate
lymphadenectomy

Next, the assistant lifted the stomach to retract the gastroepiploic vessels.
Dissection of the greater omentum continued toward the right side. In the station no.
6 dissection, lymph nodes bounded by the inferior edge of the pancreatic head and
the anterior plane of the superior mesenteric vein were dissected after exposure of
the gastrocolic trunk. The right gastroepiploic vein was divided just distal to the
bifurcation of the superior anterior pancreaticoduodenal vein. The right gastroepi-
ploic artery and infraduodenal artery were clipped and divided at these origins
(Fig. 17.10).

The duodenum was transected just distal to the pyloric ring using an endoscopic
linear stapling device. The stomach was transected with an adequate surgical mar-
gin from the malignant lesion using two or three cartridges of the stapling device.
The resected specimen was inserted in a retrieval sac and extracted through the
umbilical incision.

17.3.4.2 Anastomosis

In SLS gastrectomy, intracorporeal anastomotic techniques are required for recon-
struction. Billroth I gastroduodenostomy has long been used for distal gastrectomy
because the procedure is technically simple. This reconstruction preserves normal
gastrointestinal integrity and provides a better postoperative physiologic result. The
Roux-en-Y method should be selected for patients with either small gastric rem-
nants or esophageal hiatus hernia.
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Billroth-I Reconstruction Using Intracorporeal Triangular Anastomotic
Technique

In conventional laparoscopic gastrectomy, the delta-shaped Billroth-I anastomosis
is one of the most common procedures in Japan and Korea [7]. Although this recon-
struction method is safe and feasible, a simpler technique is required in the single
port approach because of the limited number of access trocars and restricted move-
ment of each instrument. We developed a modified technique named intracorporeal
triangular anastomotic technique (INTACT) [13]. Firstly, small holes were made on
the greater curvature of the gastric remnant and duodenal stump. A linear stapler
was introduced into both the gastric and duodenal stumps through the holes to make
posterior anastomosis (Fig. 17.11a). After continuous suturing was used to close the
common hole temporarily, the sutured tissues were staple-transected by a linear

Fig. 17.11 Billroth-I reconstruction is performed using the intracorporeal triangular anastomotic
technique (INTACT): (a) Firstly, a linear stapler is introduced into both the gastric and duodenal
stumps through the small holes to make posterior anastomosis. (b) Secondly, after placement of
continuous suturing to close the common hole temporarily, the sutured tissues are staple-transected
by a linear stapler as a part of anterior anastomosis. (¢) Finally, both the gastric and duodenal
stumps are entirely excised with ventral staple of the first stapling using a linear stapler to complete
triangular anastomosis. (d) This technique provides end-to-end anastomosis of a triangle orifice
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stapler as a part of anterior anastomosis (Fig. 17.11b). Finally, both the gastric and
duodenal stumps were entirely excised with a ventral staple of the first stapling
using a linear stapler to complete anterior anastomosis (Fig. 17.11c). This technique
provided end-to-end anastomosis of a triangular orifice (Fig. 17.11d).

Roux-en-Y Reconstruction

The jejunum was extracted through the umbilical incision and transected 20-cm dis-
tal to the Treitz ligament. The jejuno-jejunostomy was performed using hand-sewn
sutures or stapling devices under direct vision through the umbilical incision. The
gastrojejunstomy was intracorporeally performed by functional end-to-end anasto-
mosis using endoscopic linear stapling devices; small holes were made on the greater
curvature of the gastric remnant and antimesenteric side of the jejunum. The anvil
fork of the stapler was inserted into the jejunum, and the cartridge side of the stapler
was inserted into the gastric remnant through the holes. The common entry hole was
closed using the endoscopic linear stapling device to complete anastomosis.

17.4 Recommendations from the Author

SLSDG is a recent surgical procedure that still has many unresolved problems.
However, new advances in surgical techniques and equipment have helped solve the
issues related to this procedure. By using the above method, we believe that expert
laparoscopic surgeons may confidently achieve a safe operation and that this type of
surgery will become an attractive alternative to conventional laparoscopic
operations.
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Chapter 18
Total Gastrectomy

Noriyuki Inaki

Abstract Laparoscopic gastrectomy using five or six 5- or 10-mm ports is widely
accepted as surgical treatment for early gastric cancer. The indications for laparo-
scopic gastrectomy have been expanded to include advanced cancer. Reduced port
laparoscopic surgery (RPLS), such as single-port or needlescopic surgery is less
invasive than conventional laparoscopic surgery and is considered quite beneficial
in the field of endoscopic surgery. The concept of RPLS has been introduced to the
surgical treatment of gastric cancer. An approximate 3.5-cm incision at the umbili-
cus is generally needed for specimen extraction. Therefore, the maximum scar in
reduced port laparoscopic gastrectomy (RPLG) is the scar that results from this
incision. RPLG, then, is actually performed as single-port laparoscopic gastrec-
tomy (SPLG). The author uses inexpensive silicone access device as an umbilical
platform to perform SPLG, maintaining the same quality lymphadenectomy and
reconstruction that achieved with the multiport technique. SPLG ensures minimal
injury to the abdominal wall and a good cosmetic outcome. In this chapter, our
single-port laparoscopic total gastrectomy performed for gastric cancer is described
in detail and illustrated with laparoscopic photos and a picture of the single plat-
form viewed externally. The needle-assisted technique is also falls under the RPLS
concept.
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18.1 Introduction

Since the first laparoscopic gastrectomy for gastric cancer was performed in 1994
by Kitano et al. [1], the laparoscopic technique has become common. The procedure
has seen refinement with developments in the technique and technology. More
detailed images displayed by high definition endoscope have apparently renewed
our knowledge of surgical anatomy, resulting in more precise procedure. Multiport
laparoscopic subtotal gastrectomy for early gastric cancer is widely accepted for
both tumor resection with lymphadenectomy and reconstruction. The indications
for laparoscopic surgery in case of gastric cancer have expanded to include advanced
cancer. Reduced port laparoscopic surgery (RPLS), which includes both single-port
surgery and needlescopic surgery, has been developed and is well-known in the field
of endoscopic surgery. The concept has also been introduced to laparoscopic sur-
gery for gastric cancer [2—4]. Generally, an incision of approximately 3.5 cm is
needed at the umbilicus through which the resected specimen is extracted. Therefore,
the maximum scar for single-port laparoscopic gastrectomy (SPLG) or reduced port
laparoscopic gastrectomy (RPLG) is the 3.5-cm umbilical incision. The author uses
an inexpensive, silicone-access device as an umbilical platform. With SPLG or
RPLG, lymphadenectomy and reconstruction are of the same quality as obtained by
the multiport technique. SPLG ensures minimal injury to the abdominal wall and a
good cosmetic outcome.

In this chapter, our single-port laparoscopic total gastrectomy (SPLTG) proce-
dure performed for gastric cancer is described in detail and illustrated with laparo-
scopic photos and a picture of the single platform viewed externally. The
needle-assisted technique is also falls under the RPLS concept.

18.2 Indications

As is widely recognized, technical difficulty in RPLS is closely related to the dis-
tance from the access site to the surgical field. We would recommend performing
RPLG, at least in the first few cases, in patients with a distance from the umbilicus
to the xiphoid process 15 cm or less and with BMI 30 kg/m? or less. Indication can
then be expanded as surgeon’s skill and the surgical team’s experience increase.

18.3 Technique

18.3.1 Positioning

The set-up for RPLG is identical to that for conventional laparoscopic distal gas-
trectomy (CLDG). The patient is placed supine in the dorsosacral position
(Fig. 18.1). The surgeon stands between the patient’s legs, the camera assistant
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Fig. 18.1 Patient positioning

stands at the patient’s right side, and the first assistant stands at the patient’s left
side. A monitor is placed above the patient’s head, and the laparoscopic system is
positioned behind the patient’s right shoulder. A 5- or 10-mm endoscope with a
3-CCD high-definition camera (Karl Storz-Endoskope, Tuttlingen, Germany) is
preferred (Fig. 18.2).

18.3.2 Access Device

A 3.5-cm incision is made at the umbilicus. We prefer use of the Lap-protector
FF1010™ and the EZ access™ for the protector (Hakko Co. Ltd., Nagano, Japan)
(Fig. 18.3), which can be assembled as an umbilical access device (Fig. 18.4).
A 12-mm trocar and three 5-mm trocars are inserted through the EZ access™
device. A 5-mm, 30-degree endoscope, both of the surgeon’s forceps, and the assis-
tant’s forceps are inserted through the respective trocars (Fig. 18.5). The energy
device, stapler, and gauze are inserted and removed through the 12-mm trocar.

18.3.3 Liver Retraction

The liver retraction procedure is important for gastrectomy. We retract the left lobe
of the liver in two steps without the use of a trocar or retractor (Fig. 18.6). The round
ligament of the liver is lifted with 2-0 nylon thread attached to a straight needle that
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Fig. 18.2 Operation room set-up

Fig. 18.3 The Lap protector FF1010™ (Hakko) and EZ access™ (Hakko) for FF1010 are assembled
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Fig. 18.4 Desktop
simulation

Fig. 18.5 External view of the single-port at the umbilicus

has been inserted percutaneously into the abdominal cavity. The needle is passed
over the round ligament and then out through the skin. A medium size silicon-disc
(Hakko Co.) is introduced into the abdominal cavity and placed under the left lobe of
the liver. The straight needle with the 2-0 nylon thread is introduced by percutaneous
puncture, directed through the front side of the disc, the central tendon of the dia-
phragm at the dorsal side of the disc, and again through the disc on the patient’s right,
withdrawn percutaneously, and tied extracorporeally. With experience, this series of
step is performed within 5 min. We believe this method of liver retraction without
scaring is effective and that it prevents postoperative transaminase elevation.
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Fig. 18.6 A silicon disc is
placed for liver retraction

Fig. 18.7 Dorsosacral and head-up tilt position

18.3.4 Procedure

Dissection of the left side of the greater omentum: the lymph nodes are dissected in
the same manner as in CLDG. The difference between SPLG and CLDG is how the
tissue is manipulated. In SPLG, two forceps are used instead of three. To begin lapa-
roscopic insufflation, the operation table is tilted into the head-up position
(Fig. 18.7).
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Fig. 18.9 The origins of left gastroepiploic artery and vein are clipped and cut with a bipolar seal-
ing device

The first surgical step is opening the greater omentum. The greater curvature of
the middle stomach is grasped by the assistant and lifted upward, and the middle
portion of the greater omentum is cut with a bipolar sealing device toward the origin
of the left gastroepiploic artery and vein (Fig. 18.8), which are then clipped and cut
(Fig. 18.9). The short gastric arteries and veins are then coagulated and cut with the
use of a bipolar sealing device and no clips (Fig. 18.10). The gastro-splenic mesen-
tery should be carefully treated during dissection, otherwise bleeding can occur.
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Fig. 18.10 Short gastric arteries and veins are coagulated and cut with a use of a bipolar sealing
device and no clips

Fig. 18.11 The right side of the greater omentum is opened

Dissection of the right side of the greater omentum: the central portion of the
greater omentum is cut with a bipolar sealing device toward the right side of the
omentum (Fig. 18.11). This means the greater omentum is taken off the transverse
mesocolon. The goal of the right-side dissection is the wall of the descending duo-
denum. In dissection around the root of right gastroepiploic artery and vein in the
pyloric area, the assistant grasps the peripheral part of the gastroepiploic vessels,
and the surgeon creates traction by applying gauze and pushing downward on the
mesocolon. The artery and vein are clipped and cut, and the remaining tissue,
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Fig. 18.13 The lesser omentum is opened around the pyloric area

including No. 6 lymph node, is completely dissected (Fig. 18.12). An ultrasonically
activated device (USAD) is generally used for precise dissection. In using a USAD,
the surgeon must take care to avoid cavitation, which can occur at the tip of the
active USAD blade. To avoid cavitation, it is important to incline the pedicle of the
gastroepiploic artery and vein to both sides in a flag-like motion, freeing the tip of
the active blade from other vessels and pancreatic tissue. A titanium clip is used in
the same manner.

Dividing the duodenum: before dividing duodenum, we open the lesser omen-
tum around the pyloric area (Fig. 18.13). The stapler is inserted through the 12-mm
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Fig. 18.15 Appropriate duodenal dividing

trocar (Fig. 18.14), the cartridge should be appropriately articulated for identifica-
tion of the staple line, and the duodenal bulb is divided (Fig. 18.15).

Dissection around the hepato-duodenal ligament: after division of the duode-
num, the field around the hepato-duodenal ligament, including the root of the
right gastric artery and vein, can be clearly seen. Dissecting along the surface of
the gastro-duodenal artery, we first cut the serosa along the proper hepatic artery
and open the lesser curvature up to the crura of the diaphragm (Fig. 18.16). In
case of early gastric cancer, we preserve the hepatic branch of the vagus nerve.
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Fig. 18.17 Finding the surface of the neural layer around the common hepatic artery

We then look for the surface of the neural layer around the common hepatic artery
(Fig. 18.17), which is referred to as the “outer-most layer” [5], or “dissectable
layer.” The outer-most layer should be preserved during the next step, dissection
around the suprapancreatic area. The root of the right gastric artery and vein is
encircled, clipped, and divided (Fig. 18.18). The lymph node at the left of the
portal vein is appropriately dissected or preserved, according to the level of nodal
dissection planned.

Dissection of the suprapancreatic area: the Assistant grasps the middle part of
gastro-splenic fold, and the surgeon creates traction by pushing gauze downward
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Fig. 18.19 Gauze is inserted to create working space and absorb blood

on the spleen. In using the forceps in the area, the surgeon’s approach angle is the
aspect of the procedure that differs most from CLDG. Lymph node dissection
around the common hepatic artery or splenic artery can be difficult because of the
horizontal angle. One of the solutions to the difficult manipulation is to use grav-
ity; this leads to a falling away of the pancreas, making dissection around the arter-
ies easy. Gauze packing behind the gastro-splenic fold and on the pancreatic tail is
also useful for creating working space and absorbing blood (Fig. 18.19). We
respect the medial approach [6] for dissection of the suprapancreatic lymph nodes.
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Fig. 18.21 The left side of the celiac artery is dissected

Dissecting the lateral sides of the left gastric artery, we cut the root of the left gastric
artery (Fig. 18.20). We then dissect the right side of the gastro-splenic fold includ-
ing No. 9 and No. 8a lymph node stations (Fig. 18.21), and the left side of the
celiac artery including, No. 9 and No. 11p lymph node stations are dissected
upward in the same way (Fig. 18.22). The remaining suprapancreatic tissue is dis-
sected completely (Fig. 18.23).

Trimming around the abdominal esophagus: the tissue around the abdominal
esophagus is dissected. Both vagus nerves are cut up (Fig. 18.24), and the 60-mm-
cartridge stapler is applied to the esophago-gastric junction (Fig. 18.25).



Fig. 18.24 Paraesophageal tissue is dissected
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Fig. 18.26 A certain esophageal margin

Dividing the esophagus and specimen extraction: the abdominal esophagus is
divided with a certain margin (Fig. 18.26). The resected specimen is placed in a
plastic bag (Fig. 18.27), and extracted through the umbilical port (Fig. 18.28).
Laparoscopic insufflation is restarted, and the dissected field is appropriately
washed with saline. The lymphadenectomy field is inspected endoscopically for any
missed suspicious nodes (Figs. 18.29, 18.30, and 18.31).

Reconstruction: we perform Roux-en-Y reconstruction after total gastrectomy
with the use of a linear stapler. We first measure 25 cm from the Treiz ligament and



Fig. 18.29 Final inspection of the lymphadenectomy: left side of the celiac artery
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Fig. 18.30 Final inspection of the lymphadenectomy: right side of the celiac artery

Fig. 18.31 Final inspection of the lymphadenectomy: around the pancreatic head

lift the jejunum (Fig. 18.32). A small hole is made near the jejunum. Under lapa-
roscopic observation, the jejunum is divided with a linear stapler (Fig. 18.33).
About 20 cm of the Roux limb is sacrificed for safe reconstruction (Fig. 18.34).
Esophago-jejunosotomy is simulated, and the Y limb is measured and inked at a
point 40 cm away from the point of simulated esophagojejunosotomy. The Y limb is
then created extracorporeally by means of a side-to-side anastomosis achieved



Fig. 18.34 Sacrificing the jejunum
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Fig. 18.35 Extracorporeal side-to-side anastomosis created with a 60-mm linear stapler

Fig. 18.36 Closing the
stapler entry hole by hand
suturing

with a 60-mm linear stapler (Fig. 18.35). The stapler entry hole is hand sutured
with 4-0 controlled-release braided absorbable thread (Fig. 18.36). A continuous
one-layer suture is adequate for the closure. We can choose either intracorporeal
or extracorporeal suturing for the Y limb. This is because it is usually easy to lift
the Y limb outside from the umbilical port in patients meeting the criteria for
SPLTG. Esophagojejunostomy is performed intracorporeally. We always choose
side-to-side anastomosis using a 45-cm linear stapler, the so-called overlap tech-
nique (Fig. 18.37). The stapler entry hole is sutured intracorporeally (Fig. 18.38).
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Fig. 18.38 Intracorporeal suturing with barbed suture material

Barbed suture material, 15 cm 3-0 V-Loc™ 180 (Covidien, New Haven, CT,
USA), is used for the suturing. This material prevents line slack during the sutur-
ing and does not require knotting. After the closure, we check for leakage by
pumping air through the naso-gastric tube. Finally, both the Petersen’s defect and
mesenterial space of the Y limb are closed with a continuous barbed suture, as
described previously (Figs. 18.39 and 18.40).

We do not place any drain tubes. After rewashing and checking the abdominal
cavity, we apply a Seprafilm adhesion barrier (Kaken Pharmaceutical Co. Ltd.,
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Fig. 18.40 Closing the mesenterial space of the Y limb

Tokyo, Japan) just below the umbilical scar. Finally the single umbilical opening is
cosmetically closed with an appropriate buried suture, and the scar is generally
invisible after 3 months (Fig. 18.41).

18.4 Tips, Tricks and Recommandations from the Author

1. One of the most difficult technical demands is the resolution of instrument con-
flicts outside the port. To resolve the problem, we use EZ trocar™ (Hakko Co.,
Ltd.) (Fig. 18.42), which is 5-mm in diameter. The housing is also small, although
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Fig. 18.41 The scar at the
umbilicus is nearly invisible
after 3 months

Fig. 18.42 The EZ trocar™
housing is small (Hakko)

atrocar of at least 10- to 12-mm is needed for inserting the stapler, the gauze, and
the suture needle. Actually, a trocar of different size can be selected, if necessary.
In that case, the trocar housing will not cause interference (Fig. 18.43).

2. When we perform SPLTG, we introduce gauze into the abdominal cavity at
various sites. This helps create space and organ traction without the need for trac-
tion assistance, as in CLTG. The gauze also absorbs blood and lymphatic fluid
(Fig. 18.19).
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Fig. 18.43 The small
housing prevents instrument
conflicts

Fig. 18.44 BIJ needle™ (Niti-On)

3. We use straight instruments, which are also use in conventional laparoscopic
surgery. Sometimes we encounter instrument conflicts at the single-port and can-
not maintain an adequate working angle. In such situations, it is sometimes nec-
essary to abandon the single-port. If necessary, additional ports should be inserted
but in a minimally invasive manner. We prefer to use the 2.1-diameter BJ nee-
dle™ (Nition Co., Ltd., Chiba, Japan) forceps, not through an additional port but
via puncture (Fig. 18.44). A trocar made especially for BJ needle can be easily
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Fig. 18.45 Use of needle instruments creates a good working angle

inserted without causing postoperative pain or an unsatisfactory cosmetic out-
come. Even one additional BJ needle in the surgeon’s left hand is helpful for
obtaining the proper manipulation angle in the laparoscopic view. According to
our experience, three additional BJ needles at most, one in the surgeon’s left hand
and one each in the assistant’s right and left hands will create almost the same
tissue traction as in conventional laparoscopic surgery (Fig. 18.45). We believe
the needle instruments to be helpful not only in single-port surgery, but also to
facilitate RPLS performed under the concept of minimally invasive surgery.
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Chapter 19
Wedge Gastric and Endo-Gastric Resection

Eiji Kanehira, Aya Kamei, and Takashi Tanida

Abstract Two different operative techniques for resection of gastric submucosal
tumors through a single incision and one needle-puncture are described. One
involves an extragastric approach, which is indicated for tumors at a location distant
from the esophagogastric junction. The other involves an endoluminal approach,
which is indicated for tumors located at the esophagogastric junction. We use the
x-Gate® multichannel port (Sumitomo Bakelite, Tokyo, Japan), through which two
or three instruments are inserted. In addition we use BJ needle® (Niti On Co., Chiba,
Japan), a 2-mm grasper, through a puncture site. With the extragastric approach,
tumors are excised in full-thickness by an ultrasonically activated device, and this is
followed by manual suturing. With the endoluminal approach a temporary gastros-
tomy is constructed at the navel, through which the x-Gate® (Sumitomo Bakelite) is
fixed in the gastric cavity. Under percutaneous gastroscopic view, tumors at the
esophagogastric junction are resected in full thickness, and this is followed by
manual suturing. The techniques described here can be safely performed, and the
cosmetic result of both techniques is satisfactory.

Keywords Gastric submucosal tumor * Gastrointestinal stromal tumor * Intragastric
surgery * Single-incision laparoscopic surgery (SLS) « Wedge resection

19.1 Introduction

Single-incision laparoscopic surgery (SLS) might be as applicable to local gastrec-
tomy for submucosal tumor as it is to cholecystectomy because such a complicated
procedure such as meticulous lymphadenectomy or anastomosis is not required [1, 2].
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Fig. 19.1 Cosmetic result of
a representative Technique II
case

However, unlike laparoscopic cholecystectomy, the operative technique cannot be
described as a single method because the resection strategy must be tailored accord-
ing to the location, size, and growth type of the tumor itself [3, 4]. Between January
2009 and April 2013, we performed laparoscopic local gastrectomy in 121 patients, 63
of whom underwent a single-incision procedure. Reviewing our experience herein,
we introduce the two basic methods of single-incision laparoscopic local gastrectomy.
One comprises an extragastric approach with manual resection (Technique I), and
the other comprises a percutaneous endoluminal approach to the stomach [2, 5]
(Technique II). The cosmetic result of Technique II is shown in Fig. 19.1.

19.2 Technique I: Extragastric Approach

19.2.1 Setup

The patient is placed in a supine position with legs spread apart. The surgeon stands
between the patient’s legs, and the assistant surgeon stands on the right side of the
patient to hold the laparoscope. The scrub nurse stands on the left side (Fig. 19.2).

19.2.2 Establishment of the Main Access Route

A 2.5-cm longitudinal incision is made at the navel. The ligament beneath the navel
is incised. The fascia is opened with a 2.5-cm longitudinal incision so that the peri-
toneum is incised for entry into the abdominal cavity. The inner ring of a multichannel
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Fig. 19.2 The main surgeon stands between the patient’s legs. The multichannel port called
x-Gate® (Sumitomo Bakelite) is placed under the navel via a 2.5-cm incision

Fig. 19.3 The main body of
x-Gate® (Sumitomo Bakelite)
consists of a hard outer ring
and a flexible inner ring.

The converter has four
flexible channels, one of
which one allows 12-mm
instruments

port, x-Gate® (Sumitomo Bakelite, Tokyo, Japan) (Fig. 19.3) [6], is inserted into the
abdominal cavity. The inner ring of the port is brought close to the outer ring by
pulling up the four belts attached to the inner ring. This manipulation also enlarges
the opening in the abdominal wall as the belts force the parietal incision to expand
from the inside. The converter is then attached to the outer ring of the main unit by
rotating it clockwise. A long 5-mm cannula and a short 5-mm cannula are inserted
through the channels on the cephalic side of the converter. To complete establish-
ment of the access port, the gas supply tube is connected to one cannula, and the
smoke evacuation tube is connected to the other. We use a 5-mm long-shafted lapa-
roscope with a forward viewing angle of 30° and to which a high definition charge-
coupled device camera is attached (Karl Storz-Endoskope, Tuttlingen, Germany).
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Fig. 19.4 A 2-mm grasper
(BJ needle® (Niti On Co.)),
which adds remarkable
assistance in reduced port
surgery, helps preserve the
cosmetic appearance of the
port-site wound

19.2.3 Insertion of 2-mm Forceps

BJ Needle® (Niti On Co., Chiba, Japan) (Fig. 19.4) is a very thin-caliber grasping
forceps with a shaft diameter of 2 mm. The access port specially manufactured for
BJ Needle® (BJ Port® (Niti On Co.)) is inserted into the abdominal cavity. The punc-
ture site depends on the tumor location and the surgeon’s preference. Generally, the
left upper quadrant is chosen. BJ Needle® (Niti On Co.) is rigid enough to manipulate
the stomach and surrounding tissue with adequate traction and expose the target.

19.2.4 Resection

We limit use of a stapling device to tumors that protrude well outside the stomach.
This is because resection of a tumor with a stapling device can remove too much of
the healthy gastric wall, which results in severe stomach deformity. Moreover, when
the tumor is located at the lesser curvature, resection with a stapling device can
damage the vagal nerve and thus cause gastric dysmotility [7, 8].

When the tumor is identified, traction is exerted on the gastric wall with the BJ
needle® (Niti On Co.), and another forceps is inserted through one of the x-Gate®
channels (Sumitomo Bakelite) (Fig. 19.5a). For this, we usually use a 5-mm bend-
able grasper (Diamond Flex®, Snowden Spencer, USA). With the two graspers,
appropriate tension is applied to the target point on the gastric wall, which is incised
with SonoSurg® (Olympus, Tokyo, Japan), a reusable ultrasonically activated
device. When the margin of the tumor is not clearly identifiable on the serosal
aspect, intraoperative peroral gastroscopy is performed to identify the safety margin
from inside. Full-thickness resection of the stomach wall containing the tumor is
performed. The procedure involves only minimal resection of healthy tissue around
the tumor (Fig. 19.5b). The specimen is enclosed in a retrieval bag (Fig. 19.5¢).
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Fig. 19.5 (a) To expose the submucosal tumor, effective traction is applied to the stomach with
a bendable grasper and a needle grasper. (b) The tumor, with an adequate safety margin, is
removed by full-thickness gastric resection with an ultrasonically activated device. (¢) The
resected specimen is captured in an extraction bag. (d) The defect is closed by suturing. The full-
thickness is approximated by a continuous running suture with absorbable 3-0 monofilament
material. (e) The seromuscular layer is closed with interrupted sutures

19.2.5 Closure of the Defect

The full-thickness defect on the gastric wall is closed by manual suturing. We use a
“parrot jaw” needle grasper (Karl Storz-Endoskope), which is inserted through the
x-Gate® (Sumitomo Bakelite) and driven by the left hand, and a BJ needle® (Niti On
Co.) as an assistant forceps held in the right hand. Absorbable monofilament 3-0
suture with a 26-mm half-circle needle is used. The x-Gate® channels (Sumitomo
Bakelite) are flexible enough to facilitate swift insertion and withdrawal of the
26-mm needle.
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Fig. 19.6 When the tumor is
located on the posterior
gastric wall, the greater
curvature is lifted to turn
stomach over by
percutaneous suture with a
straight needle

The suture line is completed transversely, crossing the longitudinal axis of the
stomach at a right angle. The idea is to avoid stenosis. The full thickness of the gastric
wall is first closed by continuous running suture (Fig. 19.5d), and the seromuscular
layer is then approximated by interrupted suture (Fig. 19.5e). After closure, peroral
gastroscopy is performed to confirm hemostasis, smooth passage, and peristalsis.

The retrieval bag containing the specimen is brought out through the navel.
We usually do not leave any drainage tube. The wounds are closed in a cosmetic
manner.

19.2.6 Tips and Tricks

19.2.6.1 Turning the Stomach Over

When the tumor is located in the posterior wall of the stomach, the stomach must be
turned over. To achieve this, the greater omentum is divided caudal to the gastroepi-
ploic vessels, and the greater curvature is stitched at an appropriate point with a 3-0
thread and a straight needle. The needle is pushed through the abdominal wall into
the abdomen. It penetrates the stomach wall, finally returning to the abdominal wall.
Both ends of the thread are pulled up or loosened extracorporeally to control the
degree of traction (Fig. 19.6). There are several alternative devices, such as
EndoGrab® (Virtual Ports Ltd., Caesaera, Israel), [9]), an internal retractor that can
be used to turn the stomach.

19.2.6.2 Layout of the Channels

To avoid instrument conflicts, we recommend the following layout of the x-Gate®
channels (Sumitomo Bakelite). The channel positions are described as clock positions,
for example, 0 o’clock, which indicates the cephalic direction, and 9 o’clock, which
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refers to the patient’s right. The 5-mm laparoscope is inserted through the 9 o’clock
channel, the energy device is inserted through the 2 o’clock channel, and the bendable
forceps is inserted through the 5 o’clock channel. The bendable forceps is brought
under the laparoscope toward the patient’s right side and is curved back toward the
target. This is the basic layout, which we use frequently. However, it is often necessary
to adjust the layout whenever a significant conflict is anticipated or encountered.

19.3 Technique II: Endoluminal Approach

19.3.1 Indication

When the tumor is located at the esophagogastric junction and the dominant portion
of the tumor is not outside the stomach, the endoluminal approach [2, 5] is
indicated.

19.3.2 Setup

The setup described for Technique I is applied to Technique II.

19.3.3 Construction of a Temporary Gastrostomy

The navel is incised 2.5 cm longitudinally, and the abdominal cavity is entered as
described for Technique I. When the approach site is cephalad to the navel, we pre-
fer transverse skin incision. Through the parietal wound, the greater curve of the
gastric angle is caught and pulled to the outside. The full-thickness gastric wall is
incised approximately 2 cm in length. The edge of this opening is sutured to the skin
around the wound at eight points so that a temporary gastrostomy is constructed
(Fig. 19.7). Through this gastrostomy, the inner ring of the x-Gate® (Sumitomo
Bakelite) is inserted into the stomach and fixed in the manner as described above.
The stomach is insufflated to 8 mmHg with CO, gas.

19.3.4 BJ Needle® (Niti On Co.) Insertion

For the endoluminal procedure, we use BJ needle® (Niti On Co.) as an assistant
forceps. Thus, BJ port® (Niti On Co.) is inserted by puncture into the gastric cavity.
The puncture point is usually at the left upper quadrant.
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Fig. 19.7 A temporary gastrostomy (2 cm in diameter) is constructed in the lower gastric body for
percutaneous entrance into the stomach

19.3.5 Resection

When the esophagogastric junction is seen from the lower gastric body by a rigid
laparoscope, the tumor is well visualized (Fig. 19.8a). Through the x-Gate® chan-
nels (Sumitomo Bakelite), various instruments are inserted into the gastric cavity to
facilitate resection and closure. The planned resection area is first marked by coagu-
lation dots. The submucosa is then injected with normal saline via Pettit Needle®
(Hakko Co., Nagano, Japan). This injection expands the space between the mucosa
and the tumor surface and allows us to avoid unintended cuts to the tumor surface.
The mucosa is cut with a high-frequency hook, tracing the coagulation dots marked
around the tumor. BJ needle® (NitiOn Co.) is used to retract the tumor-containing
tissue by grasping the overlying mucosa. The magnified endoscopic view makes it
possible to distinguish the healthy muscularis propria from the neoplasm. Moreover,
meticulous use of a high-frequency hook helps in judging whether the tissue is soft
or tough and where to cut.

Usually, during resection, the gastric wall is perforated and the perigastric fat is
recognized (Fig. 19.8b). However, in most cases, the insufflation is maintained.
When the perforation is significant and the gastric cavity is collapsed, the perfora-
tion must be closed by suturing. When vessels are encountered, precoagulation
should be performed before they are cut. Our standard method of hemostasis is to
pinch the bleeder with a dissecting forceps and then apply a high frequency current
for coagulation. The SonoSurg® energy device (Olympus) is our secondary option
for this procedure, and it is selected when the tissue bleeds easily.

When the resection is completed, the tumor is enclosed in a retrieval bag and
brought out through the x-Gate® (Sumitomo Bakelite).
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Fig. 19.8 (a) A submucosal tumor is located at the esophagogastric junction. A 2-mm grasper (BJ
needle (Niti On Co.)) is inserted in the left subcostal margin, and a high-frequency hook and 5-mm
laparoscope are inserted through the gastrostomy. (b) With the tumor excised almost in full thick-
ness, the perigastric fat is recognized at the bottom of the defect. (¢) The defect is closed by
manual suturing with absorbable 3-0 monofilament material. The muscle layer of the esophagus
and the stomach must be approximated to avoid postoperative regurgitation. (d) The closure line
must be circumferential to avoid stenosis. Passage through the esophagogastric junction is
preserved

19.3.6 Closure of the Defect

Closure of the defect when Technique II is applied is mandatory because the
defect involves the full thickness of the gastric wall. Reconstruction of the mus-
cularis propria has significant meaning from the standpoint of preventing gastro-
esophageal reflux. Also, because the defect usually reaches the esophagus, the
direction of the suture line must be considered to avoid possible stenosis. Thus,
we always direct the suture line transversely (circumferentially around the esoph-
agus). For this closure, we apply interrupted sutures with absorbable 3-0 mono-
filament thread using a 26-mm half-circle needle. Knot tying is very well facilitated
with the assistance of BJ needle® (Niti On Co.) (Fig. 19.8¢c, d). When the closure
is completed, peroral endoscopy is performed to make sure the junction is not
stenotic.
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4 A .

Abdominal wall

Fig. 19.9 Fixation of the gastric wall to the abdominal wall is facilitated by a Funada gastropexy
instrument

19.3.7 Repair of the Gastrostomy

After the intragastric procedure, the x-Gate® (Sumitomo Bakelite) is removed. The
gastrostomy sutures are freed from the skin, and the gastrotomy is closed with a
continuous running suture of absorbable 3-0 thread. The tiny puncture wound in the
upper gastric body made by the BJ port® (Niti On Co.) is left open. Generally, we
do not use a drainage tube.

19.3.8 Tips and Tricks

19.3.8.1 Location of the Temporary Gastrostomy

Preoperative gastroscopy is performed to check whether the stomach can be
stretched down to the navel. During this examination, the navel is pressed with a
finger to see if the compression is recognized at the greater curvature of the lower
gastric body. If so, the navel is chosen as the approach site. When the stomach does
not reach the navel, the approach site must be amended accordingly in the cephalic
direction.

19.3.8.2 Gastropexy

Prior to insertion of the BJ port® (Niti On Co.), we fix the anterior wall of the gastric
wall to the abdominal wall by suturing it with the aid of the Funada Gastropexy
Instrument® (Create Medic, Yokohama, Japan) (Fig. 19.9) [5]. This assures precise
puncture into the gastric cavity and avoids slippage of the needle on the surface of
the stomach. Moreover, even in cases in which the port is dislodged, re-puncture at
the same point can be performed.
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Fig. 19.10 (a) A submucosal tumor measuring 3 cm in diameter protruding into the gastric cavity
is resected with a stapling device in single-incision endoscopic intragastric surgery. (b) One of the
flexible x-Gate® channels (Sumitomo Bakelite) allows insertion of a 12-mm stapler

19.3.8.3 Stapler Resection

In limited cases, a stapler may be used to excise a tumor in the gastric cavity. This
procedure is indicated when the tumor definitely protrudes into the gastric cavity
and when it is located in the upper stomach away from the esophagogastric junction
(Fig. 19.10). A tumor located in the upper body along the greater curvature at the
fornix is the ideal indication for stapler resection. The x-Gate® channels (Sumitomo
Bakelite) are flexible, and one of them can accommodate 12-mm instruments.
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Chapter 20
Antireflux Procedures

Giovanni Dapri

Abstract In the last decade, a new philosophy to be less invasive in minimally
invasive surgery and to perform laparoscopy without visible scars invested sur-
geons, researchers and companies. The purpose was basically the improved cosme-
sis, but the postoperative pain, the hospital stay, and the patient’s convalescence
were also attempted to be reduced.

Natural orifices transluminal endoscopic surgery (NOTES) and single-port/
single-incision laparoscopy (SPL/SLS) were the two principal fields of researches
and investments. Due to the difficulties to perform the conventional multiport lapa-
roscopic procedures through NOTES and sometimes also through SPL/SLS, a new
philosophy to keeping in mind the desire of less invesivity of minimally invasive
surgery started to be popular and named reduced port laparoscopic surgery (RPLS).
In RPLS, the classic multiport laparoscopic procedures can be performed in a simi-
lar method, but through a reduced number of trocars, a reduced size of each trocar
and use of needlescopic instruments. Furthermore, some intrabdominal devices can
be inserted in the abdomen and used like an assistant’s help or to improve the opera-
tive field’s exposure.

In this chapter two main antireflux procedures, Nissen fundoplication (360°) and
Toupet fundoplication (270°), are described step by step using the transumbilical
access, and curved reusable instruments. Each step is represented by specific draw-
ings showing the internal triangulation, which characterizes the conventional multi-
port laparoscopy, and the external surgeon’s ergonomy.

Keywords Fundoplication * Reduced port laparoscopy ¢ Single-access ¢ Single-
incision ¢ Single-port * Single-site
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20.1 Introduction

Reduced port laparoscopic surgery (RPLS) antireflux procedures are performed
through the umbilicus as main access-site, which represents the embryonic natural
orifice of the scarless surgery [1]. A patient’s selection (body mass index, height,
left liver lobe size) is required because the umbilicus sometimes is located too
distally from the xyphoid process and hiatus. The left lobe of the liver may eclips
the hiatus. An option to increase the exposure of the hiatal region is the insertion of the
1.8-mm trocarless grasping forceps according to DAPRI (Karl Storz-Endoskope,
Tuttlingen, Germany), under the left liver lobe and against the diaphragm. Other
possibilities described in literature are:

— the insertion of a classic 5-mm liver retractor [2],

— the insertion of a penrose drain in the triangular ligament [3],

— the fixation of a penrose drain to the abdominal wall by endohernia stapler [4] or
by sutures [5],

— the placement of an expandable sponge under the left liver lobe [6],

— the use of cyanocrylate between the left liver lobe and the diaphragm [7],

— the anchoring of the bulldog to the falciform ligament [8],

— the use of the magnet forceps manoeuvred by external magnets [9],

— the insertion of the percutaneous transhepatic sutures [10] or superficial hepatic
sutures [11, 12],

— the insertion of the percutaneous Cerrahpasa retractor [13],

— the insertion of the boxing glove retractor [14].

In this chapter two techniques of antireflux procedures by transumbilical access
are described using a particular technique with a classic 11-mm trocar and DAPRI
curved reusable instruments (Karl Storz-Endoskope) inserted in the umbilicus with-
out trocars. This technique respects two basic rules of conventional multiport lapa-
roscopy: the video screen, the operative field and the surgeon’s head on the same
axis [15], and the optical system in the middle as the bisector of the working trian-
gulation formed by two ancillary effectors [16].

20.2 Technique

20.2.1 Patient and Team Positioning

The patient is placed in a supine position, with the arms along side the body and the
legs apart. The surgeon stands between the patient’s legs, and the camera assistant
to the patient’s right. The scrub-nurse stands to the patient’s left. The video monitor
is placed in front of the surgeon and camera assistant (Fig. 20.1).
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Fig. 20.1 Patient and team
positioning

Camera
assistant

20.2.2 Beginning of RPLS

The umbilicus is incised (Fig. 20.2), and the fascia opened until to reach the peritoneum,
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 2, 4, 6, 8, 10, 12 o’clock positions
(Fig. 20.3). An 11-mm reusable metallic trocar is introduced into the peritoneal cav-
ity inside the purse-string suture, and the pneumoperitoneum is created (Fig. 20.4).
A 10-mm, 30° rigid and standard length scope (Karl Storz-Endoskope) is advanced
through the 11-mm trocar, and curved reusable instruments according to DAPRI
(Karl Storz-Endoskope) are inserted into the abdomen through the umbilical scar
without trocars. The bicurved grasping forceps III (Fig. 20.5) is inserted through a
separate fascia window, created by a sharp obturator of 5-mm trocar, at some of
5 mm outside the purse-string suture at 10 o’clock position in the respect of the
patient head (Fig. 20.6). The other instruments like the monocurved coagulating
hook (Fig. 20.7a), the monocurved scissors (Fig. 20.7b), the monocurved bipolar
grasping forceps and scissors (Fig. 20.7c, d), the bicurved needle holder II
(Fig. 20.7e), 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
the bicurved grasping forceps III at 3 o’clock position, parallel to the 11-mm trocar
and inside the purse-string suture (Fig. 20.8). The suture is adjusted to maintain a
tight seal around the 5-mm tools and the 11-mm trocar, and open 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.
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Fig. 20.2 Transumbilical
access: incision of the
original umbilical scar

Fig. 20.3 Transumbilical
access: placement of the
purse-string suture (PDS 1)
in the umbilical fascia and
peritoneum at 2, 4, 6, 8, 10,
12 o’clock positions




Fig. 20.4 Transumbilical
access: insertion of the
11-mm reusable metallic
trocar

Fig. 20.5 Bicurved reusable
grasping forceps 111
according to DAPRI (Karl
Storz-Endoskope)

Fig. 20.6 Transumbilical
access: insertion of the
grasping forceps III through
a separate fascia window at
some of 5 mm outside the
purse-string suture at 10
o’clock position
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Fig. 20.7 Other curved reusable instruments according to DAPRI (Karl Storz-Endoskope): mono-
curved coagulating hook (a), monocurved scissors (b), monocurved bipolar grasping forceps (c),
monocurved bipolar scissors (d), bicurved needle holder II (e)

Fig. 20.8 Transumbilical
access: insertion of the other
curved instruments at 3
o’clock position, parallel to
the 11-mm trocar and inside
the purse-string suture
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Fig. 20.9 Use of the distal
curve of the bicurved
grasping forceps III to retract
the left liver lobe and to
contemporary expose the
opening of the hepatogastric
ligament (a), without any
conflict between the
surgeons’ hands (b)

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 (Fig. 20.9a, b). 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.

If an insufficient exposure of the hiatal region is evidenced, the DAPRI 1.8-mm
trocarless grasping forceps (Fig. 20.10) is inserted percutaneously under the xyphoid
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Fig. 20.10 1.8-mm trocarless
grasping forceps according
to DAPRI (Karl
Storz-Endoskope)

Fig. 20.11 Placement of the
DAPRI 1.8-mm trocarless
grasping forceps
percutaneously under the
xyphoid access

access, through a skin puncture created by a Veress needle (Fig. 20.11). This grasper
is placed under the left liver lobe and against the diaphragm.

The hepatogastric ligament is opened close to the liver segment 1, and the right
phrenogastric ligament is incised as well (Fig. 20.12), dividing its anterior and pos-
terior sheets. The right crus is freed from bottom to top (Fig. 20.13). The left
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Fig. 20.12 Incision of the
right phrenogastric ligament
using the coagulating hook

Fig. 20.13 Skeletonization
of the right crus using the
coagulating hook from
bottom to top

phrenogastric ligament is incised (Fig. 20.14), 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. 20.15a, b). Thanks to this maneuver, both
crura under the esophagus are better exposed and more easily freed (Fig. 20.16).
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Fig. 20.14 Incision of the
left phrenogastric ligament
using the coagulating hook

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, until to control the first short gastric vessel (Fig. 20.17). Then, the
operative table is replaced without any tilt and maintaining the Trendelenburg posi-
tion, in order to move the upper part of the gastric fundus behind the lower esopha-
gus. The other short gastric vessels are just dissected “a la demand” giving a more
slack to the wrap (Fig. 20.18a, b), using the monocurved coagulating hook or the
monocurved bipolar grasping forceps and scissors.

Figure of eight sutures using silk 2/0 are used to close the crura (Fig. 20.19),
using intracorporeal sutures and knotting technique (Fig. 20.20). This maneuver is
performed without the orogastric bougie in place. Only after cruraplasty, the anes-
thesiologist pushes down a 34 French orogastric bougie.

20.2.2.1 Nissen Fundoplication

The floppy 360° fundoplication is performed by silk 2/0 sutures, using intracorpo-
real sutures and knotting technique, under ergonomic position, without clashing of
the instruments’ tips (Fig. 20.21). A gastro-gastric suture, a gastro-eso-gastrique
suture (Fig. 20.22), and two gastro-esophageal sutures inferiorly to the first previous
and on both sides of the lower esophagus (Fig. 20.23) are performed (Fig. 20.24).
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Fig. 20.15 Suspension of the
lower esophagus by a piece
of cotton tape (a) using the
bicurved grasping forceps II1
and the straight 5-mm
grasping forceps (b)

20.2.2.2 Toupet Fundoplication

The 270° fundoplication is performed by silk 2/0 sutures. The right side of the wrap
is fixed by four simple sutures to the right crura (Fig. 20.25), starting with the first
suture at the apex of the right crura. Then, the right side of the wrap is anchored to
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Fig. 20.16 Easier
mobilization of both crura
thanks to the cotton tape’s
tension

Fig. 20.17 Incision of the
gastrosplenic ligament from
the left phrenogastric
ligament until to the first
short gastric vessel

the lower esophagus by three other simple sutures (Fig. 20.26). As well, the left side
of the wrap is fixed to the left crura by two simple sutures (Fig. 20.27), and then the
left side of the wrap is anchored to the lower esophagus by three other simple sutures
(Fig. 20.28).



20 Antireflux Procedures 245

Fig. 20.18 Dissection of the
other short gastric vessels
just “ala demand” (a) with

a medial-to-lateral

approach (b)

20.2.2.3 End of RPLS

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 sutures and all the instruments are removed under view.
The curved instruments are retrieved following their curves at 45° in the respect of
the abdominal wall.
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Fig. 20.19 Closure of the
crura using silk 2/0
intracorporeal sutures and
knotting technique

Fig. 20.20 Final aspect of
the closed crura using figure
of eight sutures

After having removed the 11-mm trocar for the scope, Vicryl 1 sutures are placed
as figure of eight to close the umbilical fascia, including the separate fascia opening
for the bicurved grasper III (Fig. 20.29). The cutaneous scar is closed by intradermal
sutures (Fig. 20.30).
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Fig. 20.21 Nissen
fundoplication: intracorporeal
sutures and knotting
technique, under ergonomic
position and without
instruments’ tips clashing

Fig. 20.22 Nissen
fundoplication:
gastro-eso-gastrique
suture using silk 2/0

247
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Fig. 20.23 Nissen
fundoplication: gastro-
esophageal suture inferiorly
to the first previous and on
the left side of the lower
esophagus

Fig. 20.24 Nissen
fundoplication: gastro-
esophageal suture inferiorly
to the first previous and on
the right side of the lower
esophagus

G. Dapri
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Fig. 20.25 Toupet
fundoplication: the right

side of the wrap is fixed to
the right crura by four simple
silk 2/0 sutures

Fig. 20.26 Toupet
fundoplication: the right side
of the wrap is fixed to the
lower esophagus by three
simple silk 2/0 sutures

249
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Fig. 20.27 Toupet
fundoplication: the left side
of the wrap is fixed to the left
crura by two simple silk 2/0
sutures

Fig. 20.28 Toupet
fundoplication: the left side
of the wrap is fixed to the
lower esophagus by three
simple silk 2/0 sutures

G. Dapri
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Fig. 20.29 Closure of the
umbilical access including
the separate fascia opening
(used for the bicurved
grasper III) by figure

of eight Vicryl 1 sutures

Fig. 20.30 Transumbilical
access: final aspect
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20.2.3 Post-operative Care

One gram 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 recov-
ery 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; for VAS > 8§,
1 mg piritamide 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 adminis-
tered i.v. if VAS is between 4 and 8, and 1 mg piritamide administered i.v. if VAS > 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 are pre-
scribed only if needed.

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

20.3 Recommendations from the Author

— The curved reusable instruments have to be inserted into the abdominal cavity
following a 45° angle in the respect of the abdominal wall. Their removal have to
be performed in the same way as well.

— If the hiatal region is not sufficiently exposed by the distal curve of the bicurved
grasping forceps III, some other options are available and useful to improve the
field.

— The use of a piece of cotton tape to encircle the gastroesophageal junction, helps
in exposing the right and left crus and in performing the cruraplasty.

— The operative table has to be used as an assistant’s help during the entire
procedure.

— After having sectioned the first short gastric vessels, the rest of the fundus has to
be freed “a la demand” by a medial-to-lateral approach.

— 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 the
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.

— Finally, the choice between the two fundoplications mainly comes from the
results of the patient’s preoperative work-up.
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Chapter 21
Hepatectomy

Minoru Tanabe

Abstract Thanks to the recent advances in multiport laparoscopic liver resection
and the development of single-port access surgery (SPAS), several groups have
reported the feasibility of SPA hepatectomy. Moreover, the SPA hepatectomy
instruments and the technique are applicable to conventional laparoscopic hepa-
tectomy, allowing a reduction in the number and size of the ports. In this chapter,
we present our SPA and reduced-port laparoscopic hepatectomy methods and
discuss the feasibility of the SPA approach as well as its potential benefits and
limitations.

Keywords Liver resection * Reduced port surgery ¢ Single-port surgery

21.1 Introduction to Single-Port Access (SPA) Hepatectomy

Single-port access surgery (SPAS) is of growing interest in the effort to minimize
abdominal wall trauma. SPAS provides a desirable cosmetic effect because the
surgical scar is hidden in the umbilical orifice. Beyond the cosmetic advantage,
the other benefits of SPAS remain to be elucidated, but they may include reduced
morbidity and postoperative pain, relatively short hospital stay, and speedy recov-
ery. Various abdominal surgeries have already been performed by SPAS, including
appendectomy [1], cholecystectomy [2], splenectomy [3], sleeve gastrectomy [4],
colectomy [5], and ventral hernia [6].
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Since the first report of laparoscopic partial hepatectomy in 1992 [7], laparo-
scopic liver resection has become an accepted procedure for treatment of liver
tumors. The current international position on laparoscopic liver surgery as
expressed in the Louisville Statement (8), is that the procedure is “a safe and effec-
tive approach for the management of surgical liver disease in the hands of trained
surgeons with experience in hepatobiliary and laparoscopic surgery.” Thanks to
the recent advances in multiport laparoscopic liver resection and the development
of SPAS, several groups have reported the feasibility of SPAS hepatectomy [9—
24]. Moreover, the instruments and techniques are applicable to conventional lapa-
roscopic hepatectomy, allowing the number and size of the port. In this chapter, we
present our hepatectomy techniques based on SPAS and reduced port surgery
(RPS) and discuss the feasibility of this approach as well as its potential benefits
and limitations, particularly in comparison to conventional multiport laparoscopic
hepatectomy.

21.2 Indications and Contraindications for SPA
Hepatectomy

The superior and dorsal parts of the right hepatic lobe are beyond the reach of the
umbilical port instruments, suggesting that resection of these parts is contrain-
dicated. Tumors located in the anterolateral segment of the liver (Fig. 21.1).
Hepatectomy of the entire left lateral segment r a part of this segment is particularly
suited to the SPA approach because this part of the liver is not thick and the transec-
tion line can be adjusted easily in line with the axis of the umbilical trocar by mobi-
lizing the liver. In addition, the resected specimen should not exceed 6—7 cm in size.
A larger specimen may require extension of the umbilical incision for extraction.
The lateral segment represents the upper limit in terms of the size, of a specimen
that can be extracted from a small umbilical incision without marked deformity of
the navel.

21.3 Procedural Techniques

21.3.1 Position of the Patient and Layout of the Instruments

The patient, under general anesthesia, is placed supine with the legs apart. The
operator stands between the patient's legs. If the tumor is located on the patient’s left
side, the assistant holding the scope stands at the patient’s right side, and vice versa
(Fig. 21.2).
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Fig. 21.1 Indications for
SPAS hepatectomy. A good
indication for SPAS
hepatectomy is a tumor
located in the anterolateral
segment of the liver. In
addition, the resected
specimen should not exceed
6-7 cm in size

Assistant

Operator Operator

Fig. 21.2 Position of the patient and layout of the instruments for SPA hepatectomy



258 M. Tanabe

21.3.2 Insertion of a Multi-Access Port and Establishment
of Pneumoperitoneum

A multi-access port is inserted through a 25-mm longitudinal incision made at the
umbilicus. The port is fixed so that the working channels form an inverted triangle.
Pneumoperitoneum is established at 8 mmHg. Upon transection of the liver paren-
chyma, the pressure is increased to 13 mmHg to suppress venous bleeding.
A 5-mm deflectable laparoscope and two instruments are inserted through the port
channels.

21.3.3 Mobilization of the Liver

Under cross-placement of the devices, an ultrasonic scalpel (SonoSurg™, Olympus
Corporation, Tokyo, Japan or Harmonic ACE™, Ethicon Endosurgery, Cincinnati,
OH, USA) is used to mobilize the liver (Fig. 21.3a). It is usually possible to cut the
falciform ligament, left coronary ligament, and bilateral triangular ligament by
means of dissecting devices inserted through the umbilical port. Extended mobili-
zation of the right lobe is not possible in SPAS hepatectomy because the instru-
ments inserted through the umbilical port cannot reach the superior and dorsal
parts of the right lobe.

21.3.4 Transection of the Liver Parenchyma

Intra-operative ultrasonography must be performed to determine the tumor location
and the transection line. If the tumor is located at the edge of the liver, pre-
coagulation will allow for bloodless transection with scissors and without energy
devices. Generally, the pre-coagulation is performed along the intended line of tran-
section with articulating microwave ablation instruments (Fig. 21.4).

hen a bulky part of the liver is transected, a more subtle technique is used. As in
conventional laparoscopic hepatectomy, transection of the liver parenchyma in SPA
hepatectomy can be done with an ultrasonic scalpel [17, 22] and the Cavitron
Ultrasonic Surgical Aspirator (CUSA EXcel, ValleyLab, Inc., Boulder, CO, USA)
[20] (Fig. 21.5). The superficial part of the liver can be cut with an ultrasonic scalpel
(Fig. 21.3b), as there are no large vessels in this part. In contrast, in the deeper part
of the liver, isolation of the vessels with the CUSA and meticulous hemostasis
achieved with energy devices is necessary (Fig. 21.3c, d). We usually use a biclamp
for hemostasis with a saline drip from an additional needle device inserted directly
from the upper abdominal quadrant.
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Fig. 21.3 SPAS lateral segmentectomy. (a) The falciform ligament is cut with an ultrasonic scal-
pel to mobilize the liver. (b) The superficial part of the liver can be cut with an ultrasonic scalpel.
(c, d) We usually use CUSA Excel and BiClamp for transection of the deep part of the liver. (e)
Large vascular pedicles are divided with a laparoscopic stapler. (f) The specimen is extracted
transumbilically

21.3.5 Hemostasis

Hemostasis is technically difficult in laparoscopic liver resection, making uncontrol-
lable bleeding the main reason for conversion to laparotomy. In SPAS hepatectomy
in particular, special attention must be paid to parenchymal transection. Thanks
to recent innovations in the energy devices, laparoscopic transection of the liver
parenchyma is now relatively safe. Low-voltage coagulation devices are useful for
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Fig. 21.4 Pre-coagulation
performed with articulating
microwave ablation
instruments

Articulating

Fig. 21.5 Cavitron
Ultrasonic Surgical Aspirator
(CUSA Excel Plus, Integra
Lifesciences). A handpiece
for both laparoscopic and
open laparotomy procedures
is available
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controlling bleeding during parenchymal transection [21]. The VIO electrosurgical
unit (Erbe Elektromedizin GmbH, Tubingen, Germany) (Fig. 21.6a) can be oper-
ated in low-voltage "Soft Coag" mode, which allows rapid in-depth coagulation
without carbonization and little sticking of the electrode. The VIO electrosurgical
unit can be connected to the CUSA EXcel. The concurrent use of ultrasonic aspira-
tion and low-voltage coagulation dramatically decreases bleeding upon parenchymal
transection. The dripping of saline at the coagulation site enhances the hemostatic
effect. We use a supplemental needle device inserted from the subcostal or intercostal

region for the saline drip.
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Fig.21.6 The Electrosurgical system VIO300D generator (Erbe Elektromedizin GmbH, Tubingen,
Germany) (a) and BiClamp LAP forceps, Maryland, deep-ribbed (Erbe Elektromedizin GmbH,
Tubingen, Germany) (b)

The development of bipolar vessel-sealing devices has also contributed to safe
parenchymal transection. The BiClamp forceps (Erbe Elektromedizin GmbH,
Tubingen, Germany) (Fig. 21.6b) are bipolar and allow for firm grasping and reli-
able coagulation of vessels less than 3 mm in size. BiClamp is quite useful for
stopping active bleeding and sealing the small vessels. LigaSure (Covidien, New
Haven, CT, USA) (Fig. 21.7a) and EnSeal (Ethicon Endosurgery) (Fig. 21.7b)
can seal and cut small vessels less than 3 mm in a sequential action, and no clip-
ping is required. The number of instruments that can be used simultaneously in
SPAS is limited, compelling the surgeon to change the instruments frequently.
Thus, it is quite advantageous that the vessels can be sealed and cut in one action
without clipping.

Vessels larger than 3 mm are clipped and transected. When the transection line is
in the left lateral segment, the vascular pedicles are divided with the use of a lapa-
roscopic stapler (Fig. 21.3e). An articulating laparoscopic stapler (Fig. 21.8a, b) is
useful to achieve the ideal staple deployment angle.

21.3.6 Completion of the Procedure

A plastic bag is introduced into the abdomen through the 12-mm trocar, and the
specimen is extracted transumbilically (Fig. 21.3f). Because of the meticulous hemo-
stasis, no suction drain is left in place. The umbilical fascia is closed with absorbable
sutures.
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—— 5mm straight

3mm curved

Fig. 21.7 (a) LigaSure (Covidien, New Haven, CT, US). (b) EnSeal (Ethicon Endosurgery,
Cincinnati, OH, USA)

21.4 Tips and Tricks

21.4.1 Crossed and Parallel Device Configuration

For the basic intra-abdominal procedure, a crossed device configuration (Fig. 21.9a)
is useful because articulating devices allow non-parallel access to the surgical field
and offer free movement of the manipulating devices. SPAS remains a demanding
procedure; however, the cross-configuration makes it possible to triangulate even
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Fig. 21.8 (a) Endo GIA™ Ultra Universal staplers with Tri-Staple™ technology (Covidien,
New Haven, CT, USA). (b) ECHELON FLEX (Ethicon Endosurgery, Cincinnati, OH, USA)
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Fig. 21.9 (a) Crossed and (b) parallel device configurations

with 10-mm instruments such as the aspirator, stapling devices, and ultrasound
probes. For the articulating device, we commonly use the SILS™ Clinch (Covidien,
New Haven, CT, USA) (Fig. 21.10) or Autonomy™ Laparo-Angle™ grasper
(Cambridge Endo, Framingham, MA, USA). These articulating graspers play an
important role in exposing the operative field.

In transecting the liver parenchyma, simultaneous use of the CUSA EXcel
(10-mm shaft) and BiClamp/bipolar forceps (5-mm shaft) is very effective. Both
devices have a straight shaft; thus, parallel device configuration is necessitated
(Fig. 21.9b). With this configuration, the channel distance must be more than 3 cm
to avoid device conflicts.

21.4.2 RPS

The feasibility of SPAS has been well demonstrated, but standardization and safety
need additional assessment. In this context, RPS could represent an interim target
without concerns related to procedural safety and additional skills. A significant
contribution of SPAS has been the development of innovative devices such as multi-
access ports, curved instruments, and needle-type devices. Application of the SPAS
instruments may reduce the number and size of the ports needed for conventional
laparoscopic hepatectomy, normally requiring three to five ports (Fig. 21.11). Thus,
SPAS contributes to the RPS technique. Even one additional standard trocar at the
subcostal region allows the surgeon to maintain the ideal triangulation, avoiding
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Fig. 21.10 The SILS™ hand instruments (Covidien). SILS™ hand instruments are the (a) SILS™
Clinch, (b) SILS™ Dissector, (¢) LS™ Shears, (d) SILS™ Hook. Each device allows infinite
dynamic articulation and locking of the instrument shaft and angle by means of an articulation lock
lever

Fig. 21.11 Conventional laparoscopic hepatectomy
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a b Needle-type devices

12mm Trocar

CUSA Excel™

Fig. 21.12 Reduced-port surgery (RPS). (a) An additional standard trocar at the subcostal region
allows the surgeon to maintain the ideal triangulation, avoiding clashing of instruments. (b) Using
an additional needle-type instrument, the assistant retracts the liver to properly align the transec-
tion line

conflict between the instruments (Fig. 21.12a). This is very effective in resolving
problems associated with SPAS, such as poor tissue manipulation, compromised
visualization, and the limited reach of instruments from the umbilical port.

Additional puncture can be applied by inserting needle-type instruments.
Instruments less than 3 mm in diameter do not leave a visible scar, in keeping with
the goal of SPAS. Various needle-type instruments have been developed. The lim-
ited number of instruments that can be used during SPAS means that the surgeon
must perform solo surgery. The use of needle-type instruments, however, enables
the assistants to help with the procedure and ensures a scarless operation. The line
of the intended liver parenchymal transection is not always in the same axis as the
umbilical port sites. In this case, needle-type or standard devices inserted from the
upper abdominal quadrant can be used to retract the liver and thus properly align the
transection line (Fig. 21.12b).

21.5 Recommendations from the Author

21.5.1 Laparoscope

To avoid the clashing of instruments, an oblique-view, small-diameter laparoscope is
essential. Neither a rigid laparoscope with a straight view nor a 10-mm laparoscope
should be used (Fig. 21.13a). We use a 5-mm deflectable laparoscope (EndoEye Flex
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Fig. 21.13 Rigid (a) and flexible (b) laparoscope. (¢) EndoEye Flex 5 (Olympus Corporation,
Tokyo, Japan)

5, Olympus Corporation, Tokyo, Japan) (Fig. 21.13b) It allows 100-degree angulation
and an 85-degree field of view for exceptional visualization and surgical dexterity.

21.5.2 Multi-Access Port

The multi-access port was developed for SPAS, and various makes and models are
commercially available. A multi-access port allows multiple instruments to pass
simultaneously through a single umbilical incision. One of the most commonly
used products is the SILS™ Port (Covidien, Norwalk, Connecticut, USA) (Fig.
21.14a), which is a flexible soft-form port with three access channels arranged 15
mm apart. It comes with three 5-mm and one 12-mm cannula, which can be mounted
inside the access channels.

When straight instruments are used together, a greater port distance is advantageous
to avoid clashing of the instruments. X-gate (Johnson & Johnson K.K. Medical
Company, Tokyo, Japan) (Fig. 21.14b) has four separate access channels with a maxi-
mum channel distance of 35 mm, which allows freedom in the handling of straight
devices. We prefer to use X-gate, especially when the CUSA EXcel and hemostatic
bipolar forceps are used simultaneously for transection of the liver parenchyma.
GelPoint (Applied Medical, Rancho Santa Margarita, CA, USA) (Fig. 21.14c¢) is
another candidate multi-access port for SPA hepatectomy. An accompanying wound
retractor maximizes the working diameter of the umbilical wound, and exclusively
designed trocars with small housings offer maximum freedom of movement.
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Fig. 21.14 Various multi-access ports for SPA hepatectomy. (a) SILS™ Port (Covidien, Norwalk,
CT, USA). (b): X-gate (Johnson & Johnson K.K. Medical Company, Tokyo, Japan). (¢) GelPoint
(Applied Medical, Rancho Santa Margarita, CA, USA)
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Chapter 22
Splenectomy

Eduardo M. Targarona, Carlos Rodriguez Luppi, Julio Lopez Monclova,
Carmen Balague, and Manuel Trias

Abstract Multiport laparoscopic splenectomy is the current standard technique
for spleen removal. However, the concept of minimally invasive surgery has pro-
gressed to natural orifices translumenal endoscopic surgery and single-port access
(SPA). A concept of reduced port laparoscopic surgery has emerged trying to over-
come the difficulties of SPA. The best indication for single-port or reduced port
laparoscopic splenectomy is slim patients with normal or slightly enlarged spleen.
Splenomegaly or liver cirrhosis are not an absolute contraindication but may
increase the technical difficulty. Massive splenomegaly is a formal contraindica-
tion. These two options offer optimal aesthetic outcomes with the counterpart of
increased technical difficulty. Optimal technological resources, proper patient
selection with adequate preoperative information and technical skill training are of
paramount importance to assure the best clinical outcome. However, clearly-
defined clinical advantages of these approaches are not well established and we
should wait for the outcome of proper, statistically-powered clinical studies before
drawing any definitive conclusions.

Keywords Reduced port laparoscopic surgery * Single-port laparoscopic surgery
* Splenectomy

E.M. Targarona (P<]) « C.R. Luppi * J.L. Monclova

C. Balague * M. Trias

Service of Surgery, Hospital de la Santa Creu i Sant Pau., Universitat Autonoma de Barcelona
(UAB), Mas Casanovas 90, 4th floor, 08041 Barcelona, Spain

e-mail: etargarona@santpau.cat

T. Mori and G. Dapri (eds.), Reduced Port Laparoscopic Surgery, 271
DOI 10.1007/978-4-431-54601-6_22, © Springer Japan 2014


mailto:etargarona@santpau.cat

272 E.M. Targarona et al.
22.1 Introduction

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

The concept of minimally-invasive surgical techniques has progressed since the
early 1990s, from standard multiport laparoscopy to natural orifice translumenal
endoscopic surgery (NOTES) and, more recently, to single-port access (SPA).
Experience with SPA has been reported sporadically since minimally invasive pro-
cedures (appendectomy, cholecystectomy) first appeared, but the number of papers
on the subject has increased consistently since 2007, perhaps because surgeons
view this technique as a bridge to the even less invasive NOTES [2]. Simultaneously,
a concept of reduced port laparoscopic surgery has emerged trying to overcome the
difficulties of SPA. The reduction of the number and size of incisions as well the
use of natural orifices or scars, permits the preservation of the integrity of the
abdominal wall, reduces the number and size of wounds, and improves the aesthetic
outcome [3].

22.2 Indications and Contraindications

The best indication for single-port laparoscopic splenectomy (SPLS) or reduced
port laparoscopic splenectomy (RPLS) is the case of a slim patient with normal or
slightly enlarged spleen [4]. Previous surgery is not a definitive contraindication,
but, undoubtedly, increases the difficulty when adhesions should be taken down.
There are two anatomic features that also may increase the difficulty or preclude the
performance of SPLS or RPLS. They are the belly shape and an extremely tall
patient. In the case of a prominent belly, the distance from the belly bottom to the
splenic fossa increases, and in some cases it 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 conven-
tional endoscopic instruments. A solution for these situations may be the placement
of the device just in a subcostal midclavicular point, thereby reducing significantly
the working distance. Another technical alternative is to introduce an additional 2-
or 5-mm trocar in the left hypochondrium, since the use of this new instrument may
allow the surgeon to overcome dissection difficulties. This port site may be used as
a drainage exit in case it proves necessary.

Splenomegaly or liver cirrhosis are not an absolute contraindication but
increase the dissection and removal maneuvers. Massive splenomegaly is a formal
contraindication.



22 Splenectomy 273

22.3 Surgical Technique

22.3.1 SPLS

The patient is placed in the standard right decubitus position for LS, with the table
flexed at the flank (Fig 22.1). A transumbilical approach can be chosen for thin
patients and in cases of splenic cyst. In cases in which the patient is tall, obese, or
has a non-compliant abdomen, a left 2-cm subcostal incision is placed at a point
between the subcostal margin and the umbilicus in the midclavicular line.

SPLS can be performed through two approaches. (Fig. 22.2)

1. SPLS using multiple trocars: a 15-mm skin incision is made inside the umbilicus
and a 12-mm bladeless trocar (Excel Endopath (Ethicon, Cincinnati, OH, USA))
is bluntly introduced into the abdomen under optic control with a flexible tip
10-mm HD scope (Olympus, Tokyo, Japan). After exploring the abdominal cav-
ity, a 5-mm trocar with a flexible threaded cannula (Karl Storz-Endoskope,
Tuttlingen, Germany) is inserted to the left of the 12-mm trocar and another
5-mm trocar with a small valve is placed to the right.

Single Incision Laparoscopic Splenectomy

€ Patient position: full lateral decubitus

Fig. 22.1 Surgical position. The patient is placed in a full lateral position, with a flexion to open
the costo-pelvic space
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Fig. 22.2 External intraoperative view of instruments handling during a SPLS

2. SPLS 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)) is inserted (Fig. 22.2).

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. The
slightly curved end of this instrument fits into the flexible trocar or through a port of
the mutichannel device, and it is sufficiently curved to work intrabdominally with-
out causing instruments to clash. A 5-mm harmonic scalpel (Harmonic Ace
(Ethicon)) is then introduced through the right port. Using this approach, it is pos-
sible to mobilize the splenic colon flexure and to reach the lower pole of the spleen.
The next step is to gain access to the retrogastric pouch and to severe the short ves-
sels at the upper pole of the spleen (Fig. 22.3). With this view, and due 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 aspect of the spleen and the table is
tilted to the right to take advantage of gravity and obtain exposure of the retro-
splenic area. The posterior spleno-renal 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 withdrawn and the
intraabdominal visual control is changed to a 5-mm scope. If the multichannel has
several large bore ports (Quadriport (Olympus)), the 10-mm scope can be
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Fig. 22.3 Intraoperative
steps: spleen mobilization

Fig. 22.4 Transection of the splenic hilum with an endostapler

maintained. A probe inserted through the left 5-mm trocar lifts up the splenic hilum,
providing sufficient space for the placement of the endostapler. An endoscopic linear
stapler with a 6-cm white cartridge (Echelon (Ethicon)) is inserted through a 12-mm
trocar/port and advanced to the splenic fossa. After adjusting the jaws, the endostapler
is fired several times until the splenic hilum is completely severed (Fig. 22.4).

Once the spleen is completely free, a 15-mm endobag (Endocatch II (Covidien,
New Haven, CT, 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 (Fig. 22.5). Lastly, the operating field is revised and complete
hemostasis is achieved.
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Fig. 22.5 Spleen morcellation and extraction inside a bag

Fig. 22.6 Postoperative
wound appearance

In the case of fenestration of a splenic cyst, the first step is to puncture and evacu-
ate the cyst contents. Then, with the aid of the harmonic scalpel, we excise as much
cystic wall as possible, until the splenic parenchyma is reached. Once hemostasis is
completed, cyst wall fragments are extracted in an endobag.

The umbilicus is closed and carefully reconstructed, obtaining an optimal aes-
thetic result (Fig. 22.6).
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Fig. 22.7 Trocars placement

22.3.2 RPLS

The patient is placed in lateral decubitus, and the access to the abdominal cavity is
gained using a 12-mm optic bladeless trocar (Excel Endopath (Ethicon)) introduced
through the umbilicus. A 10-mm flexible tip HD scope (Endoeye (Olympus)) is
routinely used. A subcostal 5-mm trocar is placed under direct vision at the level of
the anterior axillary line and a 3-mm port is inserted at the midepigastric region
(Fig. 22.7).

The sequential steps are the same as with SPLS. Using a 5-mm harmonic scalpel
(Harmonic Ace (Ethicon)) and 3-mm instruments (Karl Storz-Endoskope), access is
gained to the lesser sac by dividing the gastrosplenic ligament and short vessels
until the upper pole of the spleen is reached (Fig. 22.8). Every attempt is made to
ligate the splenic artery at the superior border of the pancreas to allow some shrink-
age of the spleen.

The splenic flexure of the colon is mobilized to get the lower pole of the spleen
freed. The table is then tilted to the right to obtain a good exposure of the retro-
splenic area, taking advantage of gravity. The posterior splenorenal ligament is then
severed.

Once the spleen is completely dissected free from all of its attachments, the optic
is changed for a 5-mm, 30-degree scope introduced through the left hypocondrium
trocar, and an endostapler with a 60-mm white cartridge (Echelon (Ethicon)) is
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Fig. 22.8 Section of the
short vessels

Fig. 22.9 Splenic hilum is severed with a 12-mm endostapler introduced trough the umbilicus

inserted through the umbilical port, advanced to the splenic fossa, and fired to divide
the splenic artery and vein at the level of the hilum (Fig. 22.9). A 15-mm endobag
(Endocatch IT (Covidien)) is used to retrieve the spleen after being morcellated trough
the umbilical incision (Fig. 22.10). A drain, exteriorized through the lateral 5-mm
trocar, is used selectively. Hemostasis of the operating field is obtained and a sub-
cuticular suture permits obtaining small scars with a satisfactory aesthetic outcome
(Fig. 22.11).
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Fig. 22.10 Spleen extraction
inside a large size bag
introduced through the
umbilicus

Fig. 22.11 Postoperative
aesthetic outcome
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22.4 Tips and Tricks

1. Evaluate the distance from the umbilicus to the splenic fossa. In very tall patients
the instruments or the endostapler may not reach the splenic fossa.

2. In case of a large belly, also the spleen is located too high and difficulties may
exist in reaching the posterior attachments of the upper pole. This situation
can be overcome by inserting a small diameter instrument trough the left
flank.

3. The use of a flexible scope through the umbilicus is advised because, due to the
angled view obtained, it allows the vision of anatomic areas that are very difficult
to reach with 0° or 30° scopes.

4. Selection of the patients is of paramount importance. Enlarged spleens or obese
patients may increase the difficulty of the procedure.

5. If the placement of a drain is planned, the insertion site can be used for place-
ment of an additional small instrument.

6. A 5-mm scope is necessary to replace the 10-mm scope when the endostapler
is inserted through the umbilicus or when the bag is inserted for the spleen
retrieval.

7. Additional trocars of small diameter shorten the operative time and prevent com-
plications if anatomic or technical difficulties develop during the surgical proce-
dure, without impairing the aesthetic outcome.

8. Closure of the umbilical wound should be carefully attained in order to avoid late
umbilical complications.

22.4.1 Recommendations from the Author

SPLS and RPLS are the latest conceptual advances in the trend to reduce the inva-
siveness of minimally invasive surgery of the spleen. These two options allow the
achievement of optimal aesthetic outcomes at the expense of increased technical
difficulty. Optimal technological resources, proper patient selection with adequate
preoperative information and technical skill training are of paramount importance
to assure the best clinical outcome. However, definitive clinical advantages of
these approaches are not well established and we should hold on for the outcome
of properly, statistically powered clinical studies before drawing any definitive
conclusions.
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Chapter 23
Distal Pancreatectomy

Takeyuki Misawa

Abstract Recent interest in improved cosmetic outcomes has led to application of
single-incision laparoscopic surgery (SLS) to a variety of organs. However, this
innovative technique has been applied only rarely to pancreatic surgery, and, it is
regarded as quite challenging. In this chapter, we describe techniques we use to
perform single-incision laparoscopic distal pancreatectomy (DP) with or without
splenic preservation. A 2.5-cm intra-umbilical mini-laparotomy is made for place-
ment of a SILS™ Port (Covidien, New Haven, CT, USA) as a single access site.
The overall procedure is similar to that of standard laparoscopic DP with multiple
trocars. To obtain adequate exposure of the operative field, we applied suture
suspension of the greater curvature of the stomach, the tug-exposure technique,
a balloon retractor, and the use of gravity by changing the patient’s position.
The pancreas is transected with a linear stapler, and the specimen is extracted
through the umbilical wound. The resulting umbilical scar is nearly invisible by
1 month after surgery. We conclude that SLS can be safely applied to DP if specific
technical refinements are implemented. Although the cosmetic benefit of single-
incision laparoscopic DP is clear, several issues, including the extent of invasive-
ness, the costs, the indications, and the learning curve, remain to be investigated.
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23.1 Introduction

Since the initial reports of distal pancreatectomy (DP) performed by laparoscopic
approach [1, 2], laparoscopic DP (LDP) with multiple trocars rapidly gained popu-
larity, and a number of case series and multi-institutional studies have documented
the safety and efficacy of LDP [3]. Recent interest in improved cosmetic outcomes
has led to performance of single-incision laparoscopic surgery (SLS) for a variety
of target organs, which itself has drawn a great deal of attention [4—10]. However,
the application of SLS to DP is highly challenging, and published reports on SLS-DP
have been limited to case series [11-14]. Therefore, we consider SLS-DP as an
emerging procedure with much room for technical improvement to ensure its safe
performance. Herein, we describe the technical refinements we have developed for
performance of SLS-DP, both with and without splenic preservation.

23.2 Indications and Contraindications

Currently, we perform SLS-DP for benign or borderline malignant pancreatic
lesions. Examples include intraductal papillary mucinous neoplasm, mucinous
cystic neoplasm, and neuroendocrine tumor, for which systematic lymph node dissec-
tion is unnecessary. Whether pancreatic cancer is indicated for SLS-DP remains
to be clarified; the oncologic outcomes of even conventional LDP with multiple
trocars are not yet clearly understood [15]. Therefore, application of SLS-DP to
pancreatic cancer is not recommended because the oncologic picture is unclear and
the procedure is technically difficult. SLS-DP is also not recommended when
chronic pancreatitis is present. Dense adhesions around the pancreas may be
encountered. In such cases, placement of additional trocars, or conversion to hand-
assisted laparoscopic surgery [16] or open surgery should be performed without
hesitation. Preservation of the spleen together with the splenic artery and vein
should be chosen when the lesion is rather small and located in the pancreatic tail.
However, when the lesion is rather large, and it compresses and adheres tightly to
the splenic vessels, or when the tumor is located in the pancreatic body rather close to
the portal vein, splenectomy should be considered because dissection of the pancreatic
parenchyma from the splenic vessels becomes problematic.

23.3 Techniques

The operating room setup for SLS-DP is the same as for conventional laparoscopic
DP. The patient is placed in the semilateral position on the right side with the left
arm fixed over the head. The surgeon stands on the patient’s right, and an assistant
stands on the patient’s left (Fig. 23.1). With cosmesis in mind, the umbilicus is



23 Distal Pancreatectomy 285

Fig. 23.1 Operating room set-up. (a) Operator, (b) assistant, (¢) nurse

chosen as the access site. In tall or obese patients, the access site is sometimes
placed closer to the splenic hilum to compensate for the limited length of the instru-
ments used. With the patient under general anesthesia, an intra-umbilical skin inci-
sion is made for an approximate 2.5-cm mini-laparotomy. A SILS™ Port (Covidien,
New Haven, CT, USA) with three 5-mm trocars is then placed in this wound and
used for access. Pneumoperitoneum is created at a maximum 10 mmHg CO,, and
the operating table is tilted into a reverse Trendelenburg position. A flexible 5-mm
laparoscope (Olympus LTF Type VH; Olympus Surgical, Tokyo, Japan) and an
articulating grasper (Roticulator™ EndoGRASP™; Covidien) are used in addition
to conventional laparoscopic equipment (Fig. 23.2). Once the laparoscope, grasper,
and dissector are introduced, the overall procedure is similar to that of conventional
LDP performed with multiple trocars [17]. The technical refinements that we apply
to SLS-DP, with or without splenic preservation, are described below.

23.4 S-DP Without Splenic Preservation

The first step is dissection of the ligamentous attachments around the spleen for
its mobilization. A 5-mm LigaSure V (Valleylab; Covidien) is used for the dissec-
tion of all ligaments as well as small vessels such as the short gastric vessels. By
dissecting the gastrocolic and gastrosplenic ligaments, the omental bursa is
opened toward the superior pole of the spleen, and the splenic hilum is well
exposed. The inferior pole of the spleen is then freed by dissecting the splenocolic
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Fig. 23.2 Access through the umbilicus. (a) SILS Port™ (Covidien), (b) articulating grasper, (¢)
linear stapler, (d) 5-mm flexible scope (behind the scope)

ligament. The phrenosplenic ligament is also dissected. After dissection of both
the superior and inferior poles of the spleen, the retroperitoneum lateral to the
spleen (the splenorenal ligament) is dissected toward the superior pole of the
spleen. After rough completion of splenic hilar dissection, one of the three 5-mm
trocars is temporarily replaced by a 12-mm trocar, through which a 3- to 5-mm
width cloth tape is introduced intraperitoneally to encircle and tug the splenic
hilum. Both ends of the tape are grasped and exteriorized with the use of a lapa-
roscopic suture passer or mini-loop retractor (Mini Loop Retractor II; Hakkou-
shoji, Tokyo, Japan) through a needle hole that is approximately 2 mm in diameter
and placed on the left midaxillary line 1 cm inferior to the costal margin (Fig. 23.3a, b).
By pulling the tape with the use of an extracorporeal clamp or laparoscopic grasp-
ers in appropriate directions, excellent exposure of the splenic hilum and the pan-
creatic tail is obtained. This method is known as the tug-exposure technique [10].
This technique is also helpful for dissecting the remnant ligaments around the
spleen and for detaching the pancreas, tail to body, from the retroperitoneum.
Another 5-mm trocar is replaced by a 12-mm trocar that allows introduction of an
endostapler (60 mm in length, 4.8-mm staples; Covidien). Although we have
reported use of a six-row stapler to prevent postoperative pancreatic fistula, the
six-row stapler does not have an articulating function for closing the pancreatic
stump in LDP [18]. The articulating function of the linear stapler is indispensable;
it ensures an optimal angle in transecting the pancreatic parenchyma. The pancreas,
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Fig. 23.3 Photograph of an actual SLS-DP (a) and an illustration of SLS-DP (b) in which the tug-
exposure technique is used for a large cystic tumor in the pancreatic tail. The pancreas is mobilized,
tail to body, and lifted from the retroperitoneum with a cloth tape. (a) pancreas, (b) cystic tumor,
(c) spleen, (d) retroperitoneal space, (e) cloth tape

Fig. 23.4 The cystic contents are aspirated within the retrieval bag (a). Extraction of the pancreatic
tail, the cyst, and the spleen from the umbilical wound (b)

together with the splenic vessels, is divided with the stapler. If minor bleeding
from the arterial stump occurs, application of a metal clip is effective. If there is
any oozing from the parenchymal stump, argon beam coagulation is useful.
Thel2-mm trocar is then temporarily removed, and an EndoCatch II retrieval bag
(Covidien) is introduced directly through a channel of the SILS™ Port. In the case
of a cystic tumor, the fluid content is aspirated within the retrieval bag by direct
puncture with an 18G needle through the umbilical wound; careful attention must
be paid to avoid spillage. Then, through the umbilical wound, the spleen is pierced
with Péan forceps to suction an aliquot of blood into the bag. These techniques
facilitate extraction of the specimen through the umbilical wound without any
need to extend the skin incision (Fig. 23.4a, b). A small silicone drain is placed in
the splenic fossa, and the drain tube is extracted from the bottom of the umbilicus.
Finally the umbilical wound is closed, with 0-Vicryl used for the fascia and
5-0 PDS used for subcutaneous suture.
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23.5 SLS-DP with Splenic Preservation

The greater curvature of the stomach is suspended with two sutures of 2-0 Ethibond
Excel (Ethicon, Cincinnati, OH, USA), which provides excellent exposure of the
pancreas from body to tail and of the tumor behind the stomach after the omentum
is opened (Fig. 23.5). This technique is applicable to any SLS-pancreatectomy
including the SLS-DP described above. The tail of the pancreas is then carefully
detached from the retroperitoneum and the splenic vessels. Careful attention should
be paid to the treatment of the branches of the splenic vein and artery. A 5-mm
LigaSure™YV with a dolphin tip is useful for sealing and cutting the small branches.
A balloon-type retractor (Cat Hand; Hakko Co., Nagano, Japan) provides excellent
exposure by gentle retraction of the pancreas during the dissection. When the
splenic artery and vein, and sometimes the inferior mesenteric vein, are well freed
and exposed (Fig. 23.6), the pancreatic parenchyma is divided with use of the end-
ostapler (60 mm in length, 4.8-mm staples; (Covidien) as performed in S-DP

Fig. 23.5 The pancreas and
the tumor behind the stomach
are well visualized after the
omentum is opened. The
greater curvature of the
stomach is suspended by two
sutures. (a) Pancreas, (b)
tumor, (¢) omentum, (d)
stomach

Fig. 23.6 The splenic vein
(a), inferior mesenteric vein
(b), and splenic artery (c) are
well visualized behind the
pancreas (d), which is
retracted toward the right side
with a balloon retractor (e)




23 Distal Pancreatectomy 289

Fig. 23.7 The umbilical
wound is almost invisible
1 month after surgery

without splenic preservation. The resected specimen is extracted through the umbilical
site in a retrieval bag. A small silicone drain is placed in the splenic fossa through
the umbilical wound, which is closed in the same manner as described above. The
umbilical wound is nearly invisible 1 month after surgery (Fig. 23.7).

23.6 Tips and Tricks

In performing SLS-DP, one of the critical points is optimum exposure of the pan-
creas, which lies behind the stomach. This is achieved by sufficient organ retraction.
Because SLS tends to be a “solo surgery,” additional instruments are not used by the
assistant to retract the surrounding organs and thus increase the working space. The
solution to this inconvenience is twofold: (1) making use of gravity by inclining or
tilting the operating table, (2) applying the tug-exposure technique [10] or the suspen-
sion technique by using stay sutures [14]. These two methods are effective for remov-
ing the obstructing organs from the operative field. When the reverse Tredelenburg
position is used together with a 60-90-degree tilt (right-side down), gravity pulls the
stomach down, putting the gastrosplenic and the splenocolic ligaments under strain,
and finally, placing the splenic pedicle under tension [19]. Furthermore, gravity pulls
the pancreas and the spleen downward, close to the umbilicus and thus assists in the
maintenance of good exposure throughout the operation.

23.7 Recommendations from the Author

SLS-DP is clearly an advanced and challenging procedure that should be performed
by a surgeon with plenty of experience in both LDP and a basic single-incision
procedure such as SLS cholecystectomy. Although some researchers have reported
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decreased pain with SLS [20, 21], superiority of SLS over conventional laparoscopic
surgery remains controversial [22]. The superiority might be limited to the cosmetic
advantage. Therefore, a decision to perform SLS-DP must be made carefully by
weighing the advantages and disadvantages in each case. Whether to introduce
SLS-DP for malignant lesions such as invasive ductal cell carcinoma of the pan-
creas requires thorough investigation. Nevertheless, even the very notion of SLS-DP
should alert surgeons to the possibility of reducing the number of the ports in any
one case. Although surgeons usually use more than four trocars in conventional
LDP [23, 24], they will be able to perform LDP comfortably using a SILS port™
with one or two additional access sites, minimizing abdominal wall disruption and
superficial scarring. For safe and comfortable performance of SLS-DP, the energy
devices, i.e., the coagulation shears and vessel sealing system, should be made flex-
ible, like the articulating graspers and dissectors. We look to the future for further
improvement in the instruments, which we consider crucial for safe SLS-DP.
Finally, whenever technical difficulties and risk are encountered during SLS-DP
despite application of the technical refinements described above, placement of addi-
tional trocars or conversion to open surgery should be done without delay. Several
issues, such as the extent of invasiveness, the costs, and the SLS-DP learning curve
relative to those of conventional multitrocar LDP, remain to be investigated, but the
cosmetic benefit of SLS-DP is clear. Thus, we conclude that SLS-DP can be safely
performed by experienced surgeons by applying appropriate technical refinements
in selected cases.
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Chapter 24
Pancreatico-Jejunostomy

Chinnusamy Palanivelu and Palanisamy Senthilnathan

Abstract Reduced port laparoscopic surgery (RPLS) is now being performed for
various procedures usually done by the conventional laparoscopic approach.
Advanced procedures are now possible with RPLS, and pancreatic surgery is no
exception. Chronic calcifying pancreatitis with dilated duct and intraductal calculus
is one such condition wherein for properly selected patients lateral pancreaticojeju-
nostomy (LPJ) can be safely performed by this approach. Though many access
devices are available, the single incision multipuncture technique allows perform-
ing this procedure without compromising the patient’s safety while at the same time
facilitating intracorporeal suturing. We use three trocars through a 2.5-cm umbilical
incision that are spaced 1 cm from each other. A long scope with an axial light cable
connection and varying length of routine instruments make this procedure ergo-
nomically sound. Varying retraction techniques are used, including hooking the
stomach to the anterior abdominal wall. Key steps of this procedure include com-
plete exposure of pancreas, removal of the entire stone from the pancreatic duct, and
Roux-en-Y reconstruction. The wound is closed with facial sutures. Our prelimi-
nary experience shows that single incision laparoscopic LPJ is feasible and safe
when performed by an experienced laparoscopic surgeon. It has a cosmetic advan-
tage over laparoscopic LPJ.
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port laparoscopic surgery
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24.1 Introduction

Reduced port laparoscopic surgery (RPLS) is now being performed for various
procedures usually done by the conventional laparoscopic approach. It has gained
tremendous attention in the past few years, and pancreatic surgery is no exception.
Though the literature on reduced port pancreatic surgery is sparse, we believe this
surgery has the potential to improve cosmesis, decrease parietal trauma, and hence,
result in better patient satisfaction compared to standard multiport laparoscopy
[1,2]. Many see it as a natural progression to minimize the number of incisions. The
acceptance among patients is high when they are told that one incision will be used
instead of four or five.

Lateral pancreaticojejunostomy (LPJ) is one such procedure that can be per-
formed in a select set of patients with chronic obstructive calcifying pancreatitis
with dilated duct and intraductal calculus. We published a series of NOTES: trans-
vaginal endoscopic cholecystectomy in eight patients using an endoscope and con-
ventional endoscopic instruments, and we took a new step in minimal invasive
surgery towards making it scarless [3]. Soon after, we published the first report on
laparoendoscopic single site lateral pancreaticojejunostomy (LESS LPJ) for chronic
calcifying pancreatitis with dilated pancreatic duct, using conventional laparoscopic
instruments [4].

24.2 Indications for LPJ

Chronic calcifying pancreatitis is a disease found in tropical countries, with high
prevalence in regions like southern India [5]. The pattern of disease presentation
differs from that of the west, as it shows more duct dilatation and intraductal calcu-
lus than mass formation, a sign that is more typical of alcoholic pancreatitis. Even
though chronic pancreatitis is mainly managed with drugs, surgery is required in
select groups of patients. In symptomatic patients with dilated duct and intraductal
calculus, which acts as a surrogate for increased intraductal pressure, decompres-
sion surgeries are indicated. Chronic pain and intractable steatorrhoea form the
majority of indications. In 1958, Puestow and Gillesby proposed longitudinal
decompression of the duct into the Roux limb of the jejunum [6], a process that was
later modified by Partington and Rochelle by describing longitudinal side-to-side
anastomosis [7]. It relieves the ductal hypertension that is considered one of the
main etiology of pain in chronic pancreatitis and, at the same time, preserves endo-
crine and exocrine function [8]. Moreover, LPJ improves the survival of patients
with chronic calcifying pancreatitis [9].

Palanivelu et al. [10] have already reported that the same result can be achieved
by the laparoscopic approach.
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24.3 Specific Considerations for RPLS LPJ

Lateral pancreaticojejunostomy (LPJ) is a relatively complex procedure to be
performed by RPLS. However, using the reduced port approach requires even more
expertise, stricter case selection, and other conditions. Though these criteria are not
standardized and vary from center to center, the following items are to be consid-
ered before opting for RPLS LPJ:

BMI less than 30 kg/m?

No previous upper abdominal surgeries

Pancreatic duct diameter more than 10 mm

No obvious inflammatory mass in the pancreatic parenchyma
No evidence of portal hypertension

Nk e =

24.4 Setup

The patient is placed in the supine position with legs split (Fig. 24.1). The table is
tilted in different directions to gain gravity-aided exposure when required. The need
for an additional port for retraction can be avoided by liberal use of gravity and

Fig. 24.1 The patient is Surgeon
placed in the supine position
with legs split
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some of the novel retraction techniques described below. The surgeon stands
between the legs of the patient during the initial exposure of the pancreas and later
moves to either side for duct opening and anastomosis. The camera surgeon stands
on the right side initially and changes place depending on the surgeon’s position.
Usually one monitor at the head end of the patient is sufficient for this procedure,
with slight change in direction of the screen.

24.5 Access Devices and Instrumentation

RPLS can be performed in many ways using different access devices and specially
designed instruments. These devices are generally expensive and cumbersome to
use, increasing the cost and prolonging the operative time. However, these short-
comings can be overcome with the single-incision multi-puncture technique. A cur-
vilinear 2.5-cm incision is made around the umbilicus and deepened up to the fascia.
The area surrounding the fascia is cleaned by blunt and sharp dissection. A Veress
needle is inserted through the fascia into the peritoneal cavity, and a pneumoperito-
neum of 12 mmHg is created using carbon dioxide gas. One 10-mm and two 5-mm
ports are inserted through the fascia, making multiple punctures via the same inci-
sion and maintaining 1 cm distance between these ports. If needed, a 0.5-cm slit on
either side of the curvilinear incision can be made to achieve this 1-cm distance
between the trocars. This arrangement provides a narrow triangulation for the work-
ing instruments, facilitating intracorporeal suturing, a vital prerequisite for this pro-
cedure (Fig. 24.2). The 10-mm port is placed first in the center of the incision, and
one 5-mm port is placed on each side at 2 o’clock and 10 o’clock. Furthermore, to
reduce the clashing of instruments, two modifications are incorporated. First, instru-
ments of different lengths are used for both hands which makes them to work at
different distances from the abdomen. Second, a long telescope with a co-axial light

Triangulation

Fig. 24.2 Achieving narrow
triangulation in single-incision Laparoscopy Silngle Incisio?
multiport technique Multiport Technique
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Fig. 24.3 Instruments of
different lengths with a long
telescope with a co-axial light
cable is used to further reduce
the crowding and clashing

cable is used to further reduce the crowding and clashing (Fig. 24.3). Using an
endostapler, the 10-mm port is changed to a 12-mm, and a 5-mm scope is used
briefly. No extra ports (or needlescopic ports) are needed for this procedure.

24.6 Retraction of Tissues

The retraction of tissues is a contentious issue in RPLS. Apart from the liberal use
of gravity, there are many methods for retracting the stomach and liver. Liver retrac-
tion is usually not required during LPJ, but in the case of a large left lateral segment,
sometimes it is necessary to retract the liver. We fix a piece of corrugated drain to
sutures at both ends to lift up the liver. Retraction of the stomach, on the other hand,
is critical to expose the entire length of pancreas. This is done using retracting
sutures placed in the posterior wall of the stomach close to the greater curvature.
The suture ends are then brought out through a suture passer. This arrangement
hooks the stomach to the anterior abdominal wall (Fig. 24.4).

24.7 Operative Technique

The lesser sac is entered by dividing the gastrocolic omentum using ultrasonic
shears, and the stomach is separated from the pancreas. The stomach is retracted as
previously described. The pancreas is exposed completely after dividing the right
gastroepiploic vessels. The duct is then opened from head to tail using ultrasonic
shears. The location of the pancreatic duct is confirmed using needle aspiration or,
in difficult situations, an intra-operative ultrasound probe. Intraductal stones are
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Fig. 24.4 Stomach hooked to
anterior abdominal wall

Fig. 24.5 Intraductal stones
are cleared completely along
its entire length

cleared completely along the entire length of the duct (Fig. 24.5). Care must be
taken to open the duct in the head region, a process that requires safe parenchymal
division to avoid bleeding. From our experience in laparoscopic surgery, we have
learnt that the most common complication during the procedure is bleeding from
the edge of duct opening. If branches from the gastroduodenal arcade are damaged,
they can be suture ligated, as using cautery alone may be insufficient. Ultrasonic
shears are best to open the duct. The entire procedure is similar to already prevalent
techniques for LPJ, except for the type of access and stomach elevation. The single-
incision technique requires no compromise, and the entire dissection is performed
under clear display of the surgical field.

The jejunum is divided 30 cm from the ligament of Treitz using an endostapler.
The distal limb is taken to the lesser sac by creating a window in transverse
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Fig. 24.6 Duct to mucosa
anastomosis

Fig. 24.7 Skin closed at the
end of the surgery

mesocolon. Enterotomy is made on jejunum according to the size of the open pan-
creatic duct. Side-to-side LPJ is created using a continuous 2-0 PDS suture, taking
care to approximate the pancreatic duct to the jejunal mucosa (Fig. 24.6). Because
of the narrow triangulation between the instruments, to-and-fro movement instead
of left-and-right movement facilitates intracorporeal suturing. The first posterior
layer is sutured from the left to the right side, and then the anterior layer is closed.
The stapled jejuno-jejunostomy is made distally.

All the defects in the fascia are repaired using polypropylene 1 suture. The skin
is closed using polyglactin 3-0 subcutaneous suture (Fig. 24.7). Local anesthetic
bupivacaine 0.25 % is injected locally at the end of surgery.
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24.8 Post-operative Care

Post-operative pain is managed by using diclofenac suppository. An oral diet is
usually started on the first post-operative day. Generally the patient is discharged
from the hospital on the third or fourth day, as in the conventional laparoscopic
approach. After 1 month, the wound is hardly noticeable.

24.9 Conclusion

As with any new surgical technique, there is a learning curve. Some golden rules of
laparoscopy need to be broken in order to perform RPLS. For example, all the work-
ing instruments and the camera must be inserted into one incision, therefore losing
the basic principle of triangulation to an extent. For an inexperienced laparoscopic
surgeon, this may lead to increased risk of intraoperative complications. Visualization
also may not be optimal at all times during the procedure. Thus, surgeons must take
caution. Our preliminary experience shows that RPLS LPJ is feasible and safe when
performed by an experienced laparoscopic surgeon. It has a cosmetic advantage over
laparoscopic LPJ. However, it remains to be seen if this technique offers additional
advantages of decreased analgesia, decreased hospital stay, or cost effectiveness.
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Chapter 25
Adrenalectomy

Riccardo Autorino, Marco De Sio, and Abhay Rane

Abstract Multiple series have demonstrated the benefits of laparoscopic adrenal-
ectomy techniques when compared to open surgery. Laparoendoscopic single-site
surgery (LESS) for adrenal gland has been effectively performed for a number of
indications and a wide variety of approaches have been described. That said, there
are still obvious technical difficulties associated with LESS and, in particular, LESS
adrenalectomy is regarded as a highly challenging procedure. “Reduced port lapa-
roscopic surgery” has been implemented as a way of moving forward towards the
path of scarless surgery by overcoming the constraints of LESS. Herein we describe
the techniques for reduced port laparoscopic adrenalectomy (RPLA), in both supine
and prone position. As far as the approach is concerned, both transperitoneal and
retroperitoneal techniques have demonstrated similar outcomes with appropriate
patient selection criteria. The anterior transperitoneal route is used with the patient
is supine position. This technique can present few advantages, including easy posi-
tioning of the patient on the operative table, clear evidence of anatomical land-
marks, wider exposure of the adrenal gland, early ligature of the main adrenal vein
before gland manipulation, the possibility to perform a bilateral procedure, easy
immediate conversion to open in the case of major bleeding. Adrenalectomy with
the patient in the prone position can also be used. Overall, RPLA represents a viable
option in the surgical management of adrenal diseases. Its main feature is repre-
sented by the possibility of restoring the triangulation needed to optimize working
angles while minimizing the scar associated with the procedure.
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Keywords Adrenalectomy ¢ Prone position * Reduced port laparoscopy ® Supine
position

25.1 Introduction

Since 1992 [1], laparoscopic adrenalectomy (LLA) has been performed using different
approaches, including the anterior [2] and lateral [3] transperitoneal approach, as
well as via the lateral [4] and posterior [5] retroperitoneal approach. Multiple series
have demonstrated the benefits of LA techniques, specifically the decreased require-
ments for analgesics, improved patient satisfaction, and shorter hospital stay and
recovery time when compared to open surgery [6].

Over the last 5 years, a step towards scarless surgery has been made with the
introduction and development of single-site or single-port laparoscopic techniques
[7], comprehensively defined as laparoendoscopic single site surgery (LESS) [8, 9].

LESS adrenal surgery has been effectively performed for a number of indications
and a wide variety of approaches (transperitoneal versus retroperitoneal, multichan-
nel trocar versus multiple ports, trans- or extraumbilical) have been described [10].
That said, there are still obvious technical difficulties associated with LESS surgery
and, in particular, LESS adrenalectomy is regarded as a highly challenging proce-
dure [11].

In general, laparoscopic surgery is done with one hand performing dissection
and the other hand providing traction, thus making it necessary to coordinate
bimanual motions. The difficulties encountered in LESS surgery mainly arise from
the “sword fighting” of the instruments. Bent instruments can be used to minimize
this “fighting”, but the angle of the bent instruments needs to be adjusted, and these
maneuvers require quite a bit of time. Moreover, because the distance from the port
to the tissue in the transumbilical approach is longer than in the conventional lapa-
roscopic approach, the approach becomes more tangential in direction in LESS.

Thus, the concept of “reduced port laparoscopic surgery (RPLS)” has been
implemented [12], and seen as a way of moving forward towards the path of scar-
less surgery by overcoming the constraints of LESS (Fig. 25.1). Several series have
been reported in the field of general surgery [13, 14], whereas limited evidence is
available in urology [15, 16].

Herein we describe the techniques for reduced port laparoscopic adrenalectomy
(RPLA), in both supine and prone position.

25.2 Surgical Indications

As a general principle, all eligible laparoscopic surgery patients may be considered
for LESS depending on surgeons’ own experience. The same criterion can be used
for RPLS (Table 25.1). When starting out with a new technique, patient selection
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Multiport LESS
laparoscopy

| “Reduced port” laparoscopy
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Fig. 25.1 Overcoming the challenges of LESS: the concept of RPLS

Table 25.1 Indications to RPLS (adapted from [10])

Factor Feature Initial indication Advanced indication
Adrenal mass Size <4 cm Upto 10 cm
Type Nonfuncitoning Adrenal metastasis; pheochromocytoma;
and functioning adrenocortical carcinoma
adenoma
Number Single Multiple (including bilateral)
Stage® Localized Localized
Patient BMI Non-obese Obese
Previous surgery No Yes

“For malignant masses

criteria are expected to be stringent. Disease as well as patient features should
considered. With growing experience, indications can be expanded to include more
challenging cases, which is likely to be facilitated by a RPLS versus a pure LESS
approach. In general, there should be a low threshold for conversion to standard
laparoscopy, or even open surgery if necessary.

As far as the approach is concerned, both transperitoneal and retroperitoneal
techniques have demonstrated similar outcomes with appropriate patient selection
criteria. Overall, patients with smaller tumors and previous abdominal operation
seem to be more suitable for the retroperitoneal approaches for the prone approach.



304 R. Autorino et al.

On the other hand it can become more challenging to proceed with a retroperitoneal
approach in patients with a high body mass index and thick posterior back soft
tissue planes.

25.3 Technique

25.3.1 RPLA: Transperitoneal Approach in Supine Position

The anterior transperitoneal route is used with the patient is supine position [17].
This technique can present few advantages, including easy positioning of the patient
on the operative table, clear evidence of anatomical landmarks, wider exposure of
the adrenal gland, early ligature of the main adrenal vein before gland manipulation,
the possibility to perform a bilateral procedure, easy immediate conversion to open
in the case of major bleeding.

A 2.5-cm vertical incision is made within the umbilical ring, through which a
SILS™ port (Covidien, New Haven, CT, USA). In alternative, other commercially
available multi-channel ports can be used, such as the Triport™ (Olympus, Tokyo,
Japan) or standard trocars placed within the same skin incision but through differ-
ent fascial incisions (in this case a 5-mm nonbladed trocar can be placed side-by-
side with the camera trocar). Besides the umbilical site, a 3-mm or a 5-mm
nonbladed trocar is then placed along the anterior axillary line. This access site is
used for the left or the right hand depending on the site of the surgery. A variety of
instruments can be used depending on surgeon’s preference, including vessel-seal-
ing devices such as Ligasure™ (Covidien) or Harmonic™ scalpel (Ethicon,
Cincinnati, OH, USA).

The surgical strategy follows a conventional transperitoneal adrenalectomy.
Once the white line of Toldt’s fascia is incised, the junction of the colonic mesentery
and Gerota’s fascia is identified. This plane is then dissected to the renal vein. The
adrenal veins are identified, clipped with 5-mm Hem-O-Lok clips (Teleflex Medical,
Research Triangle Park, NC, USA), and divided. A vessel-sealing device can be
used to complete the adrenal dissection. The specimen is extracted by removing the
10-mm bag through the enlarged paraumbilical trocar site.

25.3.2 RPLA: Retroperitoneal Approach in Prone Position

Adrenalectomy with the patient in the prone position (and with moderately bent hip
joints) has been detailed for both standard retroperitoneoscopy [18] and single-site
retroperitoneoscopy [19]. The same principles are used for the RPLS technique.
Regardless the technique, besides the number of access points, the procedure
remains the same.
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Initially, a 1.5 cm transverse incision just below the tip of the 12th rib is
performed. After having prepared the subcutaneous and muscle layer by sharp and
blunt dissection, the retroperitoneal space was easily accessible by digital perforation
of the dorsolumbar fascia. A small cavity is prepared digitally for balloon dilatation
with a special distension balloon trocar, which is insufflated under endoscopic control
for a few minutes. After removing the distension trocar, a 5-mm standard trocar is
introduced with internal finger guidance 4-5 cm laterally (medioaxillary line) to the
initial incision site. Thus safe trocar placement is possible without visual control.
Finally, a blunt trocar with an inflatable balloon and an adjustable sleeve is introduced
into the initial incision site and blocked. Pneumoretroperitoneum is created by high
(20 mmHg) CO, pressure. Retroperitoneoscopy is performed by a 10-mm 30° endo-
scope which is introduced into the port. The endoscope itself can eventually allow a
step-by-step creation of the retroperitoneal space by disruption of the Gerota’s fascia
and by pushing the retroperitoneal fatty tissue bluntly downwards. Thereby, the area
of the adrenal gland and the upper renal pole are exposed.

As the next step, a 5-mm bipolar scissor (LigaSure® (Covidien)) can be introduced
through the lateral port so that following steps of dissection are completely performed
in a single hand technique with the non-dominant hand holding the camera.

First of all, the upper pole of the kidney is mobilized. Dissection of the adrenal
gland begins from lateral to medial on the backside of the peritoneum identifying the
lower pole of the adrenal gland. On the right side, the adrenal arteries cross the vena
cava medially posteriorly. These vessels are separated with a bipolar scissor. By lift-
ing up the adrenal gland, the inferior vena cava is visualized posteriorly in its retro-
peritoneal cranial segment. The short suprarenal vein thus becomes clearly visible
running postero-laterally. This vessel is followed for a length of 0.5—1 cm and divided
by bipolar scissor. Eventually, clips can be used for the main adrenal vein. Preparation
of the right adrenal gland is completed by lateral and cranial dissection. For the left-
sided adrenalectomy, an extended mobilization of the upper pole of the kidney is
essential as the lower pole of the adrenal gland lies in front of the kidney. Thereafter,
the inferior part of the gland can be visualized and dissected. The typical main left
adrenal vein joins the diaphragmatic vein between the upper pole of the kidney and
the spine. After dissection of the adrenal vein with the bipolar scissor the gland is
mobilized. In case of partial adrenalectomy, extent of dissection depends on the
localization of the neoplasia. The parenchyma is divided with the bipolar scissor.

To prevent injury of the adrenal capsule an en-bloc resection of the gland with
the surrounding fatty tissue must always be pursued. The completely mobilized tis-
sue is placed in a retrieval bag, which is inserted directly through the skin incision
and pulled through the initial sub-costal incision after removal of camera and its
port. After specimen removal, the surgical field is checked for hemostasis.

An alternative option in the disposition of the ports is to remove the initially
placed 10-mm port and place in the same site a 5-mm port and a 3.5-mm port
inserted through the same incision. Then, a 3.3-mm 30° endoscope is used and the
5-mm port, which lies on the same axis of the camera mini-port, can be used for
suction or counter-traction.
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25.4 Conclusions

RPLA represents a viable option in the surgical management of adrenal diseases.
Its main feature is represented by the possibility of restoring the triangulation
needed to optimize working angles while minimizing the scar associated with the
procedure. The technique can be regarded as a safe way to move towards the more
challenging LESS, whose intrinsic limitations can translate into a steep learning
curve. Further clinical research is warranted to define the role of both RPLS and
LESS in the advancing field of minimally invasive adrenal surgery.
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Chapter 26
Right Colectomy

Giovanni Dapri

Abstract With the advent of natural orifices translumena endoscopic surgery
(NOTES) and single-port/single-incision laparoscopy (SPL/SLS), minimally inva-
sive surgery recently underwent to an impressive evolution, mainly improving the
cosmesis and reducing the abdominal wall trauma. A new concept to be less inva-
sive in minimally invasive surgery started to be popular and named reduced port
laparoscopic surgery (RPLS). A reduced number of trocars associated to a reduced
size of each trocar and instrument chracterizes this new technique.

During conventional multiport laparoscopic colorectal surgery, the specimen has
to be retrieved, hence an enlargement of the trocar or a new opening of the abdomi-
nal wall is necessary. With NOTES, surgeons started to consider the natural orifices
to remove the specimen from the abdomen (vagina/rectum), and with SPL/SLS to
minimize the abdominal trauma and to improve the cosmesis.

In this chapter a right colectomy is described using the suprapubic scar as the
main access to perform RPLS and also to remove the specimen from the abdomen
at the end. This access remains under the bikini line, hence cosmetically acceptable.
The procedure is performed using three reusable trocars inserted close each others
in the same suprapubic incision, and curved reusable instruments. Each step is rep-
resented by specific drawings showing the internal triangulation, which character-
izes the conventional multiport laparoscopy, and the external surgeon’s ergonomy.

Keywords Right colectomy ¢ Reduced port laparoscopy e Single-access
* Single-incision * Single-port ¢ Single-site
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26.1 Introduction

During reduced port laparoscopic surgery (RPLS), the main access-site used is
usually the umbilicus, because it represents the embryonic natural orifice, which
avoids a new incision in the abdomen [1]. The umbilicus can also be used during
solid organs RPLS, because the specimen is morcellated at the access-site, main-
taining a satisfactory cosmetic outcome.

In colorectal surgery, the access-site has to be open enough to remove the speci-
men, which oncologically varies in dimensions. As well, the mesocolon with all the
lymphnodes has to be maintained intact. For these reasons during colorectal RPLS
a different umbilical access-site has to be considered.

During conventional multiport laparoscopic colorectal surgery, an abdominal
opening is necessary to remove the specimen, and frequently the suprapubic area is
chosen [2]. Hence, the suprapubic scar can be used as the main access-site for the
entire procedure of RPLS, which is finally also cosmetically acceptable because it
remains under the bikini line. Furthermore, the suprapubic access, traditionally used
for cesarean section, is known to be less painful [3]. Then, the risk of incisional
hernia associated with the transumbilical surgery [4], is most likely avoided, because
of easier opening of the fascial edges, predominance of muscle-splitting incisions
and final closure of the fascia multiple layers [5, 6].

In this chapter the technique of right colectomy is described using the suprapubic
scar as the main access-site of the entire procedure and as the abdominal window to
remove the specimen. Three reusable trocars are inserted close each other in the
same suprapubic incision, to accomodate curved reusable instruments. A 10-mm
standard optical system is used and inserted in the central trocar, permitting to
respect the two basic rules of conventional multiport laparoscopy: the video screen,
the operative field and the surgeon’s head located on the same axis [7], and the opti-
cal system in the middle as the bisector of the working triangulation formed by two
ancillary effectors [8]. During the step of the intracorporeal anastomosis, a 5-mm
long scope is adopted to permit the insertion of the linear stapler through the central
trocar. Obviously, an intracorporeal anastomosis is required, which moreover avoids
the potential traction of the mesentery and of the transverse mesocolon. Finally the
positioning of the operative table is considered as the main assistant help and in case
of perioperative difficulties or complications, an additional 1.8-mm trocarless
grasping forceps according to DAPRI (Karl Storz-Endoskope, Tuttlingen, Germany)
is inserted in the left hypocondrium under the rib.

26.2 Technique

26.2.1 Patient and Team Positioning

The patient is placed in a supine position, with the arms along side the body and the
legs apart; a urinary catheter is inserted. The surgeon stands between the patient’s
legs, and the camera assistant to the patient’s left. The scrub-nurse stands to the
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Fig. 26.1 Patient and team
positioning

/ Camera
assistant

camera assistant’s right. The video monitor is placed in front of the surgeon and
camera assistant (Fig. 26.1).

26.2.2 RPLS

A 3.5 cm transverse skin incision is made in the midline, 1 cm above the pubic
symphysis (Fig. 26.2). The underlying fascia is divided in a transverse fashion for
1.5 cm, which expose the rectus abdominis muscle. Anterior and posterior flaps are
developed in the avascular plane separating the fascia from the underlying muscle.
A purse-string suture using PDS 1 is placed in the fascia. The peritoneum is entered
through the midline with a 1 cm incision, and a new purse-string suture using Vicryl
1 is placed. An 11-mm reusable metallic (or a 12-mm disposable) trocar is inserted
into both purse-string sutures in order to accomodate a 10-mm, 30° rigid and stan-
dard length scope (Karl Storz-Endoskope), and the pneumoperitoneum is created.
Two 6-mm reusable flexible trocars (Karl Storz-Endoskope) are inserted at 3 and 9
o’clock position in the respect of the patient head, outside the purse-string sutures
(Fig. 26.3). Curved reusable instruments according to DAPRI (Karl Storz-
Endoskope) are inserted through the 6-mm flexible trocars (Fig. 26.4a-h). The flexi-
ble trocar located at 9 o’clock position accomodates only one instrument, which is
the bicurved grasping forceps I (Fig. 26.4a), and the flexible trocar located at 3
o’clock position accomodates the other tools like the monocurved grasping forceps
IV (Fig. 26.4b), the monocurved coagulating hook (Fig. 26.4c), the monocurved
bipolar grasping forceps and scissors (Fig. 26.4d, e), the monocurved dissecting
forceps (Fig. 26.4f), the monocurved scissors (Fig. 26.4g), the monocurved needle
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Fig. 26.2 Suprapubic access:
a 3.5 cm transverse skin
incision is made in the
midline, 1 cm above the
pubic symphysis

Fig. 26.3 Suprapubic access:
insertion of an 11-mm
reusable metallic and two
6-mm reusable flexible
trocars (Karl
Storz-Endoskope)

holder I (Fig. 26.4h), the monocurved suction and irrigation cannula, and the straight

5-mm clip applier (Weck Hem-o-lok, Teleflex Medical, Brussels, Belgium).
During this procedure if an assistant grasper is necessary, a needlescopic grasper,

or the DAPRI 1.8-mm trocarless grasping forceps (Karl Storz-Endoskope)
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Fig. 26.4 Curved reusable instruments according to DAPRI (Karl Storz-Endoskope): bicurved
grasping forceps I (a), monocurved grasping forceps IV (b), monocurved coagulating hook (c),
monocurved bipolar grasping forceps (d), monocurved bipolar scissors (e), monocurved dissecting
forceps (f), monocurved scissors (g), monocurved needle holder I (h)

Fig. 26.5 1.8-mm trocarless
grasping forceps according
to DAPRI (Karl
Storz-Endoskope)

(Fig. 26.5), or a classic 5-mm instrument, is inserted in the left hypocondrium
under the rib.

The abdominal cavity is explorated to rule out the presence of peritoneal metas-
tases, superficial hepatic lesions and free peritoneal fluid.

The operative table is initially placed in a moderate Trendelenburg position
with left-sided tilt. The transverse colon is exposed by reflecting the greater
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Fig. 26.6 Lateral-to-medial
approach: incision of the
mesentery of the last bowel
loop and separation from the
parietal peritoneal sheet using
the monocurved coagulating
hook (a), under ergonomic
surgeon’s conditions (b)

omentum, and the small bowel is gently swept out of the right quadrants of the
abdomen, until the last bowel loop is identified. This loop is grasped by the
bicurved grasping forceps I, and the mesentery is separated from the peritoneal
sheet using the monocurved coagulating hook (Fig. 26.6a, b). The terminal ileum,
cecum and the ascending colon are freed from the subperitoneal fascia. The right
mesocolon is also mobilized and the right mesocolon is dissected using a
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Fig. 26.7 Lateral-to-medial
approach: mobilization of the
ileo-caecal valve and of the
right mesocolon from the
parietal peritoneal sheet (a),
under ergonomic surgeon’s
conditions (b)

lateral-to-medial approach. This dissection is carried superiorly, respecting
Gerota’s fascia, until the second and the third portion of the duodenum are idienti-
fied (Fig. 26.7a, b). An internal working triangulation as well as an external sur-
geon’s ergonomy like in multiport laparoscopy is established thanks to the curves
of the instruments.
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Fig. 26.8 Mesocolic
dissection (a) without
clashing of the instruments’
tips or crossing of the
surgeons’ hands (b)

For the mesocolon mobilization, the operative table is positioned without any
Trendelenburg and tilt. By grasping the mesentery and the right mesocolon with the
bicurved grasping forceps I, sufficient tension is applied for section, using the mon-
ocurved coagulating hook or the monocurved bipolar scissors and forceps, respect-
ing the medial limit of the superior mesenteric vein (Fig. 26.8a). The surgeon is able
to work without crossing hands or clashing instruments’ tips and with an optimal
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Fig. 26.9 Internal (a) and
external (b) view of 5-mm
clips placement at the root of
the ileo-cecal vessels

triangulation (Fig. 26.8b). The ileo-cecal vessels, the right colic vessels, and the
right branch of the middle colic vessels are exposed at their root and dissected using
the monocurved dissecting forceps. These vessels are individually clipped at their
root using a 5-mm straight clip applier (Fig. 26.9a, b), and divided with the mono-
curved scissors (Fig. 26.10a, b).
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Fig. 26.10 Internal (a) and
external (b) view of the
ileo-cecal vessels section,
with both curved instruments

For the mobilization of the hepatic flexure, the operative table is placed in a
reversed Trendelenburg position with left-sided tilt. The hepatic flexure attachments
are dissected using a lateral-to-medial approach (Fig. 26.11a, b). The portion of the
omentum attached to the proximal transverse colon is also dissected.

For the anastomosis, the operative table is placed in a moderate Trendelenburg
position with right-sided tilt. The 11-mm trocar is replaced by a 13-mm reusable
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Fig. 26.11 Lateral-to-medial
approach: mobilization of the
hepatic colic flexure (a),
under ergonomic surgeon’s
conditions (b)

metallic trocar (Karl Storz-Endoskope) (if the 12-mm disposable trocar is used, this
replacement is not needed), to accomodate a 45 flexible linear stapler. The 10-mm
scope is switched into a 5-mm, 30° long scope (Karl Storz-Endoskope), which is
inserted through the 6-mm flexible trocar at 3 o’clock position. The small bowel is
divided by a firing of linear stapler white load (Fig. 26.12), and the proximal
transverse colon by two firings blue load (Fig. 26.13a, b).
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Fig. 26.12 Anastomotic step:
replacement of the 11-mm
trocar by a 13-mm reusable
metallic trocar (Karl
Storz-Endoskope) to
accomodate a 45 flexible
linear stapler. A 5-mm, 30°
long scope (Karl Storz-
Endoskope) is inserted
through the 6-mm flexible
trocar at 3 o’clock position,
and the last small bowel is
sectioned

An intracorporeal linear mechanical side-to-side ileo-colic anastomosis is per-
formed. The remnant transverse colon and small bowel are placed next each other,
and 1 cm opening is made in each lumen using the monocurved coagulating hook.
A linear stapler blue load is inserted in both viscera and fired (Fig. 26.14). The
13-mm trocar is replaced by the 11-mm trocar, together with the changement of the
scope into 10-mm. The enterocolotomy is closed by two converting PDS 2/0 run-
ning sutures using the bicurved grasping forceps I and the monocurved needle
holder I (Fig. 26.15a). Surgeon performs intracorporeal sutures and knotting
technique in the same ergonomy as in multiport laparoscopy (Fig. 26.15b).
The mesenteric window (between the right mesocolon and the small bowel mesen-
tery) is closed by a PDS 2/0 running suture (Fig. 26.16).

The operative table is positioned without any Trendelenburg and tilt, and no
drain is left in the abdominal cavity. Both purse-string sutures are retrieved together
with the three trocars. The three trocars fascia openings on the rectus abdominis
muscle are joined together (Fig. 26.17), and a plastic protection (Vi-Drape, Medical
Concepts Development, MN, USA) is inserted into the peritoneal cavity to protect
the suprapubic access. The specimen is removed through the suprapubic incision
(Fig. 26.18). The peritoneum and the rectus abdominis muscle fascia are meticu-
lousely closed by Vicryl 1 and 2 sutures respectively (Fig. 26.19), and the cutaneous
scar by intradermal sutures. The urinary catheter is removed. The final scar length
depends from the specimen’s size.
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Fig. 26.13 Under the control
of the 5-mm scope (a), the
proximal transverse colon is
sectioned (b)
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Fig. 26.14 Intracorporeal
linear mechanical side-to-side
ileo-colic anastomosis

26.2.3 Post-operative Care

One gram paracetamol is given i.v. at the end of the surgical procedure, and
intraoperatively 2 g of cefazoline and 500 mg of metronidazole are administered.
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; if VAS > 8, 1 mg piritamide i.v. is incremented.

After the patient leaves 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 piritamide administered i.v. if
VAS>8.

The patient is allowed to drink water after 24 h from the procedure, and to toler-
ate a light diet after 48 h. If there are no complications, the patient is discharged on
the fourth postoperative day.

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

Office visits are scheduled at 10 days, 1 and 3, 6, 12 months after the procedure.
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Fig. 26.15 Closure of the
enterocolotomy by two
converting PDS 2/0 running
sutures using the bicurved
grasping forceps I and the
monocurved needle holder I
(a), under the same surgeon’s
ergonomy as in multiport
laparoscopy (b)
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Fig. 26.16 Closure of the
mesenteric window, between
the right mesocolon and the
small bowel mesentery, using
PDS 2/0 running suture

Fig. 26.17 Suprapubic
access: opening of the rectus
abdominis muscle fascia,
joining together each single
trocar’s hole
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Fig. 26.18 Suprapubic | = |
access: removal of the | | / |
specimen, after insertion of [ . |
the plastic protection into the | $ | g |
peritoneal cavity | B |

Fig. 26.19 Meticulousely
closure of the peritoneal sheet
and of the rectus abdominis
muscle fascia
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26.3 Recommendations from the Author

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

— The positioning of the operative table has to be considered as the main assistant.
The different table positionings allow the permanent good exposure of the opera-
tive field, due to the use of the gravity force.

— The lateral-to-medial approach offers an easy dissection of the mesentery and of
the right mesocolon because the pneumoperitoneum help to individualize the
route to follow for the dissection.

— During intracorporeal anastomosis, a 45 flexible linear stapler is used because
easier to be inserted in both visceral lumen through the suprapubic access. The
enterocolotomy has to be closed by two converting running sutures because it
avoids any potential stricture obtained with a firing of linear stapler.

— The closure of the mesenteric defect, at the end of the procedure, avoids the risk
of internal hernia and subsequent intestinal occlusion.
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Chapter 27
Left Colectomy

Ichiro Takemasa, Mamoru Uemura, Junichi Nishimura,
Tsunekazu Mizushima, Hirofumi Yamamoto,
Yuichiro Doki, and Masaki Mori

Abstract Current efforts in minimally invasive laparoscopic surgery have led to
reduced port laparoscopic surgery (RPLS). The aim is to decrease trauma by reduc-
ing the number of ports and/or size of the trocars. Single-site laparoscopic colec-
tomy (SLC) performed entirely through one incision is considered the ultimate
RPLS for colectomy because it is thought to improve cosmesis, reduce postopera-
tive pain, and reduce abdominal wall morbidity. Several reports have described the
feasibility and benefits of SLC, but there are technical limitations. In addition, onco-
logic clearance in SLC has not been fully investigated.

Laparoscopic left colectomy for a tumor located near the left colic flexure is dif-
ficult because the procedure includes extensive dissection in the area of the left colic
mesentery with splenic flexure mobilization and appropriate lymphadenectomy cor-
responding to the individual patient’s vessel network. The technical difficulties have
delayed standardization of the procedure. Reduced port laparoscopic left colectomy
(RPLLC) is an even more difficult procedure.

We routinely create a virtual three-dimensional multi-imaging to understand the
precise anatomy of the target organs and neighboring structures. Herein, we describe
our techniques for RPLLC with D3 lymphadenectomy in detail, including some tips
and tricks. Our procedure makes standardization of safe and certain RPLLC
possible.

Keywords Colon cancer ¢ Left side colectomy ¢ Reduced port laparoscopic
surgery * Single-port laparoscopic surgery

I. Takemasa (P<)) * M. Uemura ¢ J. Nishimura * T. Mizushima

H. Yamamoto ¢ Y. Doki « M. Mori

Department of Gastroenterological Surgery, Graduate School of Medicine, Osaka University,
2-2 Yamadaoka, Suita, Osaka 565-0871, Japan

e-mail: itakemasa @ gesurg.med.osaka-u.ac.jp

T. Mori and G. Dapri (eds.), Reduced Port Laparoscopic Surgery, 327
DOI 10.1007/978-4-431-54601-6_27, © Springer Japan 2014


mailto:itakemasa@gesurg.med.osaka-u.ac.jp

328 I. Takemasa et al.

27.1 Introduction

Current efforts in minimally invasive treatment have shifted toward decreasing
trauma by reducing the number of ports and/or the size of the trocars [1].
Conventional multiport laparoscopic colectomy (MLC) requires several ports and
abdominal incisions [2]. The concept of reduced port laparoscopic surgery (RPLS)
has been introduced to laparoscopic colectomy. Single-site laparoscopic colec-
tomy (SLC) performed entirely through one extraction site is considered the ulti-
mate RPLS colectomy procedure for improving cosmesis and theoretically
reducing postoperative pain and the risk of abdominal wall morbidities including
bleeding and hernia. Several groups have reported the feasibility and benefits of
SLC including improved cosmesis, reduced postoperative pain, and shortened
recovery time, but there are some limitations such as instrument crowding, in-line
viewing, insufficient counter-traction, somewhat narrow patient applicability, and
increased costs [3—11]. In addition, concerns over oncologic clearance in SLC
remain unsettled. The less invasive procedure may bring patient satisfaction, but
oncologic clearance and technical safety are of utmost importance in the surgical
treatment of colon cancer.

Intraoperative palpation around the target organs and an overview of the opera-
tive field are difficult to achieve in laparoscopic surgery. Understanding the three-
dimensional anatomy of the target organs and the neighboring structures along with
a precise preoperative diagnosis is essential in individual cases for completion of an
appropriate laparoscopic procedure. Laparoscopic left colectomy for transverse or
descending colon cancer located near the left colic flexure is difficult [12] in com-
parison to laparoscopic left hemicolectomy or sigmoidectomy because the proce-
dure includes extensive dissection of the left colic mesentery with splenic flexure
mobilization and appropriate lymphadenectomy corresponding to patients’ indi-
vidual vessel patterns. In addition, the anatomical relations between the left colon
and neighboring structures including the pancreas, spleen, and greater omentum are
complex. The technical difficulties, especially with respect to D3 lymphadenec-
tomy or complete mesocolic excision (CME), may delay standardization of the
procedure. Aside from the fact that reduced port laparoscopic left colectomy
(RPLLC) is a particularly difficult procedure; there are only a few reports of the
procedure [13, 14].

We routinely create a virtual three-dimensional multi-imaging integrating FDG-
PET/CT scan for localization of the tumor and any lymph node metastases, CT
colonography for a complete picture of the entire colon, and CT angiography for
depiction of the arteries and veins and their variations. This is used for preoperative
simulation and intraoperative navigation (Fig. 27.1). The dissection area with com-
plete lymphadenectomy depends on the location of the tumor (Fig. 27.2). In left
colectomy for a transverse or descending colon cancer, preoperative virtual imaging
for tumor localization and the corresponding arterial network is essential because
the major arteries feeding the tumor are supplied by the middle colic artery (MCA),
the left colic artery (LCA), or both.
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Fig. 27.1 A three-dimensional virtual multi-imaging derived from FDG-PET/CT scan, CT
colonography, and CT angiography (right). The tumor is indicated in green, and the metastatic
lymph nodes are indicated in red by FDG-PET/CT scan, and the entire colon is visualized by CT
colonography (left). The arteries and veins related to the tumor are also visualized by CT
angiography

Fig. 27.2 Dissection area with complete lymphadenectomy, depending on the tumor location

Here, we introduce our techniques for RPLLC with D3 lymphadenectomy. Our
medial-to-lateral approach makes it possible to standardize the procedure for mobi-
lization of the mesentery, ligation of the vessels at their origin, and complete lymph-
adenectomy in a safe and a certain manner.



330 I. Takemasa et al.
27.2 Indications and Contraindications

Indications for RPLLC, like those for MLC, are Tis-T3 tumor, tumor diameter <4 cm,
body mass index (BMI) <35 kg/m?, and American Society of Anesthesiologists (ASA)
class <2. Advanced T4 tumor, a huge or bulky tumor >4 cm, severe obesity, perforated
tumor, stenosis with bowel distention, prior abdominal polysurgery, and any severe
comorbidity are contraindications. Complete informed consent is imperative.

27.3 Technique

27.3.1 Patient Positioning and Operative Set-up

The patient, under general anesthesia, is positioned on the operating table between
sides supports mounted on the table. The patient’s feet are placed in boot-type leg
holders with the legs spread apart and knees only slightly flexed. The arms are
tucked along the patient’s sides. The operator, the camera assistant, and the scrub
nurse stand on the right of the patient, and the first assistant and the laparoscopic
monitor are on the left.

27.3.2 Access to the Abdominal Cavity

A 2-3-cm vertical skin incision and mini-laparotomy incision are made in the umbi-
licus. A multichannel access device such as EZ Access (Hakko Co., Nagano, Japan)
with a previously installed 12-mm trocar for the laparoscope and two 5-mm trocars
is fitted into the incision. We prefer to use ultrasonic laparoscopic coagulation
shears (LCS) as the dissection device and atraumatic graspers or fine dissectors as
forceps. An additional incision or trocar port is made without hesitation if necessary
to complete the procedure, and conversion to open laparotomy is kept as an option.
The indication and timing of trocar insertion or conversion to open surgery depend
on the surgeon’s judgment.

27.3.3 Operative Exposure

CO, pneumoperitoneum is established and maintained at 10 mmHg. After complete
exploration of the abdomen to identify any metastatic nodules or superficial hepatic
metastases with a 30-degree 10-mm rigid laparoscope, the patient is tilted into a deep
Trendelenburg position and inclined to the right. The small intestine is moved into
the right upper quadrant, exposing the root of the left colonic mesentery. The greater
omentum is then flipped to expose the transverse colon and the splenic flexure.
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Fig. 27.3 Medial-to-lateral
approach for dissection of the
left colonic mesentery and
the mesorectum, preserving
the right hypogastric nerve

27.3.4 Dissection of the Left Colonic Mesentery
and the Mesorectum

By tenting the left colonic mesentery with an atraumatic grasper held in the
surgeon’s left hand, the root of the left colonic mesentery is incised with LCS, start-
ing at the sacral promontory, in a medial to lateral approach. The appropriate plane
is dissected, preserving the right hypogastric nerve (Fig. 27.3). Continuous dissec-
tion below the inferior mesenteric artery (IMA) is performed by sweeping down the
retroperitoneal fascia to preserve the left ureter and the gonadal vessels in the pos-
terior plane (Fig. 27.4a). The mesorectum is dissected posteriorly in the plane of
total mesorectal excision, in front of the hypogastric plexus nerves. The peritoneum
is then incised cephalad beside the duodenum beyond the origin of the IMA
(Fig. 27.4b). The medial dissection is continued until the inferior border of the pan-
creas on Gerota’s fascia is reached.

27.3.5 Ligation of the Inferior Mesenteric Vessels

The inferior mesenteric vessels are ligated, depending on the tumor location. When
there is a need to ligate the IMA at its origin, the IMA is dissected between clips
0.5-cm away from its aortic origin so as not to injure the lumbar splanchnic nerves.
When possible, to preserve blood flow to the superior rectal artery (SRA), the left
colic artery (LCA) is dissected between clips at its origin with or without D3 lymph-
adenectomy around the origin of the IMA (Fig. 27.5a, b). The inferior mesenteric
vein is exposed and dissected below the duodenojejunal junction between two clips
(Fig. 27.6a, b).
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Fig. 27.4 (a) Dissection below the inferior mesenteric artery (IMA) by sweeping down the
retroperitoneal fascia to preserve the left ureter and gonadal vessels. (b) Cephalad incision of
the peritoneum beside the duodenum beyond the origin of the IMA

Fig. 27.5 (a) To preserve the superior rectal artery (SRA), skeletonization of the IMA and its
branches with D3 lymphadenectomy around the origin of the IMA is performed. (b) Ligation of
the left colic artery (LCA) by clips at its origin, preserving the SRA

Fig. 27.6 (a) Exposure of the inferior mesenteric vein (IMV) below the duodenojejunal junction.
(b) Ligation of the IMV between two clips
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decending
colon

Fig. 27.7 (a) Dissection of the lateral attachment of the left colon up to the splenic flexure.
(b) Separation of the greater omentum from the middle of the transverse colon to the splenic flex-
ure by opening the bursa omentalis

27.3.6 Mobilization of the Splenic Flexure

The lateral attachment of the left colon and rectum is dissected from bottom to top
and is freed up to the splenic flexure (Fig. 27.7a). The operating table is then moved
to a head-up position (reverse Trendelenburg position) in preparation for mobiliza-
tion of the splenic flexure. The greater omentum is lifted cephalad with a retracting
device such as the EndoGrab Retractor (Virtual Ports Ltd., Caesaera, Israel), and the
transverse colon is pulled caudad with an atraumatic grasper held in the surgeon’s
left hand. Thus, the greater omentum is separated by sharp dissection from the mid-
dle of the transverse colon to the splenic flexure by opening the bursa omentalis
(Fig. 27.7b). The root of the transverse colonic mesentery is dissected laterally and
freed from the inferior border of the pancreas (Fig. 27.8a, b). The splenic flexure is
mobilized completely with sharp division of the splenocolic ligaments joining pre-
vious dissection of the left Toldt fascia (Fig. 27.9a, b).

27.3.7 Transection of the Rectum

When the IMA is ligated at its origin, the fat surrounding the rectum at the transec-
tion line, and usually near the promontory below Sudeck’s point, is removed, and
the superior rectal vessels are dissected. In preparation for transection of the rec-
tum, a 5-mm trocar in the access device is changed to a 12-mm trocar for the intro-
duction of a linear stapler. The rectum is clamped and transected by one firing of an
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Fig. 27.8 (a) Dissection of the root of the transverse colonic mesentery laterally from the inferior
border of the pancreas. (b) Complete separation of the transverse colonic mesentery from the
surface of the pancreas

Fig. 27.9 (a) Mobilization of the splenic flexure with sharp division of the splenocolic ligaments.
(b) Complete mobilization of the splenic flexure joining the previous dissection of the left Toldt
fascia

articulated linear stapler with a 60-mm cartridge. The rectum is drawn cephalad so
that the staple line is perpendicular to the axis of the rectum. When the SRA is pre-
served, the mesentery is dissected cuneately at least 10-cm both distal and proximal
to the lesion from the ligated stump of the LCA.

27.3.8 Extraction of the Specimen

After removal of the access device with the wound protector remaining in place,
the left colon and rectum are extracted through the mini-laparotomy incision in
the umbilicus. The descending colon or the transverse colon and its mesentery are
divided 10-cm proximal to the lesion after ligation of the mesentery vessels and the
adjacent vascular arcade.
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27.3.9 Anastomosis

When the IMA is ligated, the anvil of the circular stapling device is introduced into
the stump of the proximal colon for anastomosis. The colon, with the anvil, is
replaced in the abdomen, and the access device is re-applied for re-establishment of
the pneumoperitoneum. After confirming that the descending colon and the mesen-
tery are not twisted, colorectal anastomosis is performed intracorporeally by the
double-stapling technique. Airtightness is tested by transanal injection of air while
the anastomosis is checked endoscopically, and the intestinal rings are examined for
secure placement. When the SRA is preserved, extracorporeal functional end-to-
end anastomosis is performed. The small intestines are repositioned in front of the
left mesocolon. An intracorporeal drainage tube is placed at the discretion of the
surgeon and, if placed, is inserted at the bottom of the umbilicus.

27.3.10 Wound Closure

The final incision has been extended to a length comparable to the size of the speci-
men or the tumor. The fascia is closed with interrupted absorbable sutures. The
peritoneum is not closed separately. After the fascia is closed, the wound is rinsed
free of blood and cell debris with Ringer’s lactate solution. An anchoring suture is
tied to the rectus sheath at the bottom of the umbilicus, and subcutaneous absorb-
able sutures are placed. Finally, the incision is re-measured.

27.4 Tips and Tricks

The procedure is subject to instrument collision, limited in-line viewing, and inad-
equate counter-traction. These frustrations occur mainly if an assistant lacks skill or
because of the close distance between trocars.

The gravity of the intestinal tract itself is useful for obtaining good visualization
and counter-traction. At the beginning of the operation, the patient is placed in the
supine position with legs spread apart for diagnostic exploration of the abdomen and
detection of metastasis. The patient is then tilted to the deep Trendelenburg position
and inclined to the right for dissection of the left colonic mesentery with complete
lymphadenectomy. For mobilization of the splenic flexure, the operating table is
moved to a head-up position and inclined to the right to the fullest extent possible.

The access device placed in the small incision is rotated to achieve the ideal oper-
ative view and triangulation and to avoid or resolve collision of the instruments.
By carefully rotating the access device for the necessary angle, the operation will
progress and be duly accomplished in a certain manner, minimizing the surgeon’s
stress.
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Intracorporeal supporting devices, such as the EndoGrab Retractor (Virtual
Ports), sometimes help the surgeon achieve good visualization and appropriate
counter-traction. This retractor facilitates laparoscopic organ retraction to increase
tissue access and visualization. It provides anterior and superior organ retraction
during laparoscopic procedures and allows reduction in the number of ports and
incisions. It works with particular efficiency in the management of the greater
omentum. However, if the surgeon feels limited even when using such a device, an
additional incision or trocar port should be placed without hesitation to complete
the procedure. Conversion to open laparotomy should also be done without hesita-
tion when deemed necessary. The indication and timing of insertion or conversion
are dependent on the surgeon’s judgment.

27.5 Recommendations from the Author

Conventional laparoscopic surgery is accepted as minimally invasive management
in comparison to open surgery, and its application to colon cancer has increased
remarkably over the last decade. However, even more minimally invasive tech-
niques have been in demand recently. Surgeons experienced in conventional MLC
are challenged to further decrease trauma and improve outcomes by reducing the
number of ports and/or size of the trocars [1].

Since SLC for colon cancer was introduced by Remzi et al. [15] and Bucher et al.
[16] in 2008, the feasibility of this procedure has been proven in two randomized
controlled trials [10, 11] and in several case—control studies [3-9] that compared
short-term outcomes between SLC and MLC. Many authors have reported that SLC
offers better cosmesis with similar perioperative results, but SLC is still somewhat
controversial. With regard to the management of malignant lesions, certain onco-
logic clearance is the most important task. The manner by which to best dissect the
regional lymph nodes or remove the mesocolon in SLC remains to be more care-
fully evaluated.

Four case—control studies have been conducted to assess short-term outcomes of
SLC with particular respect to such expected benefits as shortened operation time,
length of hospital stay, reduced complications, reduced pain, and other positive out-
comes [3, 4, 7, 9], but the results have been controversial. Champagne et al. [9] and
Poon et al. [10] reported reduced postoperative pain associated with a shorter hos-
pital stay for patients treated by SLC. We too have documented reduced postopera-
tive pain. This fact suggests that the lateral port sites in the abdominal wall contribute
substantially to postoperative discomfort. However, it remains unclear whether the
reduced postoperative pain leads to faster postoperative recovery.

Despite the technical difficulty of SLC, all but two RCTs and other studies
reported similar operation times [7, 8]. The reported median SLC operation time
ranges from 83 to 225 min [17]. Standardization will make it possible to complete
the procedure within an acceptable time frame, although a more careful and precise
procedure with complete mesenteric excision may necessitate a longer operation.
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An additional port will be required mainly to allow for appropriate transection of
the rectum. Thus, applying single-site laparoscopic surgery to rectal cancer should
be more deliberate at present. However, this emerging minimally invasive surgery
has another benefit: the surgeon can choose to insert one or more additional trocars
at any time during the procedure.

Oncologic resection with meticulous mesocolic dissection and optimal lymph
node clearance may improve oncologic outcomes [18, 19]. The embryologic tissue
planes must be respected to minimize the likelihood of cancer recurrence, and true
central ligation of the lymphatic drainage maximizes the harvest of regional lymph
nodes [20]. Standardization of CME has improved oncologic outcomes without
increasing the postoperative complication or mortality rates [21].

The minimal invasiveness of SLC should be assessed and verified by detailed
analysis of postoperative pain at all port sites in a future randomized controlled trial.
Long-term oncologic outcomes, cost, education for SLC techniques, and the stress
levels of surgeons performing SLC should be also evaluated.
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Chapter 28
Anterior Resection of the Rectum

Masaki Fukunaga, Goutaro Katsuno, Kunihiko Nagakari,
and Seiichiro Yoshikawa

Abstract Single-port laparoscopic surgery (SPLS) for colorectal cancer is a recent
development in minimally invasive surgery. Although the devices and techniques
for SPLS are being improved year by year, some technical difficulties remain. In
this chapter, we explain how to perform SPLS for sigmoid and rectal cancer. SPLS
is usually applied to patients with a relatively small tumor (less than 4 cm) and
without peritonitis carcinomatosa. A vertical incision (approximately 2.5 cm in
length) is made. After insertion of an atraumatic wound retractor (Alexis™ (Applied
Medical, Rancho Santa Margarita, CA, USA)), which remains in place throughout
the procedure, a multi-access platform (MAP) is manually inserted into the incision.
In most cases, standard straight laparoscopic instruments are used. All SPLS proce-
dures are performed with surgical techniques similar to those used in our standard
laparoscopic procedures. Left-sided anastomoses are performed intracorporeally
with a circular stapler. We usually divide the colon or rectum using a flexible
laparoscopic linear stapler inserted through the MAP. However, when it is techni-
cally difficult to divide the rectum at the lower level, we often use the prolapsing
technique to cut the rectum more confidently.
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28.1 Introduction

Conventional laparoscopic surgery (CLS) for colon cancer has been shown to be
oncologically equivalent to open surgery in large prospective randomized studies
[1, 2], and CLS is accepted as standard surgery for colon cancer. In recent years,
transumbilical single-port laparoscopic surgery (SPLS) has gained interest and
popularity [3]. SPLS is an emerging surgical method in the pursuit of minimally
invasive surgery. In this chapter, we explain how to perform SPLS for colon cancer
safely and reliably.

28.2 Indications and Contraindications

SPLS is usually applied to patients with a relatively small tumor (less than 4 cm)
and no peritonitis carcinomatosa. Obesity (BMI >30 kg/m?) and extensive dilatation
of the intestine are contraindications for SPLS. When we encounter difficulties that
prevent us from performing SPLS safely and reliably, we usually convert SPLS to
reduced-port laparoscopic surgery or CLS.

28.3 Pre-operative Evaluation

Three-dimensional computed tomography angiography is generally performed pre-
operatively. Having a good grasp of vessel distribution preoperatively is very useful
in planning and simulating the operation. When SPLS is planned for patients with a
small tumor, preoperative endoscopic marking of the colonic lesion by tattooing and
clipping is recommended.

28.4 Surgical Devices

A 30-degree 5S-mm-diameter rigid laparoscope or 5-mm flexible scope is usually
used. According to our experience, SPLS for colorectal cancer is feasible and safe
when performed by the “parallel method” with standard straight laparoscopic
instruments. Laparoscopic coagulating shears (LCS) and Ligasure™ (Covidien,
New Haven, CT, USA) are useful to control intraoperative bleeding, simplifying the
surgical procedure, and improving the safety and reliability of SPLS.
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28.5 Set-up

28.5.1 Body Position

General anesthesia is used in the same manner as in conventional laparoscopic
colectomy. The patient is first placed in the lithotomy position (Fig. 28.1a). The
operating table is then tilted so that the patient is in the steep Trendelenburg posi-
tion. Changing the body position as needed becomes useful for maintaining the
working space in SPLS. The body position must be secured by adequate padding
and snug restraints in SPLS.

28.5.2 Port Position

A single intraumbilical 25-mm incision is made, and a multi-access platform (MAP)
is inserted. Nowadays, we tend to use the EZ-access™ (Hakko Co., Nagano, Japan)
MAP: The umbilicus is the only point of access to the abdomen for all patients.
Three 5-mm ports are placed in the EZ-access™ (Hakko) (Fig. 28.1b). According
to our clinical experience, the distance between each port must be at least 2 cm so
that SPLS can be performed comfortably. The operator usually grasps forceps with
the left hand and LCS with the right hand. A camera assistant must work on the left
side of the surgeon to reduce the incidence of interference between the operator’s
instruments and the camera during the surgery (Fig. 28.1a).

a Anesthesiologist b .
(®) Multi-access platform
Camera

%onitor t

HEAD

assistant

. Forceps/LCS

monitor
O Scope

Fig. 28.1 Set-up. (a) Body position. (b) Port positions
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28.6 Surgical Procedure

SPLS is principally performed with the use of standard straight laparoscopic
instruments (Fig. 28.2). The tumor is exteriorized through a small umbilical inci-
sion covered with a wound protector. Anastomosis is performed laparoscopically
by means of the double-stapling technique.

28.6.1 Medial-to-Lateral Approach

The working space around the inferior mesenteric artery (IMA) must first be secured
by fully mobilizing the small intestine toward the cranial space. The surgeon then
gently grasps and lifts the IMA ventrally using forceps held in the left hand. The left
colonic mesentery and mesorectum are mobilized by a medial-to-lateral approach,
keeping the superior hypogastric plexus and proper rectal fascia in view and pre-
serving them with the aid of LCS or laparoscopic bipolar scissors held by the right
hand (Fig. 28.3).

Tips for Maintaining the Working Space

In CLS, the operator concentrates only on lymph node dissection around the IMA
because the assistant surgeon can maintain the working space by grasping the IMA
gently and lifting it ventrally. In SPLS, however, the operator must perform lymph
node dissection while securing the working space himself. Therefore, in SPLS, the
operating table must be fully tilted so that the patient remains in the steep

Fig. 28.2 Surgical steps
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Fig. 28.3 Medial-to-lateral approach. The left colonic mesentery is mobilized by a medial-to-
lateral approach, preserving the superior hypogastric plexus with the aid of LCS or laparoscopic
bipolar scissors held by the right hand

Trendelenburg position. This keeps the intestines from interfering with the working
space. Large gauze is also useful for maintaining the working space when it is
placed at the left side of the IMA.

28.6.2 Lymph Node Dissection Around the Root
of the Inferior Mesenteric Artery (IMA)

In patients with advanced-stage cancer, the root of the IMA is exposed with LCS,
and the IMA is sealed and divided along with lymph node dissection with a
LigaSure™ (Covidien) vessel sealer. In patients with early-stage cancer, the supe-
rior rectal artery is sealed and divided to preserve the left colic artery (Fig. 28.4).
The LCS is also useful for hemostasis during lymphadenectomy.

28.6.3 Division of the Inferior Mesenteric Vein (IMV)

The IMV is sealed and divided at the level of the IMA stump with the use of a
LigaSure™ (Covidien) vessel sealer (Fig. 28.5). The working space is then
expanded. Great care must be exercised to prevent injury to the left colic artery
because this vessel usually lies close to the IMV. Absence of bleeding contributes to
maintaining a good working space and a clear laparoscopic view, especially when
performing SPLS. Identifying the subperitoneal fascia is very important. This serves
as a landmark for preserving the underlying ureter and gonadal vessels.
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Fig. 28.4 Lymph node dissection. The superior rectal artery is sealed and divided to preserve the
left colic artery in cases of early-stage cancer

Left colic artery |
(LCA) |

IMA stump

Fig. 28.5 Division of inferior mesenteric vein (IMV). The IMV is sealed and divided at the
level of the IMA stump with a LigaSure™ vessel sealer (Covidien). The IMV is usually close
to the LCA

28.6.4 Mobilization of the Left Colon

The operating table is fully tilted to the right. By simply incising the lateral attach-
ment near the sigmoid-descending (SD) junction, the sigmoid colon, and the
rectum, the left colon is fully mobilized.
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Fig. 28.6 Rectal mobilization from the retroperitoneum. The rectum must be fully mobilized from
the retroperitoneum by means of sharp and blunt dissection toward the pelvic floor

28.6.5 Mobilization of the Rectum with Total Mesorectum
Excision

Mobilization of the rectum while preserving the proper rectal fascia is very important.
When the rectum is lifted with gauze grasped by the forceps held with the left hand,
the risk of damaging the rectal fascia is reduced. The rectum must be fully resected
through total mesorectum excision, which means sharp and blunt dissection toward
the pelvic floor (Fig. 28.6). The better the mobilization, the more comfortable the
division of the rectum.

28.6.6 Transection of the Mesorectum and Rectum

The proper rectal fascia is incised at the distal resection line with LCS (Fig. 28.7a),
and the mesorectal tissue bundles are sealed thoroughly and transected with the aid
of LigaSure™ (Covidien). The distal rectum is then clamped with detachable for-
ceps, and rectal washout is performed. The rectum is then transected with an endo-
scopic linear stapler inserted through the MAP with no more than three cartridges
(Fig. 28.7b).

Tips for Transecting the Mesorectum

The mesorectum is usually divided by inserting LCS through the umbilical site. It is
difficult to correctly transect the mesorectum vertical to the rectum when cutting the
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Fig. 28.7 (a) Transection of
distal mesorectum. Proper
rectal fascia is incised at the
distal resection line with
LCS. The operator needs to
place the mesorectum at a
vertical direction to the LCS
by mobilizing the rectum
deep enough into the pelvic
space. (b) Transection of
distal rectum. The rectum

is transected with an
endoscopic linear stapler
inserted through the MAP
with no more than three
cartridges

lower rectum. To overcome this difficulty, the operator needs to place the mesorec-
tum (not the LCS!) vertical to the LCS by mobilizing the rectum deep into the pelvic
space. Marking the distal incision line by LCS is also important.

28.6.7 Specimen Extraction

28.6.7.1 Extraction Through the Umbilical Wound

The surgical specimen is usually extracted through the small umbilical wound.
The wound must be covered with a wound protector (Alexis™ (Applied
Medical)). The colon is exteriorized, and the mesocolon is divided with
Ligasure™ (Covidien). The anvil of the stapler is secured in the proximal colon.
The umbilical incision may need to be lengthened slightly to accommodate
extraction of a large tumor.
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Fig. 28.8 Extraction through
the natural orifice. (a) The
distal rectum is gradually
everted and pulled
transanally out of the body.
(b) The prolapsing
technique is useful when

it is technically difficult to
cut the lower rectum with
an endoscopic linear stapler
inserted through the
umbilicus

28.6.7.2 Extraction Through the Natural Orifice (Anus)
by the Prolapsing Technique

The prolapsing technique is useful when cutting the lower rectum by inserting an
endoscopic linear stapler through the MAP is technically difficult [4]. The first step
for this procedure is to divide the mesentery intracorporeally until the bowel tube is
exposed to secure an adequate proximal surgical margin. The proximal bowel is then
transected with a flexible laparoscopic stapler inserted through the MAP without tran-
secting the distal rectum. Grasping forceps are then inserted under laparoscopic obser-
vation from the anus to grab the staple line of the distal rectum safely. Finally, the
distal rectum is gradually everted and pulled transanally out of the body (Fig. 28.8a).
Rectal washout and wiping off are performed extracorporeally by the perineal sur-
geon, who uses approximately 2,000 mL of saline mixed with povidone iodine. This
is followed by vertical transection of the distal bowel with a stapler (TA™ stapler with
a green cartridge or Echelon™ (Ethicon, Cincinnati, OH, USA) with a gold cartridge)
at a slow speed (Fig. 28.8b). The inverted rectal stump can be reinforced with stitches
under direct vision. The distal end of the bowel is pushed back into the body. The anvil
head is usually attached to the proximal colon extracorporeally. It can be connected to
the circular stapler introduced from the anus laparoscopically.



348 M. Fukunaga et al.
28.6.8 Anastomosis

Intracorporeal anastomosis is performed by the double-stapling technique. All anasto-
moses are tested by rectal air insufflation. Generally, a drainage tube is not placed.

28.7 Conclusion

SPLS is indicated only for selected patients because SPLS is more technically
difficult than CLS. It is important for surgeons to grasp the specific properties of
SPLS to ensure that SPLS will be performed safely and reliably.
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Chapter 29
Appendectomy

Noriaki Kameyama

Abstract Single-incision laparoscopic appendectomy (SILA) is an emerging
technique and gaining increased attention by its superiority in cosmesis. A 2.0-cm
vertical transumbilical incision is commonly used for the single-port, followed by
fascial puncture method, multi-channel port method, or glove method. Appendectomy
can be performed either extra- or intracorporeally. In cases of minor inflammation
or interval appendectomy, the cecum can be mobilized and the appendix is divided
extracorporeally. By contrast, in cases of severe inflammation, the mobilization of
cecum is often difficult and the division of the appendix is performed intracorpore-
ally. In intracorporeal appendectomy, ligation (preformed knot) is mostly used for
the division of the appendix and endostapler is used for the necrotic base of the
appendix. Ligasure™ (Covidien, New Haven, CT, USA) is widely used for the divi-
sion of the mesoappendix. Randomized controlled trials and our retrospective anal-
ysis comparing single-incision with standard 3-port appendectomy have shown
equivalent clinical outcomes among the two approaches in terms of operative time,
postoperative pain, and complications. In this context, SILA can be a good option
for children and young women.
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incision laparoscopic appendectomy
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29.1 Introduction

Acute appendicitis remains the most common gastrointestinal emergency in
developed countries occurring approximately 8 % of the population [1].
Laparoscopic appendectomy has been widespread since the first introduction by
Semm in 1983 [2] and evidence regarding its relevance and effectiveness has
already been established by multiple randomized prospective studies [3] that dem-
onstrate the superiority of laparoscopic approach over open approach in terms of
pain, morbidity, postoperative recovery, hospital stay, and cosmesis. Single-
incision laparoscopic appendectomy (SILA) was first reported by Pelosi et al. [4]
in 1992. This report introduced an effort to reduce multiple port access in laparo-
scopic appendectomy. Thereafter, the concept of reduced port laparoscopic sur-
gery has been developed and gained its popularity to minimize the total length of
skin incision and number of port access for potential benefit on pain and/or cosme-
sis over standard 3-port appendectomy. In SILA, single incision is made within the
umbilicus, which is defined as a natural embryonic scar. In this context, this
approach can be referred to as a subtype of natural orifice translumenal endoscopic
surgery (NOTES) or embryonic-NOTES (e-NOTES). The umbilical scar is deep-
ened inside the groove of the umbilicus and hardly visible after surgery.

There have been numerous reports of various techniques for SILA. This report
summarizes a variety of surgical techniques systematically, reviews prospective
randomized controlled studies versus standard 3-port appendectomy, and provides
discussion on current status of SILA based upon evidence-based approach to justify
the indication for SILA.

29.2 Indications and Contraindications

29.2.1 SILA Versus 3-Port Laparoscopic Appendectomy

SILA has become widespread in parallel with other single-incision laparoscopic
surgeries such as cholecystectomy, sleeve gastrectomy, and donor nephrectomy, and
been an area of active investigation. However, its true relevance was unknown that
directed subsequent publication of randomized controlled trials (RCTs) comparing
single-incision with standard 3-port appendectomy since 2011 (Table 29.1).
Although these RCTs are scientifically well-designed, the outcomes are rather vari-
ous between the trials. Based on data from these RCTs, broad consensus has been
established in terms of longer operative time for SILA, equivalent complication
rates, and equivalent hospital stay. However, many trials support that the difference
in operative time will become negligible with experience of the surgeon who per-
forms SILA [5]. More intriguingly, the outcomes for postoperative pain are dia-
metrically opposite. Two trials demonstrated less pain for SILA [6, 7], while one
trial revealed less pain for 3-port appendectomy [8] with the other two being no
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significant difference for postoperative pain [5, 9]. As shown by these different
outcomes, it is been controversial whether postoperative pain is less for SILA com-
pared to standard 3-port appendectomy due to the effect of less access port sites.
SILA eliminates muscular penetration, which might result in less postoperative
pain; while, fascial incision is greater for SILA, which might result in more postop-
erative pain. It is possible that discrepancies between the trials may be due to differ-
ences in the method for umbilical port access and/or division of the appendix. SILA
includes a variety of surgical techniques as stated above. For example, SILS™ port
(Covidien, New Haven, CT, USA) or wound retractor protect the umbilicus from
contamination while the umbilicus cannot be protected by fascial puncture method,
which may impact on different outcomes in wound infection. In addition, a larger
fascial incision is required for SILS™ port (Covidien) insertion compared to Alexis
wound retractor™ (Applied Medical, Rancho Santa Margarita, CA, USA), which
may affect the outcomes in postoperative pain. Moreover, surgical difficulty level
changes depending on how to divide the appendix (stapling or ligation), which may
affect on operative time.

29.2.2 SILA for Complicated Appendicitis

The difficulty in keeping instrument triangulation limits the indication of SILA in
cases with a retrocecal appendix or perforated appendix. It has been shown that
operative time was significantly longer with complicated appendicitis (gangrene,
abscess, perforation, and/or peritonitis) [6]. In addition, retrocecal appendicitis
often necessitates a second, or even a third port [10]. Therefore, it is conceivable
that complicated and retrocecal appendicitis can be considered as a relative contra-
indication for SILA. However, Kye et al. [7] performed SILA for cases of compli-
cated appendicitis and showed comparable results in operative time and even better
results in hospital stay and recovery time to daily life in comparison with standard
3-port appendectomy. Therefore, it is possible that advance in surgical instruments
for SILA and maturation in our surgical techniques to perform SILA could broaden
the indication of SILA for complicated appendicitis in the near future.

29.2.3 Indications for SILA

In obese patients, it is even more difficult to keep the instrument triangulation in
SILA; therefore, they do not benefit from SILA [11]. SILA for patients with a body
mass index >95th percentile shows longer operative time, increased postoperative
pain, and increased complication rates (wound infection and intraabdominal
abscess). In addition, patients with previous lower abdominal surgery are almost
inevitable to have abdominal adhesions that could limit the indication for SILA.
Taken together, relative contraindications for SILA include retrocecal appendicitis,
complicated appendicitis, obese patients, and past history of lower abdominal
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surgery. However, technical and instrumental progress in the single-port approach
could expand the current indication. Given the fact that almost all the clinical out-
comes are equivalent between SILA and standard 3-port appendectomy, the major
advantage of SILA over standard 3-port appendectomy is focused mostly on cosme-
sis. In this regard, good populations that notably benefit from SILA include children
and premenopausal women.

29.3 Technique

29.3.1 Patient Positioning and Room Set-up

Operation room is set up and the patient is placed in a fashion analogous to conven-
tional 3-port laparoscopic appendectomy. Briefly, the patient is placed in the supine
position with the legs together, the left arm is tucked, and a Foley catheter inserted
to decompress the bladder. The surgeon and camera assistant both stand on the left
of the patient facing the monitor on the right side at the patient’s hip. The operating
table is tilted in the Trendelenburg position with the right side up for 15-20°. To per-
form single-incision surgery, the laparoscope should have a co-axial, not perpen-
dicular, light cable to avoid crowding. A 30-degree 5-mm laparoscope is often used.

29.3.2 Umbilical Port

29.3.2.1 Fascial Puncture Method (Direct Access Method)

After local anesthetic infiltration, a 2.0-cm vertical transumbilical incision is made
and a subcutaneous pocket is created to expose the anterior fascia. A Veress needle is
inserted to establish pneumoperitoneum and removed after insufflation. Three lapa-
roscopic ports (one 10-mm and two 5-mm ports or three S-mm ports) are placed by
a closed access method or an optical trocar access method. The first trocar is at the
base of the umbilical stalk with the second at the inferior edge along the linea alba
and the third at the superior edge along the linea alba or the right hand side of the first
trocar. The first trocar can be inserted without pneumoperitoneum through a small
umbilical fascial defect at the base of the umbilical stalk. Three ports should be of
low-profile (preferably threaded and different in length) in order to avoid clashing.

29.3.2.2 Multi-Channel Port Method (Access Device Method)

After local anesthetic infiltration, a 2.0-cm vertical transumbilical incision is made
down to the peritoneum under direct vision. A multiple-entry port from various
manufactures (Table 29.2) is inserted through the incision by an open access method.
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Table 29.2 Multiple- SILS™ port, Covidien, New Haven, CT, USA

entry ports Gelport, Applied Medical, Rancho Santa Margarita, CA, USA
Unix-X, Pnavel Systems, Brooklyn, NY, USA
Triport, Advanced Surgical Concepts, Wicklow, Ireland
SSLAS, Ethicon, Cincinnati, OH, USA
X-Cone, Karl Storz-Endoskope, Tuttlingen, Germany
OCTO port, Dalim Surgnet, Seoul, Korea
Spider surgical system, TransEnterix, Durham, NC, USA

29.3.2.3 Glove Method (Home Made Port Method)

After local anesthetic infiltration, a 2.0-cm vertical transumbilical incision is made
for Alexis wound retractor™ XS size (Applied Medical), which is inserted by an
open access method and a surgical glove (size 5.5) is attached. Three low-profile
laparoscopic ports (all 5-mm trocars) are inserted through the holes of the surgical
glove with cut fingertips (Figs. 29.1 and 29.2).

29.3.3 Appendectomy

29.3.3.1 Extracorporeal Appendectomy

The appendix locates at the posteromedial border of the cecum and can be identified
by following the anterior taenia coli to its confluence with the other two taeniae. The
cecum is mobilized by incising the lateral attachment (Jackson’s membrane and
Lane’s band) and the fusion fascia of Toldt. Complete mobilization of the appendix
is confirmed by withdrawing the appendix towards the left upper quadrant. The
appendix can be easily exteriorized if the instrument reaches a halfway point
between the left costrochodral margin and the umbilical port. The appendix is with-
drawn through the umbilicus and exteriorized to perform a conventional “open”
appendectomy. If the appendix is perforated, the operating surgeon prefers to per-
form an intracorporeal appendectomy. Extracorporeal appendectomy is less expen-
sive compared to intracorporeal appendectomy and can be a good alternative to
expensive intracorporeal devices.

29.3.3.2 Intracorporeal Appendectomy

Exteriorization of the appendix is not always possible in cases of more inflamed
appendicitis or obese patients. For such cases, the appendix must be divided intra-
corporeally. The identification and mobilization of appendix can be performed in
the same manner as in extracorporeal appendectomy. The following appendectomy



29 Appendectomy 355

Fig. 29.2 Positioning of the surgeon and assistant

is done in a purely laparoscopic approach without exteriorizing the appendix. This
method has the potential to be more technically demanding than the extracorporeal
method, accounting for the higher intraoperative and postoperative complication
rates, such as hemorrhage, wound infection, and intrabdominal abscess [12].
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Fig. 29.3 Division of the
appendix by a 45-mm
endostapler

29.3.3.3 Division of the Appendix
Endoscopic Stapling

A mesoappendicular window is created at the base of the appendix. Care must be
taken to avoid the avulsion of a friable appendix. The mesoappendix is transected
by a 30- or 45-mm endostapler (vascular load). The appendix is then transected at
its base by a 30- or 45-mm endostapler (tissue load; Fig. 29.3). Division of the
appendix should be as close to the cecum as possible in order to avoid stump appen-
dicitis. The base of the appendix and the mesoappendix are checked for any evi-
dence of bleeding from their staple lines. If the base of the appendix is necrotic, a
small portion of the cecum can be resected by the stapler. To perform endoscopic
stapling technique, one of the trocars must be a 12-mm trocar for insertion of the
endoscopic stapling system. A retrieval bag is inserted through the 12-mm trocar for
retrieval of the resected appendix to avoid port-site contamination.

Endoscopic Ligation

A mesoappendicular window is created at the base of the appendix. A 2/0 polygla-
ctin suture is delivered through the window and the mesoappendix is ligated with
a fishermen’s knot tied extracorporeally. This procedure is repeated for the appen-
dix (Fig. 29.4), and the appendix and mesoappendix are transected by endoscopic
scissors between the ligatures. The mucosa is cauterized. Double ligation is pre-
ferred for the base of appendix. A retrieval bag is inserted for retrieval of the
appendix. Alternatively, the surgeon can use commercially available endoscopic
ligation devices such as Endoloop Ligature™ (Ethicon (Cincinnati OH, USA);
Fig. 29.5) or Surgitie Loop™ (Covidien). Endoscopic stapling rather than ligation
is often preferred for a severely inflamed appendix to secure the closure of the
appendix.
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Fig. 29.4 Division of
the appendix by a 2/0
polyglactin suture ligation

Fig. 29.5 Division of the
appendix by an Endoloop™
(Ethicon)

29.3.3.4 Division of the Mesoappendix

The mesoappendix and appendiceal artery can also be safely transected by an ultra-
sonic shears (Harmonic Scalpel™ (Ethicon)), a bipolar electrocautery (Ligasure™
(Covidien)), or an endoscopic clipping (Fig. 29.6).

29.3.4 Normograde and Retrograde Appendectomy

When performing intracorporeal appendectomy, the appendectomy can be either
normograde or retrograde depending on the visibility of the tip of the appendix.
Mobilization of the appendix is not a mandatory procedure before transection of the
appendix. Transection of the appendix can be preceded by mobilization if the tip of
the appendix is not clearly visible.
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Fig. 29.6 Division of the
mesoappendix by Ligasure™
(Covidien)

29.3.5 Single-port PLUS-ONE

It is difficult to keep the instrument triangulation in single-port surgery and an addi-
tional suspension device can be helpful to establish triangulation. The appendix is
suspended by a transabdominal sling suture [10, 13, 14], a port-free endocavity
retractor (EndoGrab™, Virtual Ports, Inc., Caesaera, Israel) or a supplemental
miniport.

29.4 Tips and Tricks

29.4.1 Patient Position

SILA is a solo surgery, in which only two ports are available for manipulation.
Therefore initial patient positioning is important in order to obtain a good view with
no intestines around the appendix. We often set the patient in the left semilateral
position with a vacuum mattress that can be molded to take the intestines away from
the appendix. In addition, the operating table is tilted in the Trendelenburg position
with the right side up for 15-20°.

29.4.2 Laparoscope

A rigid or non-flexible camera is preferred for SILA. Flexible laparoscopic
instruments have a high chance of getting damaged due to instrument crowding
and interference. In addition, a co-axial, not perpendicular, light cable is manda-
tory to avoid crowding.
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29.4.3 Cross-Hand Technique

Articulating devices are not necessary to perform SILA. However, a cross-hand
technique is required to perform SILA with conventional (straight) laparoscopic
instruments. The surgeon may need to hold the appendix by his/her right hand and
manipulate the mesoappendix with an energy device with his/her left hand, which
requires a learning curve. Right-handed surgeons should train their left hand to
behave as the same as their right hand.

29.5 Recommendations from the Author

29.5.1 Retrospective Analysis of Our Experience

We have introduced SILA in October 2009. Between October 2009 and April 2013,
we performed 160 appendectomies at the Department of Surgery in International
Goodwill Hospital. Open appendectomy (n=82) was mainly chosen for compli-
cated cases such as abscess formation (46 %), gangrenous appendicitis (55 %), or
diffuse peritonitis (40 %; Table 29.3). Standard 3-port appendectomy (n=7) was
performed as a bridge between open and SILA and chosen for more complicated
cases compared to SILA. SILA (n=71) was not selected for complicated cases but
for early stages of appendicitis and female patients, including 27 cases (38 %) of
interval appendectomies. Early stages of appendicitis were confirmed pathologi-
cally with a high percentage of catarrhal appendicitis (31 %). Parametric values of

Table 29.3 Demographical characteristics of the patients

Open Standard 3-port SILA P

Patients 82 7 71
Men/women 53/29 6/1 30/41 <0.05
Mean age (years) 42.8+2.3 439+3.7 37.7+19 NS
Interval appendectomy n (%) 0 0 27 (31)
Conversion n (%) 1(14) 3(4)
Abscess formation n (%) 38 (46) 3(43) 4(6) <0.001
Gangrenous appendicitis n (%) 45 (55) 3(43) 8 (11) <0.001
Diffuse peritonitis n (%) 33 (40) 3(43) 1(1) <0.001
Local peritonitis n (%) 49 (60) 4 (57) 42 (59) NS
Pathology n (%)

Catarrhal 4(5) 1(14) 22 (31) <0.001

Phlegmonous 30 (37) 2(29) 26 (37) NS

Gangrenous 42 (52) 3(43) 15 (21) <0.001

Chronic 1(1) 1(14) 8(11) <0.05
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Table 29.4 Surgical SILA (n=71)
technique for SILA Intra-/Extracorporeal appendectomy
Intra- 39
Extra- 32
Division of the appendix
Endoloop 25
Endostapler 4
Ligation 10
Division of the mesoappendix
Ligasure 37
Ligation 3

Table 29.5 Operative and postoperative results (n=160)
Open (n=82) Standard 3-port (n=7) SILA (n=71) P

Operative time (min) 815 T4+5 65+3 <0.01
Blood loss (mL) 90+23 0+0 8+6 <0.01
Total doses of analgesics 4.2+0.3 3.7£0.7 24+0.2 <0.001
Oral intake (days) 3.8+0.5 3.0+0.7 1.7+0.1 <0.001
Hospital stay (days) 8.1+0.7 7423 4.0+0.2 <0.001
Complications n (%)

Wound infection 8 (10) 0(0) 0(0) <0.05

Tleus 3(4) 2(29) 0(0) NS

Fecal fistula 2(2) 0 (0) 0 (0) NS

the three groups were analyzed retrospectively and compared with a one-way
analysis of variance (ANOVA) followed by Newman—Keuls post-hoc test for pair-
wise comparisons. All the P values listed in the following tables were open vs.
SILA. Values are expressed as means+SEM.

SILA was performed both intra- and extra-corporeally with almost the same
degree (Table 29.4). Division of appendix was mostly performed by Endoloop™
(Ethicon), and mesoappendix by Ligasure™ (Covidien). Division can be substi-
tuted by simple ligation with a 2/0 polyglactin suture, which results in a marked
reduction in operative cost. Endostapler was used for the division of a gangre-
nous base of the appendix. A supplemental miniport was required for only four
cases and the other 67 cases (94 %) were performed by pure single-port
surgery.

The mean operative time and blood loss were less in the SILA group (Table 29.5).
Total doses of analgesics and wound infection were also less in the SILA group.
Furthermore, the time of starting oral intake was shorter in the SILA group, which
resulted in shorter hospital stay.
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29.5.2 Recommendations from the Authors

This analysis is obviously retrospective. Complex cases were allocated for open
surgery with early cases, being allocated for single-port surgery. Therefore it is not
fair to compare these two approaches from our results. However, it may be conceiv-
able to conclude that SILA reduces operative time, pain, and postoperative compli-
cations, contributing to its less invasiveness and superiority among other approaches.
We speculate that the less invasiveness of SILA outweighs its surgical difficulty
especially for early cases including interval appendectomy cases.
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Chapter 30
Incisional and Ventral Hernia Repair

Norihito Wada, Toshiharu Furukawa, and Yuko Kitagawa

Abstract Ventral hernia is a common type of abdominal hernia. There are three
types of ventral hernia: incisional hernia, spigelian hernia, and epigastric hernia.
Traditionally, hernia repairs have been performed as open procedures. In the last
decade, laparoscopic hernia repair has become popular. Laparoscopic surgery
allows for a smaller incision, which results in less post-operative pain and less risk
of incisional hernia. Decreases in the size and number of trocars should be consid-
ered if outcomes similar to those of traditional laparoscopic technique can be
obtained. The indication for laparoscopic ventral hernia is a hernia with a minimum
defect size of 3 cm. In cases of simultaneous contamination, the use of mesh is basi-
cally contraindicated. An inability to tolerate general anesthesia and uncontrolled
coagulopathy are also contraindications. A small incision of 2-3 cm is made on the
hernia bulge along the previous surgical scar. A silicone wound protector is used,
and a silicone cap for use of several trocars is set. At least two trocars of 5-mm are
needed to introduce the laparoscope and a tacker for mesh fixation. After complete
detachment of all adhesions below the surgical scar, all incisional hernias must be
evaluated, including small fascial defects. The mesh should be larger than the hernia
defect with a margin of at least 3 cm in all directions. The silicone cap is opened,
and the mesh is easily introduced through the wound protector and spread flat with
the knitted side up. Lifting stitches are caught by a suture passer and fixed to the
abdominal wall. With the use of fixation tacks, the edge of the mesh is circumferen-
tially fixed to the abdominal wall.
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30.1 Introduction

The ventral hernia is a common type of abdominal hernia that accounts for
approximately 10 % of all hernias. There are three types of ventral hernia: the inci-
sional hernia, spigelian hernia, and epigastric hernia. Of these three types, the inci-
sional hernia is the most common. An incisional hernia develops in an estimated
10-15 % of laparotomy incisions [1]. In the United States alone, approximately
400,000-500,000 incisional hernias arise from 4 to 5 million laparotomies performed
annually [2].

Traditionally, hernia repairs have been performed as open procedures. Recurrence
rates after open suture repair of incisional hernias are between 31 and 49 %, accord-
ing to large-scale studies involving more than 100 cases [3]. With the introduction
of mesh repair and component separation techniques, the recurrence rate has
decreased dramatically. A recent meta-analysis showed the recurrence rate to be as
low as 5 % [4]. Over the last decade, laparoscopic hernia repair has become popular.
Good visualization of the entire incision scar ensures complete coverage of the her-
nia orifice, even in cases of a small subclinical hernia. Laparoscopic surgery, in
comparison to open surgery, allows for a small incision, which results in less post-
operative pain and less likely development of an incisional hernia, although the
in-hospital costs are greater [4—7]. Laparoscopic ventral hernia repair can be offered
by surgeons proficient in advanced laparoscopic techniques [8].

Conventional laparoscopic hernia repair usually requires a trocar for the camera,
along with two to four trocars placed contralaterally on the sides of the abdomen for
dissection and mesh placement. At least one of these trocars must be more than
10-mm for introduction of the mesh. Current laparoscopic procedures tend to reduce
the number and size of the ports; thus, there are many reports of reduced port lapa-
roscopic hernia repair (RPLHR). A decrease in the number and size of the trocars
should be considered if outcomes similar to those of traditional laparoscopic hernia
repair can be obtained.

30.2 Indications and Contraindications (Table 30.1)

Closing the hernia orifice even under local anesthesia can treat small ventral her-
nias. This method is, of course, less invasive than laparoscopic mesh repair.
An Italian group [9] reported the indication for laparoscopic ventral hernia to be a
hernia with a minimum defect of 3 cm (Fig. 30.1). The site of the defect does not
seem to influence the indications/contraindications [9]. In cases of simultaneous
contamination, due for example to bowel injury or intestinal strangulation, use of
prosthesis is basically contraindicated. Uncontrolled coagulopathy is a contraindi-
cation for laparoscopic hernia surgery, and because the procedure is usually performed
under general anesthesia, inability to tolerate general anesthesia is also a contrain-
dication. Old age itself is not a contraindication for this procedure [10], and obese
patients are good candidates for laparoscopic ventral hernia repair, too [11].
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Table 30.1 Indications and Indications
contraindications for
laparoscopic hernia repair

Hernia with a minimum defect size of 3 cm
Symptomatic hernia

Contraindications
Bowel injury
Intestinal strangulation
Intolerance to general anesthesia
Uncontrolled coagulopathy

Fig. 30.1 A typical
incisional hernia indicated
for reduced-port
laparoscopic hernia repair

The indications and contraindications are basically the same for both conventional
and RPLHR.

The advantages and disadvantages of RPLHR should be considered. The obvious
advantage of fewer ports is better cosmesis, although equivalence in terms of clini-
cal outcome is not well established. Informed consent must be obtained from
patients in a careful manner.

30.3 Technique

The patient is placed in a supine position. Hair surrounding the incisional area is
removed, and the skin surface is prepared in a routine manner. The region is covered
with sterile drapes. To ensure adequate overlap of the prosthetic mesh, more than 10 cm
should be added to the maximum measurements of the fascial defect in all directions.
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Fig. 30.2 Appearance of
the surgical scar soon after
reduced-port laparoscopic
hernia repair

Fig. 30.3 The largest port through which the surgical sponges and mesh for hernia repair are
introduced. This incision is made within the fascial defect

A small incision of 2-3 cm is made on the hernia bulge along the previous surgi-
cal scar (Fig. 30.2). This incision is used for the first trocar and for the port to intro-
duce surgical sponges and the mesh for the hernia repair (Fig. 30.3). The
subcutaneous tissue is carefully dissected down to the abdominal cavity. Once the
hernia sac is opened, the abdominal contents are placed back in the abdomen.
If severe adhesions around the hernia sac are observed, dissection 2 cm from the
edge of the incision line is enough to place the first port. A silicone wound protector
(Lap Protector™ (Hakko Co., Nagano, Japan)) is used, and a silicone cap (EZ
Access™ (Hakko)) designed for the use of several trocars is set. There are other
methods of initial trocar placement [12]. The best technique is the one with which
the surgeon is most experienced and comfortable. After 10-mmHg pneumoperito-
neum is established, a 5-mm trocar is inserted at least 4 cm away from the fascial
edge, usually in the lateral abdomen. At least two trocars of 5-mm are necessary to
introduce the laparoscope and a tacker for fixation of the mesh. These two trocars
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Fig. 30.4 All incisional
hernias must be evaluated,
including small fascial
defects

may be placed in a single-port. However, the longer incision may be a risk factor for
development of an incisional hernia. Therefore, reducing the size of the ports rather
than the number of ports would be preferable in this setting. If the planned trocar
site cannot be visualized laparoscopically due to intraperitoneal adhesion, adhe-
siolysis is carried out from the first port with the use of several trocars.

After complete detachment of all adhesions below the surgical scar, all incisional
hernias must be evaluated, including small fascial defects (Fig. 30.4). Some sur-
geons prefer to close the edge of the fascial defect laparoscopically [13, 14]. The
clinical merits of this technique are not well clarified. If the fascial defect is closed
in patients with a large central defect, the “tension free” concept will be abandoned,
and the risk of rupture of the closed hernia orifice and recurrence of the hernia may
increase. However, the risk of seroma formation and mesh migration into the cavity
will be minimized [15]. The mesh should be larger than the hernia defect with a
margin of at least 3 cm in all directions. Some reports indicate that the overlap
should be at least 5 cm. Indeed, the optimal amount of overlap depends on the size
and the anatomical site of the hernia orifice.

Many prosthetic materials are now available for ventral hernia repair [16, 17].
We usually use Parietex™ Composite mesh (Covidien, New Haven, CT, USA),
which has a reabsorbable collagen barrier on one side to limit visceral attachments
and a polyester knit structure on the other [18]. The mesh is introduced through the
largest port or a 12-mm trocar. With our procedure, the EZ Access™ silicone cap
(Hakko) is opened, and the mesh is easily introduced through the wound protector
and spread flat with the knitted side up. Pneumoperitoneum is re-established, and
the collagen-covered surface is confirmed to be facing the viscera. After the mesh is
successfully spread, the incision with the Lap Protector™ (Hakko) is closed.
In patients with a relatively small hernia orifice, fascial separation is approximated
before skin closure. Lifting stitches, which are connected to the edge of the mesh,
are caught by a suture passer (EndoClose™ (Covidien)) and firmly fixed to the
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Fig. 30.5 The edge of the
mesh is circumferentially
fixed to the abdominal wall
with fixation tackers

abdominal wall. With the use of fixation tacks [2], the edge of the mesh is
circumferentially fixed to the abdominal wall (Fig. 30.5). Opinions vary on the
method of mesh fixation, whether with a single or double crown of tacks, with or
without defect closure [19]. We do not use the double crown configuration or defect
closure routinely, although strong evidence supporting mesh fixation is lacking.
A port site is carefully closed if the incision is longer than 5 mm. This is done to
avoid development of an incisional hernia.

30.4 Tips and Tricks

To introduce the mesh into the abdominal cavity, a port of at least 12-mm in diam-
eter is needed. This is a potential site of future incisional hernia. With our proce-
dure, the largest incision through which prosthesis is inserted is made within the
hernia defect and finally covered with the mesh prosthesis. One of the major advan-
tages of RPLHR is improved cosmesis. Our method is reasonable in this respect
because the longest incision is made on the previous surgical scar. All other ports
are 5 mm or less in diameter.

For mesh fixation with a tacking device, a certain distance from the trocar to the
edge of the mesh must be maintained to obtain an effective tacking angle. Therefore,
at least two ports 5-mm in diameter should be placed, one on each side of the hernia.
This limitation means that surgery performed through multiple small ports is prefer-
able to that performed through a larger single-port. True RPLHR is possible for
selected patients. The longer incision, however, may become a risk factor for an
additional incisional hernia. Careful fascial closure of the large port site is essential.
We usually place a port within the hernia bulge where the mesh will cover the inci-
sion. Other ports used for adhesiolysis and mesh fixation should be 5-mm at most.
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Use of a bladeless optical trocar as the first trocar is encouraged if the patient is
obese [11]. Of course, the trocar site should be away from the previous surgical inci-
sion under which substantial adhesion is anticipated.

Many types of prosthesis are available for incisional hernia repair [16]. The mesh
for IPOM (Intraperitoneal Onlay Mesh) repair is the gold standard. Some types of
mesh have a memory coil ring, which facilitates the self-spreading function.
However, these prostheses require a larger port for introduction into the intraperito-
neal cavity and may be unsuitable for RPLHR.

30.5 Recommendations from the Author

In summary, laparoscopic hernia repair performed through small multiple ports is
superior to that performed through a larger single-port in reduced port settings. If a
long incision is covered with mesh, the risk of incisional hernia may be decreased.
A long incision should be made on the previous surgical scar for the sake of cosme-
sis. The mesh prosthesis should be larger than the hernia defect with a margin of at
least 3 cm in all directions. Depending on the size and location of the hernia orifice,
a longer overlap should be considered. All adhesions on the abdominal wall should
be removed for precise diagnosis of a small hernia and optimal mesh spreading.

RPLHR may be most feasible. Successful single-port laparoscopic surgeries
have been reported in recent years [20-22]. Advances in the development of materi-
als, devices, and techniques for prosthetic placement would further improve out-
comes in the repair of abdominal wall incisional hernias [23]. A clinical study that
involved a small group of patients showed promising clinical utility [24]. We need
strong clinical evidence that RPLHR is not only feasible but also suitable for pro-
viding good patient outcomes.
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Chapter 31
Inguinal Hernia Repair: TEP

Goro Kaneda and Masaya Kitamura

Abstract We started to perform single-incision laparoscopic surgery (SLS) for
total extraperitoneal pre-peritoneal repair (Single-TEP) since 2009 for the adult
groin hernia. In this paper we introduce our Single-TEP techniques and its results.
From August 2009 through October 2010, we performed Single-TEP in 52 patients
diagnosed with inguinal hernia. The group consisted of 43 men and 9 women,
including four with bilateral hernia and three with recurrence. For surgeons who are
knowledgeable in inguinal anatomy and well-versed in laparoscopic surgical tech-
niques, this procedure can be implemented safely and can be as effective as con-
ventional TEP.

Keywords Laparoscopic hernia repair ®* Reduced port laparoscopic surgery ¢ SLS
* Surgical treatment for inguinal hernia « TEP

31.1 Introduction

We have used total extraperitoneal pre-peritoneal repair (TEP) since 2008 for the
surgical repair of inguinal hernia, paying particular attention to the membrane struc-
ture of the groin. This technique allows dissection of the pre-peritoneal space with-
out the use of balloon dilation, and it also allows us to conduct the surgery under
direct visualization [1]. We use SLS for total extraperitoneal pre-peritoneal repair
(Single-TEP). Our surgical techniques and results are described below.
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31.2 Preoperative Preparation

Preoperative examinations required for general anesthesia are conducted on an
outpatient basis. If those preoperative examinations reveal no problems, the surgery
is generally conducted on the day of the admission. The patient stays in the hospital
that night and discharges on the following day.

31.3 Set-up (Table 31.1)

31.3.1 Patient Positioning (Fig. 31.1)

The patient is placed in a supine position, arms tucked at the sides, head down at an
angle of 20-30° (Trendelenburg position). For Single-TEP, the surgeon stands
closer to the patient’s head than for standard TEP, so the surgical procedures are
facilitated if the patient’s arms are kept close to the sides.

31.3.2 Instruments and Mesh

The instruments used for this operation include a 5-mm, 30-degree oblique view
laparoscope (Olympus Medical, Tokyo, Japan), standard straight forceps and lapa-
roscopic coagulating shears or electro-cautery. It is difficult to maneuver roticulator
forceps in the restricted working space in the pre-peritoneum. An insufflation

Table 31.1 Our operative set-up

Set-up

Notes

Patient’s positioning

Narrow laparoscopic
muscle hook (KS Hook)

Camera
Forceps

Insufflator

Laparoscopic coagulating
shears or electric scalpel

Mesh

Mesh delivery system

Absorbable clips

Patient in the supine position, arms tucked at the sides, head
down at an angle of 20-30°

8 x 80-mm muscle hook developed by our department to gently
dissect the rectus abdominis from the posterior rectus sheath.

Olympus, 5-mm, 30° laparoscope.

We use forceps designed for standard laparoscopic surgery. This
is because roticulator forceps are difficult to maneuver in the
restricted working space within the preperitoneum.

We use an insufflation pressure of 8 mmHg

Standard type

We use a 12 x 10-cm or larger mesh

Mesh is rolled into a plastic cylinder and inserted into the
preperitoneal space

These are used to secure the mesh
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Fig. 31.1 Intraoperative
scene of actual set-up

Fig. 31.2 Narrow
laparoscopic muscle hook
(KS Hook (Takasago))

pressure of 8 mmHg is maintained, the same as that used for standard laparoscopic
surgery. Careful monitoring is required to avoid an insufflation pressure above
15 mmHg, which can cause subcutaneous emphysema. An 8§ X80 mm retractor,
developed in our department is used to gently dissect the rectus abdominis from the
posterior rectal sheath. (KS Hook, Takasago Medical Industry Co., Ltd., Japan
(Fig. 31.2). A 12X 10-cm or larger mesh is routinely used [2] (Microval Mesh JG,
MicroVal SA, France). The mesh is rolled into a plastic cylinder and inserted into
the pre-peritoneal space (Mesh Delivery System) (Fig. 31.3). The aim of this maneu-
ver is to prevent damage to the inferior epigastric vessels and the transverse fascia
during mesh insertion. Absorbable clips are applied to secure the mesh.
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Fig. 31.3 Mesh delivery
system

31.4 Indications

This technique can be used on any type of hernia, with the exception of huge,
nonreducible, scrotal hernias. Preferred indications are recurrent hernias, mainly
after conventional repairs, with the advantage of avoiding anterior scar tissue, bilat-
eral hernia where both sides can be approached through the same access, and hernias
with massive destruction of the posterior abdominal wall (a defect diameter greater
than 3 cm or pantaloon hernias). Contraindicated included the patients under treat-
ment with anticoagulants.
Two methods of approach are available:

1. Multi-trocar approach. Insertion of three trocars through a single incision.
2. Multi-channel approach. Use of a commercially available multi-channel access
port.

In our department, standard practice is to use the multi-channel approach because
it facilitates trocar insertion into the pre-peritoneum and insufflation.

Hints for device operation and expanding the surgical field are as follows.

Single-TEP is conducted in the pre-peritoneal area, where the working space is
more restricted than in standard single-incision intra-abdominal laparoscopic sur-
gery. Because the forceps have only limited left-right movement, dissection must be
in a combination up-down and back-forward movement, regardless of the method,
namely the cross method or the parallel method, is used. It is also important to pre-
vent the forceps from interfering with the camera. The first priority is to maintain
the field of vision, so forceps movement should be adjusted as necessary to avoid
interference.
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31.5 Surgical Techniques (Multi-channel Approach)

31.5.1 Skin Incision

To minimize the risk of surgical wound infection and mesh infection, a 2.5-cm
subumbilical arcuate incision rather than a transumbilical incision is employed.

31.5.2 Inguinal Dissection

The superficial layer of the pre-peritoneal fascia (between the transverse fascia and
the superficial pre-peritoneal fascia) (Figs. 31.4 and 31.5) is dissected using a KS
hook. An incision is made in the white line, and access is initiated through the para-
rectus abdominis. After through manual dissection between the rectus abdominis
and posterior rectus sheath, a 5S-mm multi-channel port (SILS™ port (Covidien,
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Fig. 31.5 Inguinal dissection: we dissect the superficial layer of the pre-peritoneal fascia using a
KS hook
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Fig. 31.6 Deep layer of the pre-peritoneal fascia (between the superficial and deep layers of the
pre-peritoneal fascia)

New Haven, CT, USA)) is inserted in the pre-peritoneal space. Care must be taken
to avoid bleeding and damage to the abdominal wall. Insufflation is then started,
without the use of balloon dilation. A 30°, 5-mm scope is inserted and the superfi-
cial layer of the pre-peritoneal fascia is dissected to the pubic bone, until the pubic
tubercle is clearly seen under direct visualization. The area should be thoroughly
dissected medially to the pubic tubercle and laterally to the inferior epigastric ves-
sels (IEVs) in order to create a sufficient working space.

31.5.3 Lateral Inguinal Dissection

Deep layer of the pre-peritoneal fascia (between the superficial and deep layers of
the pre-peritoneal fascia) (Fig. 31.6).

The laparoscope camera is adjusted slightly laterally and angled upward. For
lateral inguinal dissection, care must be taken to spare one additional layer in the
peritoneal cavity (the deepest layer of the pre-peritoneal fascia), paying close atten-
tion to the integrity of the membrane structure. The IEV is used as a landmark but
is not completely exposed. Alternatively, lateral dissection may be sometimes
employed, with one layer of the IEV membrane spared. As lateral dissection pro-
ceeds, a point near the origin of the landmark IEV is approached where the outer
edge of the internal inguinal ring has been depressed by folding of the pre-peritoneal
fascia. Dissection from this point toward the flank reduces the risk of damage to the
peritoneum and facilitates dissection of the deep layer of pre-peritoneal fascia with-
out any confusion about which portions of the inguinal structure to dissect.

31.5.4 Parietalization (Fig. 31.7)

The spermatic cord is dissected from the outside inward and carefully parietalized,
preserving the spermatic sheath (the deep layer of the pre-peritoneal fascia on the
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Inf. epigastric vein

Fig. 31.7 Parietalization: The spermatic cord is dissected from the outside inward and carefully
parietalized, preserving the spermatic sheath

posterior wall side of the spermatic cord) as much as possible, and thorough
dissection is continued up to the peritoneal reflection. If the sac has been torn, we
use an Endloop™ (Covidien) to close the peritoneal margin with a double liga-
ture. At this point, grasping forceps can be used to grasp the peritoneal margin, and
the forceps axis can be rotated to twist and occlude the peritoneum.

31.5.5 Mesh Insertion

A mesh is inserted using the mesh delivery system described above.

31.5.6 Mesh Fixation (Fig. 31.8)

For an external inguinal hernia, AbsorbaTack™ (Covidien) is generally used to
anchor the mesh at three points: at the pubic bone, on the lower abdominal midline,
and lateral to the inferior epigastric vessels. For an internal inguinal hernia, an addi-
tional tack is usually applied between the pubic bone and the lower abdominal mid-
line, for a total of four anchor points.

31.5.7 Closure

After closing the anterior sheath of the rectus abdominis, surgery is concluded by
closing the subumbilical incision with subcuticular suture (Fig. 31.9).



378 G. Kaneda and M. Kitamura

Fig. 31.8 Mesh insertion and
fixation

Fig. 31.9 Postoperative view
of abdomen with 2 cm single
incision

31.6 Conclusion

From August 2009 through October 2010, we performed Single-TEP in 52 patients
diagnosed with inguinal hernia. The group consisted of 43 men and 9 women,
including 4 with bilateral hernia and 3 with recurrence. Intraoperative diagnoses,
under the categories defined by the Japanese Hernia Society (http://www.med.
teikyo-u.ac.jp/~surgery2/hernia/page4/page4.html), were as follows: type 1 (exter-
nal inguinal hernia) in 28 cases, type 2 (internal inguinal hernia) in 13 cases, type 3
(femoral hernia) in 2 cases, type 4 (complex hernia), in ten cases, and type 5 (unclas-
sified) in two cases (including recurrence). All hernias were operable, regardless the
type. The multi-trocar approach was used in seven cases and the multi-channel port
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approach in 45 cases. Mean operation time was 81.7+27.1 min (50-153 min).
In two instances in which the multi-trocar approach is attempted, trocar insertion
into the pre-peritoneal space was unsuccessful; the procedure is converted to 2-port
laparoscopy. For Single-TEP, trocar insertion into the pre-peritoneal space must be
confirmed and pneumoperitoneum is required. As a result, a multi-channel SILS™
port (Covidien) is currently the standard practice.

We have described here our use of Single-TEP surgical techniques. For surgeons
who are knowledgeable in inguinal anatomy and well versed in laparoscopic surgi-
cal techniques, this procedure can be implemented safely and can be as effective as
conventional TEP.

31.7 Recommendation from the Authors

Single-TEP can be used safely if the surgeon is sufficiently knowledgeable of ingui-
nal anatomy and proficient in laparoscopic surgical techniques. Urgent need exists
for review of the indications and advantages of single-port laparoscopy and for the
preparation of additional educational methods to adapt surgical techniques so that
this procedure will be both safe and reliable. At present, this technique must be
learned under the direction of an experienced surgeon. Further advances in educa-
tional techniques will make this procedure safer and more widely accessible [3-5].
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Chapter 32
Inguinal Hernia Repair: TAPP

Salvador Morales-Conde, Isaias Alarcén, and Maria Socas

Abstract Inguinal hernias are very common, with a lifetime risk of 27 % for men
and 3 % for women. Hernia repair is one of the most common procedures performed
worldwide. Currently, laparoscopic inguinal hernia repair is not only widely
accepted, but in many cases, especially with recurrent hernia or bilateral inguinal
hernia, this approach has become a method of choice.

The existing trend to minimize the invasiveness of surgical procedures, com-
bined with an attempt to achieve the best therapeutic effects and cosmesis, resulted
in single-incision laparoscopic surgery (SLS). It now represents the next step in the
advancement of mini-invasive surgery, as it is an innovation, which allows reduced
intraoperative trauma and provides superior cosmetic results.

Keywords Inguinal hernia * Single-port laparoscopy * TAPP

32.1 Introduction

Since the laparoscopic approach to inguinal hernia repair was described in the early
1990s, this technique has spread widely and experienced substantial changes.
Currently, laparoscopic inguinal hernia procedures are performed either through a
transabdominal approach (trans-abdominal preperitoneal: TAPP) or a totally extra-
peritoneal endoscopic approach (TEP). The most common indications are recurrent
hernia, bilateral hernia and, as a patient choice, in unilateral primary hernia. There
are two main reasons why laparoscopic inguinal hernia repair has become popular
worldwide. First, laparoscopy has allowed placement of a large piece of mesh
behind the defect where, according to Laplace’s Law, the same forces that cause the
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hernia are used to reinforce the repair. Second, the associated benefits of minimally
invasive surgery, such as less postoperative pain, a shorter recovery period, early
return to daily activities and work, and better cosmetic results.

Recently, SLS has become a natural step toward to an even less minimally inva-
sive surgery. The potential benefits are associated with less trocar incisions,
improved patient recovery and the avoidance of injuries related to the sharp intro-
ducers used for traditional 3-ports laparoscopic inguinal hernia repair. The single-
port (SP) introduced via a single incision allows the deployment of 3-ports with
blunt introducers, hence negating the risks of potential catastrophic bowel or vascu-
lar punctures. The first case report by Filipovic-Cugura et al. in 2009 paved the way
for its application in this laparoscopic surgical procedure [1]. However, SLS has its
unique challenges, mainly the relative loss of [2—4], which must be overcome before
it can be popularized.

32.2 Indications and Contraindications

SP devices are designed to be placed through an incision of 1.8-2.5 cm. Within our
working group, the indications for SLS are those procedures requiring an incision
for removal of a specimen, such us colonic surgery, spleen, adrenal glands, etc., or
for the introduction of a material, such us meshes during ventral hernia repair, gas-
tric banding, or those which require an incision for the introduction of the balloon
used for dissecting the preperitoneal spaces during a TEP.

Moreover, in those functional procedures, such as antireflux surgery, in those in
which the specimen to be removed is small, such us appendectomies, or in those in
which the material to be introduced in the abdominal cavity enters through a 5-mm
trocar, mini-laparoscopy is a major indication.

For the reasons previously mentioned, TAPP could be considered an indication
for mini-laparoscopy in cases where a light-weight mesh is to be used, since these
meshes could be introduced through a 5-mm trocar. But, on the other hand, heavy-
weight meshes need a 10-mm trocar to be introduced into the abdominal cavity,
making the SP approach an alternative to conventional multiport surgery.

Regardless of the aspects previously discussed, the SP approach would be a clear
indication for inguinal hernia repair using the principles of TAPP in cases of con-
comitant surgery, such as during a laparoscopic cholecystectomy together with an
inguinal hernia repair, or in patients who are diagnosed with both an umbilical and
an inguinal hernia, since the SP devices would be placed into the defect of the
umbilical hernia, which would be repaired at the end of procedure, once the inguinal
hernia has been repaired.

On the other hand, the use of SLS in females is a very good indication, since they
usually present small hernias involving an easier dissection of the peritoneal flap
and less maneuvers to reduce the hernia sac. In these patients, the cosmetic results
are excellent with a high degree of satisfaction.
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Finally, there are no real contraindications for this type of approach, being the
same as those that may exist for conventional laparoscopic approach. However, the
difficult cases for conventional laparoscopic surgery, including large hernias and
particularly the inguino-scrotal ones, are not the best cases for this new type of SP
approach, since the capacity for traction of tissue in reducing the hernia sac is
diminished by the existing instruments, becoming a very complex surgery. A con-
ventional laparoscopic approach is advisable for these cases.

32.3 Technique

A 1.5-2.5 cm transverse trans-umbilical skin incision is made at the center aspect of
the umbilicus. The SP device is then placed through the incision (Fig. 32.1) and the
abdomen is insufflated up to 14 mmHg of pressure. We have used two type of SP
devices, the SILS™ port (Covidien, New Haven, CT, USA), with two orifices of
5-mm and one of 12-mm, and the Tri-port plus® (Olympus, Tokyo, Japan). The
SILS™ port (Covidien) is placed using a pair of Kocher clamp (Figs. 32.1 and 32.2)
at the inferior edge with the gas insufflator hose being distal, with the surgeon’s left
hand retracting the rectus upward. The TriPort plus® (Olympus) is placed using its
applicator device. The elastic properties of the SP devices and its ports with valve
prevent loss of pneumoperitoneum. A 5-mm 30° scope (Olympus) is used for the
surgery (Fig. 32.3a, b).

At this stage, we place the patient 10—15° head down. The principles of TAPP
repairs are the same and must be followed to avoid injuries to bladder, vessels,
nerves, and vas deferens. The maneuvers to identify the anatomical structures of the
area and to dissect of the hernia sac are performed with a flexible grasper (Roticulator
Endodissect/grasp (Covidien)) in the left hand, through one of the 5-mm orifice,
using the other 5-mm orifice to introduce different conventional straight

Fig. 32.1 The single trocar device (SILS™ port (Covidien)) is introduced in place
p
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Fig. 32.2 The SILS™ port (Covidien) is used with three 5-mm working channels: one for a roticu-
lator grasper in the left hand of the surgeon, one for the 5-mm optic and the last one to introduce
different standard laparoscopic straight instruments, such as the endoscopic graspers, and the
endoscopic scissors and dissectors with electrocautery. The abdominal cavity is insufflated up to
14 mmHg of pressure through the port device

Fig. 32.3 (a, b) 5-mm 30° scope with the angle for the light source

instruments, such as the endoscopic graspers, scissors and dissector with electro-
cautery. We consider that this combination of instruments avoids surgery with sur-
geon’s hands crossed, thus decreasing the consequent learning curve of this
procedure. The dissection proceeds then just the same as for conventional endo-
scopic TAPP repair: a flap of the peritoneum is created with the endoscopic scissor
2-cm above the superior edge of the hernia (Figs. 32.4 and 32.5), the symphysis
pubis is identified and dissected free of areolar tissues and the bladder, the inferior
epigastric vessels are then identified, and the lateral space is then dissected and
continued medially until the cord structures are identified. An indirect sac and its
accompanying lipoma of the cord are reduced with sufficient proximal dissection of
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Fig. 32.4 The roticulater
grasper grasps the perito-
neum 2-cm above the
superior edge of the hernia

Fig. 32.5 A flap of the
peritoneum is created with
the endoscopic scissors with
electrocautery

the peritoneal reflection to allow the inferior edge of the mesh to lie well clear of it.
This dissection then continues medially and any direct sac is reduced.

Once the sac is reduced, one of the 5-mm ports is replaced for a 12-mm port in the
device in order to introduce the mesh, replacing the 5-mm port to continue the surgery.
An anatomical pre-shaped mesh (3DMax Mesh®, Bard Davol Inc., Warwick RI,
USA) is introduced through the 10-12 mm orifice of the SP devices and placed
covering all the weak areas of the inguinal region (Fig. 32.6a, b). The mesh is cor-
rectly expanded. Although the mesh could be left in place without any fixation,
fibrin glue (Tissucol®, Baxter, Vienna, Austria) is used in most of the cases, avoid-
ing mechanical fixation in order to decrease postoperative pain. The peritoneal flap
is closed, avoiding the mesh being exposed to the bowel (Fig. 32.7), using a
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Fig. 32.6 (a, b). The mesh is expanded. A three-dimensional, anatomically curved mesh is used
since this prosthesis facilitates its placement

Fig. 32.7 The flap of the peritoneum is closed, avoiding the mesh being exposed to the bowel

conventional running suture, tacks or new closure devices, such us V-loc® (Covidien).
This last new device is a revolutionary technology that eliminates the need to tie
knots, so the incision can be closed up to 50 % faster without compromising strength
and security. Finally, the fascia is closed with interrupted sutures and the skin is also
closed.

32.4 Tips and Tricks

Minimally invasive surgery aims to provide an effective treatment of surgical
diseases while decreasing access related morbidity. Theoretically, the advantages of
SLS include that the procedure can be performed through the same incision where
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the specimen is removed. Abdominal wall surgery does not require the removal of a
specimen, but includes the need to insert a prosthetic material into the abdominal
cavity, or into the preperitoneal space, making this approach as a possible indication
for SLS.

SP access surgery is the result of the continuous search for increasingly less inva-
sive approaches, which enables the introduction of several instruments. Nevertheless,
previous literature evidence reports conflict among instruments when operating in
such a confined space making it appear to be a highly-complex technique
New specialized instruments, either bent or articulated, have been developed.
Flexible graspers (Roticulator Endodissect/grasp (Covidien)) prove to be useful in
dissection and traction maneuvers during this approach in order to decrease clash-
ing of the instruments and eliminating the need for surgeons to perform the surgery
with the two hands crossed. We believe that our procedure, with one roticulator
instrument on the left hand, that allows the exposition of the operative field, and the
use of conventional straight laparoscopic instruments on the right one, helps to
decrease the learning curve. But, since the space of the inguinal area is very small
some authors prefer to use two straight conventional laparoscopic instruments [5],
of different length in order to decrease clashing, than the roticulator or pre-bent
instruments.

Another aspect to be considered is the type of scope to be used. Because all three
instruments are in the same port, severe and disheartening clashing of these will
occur, especially if a normal 10-mm scope is used. For this reason, a 5-mm scope is
highly recommended.

Mesh placement could be particularly challenging and time-consuming during
conventional TAPP, being considered one of the most difficult steps of this proce-
dure, especially when being performed by SLS. For this reason, it is also recom-
mended to use a pre-shaped mesh in order to facilitate the maneuverability, which
will reduce surgical time and decrease the learning curve. The use of a 5-mm optic
will also facilitate this step of the surgery since the prosthetic material can be intro-
duced under direct vision through the 10-12 mm orifice of the SP device.

Finally, closing the peritoneal flap is another challenge of this procedure.
Different authors have suggested performing this maneuvers using [6], although
pain could increase. A reasonable alternative is the use of the new running suture
known as V-loc® (Covidien), that eliminates the need to tie knots, so incisions can
be closed up faster without compromising strength and security.

32.5 Recommendations from the Authors

Minimally invasive surgery aims to provide effective treatment of surgical diseases
while decreasing access related morbidity. SLS is the result of the continuous search
for increasingly less invasive approaches, although it appears to be a highly com-
plex technique. New specialized instruments, either bent or articulated, are being
developed and will facilitate the surgery. Indications for laparoscopic TAPP
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inguinal hernia repair need to be established, being important to be avoided in large
scrotal hernias for this type of approach. The best indications are in cases of con-
comitant surgery (such us cholecystectomy and inguinal hernia or umbilical and
inguinal hernias), small direct hernias, and for females.

Further studies are needed to determine if TAPP inguinal hernia repair is an
indication for the SLS approach for mini-laparoscopy, since this surgery could be
performed with one 3-mm [7] or two 5-mm trocars [8], since new low-weight poly-
propylene mesh can be introduced through a 5-mm trocar. The main difference with
SP TEP repair is that during this preperitoneal repair a 2-cm incision is still needed
to introduce the balloon dissector and could be replaced by the SP device, while this
incision is not needed during the laparoscopic TAPP repair.

In the authors’ opinion, in experienced hands, SLS can be extended safely to
laparoscopic TAPP repair of inguinal hernias. Although, we have to take into con-
sideration, the inherent learning curve of SLS as a technically demanding [9, 10].
Prospective randomized studies comparing SLS and conventional multiport laparo-
scopic TAPP are needed to evaluate the advantages of SLS beyond cosmetics.
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Chapter 33
Adjustable Gastric Banding for Obesity

Rami E. Lutfi

Abstract Bariatric surgery has been leading the field of reduced port laparoscopic
surgery. Adjustable gastric banding (AGB) is ideal for this technology due to its
simplicity and attraction to the younger and lighter bariatric patients; who are most
interested in cosmesis and having no visible scars.

The ergonomic challenge caused by having different instruments come through
a single incision (umbilicus) could be overcome by using specialized articulating,
flexible, or curved instruments and laparoscopes. These modifications allow for
maintaining the triangulation principle, and preserving the working space needed
for instruments to move with ease allowing safe and efficient completion of
advanced laparoscopic tasks.

We present our technique using curved instruments and flexible tip laparoscope
for AGB placement through a single umbilical incision. A step by step description
of the operation is provided along with intra-operative images.

Reduced port placement of AGB is as safe and as effective as traditional laparos-
copy with possible decrease in postop pain and definite superior cosmetic results. It
should be offered to appropriate patients as an alternative to traditional multi port
laparoscopy. This could drive obese patients who are hesitant due to fear of abdomi-
nal scars and pain, to come forward and seek a surgical solution to their obesity.

Keywords Flexible tip * Lapband ¢ Reduced port laparoscopic surgery * Single-
incision laparoscopic surgery (SLS)

R.E. Lutfi (<)

Clinical Assistant Professor of Surgery, University of lllinois at Chicago,
2913 North Commonwealth Avenue Suite 400, Chicago, IL 60657, USA
e-mail: rami.lutfi@gmail.com

T. Mori and G. Dapri (eds.), Reduced Port Laparoscopic Surgery, 389
DOI 10.1007/978-4-431-54601-6_33, © Springer Japan 2014


mailto:rami.lutfi@gmail.com

390 R.E. Lutfi
33.1 Introduction

The evolution of gastric banding surgery lends itself to continuously minimizing the
invasiveness of the operation ending in scarless placement of the band.

The first band was an adjustable silicone band developed by Dr. Szinicz and
Schnapka [1] and placed around the top of a rabbit stomach in 1982. In 1986,
Dr. Kusmak of New Jersey placed the first adjustable silicone gastric band (ASGB)
in human using laparotomy [2]. The need for laparotomy to place the band, pre-
vented wide acceptance of this operation despite the many advantages of adjust-
ability and restriction it provided.

Laparoscopic placement of gastric band was not possible until the BioEnterics
Lap-Band (Inamed Health, Santa Barbara, CA, USA) was developed and offered
the laparoscopic adjustable gastric band (LAGB). The Lap-Band system was first
placed in September 1993 by Dr. Belachew in Belgium [3].

The laparoscopic application made this operation simple and safe. Therefore, it
quickly became one of the most popular bariatric operations worldwide, and cur-
rently, many chose this operation for the ability to have it done without any visible
scar using reduced port laparoscopic surgery (RPLS) technique.

Placing the LAGB went through many technical modifications before it was opti-
mized and standardized. The initial technique known, as the perigastric technique,
was associated with a high slippage rate. Thus it was later modified to the pars flac-
cida technique [4], in which, the band is placed at a higher position, away from the
body of the stomach higher position and without opening the lesser sac or clearing
the lesser curve. This technique made band placement simple, safe, reproducible,
easily teachable, and more importantly decreased the slippage rate.

While pars flaccida technique is fairly standard, the instruments used and the
trocar placement varied amongst surgeons based on preference without any data to
support one method or another.

In general, a camera port, liver retractor, and 3 or 4 “working” trocars are used
with at least one large 15-mm trocar to pass the band. The total number of incisions
comes to 5-6, which equals the number of incisions needed to perform the more
complex bariatric operations such as the gastric bypass or sleeve gastrectomy (that
do not even require a large 15-mm trocar).

For that reason, we believe that this simple operation should be able to be com-
pleted in simpler manner using fewer instruments through fewer incisions.

The need for that shift in technique towards scarless band placement comes from
the market shift for banding towards the less obese and adolescents. Two groups that
would care most about cosmetic results compared to the rest of bariatric population.

For the less obese with body mass index (BMI) 30-34 kg/m?, the FDA in 2011
approved band placement. As for the morbidly obese adolescents who may not
come forward due to fear of scarring and permanent anatomical changes, banding is
considered the procedure of choice due to its reversibility. Fielding et al. [5] showed
excellent durable results in a group of 41 adolescents who had no operative or
60-day morbidity or mortality, with estimated excess weight loss of 70 %, which
was maintained at 5 years follow up. This led to the FDA-approved trial in the US,
which showed promising early results but has not been completed [6].
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Since early reports of single site LAGB [7, 8], many showed the safety and
equivalency of this technique to traditional placement of the band, and some showed
decreased postoperative pain and faster recovery [9]. While there is general consen-
sus on the increased technical challenge of this operation, our group and others
showed that the learning curve is in fact relatively short [10, 11].

Below, we describe our technique for RPLS LapBand placement. This technique
could be applied to different band brands with minor technical changes depending
on their specific design.

33.2 Patient Selection

Once patients hear about the “scarless” option, most will desire to have it and some
will demand it! Exclusion criteria depend on surgeon preference and experience.

As our experience evolved and improved, we now feel comfortable doing this
operation on patients weighing up to 300 pounds or with BMI up to 50 kg/m?. In the
super obese population, we feel the advantage of reduced port surgery does not
justify the significant increase in technical challenge posed by the massive visceral
fat and liver size. We also prefer avoiding this technique once patient’s height go
over 5'8” and that’s strictly related to available instruments and reach from the point
of entry being the umbilicus. Outside these general guidelines, surgeons may alter
their decision based on general body habitus (central obesity, apple versus pear
shape obesity), gender (male tend to have more central obesity and higher riding
diaphragm adding more technical challenge), and race (tendency towards increased
visceral fat in Caucasians).

The same contraindications to conventional placement of LAGB apply to this
operation. While laparoscopic cholecystectomy should not add significant challenge,
any other operation through the midline (involving the umbilicus) or upper abdomi-
nal scars (open cholecystectomy) should be considered a contraindication to RPLS.

Realistic goals should be set. This operation after all is offered mainly for the
cosmetic advantage. Patients with existing scars, elderly and super obese are not
best candidate for it.

33.3 Technique

33.3.1 Patient Positioning

The surgeon stands either between the legs or on the patient’s right side.

Standing between the legs has the advantage of having a direct line between the
surgeon, the instruments entry point (umbilicus) and the target (hiatus). This
decreases the ergonomic challenge and thus hands fatigue. However, to stand
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between the legs, patient has to be on a “split leg” table (expensive and not readily
available), or patient would have to be placed in lithotomy position (adds significant
time to protect pressure points in the morbidly obese, and limits the ability for safe
steep reverse Trendelenburg position).

For these reasons, we prefer to stand on patient right side, and the assistant stands
on the left side holding the camera and the liver retractor (if used).

We place a foot-board in all bariatric operations and place the patient in a moder-
ate reverse Trendelenburg position about 30°. We secure the legs at the ankle level
and thighs with wide tape and Velcro strap. The monitors are placed cephalad over
the shoulders.

33.3.2 Port Placement

Despite some reports about decreased postoperative pain, it is agreed upon that the
main advantage of RPLS remains a cosmetic one. To achieve the cosmetic advan-
tage, the port should always be placed through the umbilicus to hide the scar.

In super obese patients the pannus becomes significantly larger and the umbili-
cus starts shifting down getting further away from the xiphoid and the hiatus. This
poses significant increase in technical challenge. To avoid the struggle, some sur-
geons would then make the incision superior to the umbilicus. We believe that if a
large scar has to be made in mid abdomen to place the RPLS port, it wound defeats
the purpose and traditional laparoscopy would be the better option.

We start by everting the umbilicus with sharp towel clips and bring up its center.
This is sometimes challenging in larger patients, but in most, can be done. I prefer
to clean it again with betadine as the initial prep may not reach down deep.

The incision is 2.5 cm made longitudinally just lateral (towards patient right) to
the stalk. It is important to leave the stalk naturally attached, for best cosmetic rea-
son (Fig. 33.1). We incise the fascia at the midline for about 2.5 cm.

Access remains controversial. Some surgeons place many trocars through differ-
ent fascial incisions (while using a single skin incision). We believe the incident of
umbilical hernia may be increased by making adjacent holes leaving thin strips of
intact fascia in between (personal opinion without any supporting data). In addition,
ergonomic challenge may increase with many trocars clashing in a small space (a
problem that could be decreased by using low profile trocars). We prefer using a
single multi-channel port through a single fascial opening. Many commercial prod-
ucts are available and discussed in different chapter; each has its advantages and
disadvantages. We personally use the TriPort® (Olympus, Tokyo, Japan), which has
three openings (one 12-mm, two 5-mm, and two small opening for insufflation and
deflation of gas). Orientation of the port should be thought of carefully since improper
orientation leads to instrument clashing and increased ergonomic difficulties.

Figure 33.2 shows the Triport® (Olympus) with the proper orientation with the
camera placed through the inferior port. We keep the 12-mm port to the surgeon’s
right hand and would use it to pass needles or larger suturing devices (if desired by
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Fig. 33.1 Longitudinal
incision through the
umbilicus after lifting its
center with towel clips

Fig. 33.2 TriPort (Olympus)
in the proper orientation.
Inferior 5-mm port is used for
the flexible tip laparoscope,
superior 12-mm port is used
for grasper or passing a
needle or 100 mm suturing
device, the superior 5-mm
port is for electrocautery or a
grasper

the surgeon), while the other 5-mm is kept superiorly and to the patient right side
and is used by the surgeon left hand for retraction and electrocautery (to clear the
left crus and later make an opening over the right crus for tunneling).

33.3.3 Band Placement

It is important to remember to place the band prior to tunneling as the working port
in the only access to the peritoneal cavity. We typically start the operation by lifting
the liver and inspect the perigastric fat, we then decide size of the band. Two sizes
are current available: AP standard and AP large; if in doubt, we place the larger size.
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Once the band is chosen and prepared, we place it in the peritoneal cavity and try
to leave it in the upper abdomen so it is easier to get later after placing the patient in
reverse Trendelenburg.

33.3.4 Liver Retraction

This is probably the most controversial step. Some surgeons are able to perform this
operation without a liver retractor. This helps decreasing the number of instruments
passed through the umbilicus, or avoid making another incision (depending on type
of retraction).

The majority of surgeons believe that proper retraction of the liver and excellent
exposure of the hiatus is essential for proper placement of the band. We tend to fol-
low this principle and feel strongly that this operation should not be done unless it
is performed at the same standard as traditional laparoscopy.

The liver must be retracted well and the hiatus should be well exposed to rule out
a hiatal hernia as missing one leads to adverse outcome.

Liver retraction could be achieved in three different ways:

— Second epigastric incision and placement of a retractor (formal liver retractor or
smaller instrument through a smaller incision). The advantage is avoiding an
added instrument in the umbilical port (sparing the use of one channel and
decreasing instrument jam). The disadvantage is leaving additional scar.

— Retraction instrument placed through the umbilical port. This would avoid the
added epigastric scar and make the operation truly “scarless”, but would occupy
one of the channels and further limit the actual working space (increase ergo-
nomic challenge).

— Intra-corporeal methods. Using a virtual retractor to suspend the left lobe of the
liver either by using hooks to the peritoneum or by placing sutures between the
abdominal wall and the hiatus or crus to suspend the lateral left lobe. This method
avoids the need for additional incision or additional instrument for retraction.
However, placing these devices or sutures is often time consuming, has a signifi-
cant learning curve, and often does not provide optimal exposure.

We went through many of these methods and always believed that the liver must
be well retracted. Eventually, we decided to retract the liver using a small caliber
trans-cutaneous instrument and we use the 2.3-mm wide MiniLap® Alligator
(Stryker, Kalamazoo, MI, USA) with a sharp tip that can go through a stab without
the need for a formal incision (Fig. 33.3). This provides a quick retraction and
excellent hiatal exposure to see any subtle hiatal hernia (Fig. 33.4) without leaving
a visible scar.
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Fig. 33.3 2.3-mm rigid
instrument to retract the liver.
Shown is the sharp tip that
allows passing it through a
tiny stab at the skin to avoid
visible scar

Fig. 33.4 Excellent exposure
is paramount to detect small
hiatal hernia and perform the
operation well

33.3.5 Instruments

The rate-limiting step in evolution of single-site laparoscopic surgery (SSLS)
remains the visualization and instrumentation. Adoption of RPLS has gone through
two phases. The initial one was rapid adoption that came quick but also faded quick.
The second phase was a slower, more careful adoption and this is where we are now.
Surgeons initially jumped quickly on the idea of performing “scarless surgery” and
many got into it without proper planning and without any modification in instruments
or technique. These surgeons simply moved all their conventional “straight, rigid”
instruments and scopes to have them all come through a small incision in the umbili-
cus. This led to the “Sword Fighting” phenomena, where parallel instruments clash in
a very limited space that makes it impossible for them to manipulate or dissect tissues.
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Fig. 33.5 Using a flexible
tip laparoscope and curved
instruments moves the
triangulation to inside the
abdomen and avoid
instruments clash

These instruments also clashed against the laparoscope adding significant visual
impairment. This caused surgeon frustration and jeopardized the safety of the opera-
tions causing most to abandon RPLS. The few who continued to have interest were
those true innovators who felt the need for using different instruments while keeping
the principles of traditional laparoscopy. Triangulation remains essential for exposure
and good dissection and should be maintained. It just had to be moved from the abdom-
inal wall to the peritoneal cavity. This necessitates the shift from using straight rigid
instruments to reticulating, bent, or curved ones. For better visualization, a flexible tip
laparoscope is highly preferred. This would allow instruments to come into the abdo-
men through a small opening (umbilicus), spread apart in the abdominal cavity, and
then come back together towards the target to perform dissection.

Many available commercial products provide this concept. These are discussed
elsewhere. Reticulating instruments are common, but often force surgeons to cross
their hands adding additional ergonomic challenge.

We prefer to use curved instruments. These are rigid instruments with two curves:
One extracorporial at the side of the handle (to separate surgeon’s hands and give
them space to work), and the other intracorporial towards the tip (to allow space for
the tips to be moved freely for tissues manipulation and dissection). The main
advantage over reticulating instruments is preserving the orientation and avoiding
the need for surgeons to cross their hands.

In the same logic of triangulation and preserving wide working space, we
strongly feel the need for a flexible tip laparoscope. This allows the shaft of the
scope to be directed away from the target (giving the surgeon space to work), while
the flexible tip (the actual lens) is re-directed towards the target providing a steady
and excellent focus on the area of interest without competing for working space
(Figs. 33.5 and 33.6).

Figures 33.7 and 33.8 show the assistant holding the laparoscope against the
right thigh leaving working space for surgeon’s hands. This allows the operating
surgeon to move his hands comfortably and without ergonomic challenge.
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Fig. 33.6 Moving the
“triangulation” from the
abdominal wall to the
peritoneal cavity. Notice the
scope shaft being away from
the target, while its flexible
tip is redirected to look down
on the target. The curve of
the instruments allows
freedom of movement and
avoids “Sword Fighting”

Fig. 33.7 Laparoscope is
held against the right thigh
by the assistant, who also
holds the liver retractor
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Fig. 33.8 Assistant’s hand and scope are away from surgeon’s hands. The curved handles separate
the two operating hands giving freedom of movement and decreasing the ergonomic challenge

Fig. 33.9 Preserving working space while placing four instruments through a small incision (for
sleeve gastrectomy in this case). The flexible tip of the camera and the curve of the instruments
allow that separation

Figure 33.9 illustrates the ergonomics in a more complex sleeve gastrectomy
case. It shows the surgeon standing on the right side while the assistant on the left
side holding the camera (below and away from surgeon’s hands) and the small liver
retractor. The laparoscope comes from below the instruments, and ends up (in the
peritoneal cavity) above them with the tip articulated down to look at the operative
field (as shown in the previous figure). Notice the surgeon’s hands are separated
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Fig. 33.10 Right handed
grasper is used to grab and
retract the fundus to allow the
left hand to clear the left crus

Fig. 33.11 Left crus is well
exposed by retracting the
fundus, and easily cleared
using a hook. Notice the
comfort of moving in the
space as the tips are coming
from different directions
while the instruments enter
the abdomen through a small
single small incision
(triangulation concept is
preserved and moved
intracorporeally)

with comfortable distance from each other’s and from the laparoscope. Shown is a
different port with four channels where a suction device can be added.

Below are the steps of the operation performed using the above described prin-
ciples and instruments:

— Clearing the Left Crus
Using a right handed gasper and left handed hook cautery, the fundus is pulled
straight caudally and the peritoneum over the left crus is divided (Figs. 33.10,
33.11, and 33.12).

— Hiatal Hernia Repair (if present)
As we discussed earlier, optimal hiatal exposure is critical, and repair hiatal her-
nia is essential for optimal results. We incise the sac with my cautery then bluntly
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Fig. 33.12 Clearance of the
left crus. The curve makes the
instrument seem to be coming
from the patient right side as
in traditional laparoscopy,
while in fact it is coming
through the midline
(umbilicus)

Fig. 33.13 Dividing the
peritoneal attachments to the
left crus in preparation to
incise the hernia sac

R.E. Lutfi

dissect the hiatus using our right handed grasper until we enter the hiatal space.
This is an avascular plane and should be simple to penetrate once the sac is
incised (Figs. 33.13, 33.14, 33.15, and 33.16).

We close these small hernias anteriorly to avoid posterior dissection (in order
to maintain the principles of the pars flaccida technique) (Fig. 33.17).

We tend not to place bands in patients with large hiatal hernias requiring pos-
terior repair with mesh.
Tunneling
Without instrument exchange, we apply lateral traction to the lesser curvature
using the right hand grasper to place the avascular gastrohepatic ligament under
tension. We then divide it with the left hand hook cautery (the liver provides the
contralateral traction) (Fig. 33.18).
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Fig. 33.14 Blunt dissection
leads into the hiatal space
after the hernia sac is incised

Fig. 33.15 Incising the rest
of the hernia sac

Fig. 33.16 Clearing the
medial aspect of the crus in
preparation to suture and
close the hiatal defect
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Fig. 33.17 Anterior repair
of the hiatal hernia

Fig. 33.18 Incising the
gastro-hepatic ligament

Optimal exposure of the right crus is critical for safety before tunneling is
attempted. If good exposure is impossible, trocars should be added at this point for
proper retraction and exposure, and the procedure should be converted to tradi-
tional laparoscopy. The flexible tip of the laparoscope is advantageous in providing
exposure especially in cases of enlarged fatty or floppy liver (Fig. 33.19).

We use the right-handed grasper to elevate the fat over the right crus. This
gives an excellent visualization in preparation to performing the tunnel
(Fig. 33.20). Using the hook, a small (few millimeters) cut is made just below the
middle of the right crus (Fig. 33.21). At this point, we make the first instrument
exchange and we take a left-handed blunt tip grasper instead of the hook (which
we will not use anymore). We use this instrument to make the tunnel by carefully
advancing its tip towards the previously dissected angle of His. The curve makes



Fig. 33.20 Lateral retraction of the fat over the right crus presents the crus in preparation for the
tunnel

Fig. 33.21 Limited opening of the peritoneum in preparation of the tunnel. Notice the ergonomic
ease despite the instruments coming in together through the umbilicus
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Fig. 33.22 Starting the
tunnel

Fig. 33.23 Tunneling.
Notice how the curve helps
directing the instrument in
the correct direction towards
the Angle of His

this a natural advancement. It is important not to push hard and to be able to see
the tip through transparent tissues before pushing it through (in order to avoid
posterior gastric wall injury) (Figs. 33.22, 33.23, and 33.24).

This step is where we see the curved instruments being most advantageous.
The direction of the curve allows for an easy and natural tunneling directed to the
angle of His despite the instrument entering through the umbilicus (Fig. 33.25).

— Placing the Band
At this point, the tail of the band (already placed in the abdomen) is handed to the
left handed grasper and pulled through the tunnel and the band is locked in place
(Fig. 33.20).

At this stage, we find it easier to pull and leave the tubing end out to help with
locking the band, and with later retraction for suturing (as long as the port used
will not leak significant gas while the tubing is out) (Fig. 33.27).
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Fig. 33.24 Tunnel
completed

Fig. 33.25 Notice how the
curve allows an instrument
coming from the midline to
easily create a right to left
tunnel

Fig. 33.26 Locking the
band. The curves allow for
easy movement of the
graspers and thus, easy
handling and locking

of the band
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Fig. 33.27 Pulling on the
tubing provides good
retraction for easier locking
the band and suturing the
stomach

To fix the band in place, a running or interrupted non-absorbable suture is
used to perform anterior gastro-gastric plication over the anterior body of the
band. We personally use a running Ethibond® suture (Ethicon) with 3 bites on
each side and tie it to itself. This makes it faster and helps avoiding time
consuming excessive instruments exchange.

We typically perform suturing using a regular laparoscopic needle holder
assisted by a curved instrument (Figs. 33.28, 33.29, 33.30, and 33.31), although
other suturing devices can be used to make this task an easier (although more
expensive) one (Fig. 33.32).

As in traditional laparoscopy, we believe that adding an inferior stitch may
play arole in decreasing the incidence of slippage and we always do it (Fig. 33.33).

— Placing the Port
After completion of band placement, the gas is emptied and the port is removed
and the tubing is brought out.

Placing the band port differs among surgeon. We strongly warn against leav-
ing the port implanted in the umbilicus as this is too painful for adjustment and
carries high risk of infection. We also like to avoid passing the tubing through the
umbilical fascia as this would prevent proper closure of the umbilical defect, and
will cause problem should patients undergo future laparoscopy when unfamiliar
surgeons go through the umbilicus and encounter the tube.
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Fig. 33.28 Suturing using a
needle holder and grasper

Fig. 33.29 Gastro-gastric
placation

Fig. 33.30 Notice the ability
to perform advanced tasks
like suturing despite having
both instruments coming
together through a small
incision
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Fig. 33.31 Running suture
line is used to perform the
plication and fix the band in
place

Fig. 33.32 Using suturing
devices, adds cost but can
facilitate suturing in single
site surgery

Fig. 33.33 Inferior
“anti-slip” stitch
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Fig. 33.34 Blunt finger
dissection through the
umbilical incision is used
to create a pocket in the left
upper abdominal wall
(same location as in
traditional multi-port
laparoscopy)

In our practice the port is placed in the same upper left location whether the
operation is done using traditional laparoscopy or SLS. This makes the adjust-
ment for our ancillary staff easier as they always know where the port would be.

A pocket is made with blunt finger dissection through the umbilical incision
towards the left upper quadrant. The tubing tip is then passed using a right angle
through the left rectus muscle 4 cm above and to the left of the umbilicus (after
feeling for and ensuring the absence of any adherent bowel in that area)
(Figs. 33.34 and 33.35).

It is our practice in traditional LAGB placement to suture the port to a poly-
propylene mesh to make it adherent to the fascia instead of suturing the actual
port directly to the fascia. The technique came handy when we switched to SLS
as the port is placed deep in the left upper abdominal wall pocket through the tiny
umbilical incision making it impossible to suture (Fig. 33.36).

— Closure
We close the fascia with three figure-of-eight absorbable sutures.

Leaving the stalk of the umbilicus intact at the beginning of the procedure
helps bringing the skin edges together easily for closure and provide better cos-
metic results (Fig. 33.37). This also allows for the final closure to be done using
simple interrupted subcuticular stitches leaving a non-visible deep scar
(Figs. 33.38 and 33.39).

Due to the deep incision and likely drainage, we pack the umbilicus with cot-
ton balls after painting the area with antibiotic ointment and cover with occlusive
dressings. We then aspirate the air to provide a strong seal with negative pressure
(Fig. 33.40).
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Fig. 33.35 The tubing is passed using right angle through the left rectus is order to connect with
the port. Neither the LAGB port nor the tubing remain in the umbilical area

Fig. 33.36 The port is sutured to a polypropylene mesh to make it adherent to the fascia to prevent
port flips. This is especially useful in single site surgery as suturing the port to the fascia in the deep
left upper quadrant pocket through the small umbilical incision is not technically feasible
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Fig. 33.37 The skin edges come together nicely because the umbilical stalk is left intact

Fig. 33.38 Simple approximation is enough to close the wound and bring back the natural look of
the umbilicus. The future scar ends up deep and not visible

33.4 Conclusion

Surgery is an evolving field, and RPLS seems to be part of the natural evolution of
laparoscopy. Placing a gastric band using this technique is feasible with relatively
short learning curve. For weight loss surgery, this technology may be of particular
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Fig. 33.39 Incision is about 2.5 cm

Fig. 33.40 Negative pressure dressings keep wound dry in the deep umbilicus decreasing wound
complications

value as pain and scarring may be what hold many obese patients from coming for
surgical consultation. Minimizing pain and eliminating scarring can motivate these
struggling patients to finally consider bariatric surgery as it is the only long term
effective treatment for their morbid obesity.
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Chapter 34
Roux-en-Y Gastric Bypass for Obesity

Chih Kun Huang and Anirudh Vij

Abstract The incidence of morbid obesity is increasing worldwide, and bariatric
surgery has proven to be the only effective therapy. Roux-en-Y gastric bypass
(RYGB) is regarded as the gold standard bariatric procedure that has stood the test
of time. The surgical technique has undergone considerable evolution, and recently,
the laparoscopic approach (LRYGB) has become widely popular due to its numer-
ous advantages. The concept of minimal invasiveness with an excellent cosmetic
outcome has spurred the recent development of the reduced port and single incision
laparoscopic approach. This was initially attempted for basic surgical procedures
like cholecystectomy but now has expanded to bariatric surgery as well. Performing
LRYGB with a single incision is technically demanding due to loss of triangulation
and crowding of trocars and instruments both within and outside the abdomen. This
could be partly overcome with the use of commercially available single-incision
port devices, low profile trocars, flexible scopes, and curved instruments. The
single-incision trans-umbilical (SITU) technique of LRYGB developed innovations
like the omega umbilicoplasty, which allows multiple conventional trocars to be
placed within the umbilical incision, and the liver suspension tape for retraction of
the liver which enables the surgery without specialised instruments. Though com-
parative studies showed that the SITU-LRYGB had a longer operative time than the
conventional technique, it was equally safe and efficacious, with a better cosmetic
outcome and wound satisfaction. Future expansion of this approach is expected
with further advancements in medical technology.

Keywords Bariatric surgery * Obesity * Reduced port laparoscopy * Roux-en-Y
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34.1 Introduction

Obesity is a condition characterised by excessive accumulation of body fat that
adversely affects health and decreases life expectancy [1, 2]. A more metric defini-
tion is body weight exceeding the ideal body weight by 20 % or a body mass index
(BMI=Weight (kg)/[Height (m)]?) of more than 30 kg/m? Obesity is currently
reaching epidemic proportions in many developed countries of the world and is
thought to be a multi-factorial aetiology including genetic, environmental, dietary
as well as cultural and psycho-social factors.

Body weight exceeding the ideal by 100 % or a BMI of more than 40 kg/m? is
defined as “morbid obesity”. It is associated with adverse effects on almost all the
organ systems and can dramatically decrease the life expectancy and the quality of
life. The most prevalent associated diseases include degenerative joint disease,
hypertension, type 2 diabetes mellitus, obstructive sleep apnea, asthma, right heart
failure, arrhythmias, venous ulcers, infertility, stress urinary incontinence, pseudo-
tumor cerebri, depression, and increased incidence of various cancers [3]. Besides
these medical ailments, morbidly obese patients are subject to social stigmatization,
prejudice, and discrimination, contributing to a high incidence of psychological
problems like poor self-image and depression.

Medical therapy for obesity aims to reduce body weight through a combination
of decreased caloric intake by dieting and increased energy expenditure through
exercise. However, these measures are largely unsuccessful in achieving a sustained
and meaningful weight loss as demonstrated in several large prospective studies,
especially in morbid obesity [4, 5]. Pharmacological therapy using drugs may
induce modest weight loss, but the effects are temporary with a prompt relapse in
weight gain once the drug is discontinued [6].

34.2 Evolution of Bariatric Surgery

34.2.1 Open Bariatric Surgery

The term “bariatric surgery” is coined from the Greek word “baros” meaning weight
and refers to surgical procedures performed to reduce body weight [7]. It has been
proved to be the only effective treatment for morbid obesity. In 1991, the National
Institute of Health (NIH) consensus established the guidelines for bariatric surgery
for patients with BMI > 35 kg/m? with severe obesity-related comorbidity, as well as
patients with BMI>40 kg/m? with or without comorbidity [8]. Jejuno-ilelal bypass
was perhaps the first bariatric procedure designed to lose weight by bypassing most
of the small intestine, but it was associated with a high morbidity and a significant
mortality rate. Many patients eventually had to undergo reversal of the procedure
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Fig. 34.1 Evolution of Roux-en-Y gastric bypass. (a) Mason and Ito (1966), (b) Griffin modifica-
tion (1977), (¢) Torres (1980)

due to its severe side effects, and it was finally abandoned [9]. The development of
the first gastric bypass procedure has been credited to Mason and Ito in 1966 [10].
Their procedure involved horizontal transection of the stomach with a retrocolic
loop gastrojejunostomy. They later refined the surgery by calibrating the gastric
pouch and adjusting the diameter of the gastrojejunostomy to improve the effects on
weight loss [10, 11]. Griffen in 1977 modified the original operation by replacing
the loop with a Roux-en-gastrojejunostomy, thus reducing the incidence of bile
reflux and marginal ulceration and improving the quality of life for the patient [12].
Torres further amended it by creating a small pouch based on the lesser curvature
and excluding the fundus which generated the current type of Roux-en-Y gastric
bypass (RYGB) [13] (Fig. 34.1).

34.2.2 Laparoscopic Bariatric Surgery

Morbidly obese patients are at high risk of cardiopulmonary and wound-related
complications when receiving laparotomy surgery and are proven to benefit from a
minimally invasive approach [14]. The first laparoscopic RYGB (LRYGB) was per-
formed by Wittgrove and Clark in 1994 [15]. The laparoscopic approach facilitates
the popularity of RYGB due to the general benefits such as decreased pain, superior
cosmesis, shorter postoperative stay, an earlier return to activity, and a reduction in
the perceived magnitude of the procedure [16]. This brought about the bariatric
revolution in the late 1990s, and since then, the number of bariatric procedures per-
formed worldwide has increased exponentially [17]. Presently, LRYGB is the most
commonly performed bariatric procedure worldwide and has been established as
the “gold standard” due to its long term effects on weight loss and remission of
obesity-related comorbidities [18].
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34.2.3 Reduced Port Laparoscopy and Single-Incision
Laparoscopy

Conventional laparoscopic bariatric surgery generally makes use of 57 trocars dis-
tributed over the abdomen and may be associated with a pigmentation scar and variable
cosmetic outcome, especially among dark-skinned patients. This may not be acceptable
in certain subsets of the population, particularly among young females who form a
substantial proportion of the bariatric surgeon’s practice. The desire for superior
cosmetic outcome from surgery brought about the development of natural orifice trans-
lumenal endoscopic surgery (NOTES), reduced port laparoscopy (RPL), and single-
incision laparoscopy (SLS) [19]. Recently, SLS has become more popular because it
avoids the risk of visceral perforation from NOTES and is more comfortable for the
surgeon due to the familiarity of the instrumentation and operating technique. There
have been some series reports from various surgical procedures using this technique,
such as cholecystectomy [20, 21], appendectomy [22], colectomy [23], and also bariat-
ric surgeries [24, 25]. Initially, RPL and SLS were both implicated in adjustable gastric
banding and sleeve gastrectomy as these procedures involved making a large incision
for the introduction of the band and specimen extraction, respectively [24, 25]. With
rapid progression, the technique was extrapolated to perform LRYGB. The first case
of RYGB by the single incision transumbilical (SITU) laparoscopic approach was
reported in 2009 by our group [27]. We made use of several innovations like the omega
umbilicoplasty for trocar placement, liver suspension tape for retraction, and stay suture
for traction on the jejunostoma during closure. This made it possible to complete the
procedure successfully in all patients without additional trocars or specialised instru-
mentation. Other groups like Tacchino et al. performed the single incision RYGB using
the commercially available Triport device (Advanced Surgical Concepts, Wicklow,
Ireland) and “double loop technique” for gastro enteric anastomosis. Fernandez et al.
reported performing the surgery with a GelPOINT (Applied Medical, Rancho Santa
Margarita, CA, USA) and a totally handsewn gastrojejunal anastomosis but required an
additional 5 mm trocar in the left flank. Saber et al. published their experience of per-
forming a 3-trocar LRYGB successfully in 16 morbidly obese patients [26]. They made
use of conventional trocars (2 umbilical and 1 in right upper quadrant) and long instru-
ments but required placement of the Nathanson liver retractor and a 5 mm flexible lapa-
roscope for endovision. Lee et al. similarly performed a transumbilical two-site LRYGB,
placing two ports within the umbilical incision and another one in the left lateral abdom-
inal wall, and compared their results with the conventional technique.
Here we describe our technique for SITU-LRYGB.

34.3 Technique

The patient is placed in the supine position with appropriate padding of the
pressure points and strapped to the table to avoid slipping during the extremes of
position. The arms are abducted laterally. The surgeon stands on the right



34 Roux-en-Y Gastric Bypass for Obesity 419

Fig. 34.2 Operation set-up

Surgeon
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Assistant

Fig. 34.3 Incision and port placement for SITU-LRYGB

side of the patient and the camera assistant on the left while the scrub nurse
is behind the surgeon (Fig. 34.2). The incision is 4—6 cm transverse curvilinear
(omega incision) [31] located at the superior border of the umbilicus and deep-
ened up to the linea alba (Fig. 34.3). The subcutaneous fat is partly dissected to
create the space for trocar placement. After creation of pneumoperitoneum, a
12-mm trocar is inserted at the 12 o’ clock position in the centre of the incision.
Two other trocars (5 mm and 10 mm) are then placed under vision laterally in the
bilateral ‘arms’ of the incision at the 4 o’ clock and 7 o’ clock positions (Fig. 34.4).
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Fig. 34.4 Port placement for SITU-LRYGB

A 10-mm, 30° long scope (45 cm) is employed for endovision which is placed
through the right lateral trocar, while the two working instruments are placed
through the central and left trocars. During the initial learning phase, we advise
making a longer (6 cm) incision, allowing a sufficient space for manipulation
between the trocars. The incision can then be reduced to 4 cm as the surgeon gains
experience. The trocars are not placed perpendicularly but slightly obliquely, aim-
ing towards the hiatus in order to avoid torque during instrument manipulation.

The liver suspension tape [31] is prepared by cutting a 6 cm portion of Jackson—
Pratt drain near the drainage hole. The drainage tube is then pierced with 2-0 Prolene
suture (Monofilament Polypropylene Suture W8400™ (Ethicon, Cincinnati, OH,
USA), according to the diameter of the hole. Needles are left in both sides for fur-
ther liver puncture. The tube is placed inside the peritoneal cavity for retraction of
the left lobe of the liver and for a clear view of the angle of His, the crura, and the
gastroesophageal junction. Two or three tapes may be required, depending upon the
bulkiness of the liver and the view obtained.

The dissection starts at the lesser curvature just below the first branch of the left
gastric vessel. The tissue is cut using ultrasonic shears, and the retrogastric tunnel is
entered. A 30 cc gastric pouch is created using laparoscopic linear staplers. The
proximal jejunum is traced from the ligament of Treitz, and a length of 100 cm is
measured. An enterotomy is created and a laparoscopic linear stapler is used to cre-
ate 2 cm gastrojejunostomy which is placed in the antecolic and antegastric posi-
tion. The proximal jejunum is then transected using a laparoscopic linear stapler
adjacent to the gastrojejunostomy. One hundred centimeter of Roux limb is mea-
sured and side-to-side jejunojejunal anastomosis is performed using a laparoscopic
linear stapler at this point. The entry holes of the staplers are closed by intra-
corporeal continuous suturing using a 3-0 absorbable suture. The mesenteric, as
well as the Petersen, defects are closed by continuous intracorporeal suturing with
2-0 non-absorbable sutures. The liver suspension tape is removed, and the puncture
hole of the liver is cauterized for hemostasis.
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After removing the trocars, all three fascial defects are closed individually with
2-0 Vicryl sutures. In cases of a long umbilical skin incision, the subcutaneous fat
and the skin at the angles are removed, and an umbilicoplasty is performed. The
final wound is circular and buried within the umbilicus. With increased experience,
the initial skin incision made is smaller and an umbilicoplasty is unnecessary.

34.4 Surgical Results

The operation time reported has generally been longer than that of the conventional
laparoscopic approach, mostly attributed to the technical difficulties encountered
during the procedure. However, none of the groups reported any intra-operative or
early postoperative complications related to the surgical technique. Problems related
to loss of triangulation were managed by placement of an extra 5-mm trocar, as seen
in 18 of 100 patients undergoing two-site LRYGB. Because of the surgeons’ suffi-
cient experience, there was no need of conversion to conventional LRYGB or open
procedure in any of the published reports. The two largest series compared their
results with conventional LRYGB. The length of postoperative hospital stay, post-
operative complications, and excess weight loss up to 12 months was not signifi-
cantly different between the two groups. Although the SITU-LRYGB group in our
study required more morphine administration for post-operative pain control, it did
not reach statistical significance. There may be an increased risk of seroma forma-
tion due to wide dissection of the subcutaneous tissue, and the patients generally
need to care for their wound for a longer time compared to conventional multiport
laparoscopy [28]. Finally, the wound satisfaction score at 3 months was signifi-
cantly higher for the SITU group, suggesting that they were more satisfied with the
cosmetic outcome of the surgery.

34.5 Pitfalls and Their Management

34.5.1 Trocar Placement

The surgery may be performed using the commercially available single-port devices
or conventional trocars [27-32]. The former devices provide less sufficient space
between the instruments and hence necessitate the use of curved or articulating
instruments [30, 32]. Because of their large size, they require the creation of an
equivalent fascial defect which, if not closed properly, can increase the risk of inci-
sional hernia. Moreover, these devices add considerable cost to the procedure. In
SITU method, placement of all three operating trocars within a small umbilical inci-
sion would cause excessive crowding and hamper manipulation. This could be over-
come by the technique we developed, omega umblicoplasty [31]. The initial umbilical
incision was around 6 cm in length along the superior border of the umbilicus,
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allowing for comfortable placement of the three trocars with a gap of 4 cm between
each trocar. The instrument clashing was overcome by using low profile trocars and
instruments of different lengths, allowing adequate space between the surgeon’s
hands. The trocars are all angled to the area of interest and not perpendicular to the
abdominal wall, reducing the torque and shoulder strain for the surgeon.

The initial dissection of the subcutaneous space for trocar placement weakens
the grip of the abdominal wall on the trocars and may result in gas leakage. The
repeated instrument exchanges and excessive torque forces add to this problem and
enlarge the existing fascial defect, necessitating the use of threaded trocars or skin
suture for anchoring the ports. It is preferable to use a 30 ° 10 mm long telescope for
creating good endovision. The light cable of the telescope is a frequent cause of
interference. This is counteracted by using a light cable adapter that allows the light
source to exit at an acute angle from the scope. Some authors have used semi-
flexible scopes with integrated light and camera cables to make the procedure more
comfortable, albeit at a higher cost.

34.5.2 Liver Retraction

Liver retraction is essential in bariatric surgery to perform dissection near the hiatus
as the left lobe is usually bulky and friable and usually obscures this area if there is
insufficient exposure. Earlier reports described the use of the conventional
Nathanson liver retractor during RPL-RYGB [26]. Tacchino et al. performed the
surgery without using any form of the liver retraction and managed to use the articu-
lating stapler to push up the left liver lobe during pouch creation [30]. With this
technique, the mean length of the gastric pouch was as large as 8 cm to avoid the
technical difficulties that would have been encountered by big left liver, during the
creation of a pouch and the subsequent higher gastrojejunal anastomosis. The liver
suspension tape [31] that we developed can be easily prepared before the procedure,
and multiple tapes can be used in the situation when one is not enough to retract
liver well. The concern about the safety of liver suspension and its effect on postop-
erative liver function has been allayed by a prospective randomized trial wherein the
three different methods of liver retraction were compared with respect to the time
required for placement, postoperative pain, and liver function tests. Surprisingly, we
found that the Nathanson liver retractor caused more pain and liver dysfunction
compared to our liver suspension techniques [33].

34.5.3 Instruments and Surgical Technique

The successful performance of SITU-LRYGB requires that the dissection and anas-
tomosis be confined to a single abdominal quadrant. Long instruments and har-
monic shears (43 cm) are required to reach hiatus. Several authors have reported the
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use of articulating instruments like the endograsp for creating artificial triangulation
within the abdomen. However, this requires crossing of the surgeon’s hands, creat-
ing confusion and sword fighting during the procedure. The success of using straight
instruments mostly depends on the surgical steps we performed. After creating the
pouch, we brought the uncut loop of jejunum to the gastric pouch for creation of the
gastrojejunal anastomosis. Some authors then measure the foot of the Roux limb,
create the jejunojejunostomy, and transect between the two anastomoses to finally
separate the biliary and alimentary limbs [30]. In our technique, we transected the
biliary limb after gastrojejunal anastomoses to avoid excessive tension. In both
approaches, the entire manipulation and suturing is confined to the supracolic com-
partment and avoids excessive torque forces and change of position to the infracolic
region which would make this step extremely difficult. We used instruments with
curved opposing tips to create angles required for intracorporeal looping and knot
tying. A to-and-fro movement of the instruments helps create loops especially using
a monofilament suture material with a strong memory.

34.5.3.1 Fascial Closure

Closing of the fascial defects is important, as some studies have documented an
increased rate of incisional hernias following single incision laparoscopy [34]. We
recommend routinely closing all three defects under vision in SITU technique to
prevent this complication.

34.5.3.2 Limitations and Contra-Indications for SLS Bariatric

LRYGB using the SLS technique has its limitations. We do not recommend this
technique for very tall patients (>180 cm), those with a long xiphisternum-to-
umbilicus distance (>25 cm), super obese (BMI>50 kg/m?) patients, and those with
a pendulous abdomen. There is increased difficulty of approaching the hiatal area
from the umbilicus, even with long instruments, in tall patients and those with a
long torso. Super obese patients have excessive visceral and mesenteric fat, making
dissection and manipulation particularly difficult. The patients with a pendulous
abdomen and lax skin usually require a plastic procedure after bariatric surgery
when they have lost a sufficient amount of weight. Thus, these patients do not ben-
efit from the cosmetic advantage provided by the initial operation.

34.6 Recommendations and Conclusions

We first recommend that the surgeon should perform the surgery with a reduced
number of ports, as proposed by Saber [26]. This helps the surgeon become famil-
iarized with the operation technique without the help of a conventional liver
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retractor and the countertraction provided by the assistant. After this is mastered,
the ports can be placed closer together to execute the manipulation and suturing
with smaller angles. After this stage, the SLS technique may be attempted, but there
should be a low threshold for placement of additional trocars in the initial few cases
so as not to compromise the safety of the procedure.

SLS offers a virtually ‘scar-less’ surgery, particularly through the transumbilical
approach. Although it is more challenging technically with a significantly longer
operative time compared to the conventional surgery, it has shown better postopera-
tive outcomes regarding wound satisfaction. It requires greater expertise and experi-
ence before it can be attempted successfully.
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Chapter 35
Sleeve Gastrectomy for Obesity

Kazunori Kasama and Yosuke Seki

Abstract Obesity is a rising problem not only in Western countries but also in
Asia. Bariatric surgery is not a cosmetic surgery, but some patients, especially
young females, tend to want to avoid telling friends they have undergone bariatric
surgery. Thus, cosmetic concerns are an important aspect of bariatric surgery for
such patients. The fact that TANKO/reduced port (RP) bariatric surgery is the most
common of advanced laparoscopic procedures is still not known in Japan. Bariatric
surgery demands advanced skills because the surgical field is narrow, intra-
abdominal fat is significant, and manipulation of the instruments is limited by the
thickness of the subcutaneous fat. Some bariatric surgeons may oppose TANKO
bariatric surgery. To ensure both safety and good cosmesis, we prefer RP surgery
rather than strict observance of TANKO.

Keywords Bariatric surgery * Liver retraction * Reduced port laparoscopic surgery

35.1 Introduction to the Technique

Obesity is a rising problem not only in Western countries but also in Asia. The num-
ber of bariatric surgeries in Asia is increasing in line with patient demand. Candidates
for bariatric surgery are younger than candidates for cancer surgeries, and female
patients are predominant. Bariatric surgery is not cosmetic surgery, but some
patients, especially young females, tend to want to avoid telling friends that they
have undergone bariatric surgery. Thus, cosmesis is an important aspect of bariatric
surgery for such patients.
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TANKO procedures were developed from laparoscopic cholecystectomy, just as
laparoscopic surgery itself arose from cholecystectomy, and TANKO procedures
account for the majority of cholecystectomies. Over 350,000 bariatric procedures
are performed annually worldwide, but the fact that TANKO/reduced port (RP) bar-
iatric surgery is the most common of advanced laparoscopic procedures is still not
known in Japan.

Bariatric surgery demands advanced skills because the surgical field is narrow,
intra-abdominal fat is significant, and manipulation of instruments is limited due to
the thickness of the subcutaneous fat. Some bariatric surgeons may oppose TANKO
bariatric surgery because conventional laparoscopic bariatric surgery itself is diffi-
cult; making the procedure even more complex seems unwise to some. There are
also claims that the trend is “business driven.”

35.1.1 TANKO Bariatric Surgery Worldwide

The major bariatric procedures performed worldwide are described below.

The TANKO procedures (Fig. 35.1) performed, starting with the simplest,
include laparoscopic adjustable gastric banding (LAGB) [1, 2], which is thought to
be the least technically demanding of the TANKO procedures, followed by laparo-
scopic sleeve gastrectomy (LSG) [3, 4]. Some surgeons now perform laparoscopic
Roux-en-Y gastric bypass (LRYGB) [5, 6] and laparoscopic biliopancreatic diver-
sion (LBPD) [7], both of which include anastomosis creation.

1. TANKO laparoscopic adjustable gastric banding (LAGB)
TANKO LAGB seems to be the least technically demanding of the TANKO
bariatric surgeries. LAGB requires an adjustable port beneath the skin, so a 3-cm
skin incision is mandatory. Some surgeons use that skin incision for a TANKO
approach [1]. Some use an intraumbilical approach [2] with the interest of cos-
mesis. There is, however, the possibility of infection in the umbilical area because
the adjustable port is a foreign body. Care must be taken to avoid infection. If
infection occurs, the adjustable port should be removed immediately.
2. TANKO laparoscopic sleeve gastrectomy (LSG)

The number of LSGs performed in Japan and worldwide has been increasing
recently and is now second to the number of LRYGBs performed worldwide.
The most common TANKO bariatric surgery performed worldwide may be LSG.
There are two possible approaches for TANKO LSG. One is from above the
umbilicus, and the other is from the umbilicus itself. Of course, from the stand-
point of cosmesis, the umbilical approach is better. Usually, morbidly obese
patients are very large, and the distance from the umbilicus to the xiphoid is too
great to reach the upper part of the stomach during the procedure, so some sur-
geons perform TANKO LSG from above the umbilicus. The only real advantage
of TANKO is better cosmesis, so we think the umbilical approach is the only
meaningful one. Patient selection is important when considering TANKO bariat-
ric surgery.
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Laparoscopic Roux en Y Gastric Bypass Laparoscopic Biliopancreatic Diversion
(LRYGB) (LPBD)

Laparoscopic Sleeve Gastrectomy Laparoscopic Adjustable Gastric Banding
(LSG) (LAGB)

Fig. 35.1 Bariatric Procedures

We use the RP approach instead of TANKO in consideration of patient safety,
as discussed below.
3. TANKO laparoscopic Roux-en-Y gastric bypass (LRYGB)
LRYGB is a complex procedure that requires two anastomoses. As far as we
know, only a few surgeons perform this procedure [5—7]. Some surgeons use the
RP approach.
Huang reported the first case of TANKO LRYGB, which was performed via
the skin near the umbilicus incision, as shown in Fig. 35.2 [5]
4. TANKO laparoscopic biliopancreatic diversion (LBPD)
LBPD is the most effective procedure for morbid obesity, but it performed less
frequently than LRYGB. Only a few surgeons perform TANKO LBPD [8].
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Fig. 35.2 Upper: (a) Omega shape incision and (b) trocar placements. Lower: (a) Fascia closure,
(b) Trimming of skin, (¢) Skin closure, (d) Scar (see Huang et al. [9])

35.1.2 Objections to TANKO Bariatric Surgery

Bariatric surgery is not easy because the patients treated are morbidly obese. Such
patients have significant intra-abdominal fat and a liver enlarged by fatty liver dis-
ease; the working space is narrow. These characteristics make exposure of the
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surgical field difficult and increase the possibility of bleeding and other risks in
comparison to the risks conferred by other surgeries.

Traction and counter-traction, triangulation, and surgical exposure are manda-
tory for safe surgery. The TANKO approach, in comparison to the conventional
laparoscopic approach, is disadvantageous in terms of safety because it lacks these
features. This is why a number of well-established bariatric surgeons are hesitant to
introduce the TANKO approach.

35.1.3 Our Method

Our principal goals for TANKO/RP surgery are as follows:

1. to give proper consideration to cosmesis

2. to achieve the same results that conventional laparoscopic surgery achieved in
terms of quality of life and long-term outcomes

3. to provide a safety level equivalent to that of conventional laparoscopic surgery.

We need not to be bound to a certain number of holes. We must maintain safety
but strive for the cosmesis realized by “invisible” scars. Some surgeons take cosme-
sis too lighty, but cosmetic results have a long-term life effect, especially for younger
patients, so we pay careful attention to this matter.

The TANKO/RP approach should yield the same outcome as conventional lapa-
roscopic surgery. We need to perform the same procedure in the abdominal cavity,
and we cannot shortcut any safety measures, even in TANKO/PR.

We prefer to perform RP surgery by the umbilical approach using a TANKO
platform, adding a 5-mm port on the left side and 2-mm K-wire for liver retraction.

35.2 Indications and Contraindications

We perform LSG as an RP procedure only.
Indications for RP LSG at our institute are as follows:

1. female sex and a BMI less than 40 (for an acceptable amount of intra-abdominal
fat)

2. patient height of less than 165 cm (for acceptable distance from umbilicus to the
upper part of the stomach)

3. preoperative weight reduction achieved through a very low calorie diet. This is
usually considered mandatory in the lead-up to bariatric surgery.

Contraindications for an RP LSG at our institute are as follows:

1. contraindications for bariatric surgery in general
2. patient height of more than 170 cm (reaching the upper part of stomach from the
umbilicus is impossible, however, it depends on the length of the instruments.)
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3. too much intra-abdominal fat (which usually means a BMI 40-45 kg/m? or more
and male)

35.3 Description of the Technique and Tips and Tricks

35.3.1 Set-up

The patient is placed in the French position, and the surgeon stands between the
patient’s legs. An assistant stands on the right side of the patient.

35.3.2 Approach

We first employed a multiport approach with one 12-mm port and two 5-mm ports,
but this method sometimes results in a loss of air-tightness in the abdominal cavity
and poses difficulty during surgery. We have recently started using the TANKO
platform or EZ Access (Hakko, Tokyo, Japan) or other single-incision access
system.

Before insertion of the TANKO platform, a Silicon Disk for liver protection is
inserted in the abdominal cavity through an umbilical incision. One 5-mm port is
placed 5 cm below the left costal margin. Laparoscopic coagulating scissors (LCS)
and a needle driver can be used thorough this port, and the procedure is carried out
in much the same way as conventional LSG (Fig. 35.3a).

35.3.3 Exposure of the Surgical Field: Liver Retraction

The Silicon Disk and 2-mm K-wire are used for retracting the liver; the K-wire is
held with a gasper holder (Fig. 35.4). This method allows for an invisible scar and
retraction of the liver without injury.

35.3.4 Manipulation

Two or three ports are inserted from the TANKO platform, and a 5-mm camera is
operated from the platform. A grasper, which is introduced through the umbilical
port, and LCS, which is introduced through the left subcostal port, are used to dis-
sect the vessels on the greater curvature from a point 4 cm proximal to the pyloric
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Port placement Incisions

Scar at 1month post ope.

Fig. 35.3 Reduced Port Sleeve Gastrectomy: (a) Port placement, (b) incisions, and (c) scar at 1
month post ope

ring to the angle of His. A 12-mm port is then inserted from the TANKO platform,
and a stapler is inserted via this port.

A 36-Fr. orogastric bougie is inserted by an anesthesiologist, and dissection of
the stomach is performed with linear staplers along the bougie. Usually, the first
stapler cartridge is green, the second gold, and the third blue, with the blue staples
used at the end of the sleeve. A roticulated stapler is needed depending on the por-
tion of the stomach being stapled. Reinforcement of all staple lines by hand-sewn
imbrication is recommended to prevent bleeding or leakage. For this suturing,
triangulation of the instruments is important to make the procedure easy and secure.
A drain is not usually placed.
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2mm

Fig. 35.4 Liver retraction with K-wire

35.3.5 Scars and Results

Scars as they appear immediately after the surgery and 1 month later are shown in
Fig. 35.3b, c. The weight loss results are similar to those currently achieved with
conventional LSG.

35.4 Recommendations from the Author

As bariatric surgery itself poses greater risk than other procedures dose because of
patients’ co-morbidities, we must think of safety first, rather than cosmetics. Only
experts in laparoscopic bariatric surgery should perform TANKO and RP bariatric
procedures.

35.5 Conclusion

TANKO bariatric surgery remains controversial.
To ensure both safety and good cosmetic results, we prefer performing RP bar-
iatric surgery rather than strict TANKO bariatric surgery.
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Chapter 36
Gastric Plication for Obesity

Lawrence E. Tabone, Eugene P. Ceppa, and Dana Portenier

Abstract Laparoscopic adjustable gastric banding (LAGB) is an established
primary bariatric procedure. However, LAGB is associated with lower expected
weight loss when compared to other primary bariatric procedures, and this is cited as
the primary limitation of LAGB as a weight loss procedure. Greater curvature
plication has been used in both bariatric and non-bariatric procedures with limited
morbidity and comparable short-term weight loss to sleeve gastrectomy and gastric
bypass. We describe the combination of LAGB and greater curvature plication as a
single and novel bariatric procedure. In addition, this procedure can be performed
through single-incision laparoscopic surgery (SLS).

LAGB with greater curvature plication was performed with video recording. Still
photographs were acquired from the high definition video in order to summarize
and depict our step-by-step efficient approach.

LAGB with greater curvature gastric plication is a feasible and simple procedure that
can be performed through a SLS approach. This chapter outlines the procedure and
highlights key points of operative technique. In addition, we review the literature in
regards to gastric plication. Randomized controlled trials comparing these proce-
dures are needed and likely to occur in the near future.
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36.1 Introduction

Current primary bariatric procedures are varied in both method and success in
accomplishing the reduction of excess weight and the resolution of medical comor-
bid conditions. Each primary procedure has unique aspects that lead to both benefi-
cial and detrimental effects. When the optimal surgical approach to a problem
remains unknown, we often see a common surgical theme where multiple tech-
niques/methods exist. Weight loss surgery has a long past with evolving techniques
searching for the optimal method to induce sustained weight loss and comorbidity
reduction with minimal risk profile [1]. Gastric plication is the latest procedure in
this search to spark cautious wide spread interest within the weight loss community.

In its purest form gastric plication involves folding/invaginating the stomach on
itself to reduce the overall gastric volume. The technique of gastric plication was
described as early as 1911 [2] and animal studies in 2006 indicate plications utility
in weight loss [3]. The first laparoscopic clinical use of gastric plication came from
Iran [4], adopted to overcome the economic cost of modern day weight loss proce-
dures, which entail costly placement of a device or surgical stapling.

Recently several authors have attempted laparoscopic greater curvature gastric
plication as a primary method for weight loss with salient short-term data compa-
rable to combined procedures [4, 5]. These authors have found excellent short-term
weight loss outcomes with weight loss velocity comparable to laparoscopic sleeve
gastrectomy (LSG) and laparoscopic Roux-en-Y gastric bypass (LRYGB). However,
the greatest potential disadvantage is the lack of long-term data with unknown dura-
bility. Technically, this method is similar by way of reliance upon suture for sus-
tained mucosal-mucosal apposition to pyloric exclusion for which the trauma
literature demonstrates eventual re-cannulation of the duodenum [6]. Extrapolation
of this finding would suggest that a potential exists for the plication to become
undone causing a loss of gastric restriction. Similarly most techniques in plication
involve greater curvature gastric plication, creating a “sleeve like” stomach configu-
ration where the greater curve is invaginated rather than resected. The significant
rate of postoperative nausea after plication suggests the immediate surgical process
of plication creates significant mucosal edema creating a situation where initial siz-
ing of the “sleeve like” gastric lumen may vary significantly after the initial edema
subsides. Recent reports show LSG size increases significantly over time [7], if
plication follows this same pattern it may result in questionable durability.

A recent case report describes laparoscopic adjustable gastric banding (LAGB)
combined with gastric plication (Fig. 36.1) as a novel technique for maximizing the
advantages of gastric plication (better rate and extent of weight loss) and LAGB
(excellent safety profile and established durability) while minimizing the disadvan-
tages of both procedures (unknown durability, poor rate and extent of weight loss)
[8]. We believe that this procedure holds tremendous potential for the bariatric pop-
ulation, and we support the hypothesis that combining LAGB with plicated sleeve
gastroplasty (PSG) should allow for greater overall weight loss with greater weight
loss velocity. We hypothesize that the addition of a plication to the gastric band will
increase gastric emptying of the stomach as seen in sleeve gastrectomy triggering
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Fig. 36.1 LAGB with PSG.
The band is placed around
the upper part of the stomach
to form a small gastric pouch.
The fundus of the stomach is
plicated to reduce gastric :
volume ¢
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the hormonal [e.g., increased glucagon-like peptide-1 (GLP-1) and peptide YY
(PYY)] effects of gastric bypass and sleeve gastrectomy [9]. Furthermore, LAGB
complements PSG by providing proven durability, while the PSG complements
LAGB by reducing potential complications such as band slippage [10].

Gastric plication can be done as a standalone procedure or in combination with
LAGB. Although unproven, we believe that gastric plication in combination with
LAGSB is likely to provide longer weight loss durability. It can also be done below
the band or all the way up the stomach with a band placed over the top of the plica-
tion. We have chosen to place a band by traditional methods and plicate below in
order to capitalize upon the published durability of the band [11]. The gastric plica-
tion can be done as an anterior plication or as a greater curvature plication. Greater
curvature plication has been shown to have a greater weight loss potential [5] and
therefore is our preferred technique. We describe the steps used to perform a LAGB
with PSG. The use of gastric plication for weight loss surgery is still considered
investigational by the American Society for Metabolic and Bariatric Surgery
(ASMBS) and their recommendation is that such procedures should be done with
Institutional Review Board (IRB) approval [12].

36.2 Indications and Contraindications

Because LAGB with PSG is a novel technique, we recommend that the opera-
tion be done under the approval of an IRB. We believe that the procedure will
be an effective operation for treating morbid obesity and its related comorbidities.
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The intention of the operation is to augment the weight loss seen in LAGB.
Indications for the procedure would include the indications for metabolic sur-
gery in general, body mass index (BMI) greater than 35 kg/m? or a BMI of
30 kg/m? with comorbidities associated with obesity including hypertension,
diabetes, obstructive sleep apnea.

The benefit of this operation over other metabolic surgeries is that no bowel
anastomosis or gastrointestinal resection is performed. Patients at high risk for
resection line or anastomotic leaks are likely to benefit from this operative approach
over LRYGB or LSG. This patient population includes those who are immunosup-
pressed or have inflammatory bowel disease.

Another benefit of the operation is the ability to “reverse the operation” and essen-
tially restore the anatomy to its original configuration. The LAGB can be removed
and the PSG can be reversed by removing the plication sutures. This is a benefit over
LSG or LRYGB that cannot be easily reversed. LAGB with PSG is also indicated in
patients with previous abdominal operations that may have reduced bowel length or
significant bowel adhesions that may make LRYGB difficult or contraindicated.

We would avoid offering this operation to patients who have had a history of
gastric cancer or are at increased risk for gastric cancer. After the PSG there is a
significant amount of stomach that cannot be inspected by endoscopy and this could
potentially lead to a delayed diagnosis for gastric cancer. These patients are likely
to be better served by LSG or LRYGB with resection of the gastric remnant.

36.3 Technique

36.3.1 Step 1: Operative Set-up

The patient is placed in the supine position with both arms tucked at the patient’s
side. The bed is placed in steep reverse Trendelenburg to allow for eventual expo-
sure of the esophageal hiatus. The assistant stands on the patient’s left side while the
operative surgeon is positioned on the patient’s right side.

36.3.2 Step 2: Access to the Abdomen

The procedure can be done either using a multiport laparoscopic approach or
through a SILS™ port (Covidien, New Haven, CT, USA). For the multiport laparo-
scopic approach we place a 5-mm port just superior and to the left of the umbilicus
to be used as a camera port utilizing a 5-mm 30° laparoscope. The assistant is on the
left side of the patient and the assistant port is placed along the left anterior axillary
line in the subcostal region, 5S-mm port. The working ports are a 15-mm port in the
midclavicular line half-way between the subcostal margin and the umbilicus.
This port is eventually used to introduce the adjustable gastric band. And a 5-mm
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Fig. 36.2 Multiport
placement for LAGB. A
Nathanson retractor can be
used in cases where the left
lobe of the liver obscures the
proximal stomach

15 MM 5 MM Nathanson
PORT PORT Retractor

port in the right anterior axillary line in the subcostal space serves as the second
working port (Fig. 36.2). A Nathanson liver retractor is placed in the subxiphoid
space to retract the left lobe of the liver.

To perform the procedure through a single incision we use a SILS™ port
(Covidien) at the umbilicus. Through the SILS™ port (Covidien) we place three
trocars. One trocar is used for a 5-mm articulating laparoscope while the other two
trocars are used for the operative instruments. These trocars vary between 5-mm to
15-mm depending on the step being performed in the procedure. It is helpful to
select a SILS™ port (Covidien) that allows for the upsizing and downsizing of tro-
cars while maintaining pneumoperitoneum.

36.3.3 Step 3: Placement of the Adjustable Gastric
Band (AGB)

AGBs are placed via the accepted pars flaccida technique described by O’brien and
colleagues [13] with a few exceptions pointed out below. As usual the retro-gastric
tunnel is created from the infero-medial base of the right crus of the diaphragm and
extended to the angle of His as marked by the consistently found left inferior phrenic
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Fig. 36.3 The band is
plicated in place by
approximating the cardia of
the stomach to the fundus
over the band with non-
absorbable sutures

vein. We advocate the use of an articulating grasper to avoid potential injuries to the
posterior gastric wall. The band tubing and buckle are coupled, but left unlocked
(which is a deviation from the traditionally described technique) in order to facili-
tate passage of an endoscope. Typical gastro-gastric plication is then performed
between the fundus and cardia of the stomach. The most cephalad aspect of the
fundus is plicated with 2-3 interrupted, non-absorbable sutures in order to create a
loose gastric tunnel (Fig. 36.3).

36.3.4 Step 4: Gastroscopy

A standard gastroscope (29Fr equivalent) is advanced through the pyloric channel
and positioned along the lesser gastric curvature. The gastroscope serves as both a
calibration tube as well as a means to evaluate the gastric lumen upon completion of
the greater curvature plication (Fig. 36.4). The use of a calibration tube (bougie) is
not universally performed by varying surgeons (Table 36.1) for gastric plication. We
find that an endoscope helps to prevent over narrowing of the gastric lumen that can
lead to obstruction.

36.3.5 Step 5: Identification of the Pylorus

The pylorus is typically identified laparoscopically, but the endoscope may be
employed if necessary. A point 8§ cm proximal to the pylorus, along the greater cur-
vature, is marked as the distal extent of the plication (Fig. 36.5).
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Fig. 36.4 Endoscopic
evaluation of the gastric
lumen after plication to
confirm a uniform tubular
narrowing of the lumen

Table 36.1 Variation in published techniques for plicated sleeve gastroplasty

443

Study (first Distance from
author) Year Plication Approach Method Patients Bougie pylorus (cm)
Talebpour [4] 2007 Greater Laparoscopic Suture 100 None 3

curvature
Huang [8] 2011 Greater Laparoscopic Suture 1 38Fr 3

curvature
Ramos [14] 2010 Greater Laparoscopic Suture 42 32Fr 0

curvature
Brethauer [S] 2011 Anterior Laparoscopic Suture 9 None 4

Greater 6
curvature

Bougie size measured in French (Fr) units

36.3.6 Step 6: Mobilization of the Greater Curvature

A bipolar or ultrasonic dissector is used to mobilize the greater curvature of the
stomach. Care is taken to avoid thermal injury to the gastric wall since this will
not be resected. The dissection is started 8 cm from the pylorus and continued
proximally to the inferior aspect of the band (Fig. 36.6). Adhesions encountered
in the lesser sac are divided to fully mobilize the posterior stomach. No dissection
is performed posterior or superior to the level of the band in order preserve its
natural path through the pars flaccida plane, which is outside the lesser sac avoid-

ing posterior slippages of the band.
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Fig. 36.5 The plication is
carried distally to
approximately 8 cm from the
pylorus. Standard graspers
are used to measure the
distance from the pylorus

Fig. 36.6 The greater
curvature of the stomach is
mobilized by dividing the
short gastrics with an
ultrasonic dissector

36.3.7 Step 7: Alignment of the Greater Curvature Plication

The greater curvature plication (GCP) is initially formed by the placement of 3—4
alignment sutures. The first suture is placed 2 cm inferior to the band to help avoid
obstruction of the band from the invaginated stomach. A full-thickness non-
absorbable suture is placed 2 cm lateral to the posterior branches of the left gastric
arcade (Fig. 36.7), and secured to a corresponding location along the anterior aspect
of the stomach. Initial creation of the gastric tube is achieved by imbricating the
greater curvature while securing the knot. The goal is to obtain serosal apposition of
the anterior and posterior gastric walls while avoiding ischemia. This is repeated
several times along the length of the stomach but no further than 8 cm proximal to
the pylorus (Fig. 36.8). Frequent checks are made to ensure the gastroscope remains
along the lesser curve throughout the plication.
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Fig. 36.7 The greater
curvature plication is started
approximately 2 cm inferior
to the band

Fig. 36.8 The plication is
carried down the greater
curvature of the stomach and
stopped approximately 8 cm
from the pylorus. The
plication is done with
nonabsorbable sutures

36.3.8 Step 8: Completion of the GCP

A running, non-absorbable, full-thickness suture is performed along the outer aspect
of the plication (Fig. 36.9) and continued to the antrum, 8 cm from the pylorus
(Fig. 36.10). The initial bite of the running suture incorporates any redundant fun-
dus of the stomach in order to prevent postoperative dilation of this fundic region
over time. The running suture incorporates the mobilized aspect of the greater cur-
vature in order to collapse the intra-luminal fold. We avoid the tendency to further
imbricate the stomach and create a smaller gastric lumen. This is most critical at the
incisura angularis.
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Fig. 36.9 A second running
plication stitch is performed
going back along the greater
curvature to secure the
plication and increase the
amount of gastric luminal
restriction

Fig. 36.10 The second
running plication stitch is
carried down to approximately
8 cm proximal to the pylorus

36.3.9 Step 9: Final Gastroscopic Evaluation

L.E. Tabone et al.

Upon completion of the GCP, a final intraluminal and laparoscopic evaluation
(Fig. 36.11) of the distended gastric tube is performed. Endoscopically, it is impera-
tive to ensure a patent lumen. The crescent-shaped mucosal fold is clearly demon-
strated opposite the lesser curve (Fig. 36.4). Upon laparoscopic evaluation, one
often notes dilatation of the proximal fundus adjacent and inferior to the AGB. If
present the redundant fundus is further pexied with a u-stitch to the proximal gastric

plication.
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Fig. 36.11 The completed
plication results in a
symmetrical gastric tube

36.3.10 Step 10: AGB Port Placement

The endoscope is withdrawn and the AGB is locked into position. The silastic
tubing is exteriorized via the right mid-abdominal 15-mm port and secured to the
injection port. The port is secured to the anterior rectus fascia.

36.3.11 Stepll: Confirmation of Port Placement

The placement of the band is confirmed on barium swallow X-ray (Fig. 36.12).

36.4 Tips and Tricks

LAGB with PSG can be performed with SLS. It is unknown if SLS results in
decreased postoperative pain, faster recovery time, or decreased wound infection
when performed for gastric plication. There is an apparent cosmetic benefit when
gastric plication is done with a SLS approach. A unique benefit for bariatric SLS is
confidentiality, where a SLS approach can completely hide the scars from the opera-
tion. And no signs of surgery are apparent even when the patient’s abdomen is
exposed.

Not every patient will benefit or be a candidate for a SLS approach. We have
found that proper patient selection for SLS is often the key to success. The cosmetic
benefit of SLS is most realized when the port is placed in the umbilicus. In the obese
population, not every patient has the body habitus to allow for umbilical port access.
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Fig. 36.12 A barium upper
gastrointestinal study
performed post-operatively
shows the band in place with
free flowing contrast through
a narrowed gastric lumen

Fig. 36.13 Multiport
laparoscopy allows for
triangulation onto a single
point of interest

As the patient is placed in steep reverse Trendelenburg for the procedure the umbilicus
can be displaced caudally and the distance from the umbilicus to the esophageal
hiatus may exceed the length of most laparoscopic instruments. To identify this
potential pitfall before operation, preoperatively we have the patient stand and mea-
sure the distance from the xiphoid to the umbilicus. If this distance from the xiphoid
to umbilicus in the standing position is greater than 25 cm than it is highly unlikely
that the procedure can be performed through a single incision at the umbilicus.
SLS requires overcoming the challenges of instrument crowding and collision.
Standard multiport laparoscopy allows for triangulation of the instruments onto the
site of interest (Fig. 36.13). SLS can create crowding of instruments, paradoxical
motion for the operative surgeon, and instrument collision (Fig. 36.14). Special
instrumentation is needed to overcome these challenges. To perform LAGB with
PSG through a SILS™ port (Covidien), three trocars will need to be placed through
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Fig. 36.14 SLS with
standard straight shaft
instruments requires crossing
of the instruments to
converge on a single point of
interest

Fig. 36.15 Commercially
available SILS™ port devices
(Covidien)

Flexible Port ———

Smm Obturator

5Smm-12mm Cannula

| -
o _

the port. To avoid collision with the camera and to obtain the best image it is essential
to have a 5-mm flexible tip laparoscope. Both Stryker® (Kalamazoo, MI, USA) and
Olympus® produce a product that is suitable for this application.

Multiple SLS port devices are available on the market. We prefer to use the
SILS™ port (Covidien) (Fig. 36.15). The port allows for multiple interchangeable
trocars to be placed through the port. The trocars can range from 5-mm to 15-mm
cannulas. The individual trocars can be upsized from 5-mm to 12-mm or 15-mm
cannulas during the operation at different steps then downsized back to 5-mm tro-
cars without causing significant air leaks or loss of pneumoperitoneum. The ability
to add, upsize, and downsize trocars through a single-port throughout the operation
is greatly beneficial. One difficulty that we have found in using the SILS™ port
(Covidien) is that the low profile of the port in an obese patient can cause the port to
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Fig. 36.16 The challenge
with commercially available
SLS port devices includes
port retraction below the
surface of the skin

Fig. 36.17 The use of a
wound protector to avoid
SLS port retraction below
the surface of the skin

e

sink below the level of the skin (Fig. 36.16). To overcome this challenge we have
found that using a medium sized wound protector compresses the abdominal wall
(skin, adipose tissue, and fascia) and prevents the port from sinking below the level
of the skin (Fig. 36.17).

Upon placing the SILS™ port (Covidien), it is helpful to place figure-of-eight
fascial sutures at the beginning of the operation to be tied at the end of the operation
for fascial closure. These sutures are best placed at the beginning of the operation
before abdominal wall torque from the SILS™ port (Covidien) distorts the anatomy
making fascial closure more difficult. Also these untied figure of eight sutures can
be wrapped around the SILS™ port (Covidien) to resolve any air leaks during the
operation.

Using at least one articulating instrument helps overcome the challenge of inline
instrument placement in SLS. There are several articulating instruments on the mar-
ket. We have found that most if not all articulating instruments have a degree of
torque in the shaft when the instrument is articulated. This can make fine dissection
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difficult. We recommend using one articulating instrument for retraction along with
a standard straight laparoscopic instrument for dissection.

One of the most challenging steps in SLS gastric plication is suturing. We have
found that using a barbed suture (V-Loc™ (Covidien) or Angiotech Pharmaceuticals
The Quill™ (Vancouver BC, Canada)) can greatly help overcome these challenges.
These barbed sutures avoid the need for knot tying which can be difficult in a SLS.
The barbed sutures also have the added benefit of maintaining tension on the
approximated tissue avoiding the need for an instrument dedicated to applying ten-
sion on the suture. Another instrument that we employ for SLS suturing is the
SILS™ stitch (Covidien) articulating suturing device. This device functions as an
articulating EndoStitch™. The SILS™ stitch (Covidien) articulating suturing device
can also function as an articulating band passer, which helps to position the AGB.

A large floppy left lobe of the liver can obscure the view of the esophageal hiatus
and make dissection difficult. With multiport laparoscopy we will use a Nathanson
liver retractor to alleviate this problem; SLS requires other approaches to overcome
this challenge. To overcome this challenge we have used intra-abdominal tissue
retracting systems including EndoGrab™ (Virtual Ports Ltd., Caesaera, Israel) and
EndoLift™ (Virtual Ports Ltd., Caesaera, Israel). If intra-abdominal tissue-retracting
systems are not available, using a pledged stitch can serve the same function.

A unique challenge encountered in some patients is a fat pad located at the pars
flaccida that obscures the view needed for dissection. We have used the EndoStitch™
(Covidien) to create a pulley system to retract this fat pad. This is done by passing
the suture through the fat pad and tying a slip knot then passing the suture through
the abdominal peritoneum at the angle needed for retraction then leaving the suture
long and pulling it out of the SILS™ port (Covidien). The assistant can then apply
tension to the suture to retract the fat pad. This is not needed on most cases, but
when the fat pad is obscuring the view this technique can be helpful.

If the operation is not progressing in the SLS approach then we recommend
inserting additional ports. When inserting additional ports we proceed with port
placement similar to our multiport laparoscopic approach (Fig. 36.2). The camera
and one dissecting instrument can remain at the SILS™ port (Covidien). A second
and third 5-mm trocar can be inserted in the right and left anterior axillary line in the
subcostal region. If the left lobe of the liver is not being retracted correctly then a
Nathanson retractor can be inserted in the subxiphoid region.

36.5 Recommendations from the Author

The field of metabolic and weight loss surgery has evolved over the last several
decades. Treatments ranging from the ileojejunal bypass to the vertical banded gastro-
plasty to endoluminal therapies have come and gone. Currently there are well proven
operations like the LRYGB that have been shown to improve the quality of life and
significantly reduce comorbidities. It is important to have the appropriate review pro-
cess in place when introducing new procedures like the PSG. We believe that this
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operation will likely have a permanent place in metabolic and weight loss surgery.
And recommend that it be investigated further under the review of IRB committees.
LAGB with PSG can be done either through a multiport or SLS approach. We
recommend first performing PSG with a multiport approach. After an initial multi-
port experience has been gained, we would recommend introducing the SLS
approach in a less technically challenging patient population, which are usually
patients with a BMI of 30-35 kg/m? who have had no previous foregut operations.
With the proper experience and patience a SLS approach can be performed for most
patients. When struggling to complete a SLS procedure it is helpful to place an
additional 5-mm trocar in the left upper quadrant to allow help from an assistant.
Gaining the technical skills needed for SLS is often a stepwise approach of moving
from multiport laparoscopy to reduced port laparoscopy and eventually to SLS.
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Chapter 37
Malabsorptive and Mixed Procedures
for Obesity

Roberto M. Tacchino

Abstract Laparoscopic bariatric surgery has been introduced since 1992 and is
today the gold standard approach for obesity surgery.

Single-incision laparoscopy (SIL) has been developed with the aim of further
reducing the invasiveness of traditional laparoscopy.

The approach through a single intra-umbilical incision was implemented to per-
form advanced bariatric procedures such as gastric bypass and biliopancreatic
diversion.

High technical skill is required for manipulating, measuring, and suturing the
bowel with articulated instruments, however emerging technology has contributed
to the feasibility of SIL.

Minimally invasive techniques have become an integral part of general surgery
and proved to be a safe and feasible when compared with multiple ports approach.

Cosmesis scores and patient satisfaction showed a preference of patients for SIL.
Further benefit is the positive feedback of this approach on the surgical technique.
The need to minimize the manipulation of organs and tissues has led to better under-
standing of mechanism of action of the different procedures and to a simplification of
the surgical steps. This represents a general benefit to laparoscopic surgery.

We discuss the general approach, the technical details ad the benefit of SIL in
malabsorptive and mixed procedures.
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37.1 Introduction

Single-incision laparoscopy (SIL) has been improved during the last 5 years.

Access Port

The advent of the trocar with multiple accesses, such as OCTOport™ (Covidien,
New Haven, CT, USA), TriPort™ (Olympus, Tokyo, Japan) and Octoport™ (Dalim
Surgnet, Seoul, South Korea) has significantly reduced the inconvenience of using
multiple trocars through a single incision. In that developmental phase, loss of
pneumoperitoneum when replacing the instruments, particularly those of large bore
such as EndoStitch™ (Covidien) and the staplers, significantly reduced the quality
of vision which, when too compromised, in fact made it impossible to continue with
the intervention with the necessary safety.

Triangulation

The fundamental principle of SIL is the crossing of instruments 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, it is
possible to recreate a triangulation similar to that of traditional laparoscopy.

As a consequence the instrument held with the right hand is to be operated to the
left on the screen and vice-versa [1].

Telescope

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

The use of a camera with articulated head (EndoEYE™ (Olympus)) furthermore
reduces the need for these movements and offers optimal visual angles, thus avoid-
ing conflict with surgical instruments: it therefore should be regarded as a very
useful instrument for this type of intervention [2].

Exposure

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].

Patients’ Selection

When new surgical techniques are adopted, selecting suitable patients is recom-
mended. Although defining certain parameters may be simple, like distance from
the xyphoid, in practice it might not be enough.
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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
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, SIL 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 SIL, 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 pneumoperito-
neum 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 is 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 intra-operative
evaluation remains crucial.

Benefits

SIL is now known in many centers worldwide. Several publications 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 ran-
domized, controlled trials have been completed [4]. For this reason, it is not possible
to state with certainty which are the real benefits of this “new” surgery [5], although
a reduction of complications associated with the introduction of the trocar, such as
bleeding and incisional hernias can be assumed and, of course, an advantage from
the cosmetic point of view that makes the method extremely attractive to the patient.
The absence of a final visible scar, accounts not only 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 relatives know
that they had been operated on. Indeed, we perceived a high level of satisfaction in
the obese patients, which underwent SIL bariatric [2, 4, 6].

Although for matters regarding cholecystectomy there are now several published
works [7, 8] and a substantial amount of case studies, in the field of bariatric surgery,
SIL technology is gaining ground more slowly since it is extremely complex.

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

Thus, as after the introduction of laparoscopy, an initial increase of specific sur-
gical complications have been observed, it is easy to foresee a similar trend after the
spread of SIL technology, although the difference between the two techniques is
probably smaller than that of “open” surgery and laparoscopy.
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What has so far facilitated the spread of this technique on a large scale is the
possibility of “conversion” from SIL 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 port laparoscopic surgery (RPLS).
This is a great advantage for its diffusion compared to other innovative techniques
such as natural orifice transluminal endoscopic surgery (NOTES), combined with
the fact that a SIL intervention can also be performed with the help of fewer specific
instruments than classic laparoscopy.

37.1.1 Limited Absorption and Mixed Procedures

All different types of surgery have been successfully completed by SIL: adjustable
gastric banding, Roux-en-Y gastric bypass (RYGB), minigastric bypass (MGB),
biliopancreatic diversion (BPD), and sleeve gastrectomy (SG) [1, 2, 9, 10]. We are
going to discuss more in detail the procedures that are based partially or totally on
limited absorption.

We prefer the term limited absorption to “malabsorption” as the latter entails a
concept of disease. Malapsorption exists in gastrointestinal disease where either the
physiological or anatomical functioning has been altered by a specific derangement.
In the case of bariatric surgery we believe it is more appropriate to speak of limited
absorption as none of the organs or functions involved is diseased. In these proce-
dures the bowel is perfectly normal, rather its length, or the segment that is allowed
to absorb food, are modified.

We should also specify that we are talking about limiting the absorption of mac-
ronutrients: calories. Absorption of micronutrients, such as vitamins or mineral
salts, could be limited with different mechanisms also in other non-malabsorptive
procedures.

According to the above definitions the two procedures that entail limited absorp-
tion are the MGB and the BPD.

37.1.2 MGB

The MGB has also been named single loop gastric bypass, one anastomosis gastric
bypass, and omega loop gastric bypass.

It consists in creating a narrow and long gastric pouch from the cardias to the
angulus on the stomach’s lesser curvature. The shape and size of this pouch is very
similar to that of a SG. Normally it is calibrated along a 12-mm outer diameter oro-
gastric tube. This pouch is then anastomosed in a Billroth II manner to the jejunum
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Fig. 37.1 No visible scar

I Tacghmo 2007

at a distance from the Treitz ligament of 200-cm. The afferent loop is sutured to the
lateral aspect of the pouch to prevent food from entering the biliary limb.

The length of this biliary limb can be adjusted, either at the time of primary sur-
gery either as revisional surgery, to change the level of absorption and thus the
weight of stabilization of the patient.

On the other hand the size of the pouch can be enlarged to reduce the degree of
restriction we want to give to the patient.

These two parameters give to the procedure a great flexibility, easy adjustability
and make total reversal very simple.

Introducing the Port

In order to totally hide the scar after surgery (Fig. 37.1), the umbilicus is completely
everted (Fig. 37.2) and an Ellis clamp is affix 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’s easy to gain access to the peritoneal cavity with an open technique. The
port is prepared, loading the plastic ring on the introduction device that is insert into
the peritoneal cavity by making counter-traction with two forceps. The ring slides
in the peritoneal cavity and the introducer is retracted; by pulling on the device, the
inner ring is joined to the abdominal wall and the outer ring is joined to the skin: in
this way you can adjust this kind of access to wall thickness (Fig. 37.3).

Surgical Procedure

The first step of MGB is the creation of the gastric pouch of about 10-cm in length,
measured from the angle of His. A perigastric dissection is carried out with the use
of Ligasure Blunt Tip® (Covidien) coupled to a Endo Grasp Roticulator® (Covidien)
that keeps traction on the stomach. These instruments cross each other at the navel
allowing the creation of triangulation to exert traction and counter traction so
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Fig. 37.2 Eversion of the umbilicus

Fig. 37.3 Port in place

typical of traditional laparoscopy. In this case the main trunk of the left gastric
artery and the branches of the vagus nerve (the Latarjet) are preserved. Once the
opening is made a 45-mm blue or purple cartridge EndoGIA® (Covidien) is fired
and the first transverse section of the stomach is done (Fig. 37.4). During these
maneuvers the instruments are crossed at the level of the port, so the stomach is
maintained in tension by an Endo Grasp Roticulator® (Covidien), which appears
into the right side of the screen but is controlled by the left hand of the surgeon.
A 13-mm (outer diameter) 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
the small volume of the pouch. The stomach is transacted vertically (Fig. 37.5).
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Fig. 37.4 Horizontal
transverse section of stomach

Fig. 37.5 Vertical stapling
along calibration orogastric
tube

Retraction of the left lobe of the liver was achieved with a transfix stitch, applied on
the right crus and suspended from outside (Fig. 37.6). It is therefore unnecessary to
use any dedicated tool. Several (3-5) applications of 60-mm blue or purple car-
tridges EndoGIA® (Covidien) are necessary to join the angle of His. Before com-
pletely dividing the pouch from the stomach you should find some short vessels that
may need to be coagulated before inserting the stapler (Fig. 37.7). Moreover, this
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Fig. 37.6 Liver retraction

Fig. 37.7 Ensure complete
division

dissection allows for certainty of the separation of the pouch from the stomach. The
pouch is made narrow and long, similar to the one done in sleeve gastrectomy. This
method allows you to stay away from esophagus and helps when performing the
gastroenteric anastomosis by decreasing the distance, and thus the tension, between
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Fig. 37.8 Small bowel
measurement

the pouch itself and the intestine. Once the pouch is completed, the gastrotomy is
opened. The hole is made on a free portion of the pocket, away from the rhymes of
suture to avoid ischemia, on either the front or rear wall. The orogastric tube is
withdrawn by 10-cm to avoid being accidentally caught in the coming anastomosis.
The hole is enlarged with a small bowel clamp to facilitate the future introduction
of the stapler. In this case you use regular scissors and straight clamp coupled with
an articulated grasper. In the almost horizontal position, you perform the measure-
ment of the bowel (Fig. 37.8): 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 the ligament of Treitz. The biliary limb is measured up to 200-
cm from the Treitz’s ligament. After the enterotomy is done (Fig. 37.9) an articu-
lated 30-mm blue cartridge EndoGIA® (Covidien) (anvil) is introduced into the
bowel, and then the stapler is closed and approaches the gastric pouch: the direction
of the joint is changed and the head of the stapler is rotated by 180°. At this point
the cartridge of the stapler presents itself ready in proximity to the gastrotomy. The
patient is put back into an anti-Trendelemburg position and using both the stapler
and an articulated grasper the pouch is retrieved. The pouch is pulled down and the
gastroenteric anastomosis is performed (Fig. 37.10). Its wedge shape facilitates the
insertion of the cartridge in the stomach. The service opening is closed with a hand-
made suture carried out with the Endostitch® (Covidien) (Fig. 37.11): it consists of
an initial extra mucous layer and a second serosal layer in polysorbate 2/0. The
anastomosis 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 (Fig. 37.12): the firsts 5- to 6-cm of the afferent loop are
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Fig. 37.9 Enterotomy

Fig. 37.10 Gastroenteric
anastomosis

sutured to the pouch vertically, and so provide a preferential way for food and liquid
progressing toward the alimentary/efferent limb and thus reduce the risk of reflux of
bile into the pouch.

A last stitch will fix the efferent limb to the antrum (Fig. 37.13).
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Fig. 37.11 Closing of the
service opening

Fig. 37.12 Afferent loop
sutured to the gastic pouch
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Fig. 37.13 Efferent loop
sutured to the gastric antrum

Roux-en-Y Conversion

A Roux-en-Y reconstruction may be accomplished, if necessary, in an easy way
after the gastroenteric anastomosis is done, with the “double loop” technique: at
about 10-cm from the gastroenteric anastomosis along the biliary limb an enterot-
omy is made for the next entero-enteric anastomosis. The second loop (alimentary
limb) is measured starting from the gastroentero anastomosis just completed toward
the ileocecal valve and the enteroenteric anastomosis is performed. With this tech-
nique the surgical field of view is very restricted and the movements are minimized
thus facilitating the implementation of the intervention and reducing the risk of
twisting the mesentery. The last step of the intervention is the interruption of conti-
nuity between the two anastomosis to create the Roux-en-Y: a passage into the
mesentery near the intestinal wall is made without using coagulation, being careful
not to cause vascular damage to prevent ischemia; a 60-mm white cartridge
EndoGIA® (Covidien) is inserted in the passage created and the stapler is fired.

No drainage was left in place. The operation ends with the evacuation of the
pneumoperitoneum and the removal of the port. The fascia is closed with an absorb-
able suture and the navel is reinstated in its original position [2].

37.1.3 BPD

The BPD as originally described by Scopinaro [11] has in the years undergone sev-
eral modifications that however have not altered the fundamental working principle:
limited absorption of fat and carbohydrates.
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The typical procedure consists in creating a large gastric pouch, with a volume
between 300 and 500 mL, such that it will not in any manner limit food intake. This
is to mean that there should not be any permanent restriction and that part of the
digestive capacities of the stomach is maintained. The distal gastric remnant can be
removed, as originally described, or preserved, as many authors, including us, pre-
fer [12—14]. The advantage of not resecting the stomach is the full reversibility, less
surgical trauma and earlier recovery. The potential, but not proven, risk is an increase
in marginal ulcers.

The reconstruction of the alimentary tract is performed as a Roux-en-Y with an
alimentary limb of 200-250 cm and a common limb of 50-cm.

Several authors have modified these limb lenghts. If you elongate the “total”
alimentary limb (distance between the stomach and the ileocecal valve) you reduce
the risk of protein malnutrition, but you compromise the weight loss result. The
need for a Roux-en-Y reconstruction can also be questioned. A Billroth IT at 300-cm
from the ileocecal valve is feasible, safe and effective. We will discuss this further
after description of the technique.

Surgical Technique

Patient is placed in supine position with the left arm abducted and right arm along
the body. The laparoscopic tower is placed in proximity of the left patient’s shoul-
der. Surgeon operated at right side of the patient while the assistant kept the camera,
standing on the left side. We choose to perform an intra-umbilical incision as
described for the others bariatric procedures in order to have the scar completely
hidden at the end of intervention. Access to the abdominal cavity is obtained with
an open technique; the port is deployed in the opening and used for all instrument
insertion and for insufflation of the abdomen. The intervention starts with the dis-
section at the level of the lesser curvature of the stomach that is carried out at about
10-cm from the gastroesophageal junction. An articulated Endograsp® (Covidien)
kept the stomach under traction and dissection is performed with Ligasure Blunt
Tip® (Covidien): these instruments are crossed each other allowing to create a trian-
gulation to exert the necessary traction and counter. Once the opening is made the
stomach is transacted transversally with four applications of articulated 60-mm
blue cartridge EndoGIA® (Covidien). Before dividing completely the stomach
accurate hemostasis of the gastroepiploic vessels is obtained with repeated applica-
tion of Ligasure®. The gastric pouch volume is about 350 mL. A gastrotomy is
opened on the anterior surface of the stomach pouch near the lesser curvature and
the hole is enlarged with a small bowel clamp to facilitate the future introduction of
the stapler. In this case we use straight scissors and straight clamp coupled with an
articulated grasper. The surgeon moves on the left side of the patient near the camera-
man 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 opened at 50- and 250-cm from the ileocecal valve. Measurement
of the bowel is done coupling a straight small bowel clamp with the articulated endo-
grasp and enterotomies is opened with coagulating scissor and marked with a stitch.
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Fig. 37.14 Gastroenteric
anastomosis

Fig. 37.15 Retrieval of the
point at 50-cm from
ileocecal valve

The gastroenteric anastomosis is performed immediately using an articulated
45-mm blue EndoGIA® (Covidien) (Fig. 37.14): the patient is put back into an anti-
Trendelemburg position and the gastric remnant is retrieved with the grasper; the
anvil is placed in the jejunum at 250-cm from the ileocecal valve, then the stapler is
closed, shifted up and approached the gastric pouch while the direction of the joint
was changed presenting the cartridge of the stapler in proximity of the gastrotomy.
The service hole is closed with a double layer hand-made suture carried out with the
Endostitch® (Covidien). At about 10-cm from the gastroenteric anastomosis along
the afferent limb another enterotomy is made for the next enteroenteric anastomosis
with the point at 50-cm from ileocecal valve that is found easily on the efferent limb
(Fig. 37.15). We use an articulated 60-mm white cartridge EndoGIA® (Covidien) to
achieve the enteroenteric anastomosis and the final closure of the gap is performed
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Fig. 37.16 Enteroenteric
anastomosis

Fig. 37.17 Creation of the
Roux-en-Y

with a double layer hand-made polysorbate 2/0 suture (Fig. 37.16). The last step of
the procedure consists in the interruption of the continuity between the two anasto-
mosis to create the Roux-en-Y with an articulated 60-mm white cartridge EndoGIA®
(Covidien) (Fig. 37.17). The patency and the tightness of the gastroenteric anasto-
mosis are tested with methylene blue. No drainage is left in place. The operation
ends with the evacuation of the pneumoperitoneum and the removal of Triport®
(Olympus). The fascia is closed with an absorbable suture and the navel is reinstated
in its original position [9].
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37.1.4 Learning from SIL

Several lessons can be learned from the SIL experience.

The first aspect is about the access. While practicing SIL you realize that any
procedure can be carried on with only three ports, one for the camera and 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 in holding the camera still. You learn that to give good vision to the
operating surgeon the most important thing for the camera-man is to stand still and
stay out of the way of the operating field, to such a point that he can be substituted
by a mechanical camera holder, 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 laparoscopic surgery you will reduce the number of ports with a ben-
efit for the patient.

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

Finally, but more important, you learn that may be we had a lot of prejudice
about certain types of surgical approaches. We have come to re-evaluate the Billroth
II reconstruction as opposed to the Roux-en-Y. Building up experience with the
MGB we were more and more convinced that one of the criticism, biliary reflux,
was totally overrated. With the proper technique, pouch size, shape and length of
bowel limbs, Billroth II technique is not only safe but also largely superior to Roux-
en-Y [15]. The pouch size can be adapted from 15 to 20 mL to a large size of 300-
350 mL (Fig. 37.18). This way we can decide the degree of food intake restriction
to give to the patient. As a consequence we can adapt the bowel lengths (Figs. 37.19
and 37.20) to add more or less limitation to absorption.

The different bariatric procedures that we have today, RYGB, MGB, BPD, as a
matter of fact differ for the size of the pouch, the length of the biliary, common and
alimentary limb. The Billroth II reconstruction preserves the physiological effect of
these adjustments while maintaining a more physiological intestinal transit. This
has become evident from the greatly reduced incidence of dumping, hypoglycemia
after MGB.

Last but not least we stress the importance of the easy adjustability and revers-
ibility of such approach.

All this we learned from SIL, an approach that required some collateral thinking
and freedom from prejudice.

We hope that the future will give more and more attention to RPLS always with
the intent of offering the patient better care.
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Fig. 37.18 Pouch sizes

Fig. 37.19 Intestinal lengths
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Fig. 37.20 Billroth Il MGB
with large pouch (300 mL)
and short alimentary limb
(300 cm). Functional
equivalent of a BPD
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Chapter 38
Revisional Obesity Surgery

Alan A. Saber, Jason M. Saber, and Angie A. Saber

Abstract There is a growing trend towards surgical techniques that minimize
abdominal wall trauma. This will expand the benefits of traditional laparoscopic
surgery with less pain, less scarring, less injury to tissues, shorter hospital stay,
quicker return to normal physical activities, and better cosmetic outcome. This
facilitates the development of a new concept: reduced port laparoscopic surgery
(RPLS) with a decrease in either the number of ports or the size of ports, or a
combination of both. After our extensive experience with primary bariatric RPLS,
we started exploring revisional procedures. In this chapter we will discuss the
operative strategy, technical challenges, and step-by-step description of revisional
obesity RPLS and transversus abdominus plan block (TAP block).

Keywords Reduced port laparoscopic surgery * Revisional surgery * Sleeve
gastrectomy

38.1 Introduction

There is a growing trend towards surgical techniques that minimize abdominal wall
trauma. This will expand the benefits of traditional laparoscopic surgery with less
pain, less scarring, less injury to tissues, shorter hospital stay, quicker return to nor-
mal physical activities, and better cosmetic outcome.
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This facilitates the development of a new concept: reduced port laparoscopic
surgery (RPLS) with a decrease in either the number of ports or the size of ports, or
a combination of both. The application of this approach has expanded to bariatric
surgery. Since our initial description of the single-incision laparoscopic surgery
(SLS) sleeve gastrectomy (SG) in 2008 [1], we have applied the same principle to a
wide variety of both bariatric and non-bariatric procedures [1-6]. After our exten-
sive experience with RPL primary bariatric RPLS, we started exploring revisional
procedures, mainly the revision of the adjustable gastric band (AGB) to SG. In this
chapter we will discuss the technical challenges and step-by-step description of
revisional obesity RPLS.

38.2 Operative Strategy and Technical Considerations

The feasibility of RPLS is enhanced when tailored according to each patient’s body
habitus. In patients with a relatively low body mass index (BMI), peripheral obesity,
a small liver, and a short umbilicus—xiphoid distance, we proceeded with transum-
bilical SLS. In addition to the cosmetic advantages of a hidden intraumbilical single
incision, the umbilicus provides a safe zone for abdominal access, while minimiz-
ing the torque effect of an obese patient’s thick abdominal wall.

38.3 Technical and Physical Challenges in SLS Approach

38.3.1 Lost Triangulation and Trocar Placement Strategy

Achieving adequate triangulation is a basic principle of traditional laparoscopic
surgery.

Trocars can be directed from multiple points of entry, guiding instruments
towards the target organ, where adequate manipulation can be achieved (Fig. 38.1a).

Operating through a single incision with only rigid instruments would be chal-
lenging, because the surgeon would either implement a parallel positioning of
instruments (Fig. 38.1b) or a ‘crossing’ arrangement (Fig. 38.1c). In the parallel
technique, both instruments emerge through the umbilicus; thus, controlling both
instruments outside the abdomen would pose a challenge because the surgeon’s
hands would be at such close proximity. On the other hand, in the crossing arrange-
ment, there would be a considerably more comfortable range of movement on the
outside; however, on the inside, the left hand controls the right instrument, and vice
versa, posing a challenge for first-time SLS adopters. As the overall flexibility of the
instruments increases, triangulation issues can be overcome without sacrificing
external maneuverability.
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b

Fig. 38.1 Conflict of instrumentation and triangulation in single incision laparoscopic surgery and
trocar reduction. With Permission from [6]

Flexible instruments have articulating shafts, steering the tip of the instrument
toward the target organ and restoring lost triangulation. Thus, combining flexible
and rigid instruments has resulted in a more comfortable configuration (Fig. 38.1d, ),
increasing maneuverability and the feasibility of advanced surgical procedures
using SLS. Recently, curved laparoscopic instruments have been introduced to the
field of SLS to restore triangulation and minimize fighting between instruments and
laparoscope.

38.3.2 Conflict of Instruments

Multiple instruments inserted at close proximity through a common port of entry
produce an undesirable limitation of movement both inside and outside. Many
advanced procedures involve switching instruments more often, potentially com-
promising the pneumoperitoneum. These challenges have led to the development of
multi-channel ports to avoid the clinching of laparoscopic instruments diverting
from a common point.

If multichannel ports are not available, it is necessary to insert 3 trocars through
the same umbilical skin incision but with different fascial incisions at different lev-
els in a triangular fashion. Using a flexible tip scope minimizes the external conflict
of instruments because its cable exits through the back end of the instrument, keep-
ing it away from the operative field.

38.3.3 Abdominal Wall ‘Torque Effect’

Utilizing the umbilicus (the thinnest part of the abdominal wall) minimizes the
torque effect on trocars inserted at such close proximity, providing a wider range of
motion for the instruments and trocars in different directions. However, if incisions
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are made further away from the umbilicus, the ‘torque effect’ on trocars increases
with the increasing thickness of the point of abdominal access, counteracting the
movement of trocars and decreasing maneuverability.

38.3.4 Umbilical Recession

In super obese patients a receded umbilicus can reduce the feasibility of the
transumbilical approach, favoring an epigastric placement of trocars to ensure that
the gastroesophageal junction is within comfortable reach of the laparoscopic
instruments.

38.3.5 Retraction of Large Liver

Bariatric patients have a higher incidence of fatty liver, potentially obscuring the
operative field and presenting a challenge for the SLS approach. Liver retraction can
be achieved by using internal retraction (i.e. sutures), using external retraction (i.e.
subxiphoid, transumbilical liver retractor), or using the mobilized portion of the
stomach.

38.4 Operative Technique for RPL Revision of AGB to SG

The patient is placed in the supine position. The surgeon stands either on the patient’s
right side or between the legs of the patient, with the assistant on the left side.

Both the location of the single incision and the method of liver retraction are
tailored according to the operative strategy discussed in the previous section. If the
subcutaneous port is in the vicinity of the umbilicus, we choose a transumbilical
approach GelPOINT (Applied Medical, Rancho Santa Margarita, CA, USA) place-
ment to conduct the procedure, and at the end to remove the subcutaneous port.

The deepest point in the umbilical scar is pulled up using Kocker graspers while
applying subtle pressure on the abdominal wall to tent up the umbilical scar. A 2.5-
cm intraumbilical skin incision is created and deepened to the linea alba. A fascial
opening up to a length of 3-cm is established. This large facial incision minimizes
fighting between instruments and laparoscope. The GelPOINT (Applied Medical) is
placed. Three 10-mm trocars are introduced through the GelPOINT (Applied
Medical) (Fig. 38.2). The pneumoperitoneum is initiated to a pressure of 15 mmHg.
A long 45-degree 5S-mm laparoscope with L connection is inserted.

Using a 5-mm LigaSure (Covidien, New Haven, CT, USA) and 5-mm flexible
grasper, the greater curvature of the stomach is retracted (Fig. 38.3) and mobilized
(Fig. 38.4), beginning from a point 6-cm proximal to the pylorus, staying close to
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Fig. 38.2 GelPOINT (Applied Medical) inserted in the umbilicus

Fig. 38.3 Retraction of the greater curvature of the stomach

the wall of the stomach, all the way up the greater curvature to the angle of His,
dividing both gastrocolic and gastrosplenic ligaments. This is followed by liver
retraction with a flexible liver retractor inserted through the GelPOINT (Applied
Medical).

The fibrous capsule over the AGB is taken down (Fig. 38.5). The AGB is then
used as a retractor and eventually cut (Fig. 38.6). The gastrogastric plication is taken
down with laparoscopic scissors. In the case of dense adhesions at the gastrogastric
plication, a linear stapler is used to take down the plication instead.
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Fig. 38.4 Mobilization of
the greater curvature of the
stomach with Ligasure
(Covidien)

Fig. 38.5 Taking down the
fibrous capsule around the
AGB

It is important to identify and mobilize the angle of His, with exposure of the left
crus of the diaphragm, to facilitate complete resection of the fundus. Retrogastric
adhesions are taken down with the LigaSure (Covidien). This allows complete
mobilization of the stomach, eliminates any redundant posterior wall of the SG, and
excludes the fundus from the SG.

Once the stomach is completely mobilized, a 34F oro-gastric tube is inserted
orally into the pylorus and placed against the lesser curvature. This calibrates the
size of the SG, prevents constriction at the gastroesophageal junction and incisura
angularis, and provides a uniform shape to the entire stomach.

The gastric transection is started at a point 6-cm proximal to the pylorus, leaving
the antrum intact and preserving gastric emptying. A long laparoscopic roticulating
60 mm XL Endo-GIA stapler (Covidien) with green cartridge 4.8-mm staples and
synthetic absorbable buttressing material is inserted through the 15-mm trocar in a
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Fig. 38.6 Cutting the AGB

Fig. 38.7 Gastric stapling
along 34 French orogastric
tube

cephalad direction (Fig. 38.7). The stapler is fired consecutively along the length of
the orogastric tube until the angle of His is reached. Care must be taken not to
narrow the stomach at the incisura angularis. It is important to inspect the stomach
anteriorly and posteriorly to ensure there is no redundant posterior gastric wall.
Approximately 80 % of the stomach is separated. The entire staple line is inspected
for bleeding and tested for leakage. Insufflating air under saline and infusing methy-
lene blue into the remaining stomach tests the integrity of the staple line. The
resected stomach is extracted along with the GelPOINT (Applied Medical) without
the need for an Endobag (Fig. 38.8). The band port is removed through the
umbilical incision (Fig. 38.9). The fascial defect of the port site is closed with a
figure-of-eight 2-0 nonabsorbable suture to prevent port site hernia formation.
The skin incision is closed with 4-0 absorbable suture in a subcuticular fashion
(Fig. 38.10).
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Fig. 38.8 Removal of SG specimen

Fig. 38.9 Removal of band port through the umbilical incision

Fig. 38.10 Laparoscopic-guided TAP block
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38.4.1 Transversus Abdominus Plan Block (TAP block)

The SLS approach involves a single incision, as opposed to multiple tiny incisions
scattered all over the abdomen in standard laparoscopic operation. We take advan-
tage of this situation by selectively blocking the nerves supplying the periumblical
area. This is achieved by either ultrasound or laparoscopic-guided transversus
abdominis plane (TAP) block (Fig. 38.10). In our experience, if the block is per-
formed correctly, the SLS incision stays relatively pain-free, allowing subsequent
reduction of the requirement for pain medications and a faster recovery for the
patient.

38.5 Comment

» In expert hands, revisional obesity RPLS is a safe and feasible option in selected
patients.

* The approach is particularly attractive for procedures that require a 2-3 cm inci-
sion to retrieve or insert the AGB and the port as in AGB, or to retrieve a big
specimen as in SG. The use of a single-port device would be helpful in that task.

e In our experience, the SLS approach has many potential advantages over the
conventional laparoscopic approach, including less postoperative pain, less need
for analgesia, and a shorter hospital stay. In addition, it improves cosmesis and
body image, an important outcome to consider in the bariatric population where
there is a predominance of young women.

* The SLS approach has outcomes similar to those of its conventional multiport
counterpart in terms of morbidity, mortality, reoperation, readmission, weight
loss, and comorbidity improvement.

* However, some technical challenges are encountered during SLS bariatric proce-
dures, including lost triangulation, conflict of instruments, umbilical recession,
and fatty large liver. These could be overcome by using long flexible instruments,
a flexible tip scope, multichannel access ports, and a liver retractor.

» If any difficulties are encountered during the procedure, do not hesitate to add
more trocars to achieve the same operative goal.
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Chapter 39
Two or Combined Procedures

David Lomanto and Guowei Kim

Abstract With widespread acceptance of laparoscopic surgery, efforts are aimed to
minimize further surgical trauma. The last decade has seen a few novel approaches,
such as mini-laparoscopy, needlescopic surgery, natural orifice translumenal endo-
scopic surgery (NOTES), and single-port endo-laparoscopic surgery (SPES). The
latter two methods are the most recent surgical innovations that have heralded the
trend toward scarless and less invasive surgery. While current clinical application of
NOTES requires significant improvement in technique and technology, SPES can
be performed with the refinement of existing laparoscopic instruments and is gain-
ing popularity among surgeons and patients. SPES was first performed and reported
as early as 1992 by Pelosi, which were single-puncture laparoscopic appendectomy
and hysterectomy. Since then, many case reports and case series have emerged in
the fields of gastrointestinal, urological, and gynecological surgery using the
reduced port technique. In this chapter we will review and discuss the prevailing
controversies in SPES for combined surgical procedures. For the purpose of this
chapter, we will use the term SPES, even though there are several accepted defini-
tions and no agreement among the surgical community regarding the best term.
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Reduced port laparoscopic surgery * Digestive surgery * Laparoscopic surgery
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39.1 Introduction

While procedures using combined laparoscopic surgical techniques have been
reported since 1991 [1-4], the use of a single-port or single-incision approach has
only recently been reported for cholecystectomies, appendectomies, ovarian cystec-
tomies, hernia repairs, splenectomies, salpingectomies and varicocelectomies via a
transumbilical single-port [5—10]. The use of reduced port laparoscopic surgery
(RPLS) or even single-port endo-laparoscopic surgery (SPES) technique has been
gaining popularity and its use is becoming increasingly more common for patients
who have dual or multiple intra-abdominal pathologies [11-15].

The possible advantages of RPLS or SPES can be attributed to a reduction in
hospital admissions and amount of general anesthesia given to patients. There is
better perceived cosmesis for certain procedures with dramatically fewer ports/
scars. The reduced number of ports also minimizes the risks associated with port
insertion. In addition, recent studies show at least equivalent pain level, operative
duration and complication rates when comparing conventional laparoscopic surgery
to RPLS / SPES [4-7].

The obvious disadvantages of performing RPLS or SPES include increased cost
with the use of single-port devices, but the main constraints lie in ergonomics, such
as compromised exposure, inadequate retraction, conflict between the instruments
and lack of triangulation. There is also a steep learning curve to overcome as sur-
geons first have to master conventional laparoscopic surgery and basic laparoscopic
techniques before attempting RPLS or SPES and using alternative techniques to
overcome the difficulties [16, 17]. A concern has arisen over the potential for
increased risk of port site hernia, as most single-port devices require a slightly larger
incision than usual ports. For example, an incision of 22/25-mm is suggested for the
use of the SILS™ device (Covidien, New Haven, CT, USA), and an incision of
25/30-mm is suggested for GelPort (Applied Medical, Rancho Santa Margarita,
CA, USA), while a smaller 14/18-mm incision is necessary to introduce the LESS
(Olympus, Tokyo, Japan) device. To avoid the occurrence of port site hernia, an
appropriate device should be carefully selected according to the procedure, the
number of instruments required, the organ targeted and the size of the specimen to
be extracted. An appropriate device, combined with a figure eight suture for the
fascia closure, will certainly keep at bay the increased risk of hernia.

39.1.1 Indications

No standard guidelines have been set regarding when to perform RPLS or SPES for
combined procedures. The choice to use such techniques should remain primarily
with the surgeon. Multiple factors may influence the surgeon’s choice, such as level
of experience and skills and knowledge of the individual pathologies. Each proce-
dure should be assessed to determine its suitability for RPLS or SPES individually
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first. For example, a cholecystectomy or ovarian cystectomy would be feasible, as
both procedures can be easily performed with SPES techniques. On the other end of
the spectrum, ultra-low anterior resection would likely be unsuitable for RPLS or
SPES.

RPLS or SPES would be appropriate for patients in whom there would be mul-
tiple port sites for procedures in pathologies in different quadrants of the abdomen.
For example, a laparoscopic cholecystectomy would require 2-3 working ports and
one peri-umbilical camera port. A left transperitoneal adrenalectomy would require
three working ports. Performing both procedures with the same setting using the
SPES technique would drastically reduce the number of ports required, but techni-
cal challenges should be considered.

39.1.2 Contraindications

Like all variants of laparoscopic surgery, the standard contraindications to laparoscopic
surgery apply. Indeed, patients selected for RPLS or SPES should be medically able to
tolerate prolonged anesthesia times and a longer duration of pneumoperitoneum.

When performing RPLS or SPES, it is mandatory to carefully select suitable
patients. A history of previous laparotomy or laparoscopy, both of which use the
umbilicus as access, may cause difficult entry for the single-port device. Abdominal
wall thickness with regards to obese patients would pose a problem, as the single-
port device may not be long enough to traverse the abdominal wall completely.

Thought must be given to each procedure and the influence that it can have on the
other procedure if done concurrently. The type of surgery performed with regards to
wound classification is paramount. Ideally, clean surgeries involving the use of
implants should not be performed concurrently with contaminated or potentially
dirty surgeries. It would be disastrous to perform mesh repair of a ventral hernia
following a cholecystectomy for acute cholecystitis with hydrops!

39.2 Technique

There is no fixed technique for performing RPLS or SPES for two or combined
procedures. Instead, certain considerations have to be taken prior to surgery. Pre-
operative planning is paramount. Generally, if the procedures involve two or more
quadrants, the umbilical area is the best choice for insertion of the device. This is
became it is such placement equidistant from all parts of the abdomen. This is espe-
cially so far procedures on the upper right and lower left quadrant in opposite allows
reaching the target organ by simply switching the instruments and the camera. It is
important in this case to have an integrated operating theatre where the surgical
monitors are mounted on a revolving arm and can be deployed in a more ergonomic
view without moving the camera trolley or the patient (Fig. 39.1).
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Fig. 39.2 (a, b) Two different utilizations of percutaneous suture for organ retraction

39.2.1 Instruments/Equipment

There is a large range of products available for the surgeon to utilize. Flexible,
articulated, or pre-bent instruments are generally recommended to help achieve
triangulation during surgical procedures. A combination of both straight and articu-
lated or pre-bent instruments may facilitate the maneuvers and reduce conflict
among instruments. It important to choose an appropriate telescope to reduce clash-
ing; in our experience, the EndoEYE 5-mm 30° (Olympus) is one of the most com-
fortable options. Other alternatives include a long 10-mm 30° telescope similar to
the one used in bariatric surgery, or a telescope with a flexible tip (EndoEYE Flex
HD (Olympus)). For advanced procedures and when required, the use of energy-
sealing devices is recommended. Today, there are several devices using different
types of energy for sealing and cutting vessels up to 7-mm, ranging from ultrasonic
waves to HF bipolar diathermy, or even a combination of both. By using an energy-
sealing device, tissue can be dissected and transected with minimal traction as com-
pared to using conventional diathermy. Lastly, percutaneous suture for retraction
can be a useful strategy to improve retraction and surgical exposure. One or two
percutaneous non-absorbable sutures can offer additional benefits when a reduced
number of ports affects the technique (Fig. 39.2a, b).
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Fig. 39.3 (a, b) Port position and intraoperative view of SPES ventral hernia repair and
oophorectomy

39.2.2 Port Placement

Prior to placing the port, thought should be given to the target pathology with
regards to the working area within the abdomen. Many procedures can be performed
via a single peri-umbilical port. For example, a left trans-peritoneal adrenalectomy
and cholecystectomy are feasible if performed via a peri-umbilical port, whereas a
ventral peri-umbilical hernia repair with an ovarian cystectomy would require the
port being placed in the lower quadrant or flanks (Fig. 39.3a, b).

Adjustment of the port may be required in certain situations. For example, a
totally extra-peritoneal inguinal hernia repair can be first performed extra-
peritoneally, with the port being placed first in the pre-peritoneal space, and adjust-
ments being made later to advance it intra-peritoneally for the second procedure,
such as cholecystectomy.

39.3 Tips and Tricks (Compared to Multi Trocar
Laparoscopy)

It is paramount to understand that there is no standard technique when performing
RPLS or SPES for multiple procedures. A certain degree of creativity is required to
accommodate the multitude of procedures.

Proper port placement is the corner stone for this technique, as improper port
placement would result in almost certain conversion to conventional laparoscopic
techniques/open surgery.

Proper thought into which procedure should be performed first is important as
well. It would be logical to perform the more medically pressing procedure first.
Should major difficulties arise with the first procedure, postponement of the second
procedure can be considered.
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There should be no hesitation to revert to conventional laparoscopic surgery or to
insert additional ports should the need arise, as patient safety is paramount.

39.4 Recommendations from the Author

RPLS or SPES for two or combined procedures is only for advanced laparoscopic
surgeons who have surmounted the learning curve in SPES.

Every patient should be counseled about the procedure and made aware of the
pros and cons, including all treatment modalities and the extra cost involved in the
use of expensive instrumentation. The risk of reversion to conventional surgery or
conversion to open or non-completion of one procedure should also be explained to

the

patient pre-operatively.
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Chapter 40
Urology

Takatsugu Okegawa and Kikuo Nutahara

Abstract This paper reports our experience with single-port retroperitoneal
laparoscopic nephrectomy (SPRLN). From April 2010 to March 2013, 20 retroperi-
toneal approach surgeries for the treatment of patients with localized renal cell
carcinoma were performed.

Patients were placed in the full lateral position with slight flexion under general
anesthesia. Access to the retroperitoneum was obtained with the Hasson technique
through a 2.5-cm skin incision at the tip of the 12th rib. A balloon dissector (PDB;
Covidien, New Haven, CT, USA) was inflated in the retroperitoneum outside
Gerota’s fascia to create the working space. The SILS™ port (Covidien) or
GelPOINT (Applied Medical, Rancho Santa Margarita CA, USA) was then placed
in this incision. The first 5-mm port for the flexible laparoscope (Olympus Surgical,
Tokyo, Japan) was inserted into this single-port. Using the instruments with articu-
lation, laparoscopic surgery was performed by the retroperitoneal technique.

When the SPRLN group was retrospectively compared with the group who had
undergone standard retroperitoneal laparoscopic nephrectomy, no significant differ-
ence was noted with respect to operation time, time to resume oral intake, catheter
removal, or duration of postoperative hospital stay. A significant difference in favor
of the SPRLN group was found with respect to the visual analog pain scale score at
discharge. Although our results of SPRLN indicate that the technique is feasible
with advanced techniques and optimal instrumentation, further studies are needed to
determine the future direction of the technique and the extent of its clinical
application.
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40.1 Introduction

Standard laparoscopic surgery requires three to six ports for any given operation [1].
Single-port laparoscopic surgery (SPLS), however, represents the latest innovation
in the field of laparoscopic surgery and continues to increase among urologists [2—6].
Although most surgeries could be performed transumbilically within the field of
urology, several reports have shown the benefits of retroperitoneal approach [7-11].
This approach for more direct access to the posterior to the axis kidney and is pos-
sible to perform on patients who have undergone previous transperitoneal approach
surgery, as well as standard retroperitoneal laparoscopic surgery. This type of sur-
gery is, however, limited because only a small working space is obtained and the
bendable laparoscopic instruments need to be used.

40.2 Single-Port Retroperitoneal Laparoscopic
Surgical Methods

Patients were placed in the lateral position with slight flexion under general anesthe-
sia. Access to the retroperitoneum was obtained with the Hasson technique through
a 2.5-cm skin incision at the tip of the 12th rib. A balloon dissector (PDB; Covidien,
New Haven, CT, USA) was inflated in the retroperitoneum outside Gerota’s fascia
to create the working space. The SILS™ (Single Incision Laparoscopic Surgery)
port (Covidien) or GelPOINT (Applied Medical, Rancho Santa Margarita CA,
USA) was then placed in this incision (Fig. 40.1). The first 5-mm port for the flex-
ible laparoscope (Olympus Surgical, Tokyo, Japan) was inserted into the port. A
5-mm laparoscope was inserted into the port to ensure adequate access to the retro-
peritoneum was established. A second 5-mm working port was placed inferiorly to
the camera port under laparoscopic observation. Using the instruments with articu-
lation, laparoscopic surgery was performed by the retroperitoneal technique in all
cases (Fig. 40.1).

The renal hilum was approached initially, and the renal artery and vein were
sequentially controlled with clip-ligation (Hem-o-lok, McMedical, Tokyo, Japan).
When L- and XL-type clip-ligation is necessary, the 5-mm port is temporarily
changed to a 12-mm port (Fig. 40.2). For patients undergoing nephrectomy, con-
comitant adrenalectomy was performed in patients with an upper pole tumor or with
radiographic evidence of adrenal involvement.

40.3 Learning Curve

Total operative times for the 20 single-port retroperitoneal laparoscopic nephrecto-
mies (SPRLN) are demonstrated in Fig. 40.2. Operative time gradually decreased in
about the first 5 cases and remained stable in the next 15 cases.
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Fig. 40.1 (a) SILS™ port (Covidien) and laparoscope positioning during single-port left retro-
peritoneal laparoscopic surgery. (b) GelPOINT (Applied Medical) and laparoscope positioning
during single-port left retroperitoneal laparoscopic surgery. (¢) Intraoperative view. Using a flexi-
ble laparoscopic instrument (Covidien), laparoscopic surgery was performed by the retroperitoneal
technique in all cases. (a): the left renal artery. (d) The wound (3.5 cm) 1 month after surgery
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40.4 Comparative Outcomes Between Single-Port
and Standard Retroperitoneal Laparoscopic
Radical Nephrectomy

Twenty patients with renal cell carcinoma entered our SPRLN, and 12 patients with
renal cell carcinoma entered our standard retroperitoneal laparoscopic nephrectomy
(SRLN) between April 2010 and March 2013.

The intra- and early postoperative data are summarized in Table 40.1. Three
patients undergoing nephrectomy had previously undergone open intra-abdominal
procedures. SPRLN was completed in all patients without conversion to standard
laparoscopy or open surgery. No intraoperative or acute postoperative complications
occurred.

Patients who had undergone SRLN by the same surgeon were identified
(Table 40.1). When the SPRLN group was retrospectively compared with the group
who had undergone SRLN, no significant difference was noted with respect to age,
BMI, operation time, time to resume oral intake, catheter removal, or duration of
postoperative hospital stay (p>0.05). EBL in the SPRLN group was significantly
less than that of SRLN (p=0.027). A significant difference in favor of SPRLN
group was noted with respect to the VAPS score at discharge (p=0.016).

Table40.1 Demographic and comparative outcomes between single-port and standard retroperitoneal
laparoscopic surgery

Single-port laparoscopic Standard laparoscopic
nephrectomy (n=20) nephrectomy (n=14) 4
Mean age 66.2 (52-81) 67.8 (59-79) 0.142
Sex (males/females) 11/9 9/5 0.259
Mean BMI (kg/m?) 21.5(19.8-29.6) 23.0 (23.1-27.5) 0.279
Operative side (right/left) 3/17 5/9 0.555
Mean OR time (min) 253.0 (158-485) 245.0 (176-268) 0.141
Mean EBL (mL) 101.5 (3-198) 166.8 (56-369) 0.027
No. blood transfusions 0 0
Mean start to eat (days) 3.1 (3-5) 3.5 (3-6) 0.385
Mean Foley catheter removal 3.6 (2-6) 3.4 (2-6) 0.267
(days)
Mean hospital stay (days) 11.4 (7-15) 13.5 (9-13) 0.241
Mean VAPS at discharge 1.5/10 2.4/10 0.016
Complications - -
T stage
T1 9 (45.0 %) 9 (64.3 %) 0.544
T2 1 (55.0 %) 5(35.7 %)
N stage
NO (%) 11 (100) 12 (100)
Histological subtype
Clear cell type (%) 19 (95.0) 11 (92.9)

Chromophobe type (%) 1(5.0) 1(7.1)
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Table 40.2 Single-port retroperitoneal laparoscopic radical nephrectomy

Author (ref. no.) Year  Journal Number of cases  Port

Msezane et al. [13] 2009 BJU Int 36 Original

Ryu et al. [14] 2009 J Endourol 3 Alexis wound retractor
Chung et al. [15] 2011  World J Surg Oncol 6 Alexis wound retractor
Chueh et al. [16] 2011 BJUlInt 6 GelPOINT

Nomura et al. [17] 2011  Case Report Med 1 GelPOINT

Chen et al. [18] 2012 J Endourol 16 Original

Lietal. [19] 2012 Nan Fang Yi Ke 22 Original

Dong et al. [20] 2012 Surg Innov 29 Original

Present study [21] 2012 IntJ Urol 20 SILS™ port, GelPOINT

40.5 Discussion

The first report of SPLS within the field of urology was reported by Rane et al. in
abstract form at the 2007 World Congress of Endourology [2]. Desai et al. [7] reported
the initial 100 patients (nephrectomy, nephroureterectomy, pyeloplasty, prostatec-
tomy, etc.) who underwent SPLS. Desai et al. [7] and White et al. [8] concluded that
SPLS is feasible, offers improved cosmesis, and may offer decreased pain.

In the future, a comparative series between conventional laparoscopic surgery
and SPLS should be reported in the urological field [9—11]. Whereas most series
performed SPLS transumbilically [9-11], preliminary reports of the retroperitoneal
approach were found in the literature, including our study of SPRLN in 20 patients
[12—14]. In our opinion, the use of a bendable grasper in the non-dominant hand is
needed and a standard straight laparoscopic instrument can be used in the dominant
hand. When compared with SRLN, except for a bendable grasper, SPRLN is rela-
tively similar to a one-handed operation. The results of our study showed no differ-
ence in EBL, operation time, time to resume oral intake, catheter removal, or
duration of postoperative hospital stay, but did note subjective improvement in VAS
scores at discharge in SPRLN, because the specimen may be removed through the
flank incision with or without extension of the wound. In addition to our findings,
White et al. have shown that single-port retroperitoneal laparoscopic surgery is fea-
sible and offers comparable surgical outcomes and pain control with standard retro-
peritoneal laparoscopic surgery [12]. Furthermore, several reports have shown that
single-port retroperitoneal laparoscopic surgery is technically feasible and safe
(Table 40.2) [13-20].

40.6 Conclusions

Although the SPRLN in this study may have reduced postoperative pain, prospec-
tive comparison between SPRLN and SRLN is needed to more clearly define its
role, including oncological outcome.
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Abstract Laparoscopic surgery, which leaves small scars, is esthetic and minimally
invasive. Recently, reduced port laparoscopic surgery (RPLS) including single-port
laparoscopic surgery (SPLS), which further minimizes the invasiveness, has been
attracting attention. In the field of gynecology, in particular, since all patients are
female, the esthetic aspects should be given special consideration.

The laparoscope was first used for observation of the abdominal cavity. In the
field of gynecology, the laparoscope was often used to confirm tubal patency and
adhesions of the tubes to surrounding tissues, and to perform tests for infertility.
Laparoscopic surgery was first performed for an appendectomy in 1981 by Semm,
a gynecologist in Germany who developed an automatic pneumoperitoneum appa-
ratus and later performed laparoscopic cholecystectomy. Initially, laparoscopic sur-
gery was commonly performed using three ports: a port for the scope at the
umbilicus, and one each in the right and left inguinal regions. However, if a surgeon
wanted to use two pairs of forceps for adhesiolysis, sutures, etc., another port could
be added.

RPLS represents an attempt to minimize the invasiveness of laparoscopic sur-
gery by reducing the usual number of four ports, including the additional port placed
to achieve better manipulability.

This chapter aims to describe the current status, characteristics, and problems of
RPLS and SPLS in gynecology, as well as discuss unique surgical procedures based
on these characteristics.
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41.1 Introduction

Laparoscopic surgery, which leaves small scars, is esthetic and minimally invasive
[1]. Recently, “single-port laparoscopic surgery (SPLS)”, which further minimizes
the invasiveness, has been gaining attention [2—6] for its use of only one incision,
resulting in a single surgical wound at the umbilicus. The invasiveness of the tech-
nique is even less than that of laparoscopic surgery, which usually requires three or
four ports (incisions) [7]. However, SPLS has its limitations; therefore, one or two
incisions for auxiliary forceps may be added without insisting on using a single inci-
sion, as the aim of laparoscopic surgery is to achieve minimal invasiveness in com-
parison to the conventional procedure. Thus, the technique has come to be referred
to as reduced port laparoscopic surgery (RPLS).

In the field of gynecology, in particular, since all patients are female, the esthetic
aspects should be given special consideration. As described later, vaginal surgery
satisfies esthetic considerations in terms of natural orifice translumenal endoscopic
surgery (NOTES). In gynecological surgery, there might have been similar concepts
in the past [8].

This chapter aims to describe the current status, characteristics, and problems of
RPLS in gynecology, as well as to discuss unique surgical procedures based on
these characteristics.

41.2 History of the Endoscope and Introduction of RPLS

41.2.1 History of Laparoscopy

Laparoscopy was first used for observation of the peritoneal cavity. In the field of
gynecology, the laparoscope was often used to confirm tubal patency and adhesions
of the tubes to surrounding tissues, and to perform tests for infertility. Furthermore,
in the case of ectopic pregnancy, such as tubal pregnancy, a definitive diagnosis can
be made by laparoscopy, and the laparoscopic procedure can be converted to lapa-
rotomy if closer observation of the peritoneal cavity and surgery are deemed
necessary.

Laparoscopic surgery was first performed for an appendectomy in 1981 by
Semm, a gynecologist in Germany who developed an automatic pneumoperitoneum
apparatus [9] and later performed laparoscopic cholecystectomy. In other words,
laparoscopic surgery was begun by a gynecologic surgeon for several possible reasons:



41 Gynecology 501

(1) esthetic approaches are sought in this field as the patients were female; (2)
laparoscopic surgery is applicable to a wide range of relatively benign tumors; (3)
laparoscopy is commonly performed as described above; and (4) there was vaginal
surgery which is a technique based on the concept of NOTES [10].

Initially, laparoscopic surgery was performed using three ports: a port for the
scope at the umbilicus, and one each in the right and left inguinal regions. However,
if a surgeon wanted to use two pairs of forceps for adhesiolysis, sutures, etc., another
port could be added. Especially in the field of gynecology, where some procedures,
such as uterine myomectomy, require many sutures, the addition of ports might be
necessary for expansion of the indications. It can be speculated that the spontaneous
addition of ports might have contributed to expansion of the indications. Although
a unified arrangement of the ports has been established and the arrangement varies
among institutions, placement of ports at the umbilicus and the right and left ingui-
nal regions is common, to a large extent, among institutions. This seems to increase
the reasonability of our speculation.

At our institution, an additional port is placed at the left side of the umbilicus
(Fig. 41.1). This allows the surgeon standing on the left side of the patient to use his/
her arms freely. The addition of this port dramatically improved the manipulability
of forceps, as if “the start of bipedal walking freed both hands.” Consequently, the
indications for laparoscopic surgery were expanded. A similar paradigm shift must
have occurred all over the world, contributing to an explosive increase in the adop-
tion of laparoscopic surgery.

41.2.2 Addition of Ports for Improving Manipulability and
the Rationale of RPLS that Opposes Such Additions

The concept of RPLS conflicts with the history described above. RPLS represents an
attempt to minimize the invasiveness of laparoscopic surgery by reducing the con-
ventional number of four ports, including the additional port placed to achieve better
manipulability. There is a concern that the manipulability may be increasingly sacri-
ficed as the number of ports is reduced from four to three, and eventually to one.
Some may consider this concept as representing “backward evolution.” In RPLS,
which aims to reduce the number of surgical wounds, several trocars are inserted
from the same incision to minimize the reduction in manipulability without affecting
the number of manipulating forceps and scopes that can be used. Thus, this tech-
nique has many limitations that differ from those of conventional laparoscopic sur-
gery. For example, the mobility of each device is impaired by the close proximity of
the ends of the forceps and scopes, the trocar housing (head of the extracorporeal
part), and the insertion of the devices from a single incision. Furthermore, the field
of view is small because of the limited mobility of the scopes. Thus, it is undeniable
that RPLS requires special techniques and skills that are substantially different from
those of conventional laparoscopic surgery. Safety and reliability are critical, and
only surgeons with a full understanding of these points should apply RPLS.
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Fig. 41.1 The port that was
added to obtain higher
multiusability

41.3 Current Status of RPLS in the Field
of Gynecologic Surgery

SPLS was introduced in our department in March 2009. At first, it was applied to
salpingectomy and salpingo-oophorectomy, which are based on the direct puncture
technique and appear relatively easy in terms of the skill level required. When
expansion of the indications was considered later, 2-port laparoscopic surgery was
set as if the space between conventional 4-port laparoscopic surgery and SPLS was
to be filled in consideration of the specific limitations of SPLS surgery described
above [11].

In its early stages, SPLS was applied only to salpingo-oophorectomy and salpin-
gectomy, which require fewer sutures. However, the indications have been expanded
to include uterine myomectomy, total hysterectomy, promontory colposuspension,
etc., by using the techniques described below. The following sections describe the
actual surgical procedures.
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Fig. 41.2 Perioperative photograph and computer-graphics image of 2-port laparoscopic surgery [12]

41.3.1 Two-Port Laparoscopic Surgery

Figure 41.2 shows computer-graphics images of 2-port laparoscopic surgery.
In 2-port laparoscopic surgery, the umbilicus is directly punctured with trocars for
inserting the scope and manipulating forceps, and a 5-mm trocar is inserted via an
incision made in the left inguinal region. The 5-mm port in the inguinal region can
also be used for an incision for the insertion of a drain. When difficulty is encoun-
tered, incisions for the insertion of trocars are made at the same locations as in
conventional 4-port laparoscopic surgery, so that trocars can be added in up to four
ports in the same manner as in the conventional technique. Thus, even though up-
conversion from SPLS to 2-port laparoscopic surgery and then to conventional
4-port laparoscopic surgery may be implemented, the location of the surgical
wounds will consequently be the same as that in conventional surgery. When con-
sidering the burden on the patients, their satisfaction level, or the collateral for
safety in the case of difficult surgery, the above points seem useful [11].

In 2-port laparoscopic surgery, the addition of an incision for trocars for SPLS
allows auxiliary forceps to be inserted from a site different from that for the manipu-
lating forceps and scope, allowing for surgery to be performed almost as easily as
conventional laparoscopic surgery. Suturing, which is slightly difficult in SPLS, is
simple, and 2-port laparoscopic surgery can be applied to myomectomy. Moreover,
in both SPLS and 2-port laparoscopic surgery, attempts are being made to secure a
good view while avoiding interference among the forceps and scopes by using flex-
ible scopes manufactured by Olympus (Tokyo, Japan).

41.3.1.1 Uterine Myomectomy (2-Port)

Uterine myomectomy using the above 2-port laparoscopic technique is described
here. Although it is performed in the same manner as the conventional 4-port lapa-
roscopic technique, the forceps to be used by an assistant are unavailable. Because
the surgery is performed with only a pair of forceps used by the surgeon, a few
special techniques described below may be employed.
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Fig. 41.3 This graph shows that the required operating time had stabilized within approximately
8 cases [15]

Securing a Good View Using a Flexible Scope

As described above, a flexible scope is used to avoid interference among devices
that are inserted through trocars placed through a single incision. This is the same
in SPLS. In the 2-port laparoscopic technique, a 12-mm trocar is placed at the umbi-
licus using the closed technique, and the scope is inserted. Under observation, a
5-mm trocar is placed in the inguinal region, and the scope is then placed in the
5-mm trocar. Under observation via the umbilical port, another 5-mm trocar is
placed to intersect with the 12-mm trocar. Pneumoperitoneum leakage can be pre-
vented by shifting the puncture site of the peritoneum. A flexible scope is inserted
through the 5-mm trocar at the umbilicus. The view is secured as shown in Fig. 41.2,
and surgery is performed. The forceps inserted from the trocar placed in the left
inguinal region allow 2-port laparoscopic surgery to be performed in almost the
same manner as that in conventional surgery.

41.3.1.2 Learning Curve in Acquiring the 2-Port Laparoscopic Technique

When 2-port laparoscopic surgery was introduced, the time needed to acquire the
2-port laparoscopic technique was examined for a single surgeon. The operation
time decreased to a plateau with experience gained in approximately 8 cases
(Fig. 41.3). Thus, the 2-port laparoscopic technique is fairly easy to acquire [12].
However, this technique also has its drawbacks. Because the surgery is per-
formed with devices inserted via trocars placed at the umbilicus, there is no differ-
ence between sides. Although the posterior wall of the uterus and the Pouch of
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Douglas can be approached, the approach is somewhat difficult due to the distance
between the entry site and the organs. Furthermore, because forceps inserted from
the umbilicus make vertical contact with the posterior wall of the uterus during
surgery, suturing is difficult. Thus, surgeons must be careful when performing either
2-port laparoscopic surgery or SPLS, which is described below, for a fibroid on the
posterior uterine wall.

41.3.2 Single-Port Laparoscopic Surgery (SPLS)

While RPLS includes procedures using the direct puncture technique or various
retractors, this section discusses SPLS. In the same manner as 2-port laparoscopic
surgery, a flexible scope is used to secure the view. Furthermore, curved forceps,
such as SILS™ (single incision laparoscopic surgery) forceps (Covidien, New
Haven, CT, USA), are used to avoid interference among different forceps.

In the early stages of the introduction of SPLS we used the Roticulator grasp-
ers™ (Covidien). The release of dedicated SILS™ forceps (Covidien) has allowed
SILS™ to be performed with superior manipulability. Furthermore, bendable auto-
matic suturing devices, such as the SILS™ Stitch (Covidien), have also been made
available. However, the use of disposable devices is disadvantageous in terms of the
cost, and the SILS™ forceps (Covidien) are low in rigidity because they can be bent
in the peritoneal cavity. As a solution, reusable, rigid, curved forceps, such as
DAPRI forceps (Karl Storz—Endoskope, Tuttlingen, Germany) [13, 14] and
YAMAGATA forceps (Adachi, Tokyo, Japan), have been introduced in the market.
We have also developed and been using rigid forceps for gynecological use.

41.3.2.1 SPLS for the Uterine Adnexae

Salpingo-oophorectomy with the SLS technique is described here. Basically, abla-
tion of ligaments with a sealing device facilitates the procedure. In this case, rigid
forceps manufactured by Adachi industry were used (Fig. 41.4). Even for large
cysts, the procedure can be applied after aspirating the contents of the cysts with a
SAND balloon catheter (Hakko Co., Nagano, Japan). Because the incision in SPLS
is of a certain size, it is easy to extract cysts from the body cavity.

41.3.2.2 Linear Salpingostomy with the SILS™ Stitch (Covidien)

Linear salpingostomy with the SILS™ Stitch (Covidien) refers to the surgery per-
formed to resect pregnancy tumors and simultaneously to preserve the tubal patency
in case of ectopic pregnancy [15]. Although extremely fine sutures are needed,
the fascia and serosa are separately sutured using the SILS™ Stitch (Covidien)
(Fig. 41.5).
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Fig. 41.4 (a) Direct insertion of reusable curved forceps ((Adachi) Industry Co. Ltd.) via SILS™
port (Covidien). (b) Salpingo-oophorectomy using vessel-sealing device and reusable curved
forceps

41.3.2.3 Uterine Myomectomy (SPLS)

Uterine myomectomy also requires extremely fine sutures because the myome-
trium, which is somewhat hard, must be sutured with certainty. Thus, we also
applied the 2-port laparoscopic technique to myomectomy in the early stages of the
introduction of RPLS. At our institution, the indications for SPLS are as follows:
myomas measuring 8 cm or less in size, the presence of 3 or fewer tumors, and the
location of the largest myoma on the anterior wall of the uterus. Moreover, the use
of barbed sutures, such as V-Loc 180 (Covidien), is helpful for suturing. Because
the myometrium has a hard texture, sutures may be applied more easily if a surgeon
controls the manipulator with one hand [16].
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Fig. 41.5 (a, b) Use scenery of the SILS™ stitch (Covidien). (¢, d) Linear salpingostomy using
SILS™ gtitch (Covidien)

41.3.2.4 Total Hysterectomy (SPLS)

Although total hysterectomy may require advanced techniques of gynecological
surgery for benign diseases, it can be performed even by RPLS if the indications for
the procedure are understood and the skill level is sufficient. Because the forceps
inserted via the umbilical port can reach both the right and left sides of the uterus,
manipulation may be rather easy, in some cases.

Total hysterectomy by SPLS is essentially the same as conventional laparoscopic
surgery. From our experience, it may be better to treat the right side of the posterior
wall first, which can be complex because manipulation in opening the vaginal canal
may be extremely difficult. Closure of the vaginal wall may be facilitated by the use
of V-Loc 180 (Covidien).

41.3.2.5 Promontory Fixation for Vaginal Prolapse
After Total Hysterectomy (SPLS)

Promontory fixation by the single-incision laparoscopic surgery (SLS) technique is
described here. At present, it is considered a highly effective treatment for vaginal
prolapse [17]. Although this procedure is commonly performed after supravaginal
hysterectomy, this section describes vaginal prolapse after total hysterectomy. The
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Fig. 41.6 (a) A subperitoneal tunnel is formed from the peritoneum. (b) The lower end of the
mesh is sutured to the vaginal stump. (¢) The upper end is sutured and fixed to the periosteum of
the promontory

peritoneum over the promontory is first exposed. While the rectum is displaced to the
left side, a subperitoneal tunnel is formed from the peritoneum, and a mesh is passed
through the tunnel. The lower end of the mesh is sutured to the vaginal stump, and
the upper end is sutured and fixed to the periosteum of the promontory (Fig. 41.6).

41.3.3 Change in Thinking: Another Interpretation of RPLS

What is the aim of RPLS? Is it to perform minimally invasive surgery so as to mini-
mize the burden on the patients? Has the essence of this aim been lost amid con-
cerns regarding the size and number of surgical wounds? If too much insistence on
RPLS leads to prolongation of the operation time or a decrease in the quality of the
surgery, true minimal invasiveness will not have been achieved.

The procedures described in the following sections are slightly different from
those that have been described above. However, they share the same goal of achiev-
ing minimal invasiveness.
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Fig. 41.7 (a—c): The field development only by the suprapubic wound using a special scope,
EndoCAMeleon (Karl Storz—Endoskope)

41.3.3.1 Extra-Corporeal Ovarian Cystectomy
(SPLS Through Only a Suprapubic Incision)

In the case of laparoscopic surgery for large ovarian cysts such as dermoid cysts that
contain large solid materials, such as tooth, sebum, and hair, an incision of a certain
size may sometimes be needed for retrieval of cysts. Salpingo-oophorectomy can be
performed by SPLS, which has been described above. However, cystectomy requires
the extra-corporeal abdominal technique, in which the ovary, once pulled out from
the body cavity, is returned after the removal of a cyst. While an incision above the
pubis that is close to the pelvis is often used for the extraction, an incision that can
be covered by pubic hair may be more esthetically acceptable. Although the view
was obtained with a scope inserted from the trocar at the umbilicus in the past, the
use of Endo CAMeleon (Karl Storz—-Endoskope) allows this procedure to be per-
formed with only an incision above the pubis (Fig. 41.7) [18]. Can this procedure
also be considered as SPLS or RPLS in a broad sense ?

41.3.3.2 Oophorectomy for Cryopreservation of Ovaries
and Ovarian Transplantation by RPLS

Within the indications, RPLS can utilize an advantage of minimal invasiveness to
the maximum. Because RPLS offers the benefit of minimal invasiveness, we have
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Fig. 41.8 Back-
transplantation of ovarian
cortex: the surface of the
remaining ovary is resected
to form a basis for
transplantation of the ovarian
cortex, which is then sutured
and fixed

been performing oophorectomy for the cryopreservation of ovaries in patients who
are scheduled for chemotherapy or radiotherapy for cancer and malignant tumors
and will become infertile due to the loss of ovarian function as a result of adverse
reactions to the therapies [19]. In this procedure, ovaries are extirpated by RPLS and
cryopreserved for future pregnancies. Given the possibility of cases showing no loss
of ovarian function because of few adverse reactions to chemotherapy, etc., one
ovary is extirpated and cryopreserved by vitrification. The follicles in the remaining
ovary are punctured, and the ova are cryopreserved at the same time. Because pri-
mordial ovarian follicles are located in the ovarian cortex, the latter is cut into 1 cm
[2] and 1 mm thick pieces to be preserved. When they are transplanted, the surface
of the remaining ovary is resected to form a basis for transplantation of the ovarian
cortex, which is then sutured and fixed (Fig. 41.8). By postoperative day 173, the
ovarian follicle had increased to 10 mm in diameter, and the patient’s estradiol level
had risen to 101 pg/mL, suggesting recovery of ovarian function [20].

41.4 Conclusion

RPLS has also been attempted for gynecological malignant tumors [21, 22],
although this is not covered in this chapter. In addition, RPLS has also been per-
formed using a robot [23]. However, SPLS currently represents surgery with low
manipulability and many limitations. As mentioned before, situations must be
avoided in which the quality of the surgery is sacrificed for the sake of completing
SPLS. For safe introduction of this procedure, it is important to add incisions for
insertion of trocars and to implement up-conversion without hesitation.
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Because of the remarkable advances in the development of medical devices, it is

quite probable that more user-friendly devices may be developed in the future, lead-
ing to expansion of the indications for this procedure. Further developments in the
future are awaited.
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Chapter 42
Breast Surgery

Koji Yamashita

Abstract Breast-conserving surgery with sentinel node (SN) biopsy is recognized
as the standard treatment for early breast cancers. We have reported the cosmetic
merits and reduced complication rate achieved with video-assisted breast surgery
(VABS). We devised a trans-axillary retro-mammary (TARM) approach to VABS.
This approach requires only a single skin incision in the axilla and can be used to
treat any tumor, even in the medial or caudal part of the breast, without incising and
thus scarring the breast skin or altering sensation.

We have performed VABS in 300 patients since December 2001. The TARM
approach was used in 120 patients with early breast cancer (stage I or II). After
endoscopic sentinel node biopsy, the axillary skin incision was extended to 2.5 cm.
The pectoral fascia behind the tumor was then dissected. The proximal side of the
tumor was excised vertically, and the skin overlying the tumor was dissected. The
tumor was then excised on the opposite side and extracted. Breast reconstruction
was done with oxidized cellulose.

This approach was successful in all cases. All surgical margins were negative.
There was no significant difference in the complication rate between the TARM
method and the conventional VABS method. The reconstruction procedure required
no excessive detachment of the skin outside the surgical margin. The natural shape of
the breast was maintained in all 120 patients. The aesthetic results were excellent, and
sensory disturbance was minimal. All patients were satisfied with the operation.

VABS performed via the TARM approach in patients with breast cancer provides
an excellent cosmetic outcome and is rated favorably by patients.
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42.1 Introduction to the Technique

Breast-conserving surgery has gained popularity for early breast cancer. Oncoplastic
surgery methods are applied in the pursuit of an aesthetic ideal. That is, a wide area
of breast skin is detached, the mammary gland is mobilized, and autografting is done.
However, these procedures are aimed simply at maintaining the natural shape of the
breast and do not address the need for restoration of natural skin sensation. Many
patients complain of postoperative pain and discomfort, sensory disturbances, skin
problems, and ugly granulating wounds such as keloids [1, 2]. A laparoscopic tech-
nique, video-assisted breast surgery (VABS), has been applied to resolve these issues.
We have reported the usefulness and the aesthetic benefit of VABS [3—4] and have
since devised a single-port surgery for the breast. A small, 2.5-cm, skin incision is
made in the axilla. The pectoral fascia behind the tumor is then dissected, and part of
the mammary gland, including the tumor and safety margin, is excised and removed
through the axillary incision. This technique can be applied to tumors in any part of
the breast, even in the caudal or medial part. The technique is commonly called the
trans-auxiliary retro-mammary (TARM) approach [5]. The subcutaneous dissection
is restricted to the area of lumpectomy. Sensory disorders are thus minimized.

42.2 Indications and Contraindications

The indications for VABS performed via TARM approach are a single small tumor
(> 3 cm ) or multiple small tumors in a restricted area, tumor in any area of the
breast without extension to the nipple, tumor without skin invasion or massive lym-
phovascular invasion, patient age <75 years, and patient choice.

The contraindications for VABS performed via TARM approach are a serious
visceral complication such as heart failure, severe liver damage, or renal dysfunc-
tion; patient age >75 years, ipsilateral implantation of a pacemaker(although the
surgery is possible if the pacemaker is reimplanted contralaterally); and presence of
a contraindication for radiotherapy (such as collagen disease).

42.3 Description of the Technique

42.3.1 Three-Dimensional-Computed Tomography (3D-CT)
Mammary Lymphography (LG)

3D-CT LG [8] is performed before surgery for precise localization of the nearby
sentinel node and then marking this node on the skin. A conventionally used con-
trast media is injected intracutaneously at the peripheral margin of the areola and
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Periareola

Periareola

Fig. 42.1 Visualization of sentinel nodes (SNs) and lymph ducts (LDs) by means of three-
dimensional computed tomographic lymphography (3D-CT LG). Iopamidol is injected into the
periareolar skin and the skin above the tumor. The 3D-CT LG procedure reveals the precise
lymphatic flow from the tumor to the SN. In the case depicted here, the lymphatic flow from the
tumor is branched to the periareolar direction and directly to the axilla. Lymph drains from the
tumor, encircles the nipple, and travels to the lymph nodes of the axilla. A second duct carries
lymph directly from the tumor to the axilla

over the tumor. The injected contrast media enters the lymph ducts and drains
into the sentinel node in the axilla [6]. A typical drainage pattern revealed by
3D-CT LG is shown in Figure 42.1. Dye travels from 2 injection sites to 3 differ-
ent lymph ducts and then to a single lymph node, which is thus identified as the
sentinel node.

3D-CT LG reveals the sentinel node within 1 min after contrast injection. By 3
min and 5 min after injection, the flow of dye beyond the sentinel node can be
tracked to the second and third nodes toward the venous angle with the complex
plexus [7, 8]. An example is shown in Figure 42.2, which reveals 5 bead-like grouped
nodes beyond the sentinel node and the communicating lymphatic plexuses.

42.3.2 Endoscopic Sentinel Node Biopsy

Sentinel node biopsy is performed endoscopically by the dye-staining method. In
the periareolar region and over the tumor, 2 mL of 1% indocyanine green is injected
subcutaneously. After 20 min, a 1-cm incision is made along the skin cleavageline
in the axilla, along the marks placed with the aid of 3D-CT LG. A Visiport optical
trocar is inserted into the incision. The view is obtained through the Visiport with a
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Right breast Left breast

Tumor

Fig. 42.2 Examination of a right and left breast by means of three-dimensional computed tomo-
graphic lymphography (3D-CT LG). Examination is performed chronologically 1, 3, and 5 min
after iopamidol injection.Iopamidol flows into the sentinel node (SN) and then into successive
nodes. Here, a string of five bead-like grouped lymph nodes is seen in the axilla after partial
removal of the pectoral muscle. These successive nodes are thought to indicate the path of lymph
metastasis. The arrows point to lymph nodes 1-5, which receive lymph from the SN

Fig. 42.3 Endoscopic view (through the Visiport) of the sentinel node (SN) and the draining
lymph duct (LD). Both the SN and LD are stained green. The SN is found by tracking the flow of
dye through the LD

10-mm-diameter, rigid, oblique-viewing endoscope, and the stained lymph nodes
are found by tracking the dye in the lymph ducts (Figure 42.3). The nodes are
sampled, and the samples are sent out for intraoperative frozen section pathology.
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42.4 VABS by TARM Approach

42.4.1 Skin Incision

Conventional endoscopic surgery for the breast is performed via skin incisions in
the axilla and in the periareolar region. However, with the TARM approach, the skin
incision is made in the axilla, horizontally about 2.5 cm along the natural skin fold.
A LapProtector for the breast is inserted. The surgical margins are marked by injec-
tion of blue dye at 8§ points.

42.4.2 Dissection Behind the Mammary Gland

First, the adipose tissue is cut deeply to the shallow lateral chest fascia, and the cut
is extended to the lateral edge of the pectoral muscle. The pectoral muscle fascia is
bluntly dissected beyond the back of the tumor by UltraRetractor vein harvest under
video assistance. The penetrating vessels are cut and coagulated with a Harmonic
Scalpel (Ethicon, Cincinnati, OH, USA) and electrocoagulator.

The mammary gland is lifted to create a retromammary space. 2-0 Vicryl sutures
are placed in the gland via the skin, and attached to a lifting device, anchoring the
mammary gland. The anchor point is 1 cm away from the cut margin. This step cre-
ates a large working space behind the mammary gland and facilitates vertical cut-
ting of the gland.

The cut is initiated at the point marked at the proximal margin. The proximal
margin is recognized by the blue dye markings as well as a straight needle inserted
through the skin. The gland is cut vertically toward the skin, as illustrated in (Figure
42.4). The distance between the end of the cut and the skin above is easily evaluated
by touching the patient’s skin.

42.4.3 Dissection of the Subcutaneous Tissue Overlying
the Tumor

A skin flap over the tumor is made by the tunnel method. Many penetrating tun-
nels are created at 1-cm intervals in the subcutaneous tissue at a fixed depth with
the use of an endodissector. Blood vessels collect in the septa between these tun-
nels, and the septa are cut with a Harmonic Scalpel (Ethicon). This minimizes
blood loss.
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Fig. 42.4 Diagram of the trans-axillary retro-mammary (TARM) approach (a) Frontal view of the
surgical procedure. Arrows show the axillary skin incision, dissection route, and partial resection
of the mammary gland, for breast cancer in the left caudal medial quadrant. (b) Cross-sectional
view of the retro-mammary route. Arrows show the approach from the axillary skin incision, dis-
section of the major pectoral muscle fascia, upward cutting to subcutaneous tissue at the proximal
surgical margin, and dissection of subcutaneous tissue over the tumor

42.4.4 Partial Excision of the Gland Along With the Tumor
and Safety Margin

To excise the tumor with an adequate safety margin, the 8 dye-marked points are very
important because we cannot touch the tumor directly. The gland is cut with a Harmonic
Scalpel (Ethicon) or bipolar scissors to minimize blood loss. For a clear view, mist and
smoke are evacuated with the suction probe. The resected part of the gland is pulled
out through the axillary port in an Endo Catch specimen pouch (Covidien, New Haven,
CT, USA). When the specimen is larger than the port, the wound can be widened or the
gland cut into pieces within the pouch so that the pouch can be easily pulled out. After
careful hemostasis and warm saline lavage, breast reconstruction is performed.

42.4.5 Breast Reconstruction

For breast reconstruction, we usually mobilize the mammary gland and fill the lat-
eral defect with a skin flap. However, when there is a shortage of subcutaneous fat
tissue, absorbable synthetic cotton fiber, oxidized cellulose (Surgicel Absorbable
Hemostat), can be used effectively to fill the defect. This absorbable hemostat can
be unravelled like cotton.

An MR image obtained 6 months after a patient’s breast surgery is shown in Figure.
42.5. The absorbable fiber fills the defect; thus the breast retains its original shape.
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Fig. 42.5 MR images of the breast 6 months after the operation. Contrast-enhanced subtraction
MR images of the breast in the axial (a) and sagittal (b) planes show capsule wall-like contrast
enhancement surrounding a homogenous nonenhanced mass, which is thought to be the breast
reconstruction material.

The material “melts” into the tissue to become a solid fibrous mass surrounded by a
granulated capsule. A good aesthetic outcome can be achieved, regardless of the
size of the defect.

42.4.6 Axillary Clearance

When the sentinel node biopsy shows cancer metastasis, axillary clearance can be
performed from level I to III through the same port.

42.5 Tips and Tricks

The port incision is made only in the axilla. It is 2.5 cm long and follows the skin
cleavageline. Thus, it is quite inconspicuous. The procedure is based on the lifting
method and does not require infusion of CO2. In comparing the TARM approach with
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Table 42.1 Clinical characteristics of our “TARM” and “periareolar” patients

TARM approach (n=120)  Periareolar approach (n=180)

Mean Range Mean Range p value*
Age (years) 50.2 26-82 52.5 28-78 0.893
Tumor size (cm) 2.2 0.1-6 1.9 0.3-5 0.693
SN metastasis (n) 27 (22.5 %) 46 (25.6 %) 0.243
Resected volume (%) 27.2 15-30 24.3 13-33 0.143
Operation time (min) 172 65-210 149 55-180 0.081
Blood loss (mL) 114 5-150 93 0-135 0.189

TARM trans-axillary retro-mammary, SN sentinel node
*obtained by Chi-square test

Fig. 42.6 Photographs obtained 1 year after the TARM procedure. Patients a and b were 42- and
39-year-old women. Each had noticed a mass in the left breast. The tumors were smooth, round
masses, 1.3-cm and 1.5-cm in diameter, both in the caudal medial quadrant. Fine-needle aspiration
biopsy revealed a malignant c-T1cNOMO, i.e., stage I, tumor in both cases. Pathology results:
invasive ductal carcinoma, papillotubular carcinoma, and scirrhous carcinoma, g, n0, ER+, PgR +,
HER2-

the periareolar approach, we found that the TARM approach extends the operation
time (Table 42.1); however, the total time includes the wait time for the pathology
results. The actual procedure time is only 1 hour.

The aesthetic results are evaluated by means of a Japanese Breast Cancer Society-
approved scoring system, which is used to evaluate 5 items: asymmetry, breast
shape, nipple shape, skin condition, and wound scar (ABNSW system). Each item
is evaluated on a scale of O to 3. The scores are then totaled, with a possible total of
15. A total score of 12 to 15 is considered good to excellent. The cosmetic results
are evaluated 6 months after the operation (Fig. 42.6). As shown in Table 42.2, the
average total score for our “TARM patients” was 13.8 (vs. 13.0 for our “periareolar
patients”), and more than 90% of our “TARM patients” realized a good-to-excellent
outcome. Therefore, VABS performed by the TARM approach is thought to be very
effective in terms of aesthetics.
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Table 42.2 Aesthetic outcomes in our two patient groups

ABNSW TARM approach Periareolar Combined total no.
score* (n=120) approach (n=180) of patients

9 0 9 9

10 2 13 15

11 5 32 37

12 12 9 21

13 27 21 48

14 26 37 63

15 48 59 107

Note that outcomes are shown as total ABNSW (asymmetry, breast shape, nipple shape, skin con-
dition, and wound scar) scores, and the table breaks down the group outcomes by the numbers of
patients receiving specific scores.Note that no patient had a total score <9.

*Average score per patient group: 13.8 and 13 (TARM and Periareolar, respectively; p=0.007.

Obtained by Chi-square test).

42.6 Recommendations from the Author

The TARM approach to VABS is very useful for early breast cancer patients. We
recommend this approach for patients with a small mass and no extension into the
nipple.
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Chapter 43
Pediatric Surgery

Manabu Okawada, Geoffrey J. Lane, and Atsuyuki Yamataka

Abstract Endoscopic surgery is the standard approach for most surgical procedures
in both adults and children as a consequence of widely recognized benefits, in par-
ticular, improved postoperative recovery as a consequence of less pain, less risk for
wound infection, and improved cosmesis. In order to further improve the perceived
benefits of minimally invasive surgery (MIS), surgeons have tried smaller instru-
ments, and decreasing the size and number of ports to the extent that endoscopic
surgery is now being attempted using a single incision through which all instru-
ments are placed. Single-incision laparoscopic surgery (SLS) is emerging as an
alternative technique to conventional laparoscopy for the treatment of common sur-
gical conditions. Despite widespread use, adoption of SLS in children has been
slow, just as the general application of MIS in children has historically lagged
behind that in adults. However, with more experience and improved instrumenta-
tion, MIS techniques are being applied in pediatric surgery to further decrease the
invasiveness of surgery in children.

Keywords Children ¢ Minimally invasive surgery (MIS) ¢ Scarless ¢ Single-
incision laparoscopic surgery (SLS)

43.1 Introduction

The advent of laparoscopy significantly advanced minimally invasive surgery (MIS)
as a field of surgery allowing surgeons to perform major procedures through several
tiny incisions, rather than one large incision with decreased requirement for analge-
sia and enhanced wound cosmesis. Single-access site MIS [1, 2] was developed
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because surgeons strove to improve MIS, with innovations ranging from decreasing
the size of ports and instruments to a variety of techniques termed “scarless” surgery [3].
The rationale for reducing the number of access sites to the bare minimum is that
surgical trauma will be decreased as much as possible with less likelihood for
postoperative complications and shorter hospitalization. The most common applica-
tion of this is SLS, which utilizes a single umbilical incision, with or without a
specialized port. Recently, reports about the application of SLS to a number of
procedures such as appendectomy, cholecystectomy, gastrectomy, adrenalectomy,
colorectal procedures, bariatric procedures, and urologic procedures have appeared
in the adult literature, and recent reports in children include appendectomy,
cholecystectomy, splenectomy, intestinal procedures, gastrostomy, and urologic
procedures [4].

43.2 SLS in Children

SLS was introduced in children much later than in adults. This delay may be attrib-
uted partly to the perception that the small scars left by pediatric laparoscopic
instruments are acceptable. But there is a fairly universal belief that MIS is chal-
lenging in children because of space limitations, even with multiple trocars [5], so
SLS would be expected to further limit instrument maneuverability because there is
only one incision. In adults, multichannel ports are popular for SLS procedures, but
their use is limited in small children due to their large size. Instead, many pediatric
surgeons often prefer to place several 3/5-mm ports through a single umbilical
wound with/without multichannel ports (Fig. 43.1), as well as transabdominal
sutures. These sutures are used to encircle the round ligament for liver retraction
and often include seromuscular bites through the wall of various hollow organs
including the gallbladder, stomach, mesoappendix, uterus, or bladder. These “retrac-
tion” sutures are a common practice among pediatric surgeons and are particularly
useful in small children with thin abdominal walls.

We believe that single-incision surgery has the potential to become a technique
of choice in MIS provided devices, equipment, and instrumentation can allow pro-
cedures to be performed with the same ease of safety and effectiveness as multiple
incision laparoscopic surgery.

43.3 Devices, Equipment and Instruments

As SLS has evolved, devices have been developed to assist surgeons in overcoming
technical challenges. These range from access devices to flexible instruments and
scopes. Multiple access devices currently exist that allow multiple instruments to be
inserted at one site, with variable degrees of flexibility which may improve maneu-
verability and allow adjustment of angulation to overcome external parallel
instrumentation [6].
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Fig. 43.1 Multitrocar port
inserted for SILA using a Lap
Protector with EZ access
system (Hakko)

To date, surgeons have used various methods to improve the cosmetic results of
laparoscopic surgery. Smaller instruments are available, such as the Stryker
MiniLap instrument line (Kalamazoo, MI, USA), which is 2.3-mm and uses a
retractable needle tip for percutaneous entry, leaving only a needle sized skin
defect. Retraction has been accomplished with transabdominal sutures that
decrease the number of port site incisions. At our institute, we prefer to use a Lap
Protector with EZ access system (Hakko Co., Tokyo, Japan) and insert small head
trocars because these trocars can be placed as required to prevent incision related
trauma (Fig. 43.1). Furthermore, Covidien (New Haven, CT, USA) developed sev-
eral 5-mm laparoscopic instruments that have flexible tips that can be angled rela-
tive to the shaft, but there is some loss of rigidity because of this added flexibility.
The Autonomy Laparo-Angle (Cambridge Endo, Framingham, MA, USA) offers
360-degree flexibility, but has a larger handle. RealHand (Novare Surgical
Systems, Cupertino, CA, USA) also has a wide range of motion tip and ergonomic
handle. Olympus (Tokyo, Japan) has curved instruments which are not fully
adjustable, but have the benefit of being more rigid [6]. Although standard laparo-
scopic instrumentation can still be used for single site surgery, especially for sim-
ple procedures, more specialized instruments may help overcome some of the
technical challenges that are encountered when single site surgery is applied to
more advanced procedures.
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43.4 Applications of SLS

Today, SLS is being used widely in children for appendectomies and cholecystecto-
mies to minimize surgical trauma and scarring and adopted for selected cases of
pyloromyotomy, splenectomy, choledochal cystectomy [7], nephrectomy, inguinal
hernia repair, high ligation of varicocele, Nissen fundoplication, and endorectal
pull-through procedures.

Despite the potential benefits to patients, the single site approach has potential
risks. The operative challenges imposed are unique to SLS and differ from those
encountered in general surgery. The proximity of instruments restricts the range of
movement of both a surgeon’s hands and the instruments themselves; in particular,
parallel alignment of instruments during SLS limits triangulation which is a found-
ing principle of safe and effective laparoscopic surgery [6], and in line placement of
the scope narrows the visual field, with the result that the view is both dependent on
and limited by instrument mobility. These factors could affect the safety of a proce-
dure, be implicated in longer operating times, and increase the risk for complica-
tions. With SLS a substantial fascia-splitting incision is required, which may be
associated with more surgical infections, more pain, and an increased risk for post-
operative hernias. These disadvantages would be counter to the progressive spread
of MIS. Thus, the relative advantages of single-site procedures would appear to be
few, compared with standard laparoscopy, and might prove only to be improved
cosmesis. Reports in the literature focus primarily on feasibility and there are no
reports comparing benefits currently available.

43.5 Conclusions

SLS is a developing technique in the field of MIS, aiming to be “less invasive” with
expected benefits of further improvement in cosmesis, fewer requirements for anal-
gesia, and shorter convalescence. SLS is generally considered safe and effective and
may come to replace traditional multiport endoscopic surgery, as issues such as
limited triangulation and tissue handling are resolved. In addition, the development
of smaller, low-profile SLS ports will enhance the maneuverability of laparoscopic
instruments and alleviate crowding of trocars apt to occur with reduced operative
fields typical of surgery in children. The ultimate challenge of truly “scarless” sur-
gery may be closer to realization due to the development of SLS and the creative
diligence of pediatric surgeons.
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