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Preface

Over the past 2 decades, we witnessed rapid development in minimally inva-
sive surgery and this has brought about significant improvement in surgical
outcome. Reduction of incision-associated complications such as adhesions,
surgical site infection, and incisional hernia is considered an important
advantage of laparoscopic surgery.

Laparoscopic colorectal surgery started in the early 1990s and currently
most colorectal resections can be performed with laparoscopy. In most cases,
however, the procedure is laparoscopically assisted one and an incision is usu-
ally required to retrieve the specimen and to restore the bowel continuity.

The quest towards a more minimally invasive approach has led to the
development of surgical technique to reduce the size and number of incisions.
Natural orifice transluminal endoscopic surgery (NOTES) has gained tre-
mendous enthusiasm in the last decade. However, the platform and the instru-
ments are far from mature for general application.

Single incision laparoscopic surgery (SILS), although not a totally new
concept, has emerged in recent years as an alternative to NOTES and some
regard the umbilicus as a natural orifice. Nowadays, operations of different
complexity can be performed using SILS and these include most colorectal
procedures. SILS involves manipulation of laparoscopic instruments within a
small access device and acquisition of a new set of skills is needed.

TEM was developed in 1983 by Gerhard Buess and the technique enables
transanal excision of rectal lesions under direct vision. It represents both a
minimally invasive and a natural orifice approach to rectal lesions. Over
many years, TEM was confined to local excision of early rectal lesions.
Recently with the increased interest in natural orifice surgery, the scope of
TEM has been expanded to more complex operations. TEM and SILS are
becoming more popular minimally invasive approaches to colorectal dis-
eases. The skills for both techniques are similar in many aspects. Therefore,
we decided to produce a book with the objective to help general and colorec-
tal surgeons to acquire these two increasingly applied techniques.

“Single incision laparoscopic and transanal surgery” is written with the
objective to introduce SILS for colorectal surgery and TEM to surgeons. It is
divided into two sections. The first section concentrates on single incision
laparoscopic colorectal surgery. It starts with the introduction of the instru-
ments and skills needed for SILS. This is followed by individual colorectal
procedures, from simple right colectomy to restorative proctocolectomy. The
outcomes and currently available outcome data are also discussed.
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In the second section, the chapters are on TEM. The indications, tech-
niques, and outcomes of the procedures for local excision are described and
the following chapters are on the advanced application of TEM.

The contributors are experts in the fields with vast experience in SILS or
TEM. In this book, individual procedures are illustrated in detail and the
tricks for a successful operation are described. We hope that this book can
encourage surgeons with experience in laparoscopic colorectal surgery to
acquire the knowledge and skills of SILS and TEM, rendering these tech-
niques as part of their armamentarium. The book also serves as an introduc-
tion of SILS and TEM to general surgeons, surgical fellows, and residents
who would like to learn these skills for their practice.

Hong Kong, China Wai Lun Law
Cleveland, OH, USA Conor Delaney

Preface
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Platforms and Instruments
(Principles of Single-Incision
Laparoscopic Colorectal Surgery,
Available Platforms

and Instruments)

Skandan Shanmugan and Bradley J. Champagne

Introduction

In 2013, conventional laparoscopic colorectal
surgery has become a safe and effective alterna-
tive to open colorectal surgery. Furthermore, lap-
aroscopic surgery has been proven to be associated
with better outcomes, reduction in postoperative
pain, shorter hospital stay, and earlier return to
normal activity [1-3]. These advantages have
also been achieved without compromising onco-
logical outcomes [4—7]. In standard laparoscopic
surgery, three to five ports are routinely required.
Despite the small skin and fascial incisions
(5-12 mm), patients do experience pain and
discomfort over port sites. There are also inherent
risks to visceral and epigastric vessels during port
introduction and development of port-site inci-
sional hernias [8]. Furthermore, public percep-
tion has recently become swayed as surveys have
shown that patients have a negative perception of
surgical scars and would prefer “scarless” surgery
[9]. The drive to move toward incision-less or
scarless surgery without compromising surgical
principles and safety has led to the development
of single-incision laparoscopic surgery. There are
several acronyms for single-incision laparoscopic

S. Shanmugan, M.D. (D<) « B.J. Champagne, M.D.,
FA.CS,FAS.CR.S.

Department of Surgery-Colorectal, Case Medical
Center, 11100 Euclid Avenue, Cleveland, OH 44106,
USA

e-mail: brad.champagne @uhhospitals.org

surgery given the various competing port devices
and platforms developed by industry manufactur-
ers (Table 1.1).

SILCS (single-incision laparoscopic colorectal
surgery) represents a potential advance in mini-
mally invasive approaches to colorectal disease.
Although widely promoted, data for improved
outcomes are virtually absent but preliminary
data demonstrate that SILCS can be performed
safely in selected patients by experienced sur-
geons [10]. The actual benefits of single incision
compared with multiple-port laparoscopic colec-
tomy are not immediately evident and may be
beyond that of simple cosmetics. This will be dis-
cussed elsewhere in this textbook.

Despite the growing enthusiasm for SILCS,
there are several challenges compared with stan-
dard multi-port laparoscopic colectomy. Handling
straight instruments in parallel with the laparo-
scope through a small incision decreases the
range of movement for the surgeon and compli-
cates camera use by the assistant. These difficul-
ties become evident during colorectal surgery
because, unlike laparoscopic cholecystectomy or
appendectomy, SILCS often requires operating in
different abdominal quadrants. Furthermore, the
learning curve of undetermined length still exists
for multi-port laparoscopy and is more exhaustive
than for other minimally invasive procedures.

Multi-port laparoscopic colectomy tradition-
ally relies on the principles of triangulation and
traction/counter-traction to facilitate the precise
dissection of anatomical planes.!! These essential
principles require significant modification to

W.L. Law and C.P. Delaney (eds.), Single Incision Laparoscopic and Transanal Colorectal Surgery, 1
DOI 10.1007/978-1-4614-8902-3_1, © Springer Science+Business Media New York 2014



Table 1.1 Historical acronyms used to describe single-
incision laparoscopy

SPA Single-port access

SILS Single-incision laparoscopic surgery

OPUS One-port umbilical surgery

E-NOTES Embryonic natural orifice transumbilical
endoscopic surgery

SIMPLE Single-incision multi-port laparo-
endoscopic surgery

SPS Single-port surgery

VSUS Visibly scarless urological surgery

SIL Single-incision laparoscopy

SPL Single-port laparoscopy

R-NOTES Robotic-assisted natural orifice
transumbilical endoscopic surgery

U-NOTES Umbilical natural orifice transluminal
endoscopic surgery

LESS Laparo-endoscopic single-site surgery

SLaPP Single laparoscopic port procedure

NOTUS Natural orifice transumbilical surgery

SLiPP Single laparoscopic incision and port

procedure

successfully perform single-port laparoscopic
surgery. The cornerstone of SILCS is the utiliza-
tion of a single port with 2—4 trocar place holders.
Limitations of this approach include a confined
working space, the crossing or clashing of instru-
ments, off-field vision, and the intermittent loss
of pneumoperitoneum. To overcome these barri-
ers, surgeons and industry have worked together
to improve the design of both access ports and
instruments. These novel platforms and devices
are the focus of this chapter. It should be empha-
sized that despite the technical adjustments
required in SILCS, the intra-abdominal proce-
dural steps match the standardized techniques of
laparoscopic colectomy as discussed in subse-
quent chapters.

Laparoscopes

The choice of a laparoscope for single-incision
laparoscopic colorectal surgery should be based
on operator preference and clinical application.
When deciding upon a camera system for SILCS
the following attributes should be considered.

S. Shanmugan and B.J. Champagne

A 5 mm diameter scope takes up less space inside
the access port and leaves a 10—12 mm port free
for larger instruments such as a reticulating endo-
scopic stapling device. Secondly, it is advisable
to use a laparoscope with a cable connection on
the posterior rather than lateral aspect allowing
rotation without interfering with instruments.
The problem of the lateral light cable of regular
telescopes and the bulky camera heads clashing
with the instruments can be done away with by
the use of a telescope with a coaxial light cable.
In addition, using an extra-long or bariatric lapa-
roscope staggered with regular-sized instruments
may allow the free movement of the camera head
away from the surgeon’s hands. Some surgeons
prefer the assistant to sit so that the assistant’s
hands move in a different plane, reducing the
external interference. Integrated digital cameras
also minimize external bulk and give more space.

Manufacturers have now developed a full range of
laparoscopes that include 5 and 10 mm versions with
0°,30°, or 45° direction of views in standard and high
definition (720p). The newest advancements of lapa-
roscopes to facilitate SILCS are the deflecting or
articulating scopes, such as the EndoEYE™ by
Olympus (Fig. 1.1). These laparoscopes are equipped
with an advanced flexible tip design that provides a
100° view in all directions that can be fixed at any
angle with a toggle switch. These articulating scopes
are ideal for SILCS as they eliminate the need to
exchange 0° scopes with angled scopes. They can
also eliminate the crossing interference with parallel
instruments while still providing a head-on direc-
tional view. It must however be noted that use of this
instrument has a learning curve. If an internally flex-
ible scope is not available, then an externally flexible
scope will at least remove the assistant’s hands from
the surgeon’s field.

Access Ports

Regardless of which platform is used, most SILCS
begin with a vertical midline incision at umbilicus
for entry into the peritoneum. The midline linea-
alba is void of muscles and vascular structures and
therefore minimizes postoperative pain and the
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Fig. 1.1 A rigid laparoscope compared to an internally
flexible scope

potential for inadvertent vascular injuries. It is our
practice to use a vertical midline incision and sharp
dissection to enter the peritoneum under direction
vision with the use of S-retractors. Entry is con-
firmed with a blunt hemostat or finger to minimize
the risk of injury to intra-abdominal organs and ves-
sels. Depending on the particular procedure, point
of entry anywhere in abdomen may be utilized with
this technique. For example, if a protective stoma is
planned, one should consider the stoma site for
entry and extraction. The size of the particular inci-
sion is based on the specific device used. Most ports
should utilize at least one 10-12 mm trocar and two
to three 5 mm trocars with side ports for CO, insuf-
flation and smoke evacuation. There are several
single-incision platforms at your disposal (Fig. 1.2)
and four of them will be discussed in detail in this
chapter. They all have similarities in function with
only minor deviations.

When choosing a platform one should consider
the following technical considerations:

1. The ability to maintain a consistent seal and
pneumoperitoneum

2. Trocar size and instruments that will be utilized

. The proper spacing that will be required

4. Size of the specimen and extraction site

[98]

Glove-Port Technique

The glove-port technique emerged as a means to
perform single-incision laparoscopic surgery in a
simple, low-cost, and easily reproducible man-
ner. The access device was made by a standard
wound protector (a small size or extra small size
wound protector and a size 6, non-latex, sterile
glove. The wound protector is introduced through
the small umbilical incision. The surgical glove
was fixed to the outer ring of the wound protector.
Access ports are utilized through the glove’s
finger tips (Fig. 1.3).
Advantages

Simple

Reproducible

Cost
Disadvantages

Poor seal

Lack of rigidity

SILS™: Covidien

This platform utilizes a 2—4 cm vertical incision
at the skin. This is deepened through the fascia to
the same length. A Kelly or Hemostat clamp is
used to grasp the inner edge of the blue foam port
and then guided into the peritoneum. Trocars are
inserted prior to insufflation (Fig. 1.4).
Advantages

Pliable foam offers enhanced mobility

Can interchange a 5 mm port with a 12 mm port

Readily reinserted
Disadvantages

Fixed length so not applicable for morbidly

obese patients

Instrument “sword fighting”

Lack of wound protector for extracorporeal

resection or anastomosis
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Spider System®

Transenterix

Static

chonnels channels

Fig. 1.2 The available single-incision platforms: (a) SILS™ Port by Covidien; (b) GelPoint® by Applied medical;
(¢) SSLAS® by Ethicon; (d) XCONE® by Storz; (e) Airseal® by SurgiQuest; (f) SPIDER® by Spider surgery

GelPoint": Applied Medical

This platform utilizes a variable vertical inci-
sion length of 2-7 cm. A sleeve, similar to a
wound protector, is then inserted into the perito-
neum and rolled secure to the abdominal wall.
Trocars are introduced into the GelSeal cap
extra-peritoneally before the cover is secured to
the sleeve and insufflation is established.
Trocars (5-12 mm) are inserted at the discretion
of the operator but are usually triangulated. The

GelPoint is equipped with a smoke evacuator as
a side port (Fig. 1.5).
Advantages
Low internal profile, wider external profile
Trocars can be relocated with ease with ade-
quate spacing
User friendly
Disadvantages
Larger incision
Trocars may slip out
Additional guidance required upon entry
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Fig.1.4 SILS™ access port

TriPort™ and QuadPort™:
Advanced Surgical Concepts

TriPort access ports are the newer generation
version of the original R-port systems. This plat-
form uses either a 10-30 mm incision (TriPort)
or a 15-50 mm incision (QuadPort). It is recom-
mended that insertion be done using the intro-
ducer provided, with blunt dissection into the
abdominal cavity with the distal ring of the TriPort
attached. The distal ring is subsequently ejected
with a thumbswitch, excess sleeve removed, and
ring tightened before insufflation (Fig. 1.6).
Advantages

Adjustable to abdominal wall thickness

Low internal profile

Removal cap and wound protector
Disadvantages

Gel is susceptible to damage and leaks

Instrument “sword fighting”

Instruments

With the exponential growth and popularity of
multi-port laparoscopy, numerous manufacturers
are now also producing a wide array of instru-
ments that can also be utilized for single-port
laparoscopy. Standard laparoscopic instruments
can still be used for single-port surgery and often
in combination with specialized single-port
equipment. Fixed straight instruments do offer
the advantage of complete rigidity and therefore
transmit applied force, retract consistently, and
provide tactile feedback. Instruments specifically
for SILCS are ideally 5 mm and available in
standard (33-34 cm) and long (44-45 cm) shaft
lengths. Long instruments generally allow the
assistant to avoid interference with the operating
surgeon. For performing SILCS, one must have
the following instruments at the operator’s
disposal: atraumatic bowel graspers, Maryland
dissectors, Metzenbaum scissors, and Allis clamps.
Monopolar (hook cautery) and bipolar (LigaSure™,
HARMONIC®, scissor cautery) energy devices are
utilized in SILCS as they are in multi-port laparo-
scopic colectomy and to the operator’s discretion
and preference. However, the occasional loss of
traction and counter-traction unique to SILCS may
force the surgeon to use bipolar energy on a more
regular basis.

With its growing popularity, newer technolo-
gies for SILCS have emerged and their advantages
and limitations are discussed below.

Straight Instruments

The advantages of using straight laparoscopic
instruments for single-incision laparoscopic colorec-
tal surgery are its familiarity, availability, and
cost-effectiveness. The challenge of using straight
instruments for SILCS is the loss of triangulation
and therefore the necessary traction and counter-
traction needed to achieve mesocolic dissection
and isolation of significant structures. The con-
fined space and parallel instrumentation lead to
“sword-fighting” or “chopsticks” effect among
the working instruments and between the laparo-
scopes. This occurs because the right-handed
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Fig.1.5 GelPoint® access port

Fig. 1.6 TriPort™ and QuadPort™

instrument automatically gravitates to the left of
the operative field and vice versa. This can be
minimized by simply staggering the instruments
at the port site and during entry into the abdomi-
nal cavity. Trained surgeons can further avoid the
clashing effect by ‘“crisscrossing” the straight
instruments in the operative field and switching
hands (Fig. 1.7). This technique usually requires
the surgeon to be facile with his/her non-dominant

hand as the majority of dissection has now shifted
to the opposite hand.

Curved Instruments
New technologies in instrumentation have tried to

circumvent the “sword-fighting” effect with the
introduction of curved or angled instruments.
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Fig. 1.7 Instruments crossed internally and hands switched externally

Fig. 1.8 Newer generation curved instruments with
increased angulation and external separation (Storz)

Curved instruments cannot be passed through
conventional trocars which are straight and rigid.
They can, however, be passed through some of the
newer generation of access devices which have a
very low profile inside and outside the abdominal
cavity. Curved instruments avoid internal interfer-
ence, yet have traded one learning curve for
another. As angled instruments are directed toward
the target planes the surgeon’s hands can collide
externally as the instruments move toward one
another. This is overcome by the cross-hand tech-
nique whereby the operator’s left hand operates
the instrument on the right, and vice versa. While
this technique may overcome, it adds another
complex layer to an already steep learning curve.
In addition, with the crossing of two instruments
internally, they may compete for the same space in
a vertical plane, which may limit their motion
in the abdomen. Some newer generation curved
instruments have been modified with a larger

external curvature to accommodate internal
triangulation with more external separation
(Fig. 1.8). Curved instruments are more cost-
effective than the newer flexible instruments and
negatively impact tactile feedback.

Flexible Instruments

Flexible or articulating instruments are advanta-
geous for their increased freedom of movement
and facilitating internal triangulation. The angle of
the tip of these instruments can usually rotate 360°
around its axis (Fig. 1.9). Despite their appeal,
flexible instruments are not without their limita-
tions. There is an adjustment period to the external
ergonomics of these instruments before one can
handle them dexterously. The bulky handle can
cause crowding externally which can be compen-
sated with alternating shaft lengths. Furthermore,
the flexibility of these instrument sacrifices some
rigidity and significantly eliminates tactile feed-
back. Finally, the cost-effectiveness of these newer
technologies must once again be balanced with the
clinical indication and user capabilities.

Technical Tips

There is a significantly longer learning curve with
single-incision laparoscopic colorectal surgery
beyond standard laparoscopy. The procedural prin-
ciples and cornerstones for laparoscopic colecto-
mies must be adhered to while navigating the
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Fig.1.9 SILS™ flexible hand instruments

confined space of a single incision. Therefore, the
surgeon must use every weapon in their armamen-
tarium to facilitate a dissection similar to the one
experienced during multi-port laparoscopic colec-
tomies. For example, using a bipolar device that
safely permits blunt dissector may be advanta-
geous. This facilitates dissection in SILCS by
helping identify anatomical planes without the ben-
efit of traction and counter-traction.

Proper instrument planning and unique
combinations may also be utilized. Optimal instru-
ment position allows proper tissue retraction,
essential for the effective dissection in the normal
anatomical tissue planes. Placing several parallel
instruments, as required in single-port surgery,
makes this considerably more difficult. The use of
at least one flexible or curved instrument can adjust
the angle enough to allow improved triangulation;
however this usually requires the surgeon’s instru-
ments to cross, necessitating counterintuitive
external movements. This can result in a degree of
external crowding of instruments, and clashing
of instruments should be expected and allowed for,
especially during the training in these procedures.
For instance a nuanced surgeon may utilize two
straight instruments but a less ambidextrous sur-
geon may use a left-handed angled instrument and
a right-handed straight for dissection. For more
robust retraction, a right-handed curved instrument
is utilized and straight left instrument. This instru-
ment versatility can help compensate for beginners
and trainees.

SILCS is one of many methods to accom-
plishing the goal of a safe and effective surgical

outcome. Therefore, an accessory 3—5 mm port
through a lateral incision can also be utilized for
further retraction without significant compromise
to cosmetics. If difficulty is encountered, it is
easy to convert SILCS to a standard laparoscopic
colectomy by adding a few trocars. If need be,
SILCS can also be converted to a hand-assisted
colectomy by removing the access port in place
of GelPort™ or similar device or to an open
colectomy with the use of a wound protector.
This “singe-port rescue” or conversion should
not be considered a sign of defeat if it ultimately
achieves the aforementioned goals. A nuanced
surgeon performing SILCS therefore must obvi-
ously be facile with multi-port laparoscopic
colectomy and open techniques.

Conclusion

The principles of SILCS should mirror its
predecessors of open and laparoscopic colorectal
surgery in that the goal is the safe and appropriate
surgical resection. However, the skill-set required
for SILCS is different from standard laparoscopic
colectomy. In particular, traction and counter-
traction achieved by instrument triangulation in
standard laparoscopic colectomy (and open
surgery) is difficult in SILCS. Newer advance-
ments in laparoscopes, access ports, and instru-
ments combined with technical nuances and skills
can be used to compensate for the initial limita-
tions of single-incision laparoscopic colorectal

surgery.
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Single Incision Laparoscopic
Right Colectomy

Deborah Nagle

Patient Selection
Indications

All the benign and malignant indications for colon
resection apply to single incision laparoscopic
colectomy (SILC) and multiport laparoscopic col-
ectomy (MPLC) as well as open colon and rectal
surgery (Table 2.1). As always, ideal patient can-
didates for initial cases are those healthy patients
who are close to their ideal body weight, who
have not been previously operated and who have a
benign disease process.

Contraindications

Unstable patients or those with a life-threatening
pathology (such as perforation and peritonitis)
are not suitable candidates for laparoscopic
colectomy.

Several relative contraindications exist for
SILC, similar to MPLC. Patient who have had
peritonitis or multiple previous surgeries are less
likely to be successfully operated by a laparo-
scopic approach. Patients with complex anatomy
due to their disease process, for example Crohn’s

D. Nagle, M.D. (D<)

Section of Colon and Rectal Surgery, Beth Israel
Deaconess Medical Center, Harvard Medical School,
Boston, MA 02215, USA

e-mail: dnagle @bidmc.harvard.edu

disease with fistulae and obstruction, may not
be amenable to laparoscopic identification of
anatomic landmarks. Patients who have bowel
obstruction and significant bowel distension are
often best served by an open approach because
adequate pneumoperitoneum, and therefore visu-
alization, cannot be secured around the distended
bowel. There may be literally no space within
which to work. Finally, patients with a large
palpable mass or phlegm on after induction of
general anesthesia will require a commensurate
incision for specimen extraction and may be best
served by open laparotomy. Unstable patients or
those with a life-threatening pathology (such as
perforation and peritonitis) are not suitable can-
didates for laparoscopic colectomy.

Transitioning from MPLC to SILC

Although SILC is closely related to MPLC, some
differences are present between the two tech-
niques and thoughtful planning of training and
practice is important. First, because the instru-
ments are placed in parallel through one incision,
the instruments must be managed in the same, or
collinear, planes. This can lead to “boxing,’
or instrument clashing, externally instead of
“sword-fighting” internally. The level of the ports
and the instruments must be staggered to help
minimize this problem.

Tissue management can be more challenging
in SILC. Triangulation of instruments internally is
lost with SILC and the motion of the instruments
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Table 2.1 Common conditions treated by laparoscopic
colectomy

Indication

Polyps and polyp syndromes
Malignancy

Inflammatory bowel disease
Diverticulitis

Ischemic colitis

Rectal prolapse

Volvulus

Constipation

Colostomy and reversals

must often be back and forth, rather than side to
side. Therefore, suspension of the tissue, rather
than traction, may be most useful. Management
of the tissues requires precise visualization and
exposure. More specifically in laparoscopic colon
and rectal surgery than other laparoscopic surger-
ies, the tissues that are manipulated are not all
resected. It is important to avoid mechanical or
thermal injury to surrounding and adjacent struc-
tures. Tissue management includes using a trau-
matic graspers on bowel to help avoid any injury
to bowel that will not be resected.

Aside from choosing an alternative access
device to MPLC, there is no special equipment
needed. Access devices are available from several
major device manufacturers. The same surgical
instrumentation used for MPLC can be utilized
for SILC.

Skills courses, video observation training and
proctoring can all be important components of
safe skill acquisition prior to, and in addition to,
clinical practice.

Techniques
Operating Room

As with any laparoscopic colectomy, a moveable
operating table is essential for positioning the
patient for optimal exposure of the target organ.
Because Trendelenberg and other steep positions
are employed during the case, some surgeons
place the patient on a conforming beanbag or
use tape across the chest to secure the patient.
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The patient’s arms are tucked bilaterally to allow
for ease of surgeon movement around the table.
If the patient is too large to safely tuck both arms
the left arm should be tucked to facilitate surgeon
movement around the table while the right arm
remains extended.

Even for right-sided operations, low lithotomy
position is ideal for minimally invasive laparo-
scopic colorectal surgery because it affords free
access to all aspects of the abdominal wall. The
surgeon or assistant can stand between the patient’s
legs for upper or lateral abdominal work. For
MPLC in lithotomy position, it is most important
that the patient’s thighs be at or below the plane of
the anterior-superior iliac spine to allow for free
movement of the laparoscopic instruments in the
field. This is less important in SILC since all
instruments are placed through the umbilical
incision.

Prior to induction of anesthesia, subcutaneous
heparin is given and compression boots are
placed and activated. An indwelling urinary cath-
eter may be placed at the surgeon’s discretion. An
orogastric tube is placed for decompression of
the stomach, which is particularly helpful for
visualization during mobilization of the hepatic
flexure. Appropriate perioperative antibiotics are
given within 30 min of incision.

The patient is prepped and draped with the
entire abdominal wall exposed in order to always
be prepared for the possibility of conversion to a
multiport or an open procedure.

The video monitor should be positioned
ipsilateral to the target organ, that is, in the right
lower quadrant, at a height that allows for neutral
positioning of the surgeon’s neck. The surgeon
stands opposite the target organ, on the left side
of the patient. The assistant may stand next to the
surgeon in the cephalad position. The operating
table height should be lowered so that when the
abdomen is insufflated the surgeon can operate
with his or her shoulders level. Sometimes stand-
ing on a platform will add ergonomic advantage
when the patient’s abdomen is large or protuber-
ant. A consistent operating room team of nurses
and technicians familiar with laparoscopic
colectomy will facilitate flow and ease of the
operation.
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Access Devices, Optics and
Instrumentation

Access Devices

There is an array of principles for port placement
for MPLC, but there is standardized umbilical
access device placement for SILC. Most sur-
geons use a vendor designed platform with open-
ings for trocars. An insufflation port is part of the
device. Three, sometimes four, trocars are placed
through the device. The level or height of both
the ports and the instruments must be staggered
at the level of the device to help minimize instru-
ment clashing externally, or boxing.

Most instruments and devices can be used
through 5 mm ports. The sole limitation on port
size selection currently is that endoscopic staplers
must be placed through a 10/12 port. A 5 mm trocar
can always be up-sized later in the case if needed.
Trocars should be oriented toward the operative
target for the surgeon’s ergonomic benefit.

Optics

Optimal visualization is key to a safe and expedi-
tious surgery. Special considerations for SILC
optics include the need to stagger the position of
the instruments externally at the access port site.
A 30° down scope will facilitate visualization.
When using a straight scope, a bariatric length is
recommended in order to keep the camera appa-
ratus away from the instruments at the umbilicus,
again to reduce clashing. Alternatively, flexible
tip scopes that can deflect within the field to
change the angle of view can be used. Video
monitors should be placed at a height to facilitate
neutral positioning of the neck and shoulders as
the surgeon operates. The monitors must be mobile
so that they can be moved to accommodate
changing operative fields.

Energy Devices

In order to perform intra-corporeal soft tissue
mobilization and vascular division we utilize
instruments such as thermal sealing devices that
seal tissue by melting it. All thermal sealing
devices have some lateral spread of heat for a few
mm that occurs with activation of the instrument.
It is important to have the device applied only to
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the tissue that is to be sealed or divided. It is also
important to be able to visually verify a clear
zone around the device. The advantage to use of
the thermal sealing device in SILC is that it can
also be used as a grasper and a retractor.

There is some evidence that thermal sealing of
vessels is associated with fewer mishaps than sta-
pling vascular structures [1]. However, all devices
can fail and it is important to have a backup plan
for management of bleeding vessels. An endo-
scopic looped suture can be very useful to stop
bleeding from a pedicle that has failed another
technique.

Monopolar cautery can be used in association
with scissors or other instrumentation. It is crucial
to avoid any electrical injury to surrounding
tissues from arcing along instrumentation. Any
unsheathed portion of an instrument is live with
electrical current and can cause injury to surround-
ing structures. Intuitively, it seems more likely to
occur in the setting of collinear instrument man-
agement. Because of this particular risk of arcing
of current and remote thermal injury to tissues,
many surgeons simply do not use monopolar
energy in single incision laparoscopic surgeries.

Staplers and Wound Protection

Division of the colon requires endoscopic staplers,
which come in different lengths and may have the
ability to articulate. For right colectomy, many
surgeons will simply divide the bowel extra-
corporeally. A wound protection device for the
abdominal wall site of extraction is used to mini-
mize bacterial contamination and tumor implan-
tation. If the platform for single incision
laparoscopic surgery does not include a sleeve for
the abdominal, a separate sleeve can be placed.

Appendectomy, Extended
Appendectomy or Partial
Cecectomy

The patient is prepared in the manner described
above after induction of anesthesia. The umbili-
cus is everted and a vertical incision is made
through the umbilicus for a distance of 2.5-3 cm.
The fascia is opened and the selected access
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device is placed under direct visualization.
Trocars are staggered in height, if appropriate,
and arranged as a triangle with the apex pointing
away from the right gutter. Therefore two
working ports will lead and the camera port
will be lateral and behind the instruments.
Pneumoperitoneum is established. The camera is
placed through the lateral, or left side, trocar.
A 10/12 mm trocar will be required for division
of the appendix or cecum. It is often easier to
work with 5 mm trocars throughout the dissec-
tion and then exchange for a 10/12 mm trocar
when preparing to staple.

Using the superior trocar, grasp and elevate
the appendix. Dissect and isolate the base of the
appendix using the inferior trocar. The appendi-
ceal mesentery can be divided with a stapler, or a
thermal sealing device. After the appendix is iso-
lated, exchange the inferior trocar for a 10/12 mm
trocar. Staple the base of the appendix in the
usual manner. The appendix is then placed in an
endoscopic retrieval bag through the 10/12 port
and removed.

The incision is closed at the fascia and the skin
after the access device is removed.

Right Colectomy

The patient is prepared in the same manner
described above and the access device is placed.
The umbilicus is everted and a vertical incision is
made through the umbilicus. For colectomy, the
fascial incision may need to be slightly larger to
accommodate the extraction of the specimen
without trauma to the tissues. The fascia is opened
for 34 cm and the selected access device is
placed under direct visualization.

There are three distinct anatomic approaches to
right colectomy: medial, lateral and inferior. The
inferior approach is used infrequently and is not
particularly suited for single incision approach.

With medial-to-lateral approach, the first
operative goal is division of the ileocolic vascular
pedicle and the associated right colon mesentery.
This approach is optimal in many patients under-
going SILC because the lateral attachments of
the colon to the side wall are another “retractor”
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that facilitates tissue management. The mesentery
is grasped at the colonic end of the vascular
pedicle and elevated toward the right side wall.
Usually the right hand or most superior port is the
best point of access for this retraction. Enough
traction is created to give the typical “bowstring”
appearance to the vessels that is needed for their
safe identification. It is crucial that the duodenum
be identified and avoided at the base of the vascu-
lar pedicle. Using the left hand through the most
inferior port, an adequate window is created
around the vessels and they are divided by a ther-
mal sealing device. Thus, a window is created in
the mesentery inferior to the duodenum. This
plane is then used to continue dissection in the
retroperitoneal plane out to the right side wall.
The right hand provides traction on the mesen-
tery by suspending it as the grasper pushes out to
the right side wall. Dissection can continue lateral
and superior to the duodenum in this plane, as
well, with hand-over-hand exchange of tissue
between the instruments. The mesentery is divided
up to the middle colic vessels in this fashion.

The mesentery between the ileum and the
ileocolic pedicle is then sequentially divided by
suspending the pedicle in one hand and walking
the thermal sealing device up the plane to the
terminal ileum.

The colon is then mobilized out of the right
gutter in the manner described below in the
lateral-to-medial approach to right SILC.

The lateral-to-medial approach replicates the
standard open technique of right colectomy. The
cecum is grasped and rolled medially using an
instrument in the right hand in the superior trocar.
The appendix is freed from any attachments.
Care is taken to identify the right ureter at the
pelvic brim. Dissection should be above and lat-
eral to the ureter. Using a thermal sealing device,
the White line of Toldt is incised and the colon is
sequentially mobilized up the right gutter to the
hepatic flexure. After the peritoneal attachments
are incised, a gentle sweeping maneuver moving
the colon to the midline will display the attach-
ments for division. A common mistake is to drift
dissection too far laterally and dissect out in the
abdominal sidewall, including under or lateral to
the kidney.
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When the hepatic flexure is reached, the
patient is placed in reverse Trendelenberg to
allow gravity to aid in exposure. The operating
instrument is placed in the superior trocar. The
gastrocolic omentum is elevated cephalad taken
off the transverse colon. Downward traction is
applied to the hepatic flexure and the attachments
are then taken down through the superior port.
The attachments are divided so that the colon is
mobilized to the level of the middle colic vessels.
Care is taken to work lateral to and below the
duodenum as the colon is rolled down toward
the pelvis. Adequacy of mobilization can be
assessed by bringing the flexure to the pelvic
brim and the cecum to the midline with a grasper.

The specimen can then be exteriorized and the
resection and anastomosis completed extracorpo-
rally. It is important to place a locking grasper on
the lead point for exteriorization, i.e., the appen-
dix or cecum, prior to performing extraction to
facilitate specimen retrieval.

A wound protecting sleeve is placed through
the incision if it is not already part of the access
device. The specimen is exteriorized. If the mes-
entery was not divided intra-corporally it can be
divided at this time. The bowel is dividied with
staplers and a side-to-side functional end-to-end
anastomosis is created with standard technique,
either stapled or hand-sewn. The anastomosis is
then returned to the abdominal cavity and the
abdomen is re-insufflated. There is no data to
support closure of the mesentery and this is not
commonly performed in laparoscopic colectomy.
Careful inspection for hemostasis and any abnor-
mality is performed before the access device is
withdrawn and the fascia is closed.

Prior to closure of the fascia, it is easy to
perform a TAPP (transabdominal pre-peritoneal)
block of the abdominal wall with local anesthe-
sia. The fascia may also be infiltrated primarily.

The Inferior approach to laparoscopic right
colectomy is less commonly used, but can be
helpful in the setting of a large mass in the cecum
that makes clear identification of the ureter more
important or when the medial mesenteric anatomy
is not clear. However, these are two situations
where the single incision laparoscopic approach
may be quite limited. Large masses are difficult
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to control with just one functional retractor.
The approach begins by reflecting the cecum and
terminal ileaum mesentery cephalad to expose
and incise the junction of the visceral and parietal
peritoneum. Retraction is accomplished through
the inferior trocar with the grasper pushing the
tissue “up and away” from the pelvic brim. The
superior trocar is used to incise the peritoneum.
A gentle sweeping motion will peel the colon and
mesentery off the retroperitoneum without injury
to the ureter or vasculature. The duodenum is
encountered directly at the cephalad end of this
dissection. The duodenum is deflected posteriorly
and the operative plane continues on top of the
duodenum with judicious use of energy to divide
attachments. After successful posterior mobiliza-
tion, the lateral attachments and mesentery are
divided as previously described.

Postoperative Care

Routine postoperative fast-track or enhanced recov-
ery pathways are employed after SILC. The patient
is treated with multimodality pain medications,
including the TAPP and/or local block performed at
closure. Nonsteroidal anti-inflammatory medica-
tions are administered intravenously from the oper-
ating room and subsequently for 72 h. Intravenous
and oral acetaminophen are given as appropriate
and, finally, patient controlled anesthesia with nar-
cotic is offered.

Feeding is offered ad lib on postoperative day
one. Early ambulation and incentive spirometry
are encouraged. When patients pass flatus and
tolerate a regular diet and oral pain medications
they may be discharged home.

Complications

Any operation carries a risk of bleeding and
infection. The risks specific to colectomy and
laparoscopic surgery apply to single incision lap-
aroscopic right colectomy. Postoperative ileus,
obstruction, and anastomotic leak are seen with
equal frequency in multiport laparoscopic and
single incision laparoscopic right colectomy [2].
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Current Experience with Right SILC

The first case reports of single incision laparo-
scopic right colectomy appeared in 2008 [3].

In the next several years, several case series
were published comparing SILC-Right to MPLC-
Right surgeries. There were small numbers of
patients in these series. However, safety and fea-
sibility of the SILC approach were shown. Most
authors found no significant differences in mul-
tiple parameters between the two laparoscopic
approaches. These parameters include operative
time, nodal harvest, morbidity and length of
hospital stay [4-7].

A larger multicenter, case-matched series was
published in 2012 with 330 patients, 234 of
which were right colectomies. There were no
significant differences between SILC and MPLC
for conversion rate, complications, reoperation
rate or readmission to the hospital. In this review,
postoperative day one pain scores were signifi-
cantly lower using the SILC approach [8].
Another larger case-controlled series of 100
patients undergoing SILC and MPLC-Right
found that operative time was significantly
shorter in the SILC group [2].

The question of whether oncologic outcomes
are equivalent arises with any newer surgical
technique. Within the papers referenced in the
preceding discussion, a portion of the patients in
each group were operated for malignancy. Lymph
node harvest as a surrogate marker for adequate
oncologic resection was equivalent in all case
comparisons. A recent study specifically com-
pared oncologic outcomes for SILC-Right versus
MPLC-Right in 159 patients. The colectomy
groups were similar in clinical characteristics.
There was no difference in complications between
the groups. Oncologic resection, as assessed by
lymph node harvest and proximal and distal
margins, was equivalent. Tumor characteristics
were equivalent. At 24 months mean follow up,
disease-free survival was not significantly differ-
ent between the SILC and MPLC groups [9].

Two meta-analyses have recently compared
the outcomes between SILC and MPLC. The first
review of 15 studies and 1,026 patients found
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variable methodology throughout the studies.
There was no difference between the groups in
conversion to open laparotomy, morbidity or
operative time. After analysis, it was concluded
that SILC procedures led to a significantly shorter
postoperative length of stay as well as shorter
skin incision [10]. A second meta-analysis of
essentially the same pool of data came to the
same conclusions: hospital length of stay and
incision length are shorter with SILC [11].

Laparoscopic surgery has been a significant
advance in perioperative patient care for many
different surgical approaches, including colec-
tomy. SILC is equivalent to MPLC in outcomes.
SILC may be of additional marginal benefit to
patients for hospital length of stay, postoperative
pain and cosmesis as it relates to incision length.
Advanced laparoscopic skills are required to per-
form SILC. For surgeons with an advanced skill
set, the practice and performance of SILC-Right
is an excellent way to extend their skills.
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Single Incision Laparoscopic Left

Colectomy

Dominic C.C. Foo and Wai Lun Law

Introduction

Since its introduction in the early 1990s,
laparoscopic colonic resection has been more
widely applied [1, 2] and has become the standard
approach for the treatment of different colonic
diseases in some centers. Compared to open sur-
gery, laparoscopic resection has been shown to
have advantages such as less operative blood loss,
reduced postoperative pain, shorter period of
postoperative ileus, quicker recovery and a shorter
hospital stay. In the treatment of colon cancer,
data from randomized trials showed that the onco-
logic outcome was not compromised [3—10]. As
colorectal surgeons become more proficient in
conventional laparoscopic colonic surgery, they
are aspired to further improving outcome and
reducing surgical trauma by reducing the number
and the size of incisions. Single incision laparo-
scopic surgery (SILS) has fast become the new
feasible option for colonic resection.

The potential benefits of SILS include better
cosmetic results and patient satisfaction. Issues
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like reduction in postoperative pain and faster
recovery compared to conventional laparoscopic
surgery (CLS) remain debatable. A recent ran-
domized control trial comparing SILS and CLS
colonic resections demonstrated significantly
lower pain score during the early postoperative
period as well as a shorter hospital stay [11]. The
possibility of less bleeding, incisional hernias
and port-site recurrences has been suggested by
some studies, although these are yet to be proven
by randomized controlled trials [12-15].

Several case series showed that SILS for
colonic resections were feasible [13, 16-21].
SILS, however, has not become a widely adopted
procedure [22, 23]. The main hurdle is the need
for adaptation of surgical techniques to over-
come the pitfalls in SILS. Technical difficulties
stem from the lack of triangulation, overcrowd-
ing and clashing of instruments, lack of counter
traction, and coaxial alignment of the camera
and operating instruments resulting in poor visu-
alization of operating field. There are also con-
cerns over prolonged operating time and increase
in cost. However, currently available data do not
substantiate these concerns [24-26]. This chap-
ter aims to focus on the technical aspect of SILS
left colectomy, i.e., sigmoidectomy and anterior
resection.

Preoperative Evaluation

The common indications of left colectomy are
colonic cancer, diverticular disease, inflammatory
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bowel disease, sigmoid volvulus and colonic
polyp not amenable to endoscopic removal.

Similar to any patient planning for major
operations, the coexisting medical comorbidities
should be evaluated and optimized. A preopera-
tive anesthetic assessment is mandatory prior to
surgery, especially in elderly patients with medi-
cal comorbidities.

Colonoscopic confirmation of the diagnosis
and localization of the lesion is required. For small
lesions, it is advisable to perform endoscopic tat-
tooing of the lesion to facilitate intraoperative
identification.

For colonic malignancies, staging with a con-
trast enhanced computed tomography is required.
Distant metastases would preclude curative
resection but more importantly, the size and loca-
tion of tumor, local invasion to surrounding
structures, i.e., the abdominal wall, left ureter and
bladder, should be ascertained.

Patient Selection

Patient selection criteria are similar to that of
CLS. The prerequisite is ability to tolerate gen-
eral anesthesia and pneumoperitoneum. There
should not be any uncorrected coagulopathy.
Unique to SLS is the size of the lesion, which
directly determines the length of the wound to
retrieve specimen. SLS is not advisable for
lesions larger than 4-5 cm as the benefit of a con-
cealed incision of SILS is lost [27]. A high body
mass index could increase the difficulty of SILS
[11, 23, 28], although studies have shown the
feasibility of SLS in patients with BMI up to
40 kg/m? [16].

Patient Preparation

Mechanical bowel preparation is generally not
required [29-31], with the exception when intra-
operative colonoscopy is anticipated in patients
where the exact location is not obvious.
Nevertheless, it is advisable to give sodium phos-
phate enema preoperatively to evacuate the rectum
to facilitate the introduction of the circular stapler
for intracorporeal anastomosis.
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The authors routinely give second-generation
cephalosporin and metronidazole as prophylactic
antibiotics on induction of general anesthesia.
Urethral catheterization is performed to decom-
press the bladder and for monitoring of urine
output throughout the perioperative period.

The patient is put in the modified lithotomy
position in which the hips are abducted and slightly
extended and the knees flexed. Thromboemoblic
deterrent stockings and intermittent pneumatic
calf compression is used to prevent deep vein
thrombosis. The body is secured to the table with
head down and left side up during the mobilization
of the left colon. The arms should be tucked and
patient’s sacrum should be at the distal edge of the
operating table.

Equipment

Although SILS can be performed using a single
incision with ordinary low profile trocars and
with rudimentary devices such as a surgical glove
on a wound protector, specialized single port
access devices can facilitate the procedures.
Examples include the TriPort™ Access System
(Olympus, Japan), SILS™Port (Covidien, USA)
and OCTO™ Port (Dalim, Korea). They are spe-
cialized devices, which provides three to four
ports ranging from 5 to 12 mm for laparoscopic
instruments. They share a common feature of
allowing maneuverability of laparoscopic instru-
ments within the system. Most of them also have
a mechanism of retracting the abdominal wall.
There are case series reporting the technique of
inserting multiple trocars via a single abdominal
incision without the use of single port access
device. However, there is a concern of air leak
and decreased degree of freedom between trocars
[15, 32, 33]. The use of several conventional lap-
aroscopic trocars through a Gelport (Applied
Medical, USA) has been described as well [34].
Laparoscope with a deflectable tip has the
advantage of allowing better field of vision with-
out compromising the range of movement of
other laparoscopic instruments and minimizes
clashing. Examples include the Deflectable
Tip EndoEYE™ Video Laparoscope (Olympus,
Japan) and the IdealEye™ (Stryker, USA).
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Likewise, articulating laparoscopic instruments,
which give extra flexibility, have been used to
overcome the loss of triangulation in SILS from
their straight counterparts. These bending instru-
ments have either a pre-bent curved shaft, or an
articulating section, controllable by a knob at the
handle. However, adaptation is needed to use
these bended or articulated instruments. In one
study, articulating instruments were shown to
result in lower performance compared to straight
laparoscopic instruments in both expert and
novice surgeons [35]. In another study, articulat-
ing instruments have not been shown to have
better performance nor shorter learning curve in
SILS [36].

The authors prefer a long bariatric 10 mm 30°
laparoscope (Karl Storz, Germany) with a three-
chip high-resolution camera and traditional
straight laparoscopic instruments. The use of
laparoscope with a deflectable tip requires addi-
tional skill and adaptation from the assistant. The
long laparoscope can minimize crowding of
the instruments. Furthermore, by manipulating
the direction of the light cable of a 30° rigid
scope, the direction of vision can be adjusted.
While straight laparoscopic instruments are tools
that most laparoscopic surgeons are already
familiar with, their use in SILS provides the sur-
geon the same tactile and haptic feedback as in
CLS and therefore allows a smooth transition
from CLS to SILS. The feasibility of using
straight laparoscopic instruments in SILS colec-
tomy has been well described in the literature
[27, 37-39]. A single port access system, which
provides four ports, can add one instrument for
retraction although this may result in overcrowd-
ing of instruments.

Operative Technique
Entry to Peritoneal Cavity

The authors utilize a transumbilical cutdown to gain
access to the peritoneal cavity. A 2.5 cm longitudinal
incision is made at the umbilicus. The subcutaneous
fat is dissected with the help of a pair of retractors.
The fascial layer is incised until the peritoneum is
encountered. The peritoneum is opened and the
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peritoneal cavity is entered under direct vision.
A laparoscopic exploration of the peritoneal cavity
using a traditional camera port is performed to
assess the pathology and the feasibility of SILS. The
fascia defect is then enlarged to 2-3 cm to house the
single port access device. Pneumoperitoneum is
created with carbon dioxide insufflation at a pres-
sure of 12 mmHg.

The size of incision ranges from 3 to 4 cm in
the literature [22, 27, 40]. However, the final size
of incision is usually longer than the incision
needed to house the single port access device, and
is largely determined by the size of the specimen.
Although the fascia could be further undermined
under the skin incision, SILS colectomy should
usually be considered for lesions smaller than
4-5 cm. A larger lesion will require a bigger inci-
sion to retrieve the specimen.

Mobilization of Left Colon

After laparoscopic exploration and identification
of the pathology, the patient is put in a
Trendelenburg and left side up position. The
small bowel is retracted out of the pelvis towards
the right side of the upper abdomen with atrau-
matic forceps. We prefer to visualize the origin
of inferior mesenteric artery and preferably the
inferior mesenteric vein beneath the duodenum
before dissection. As in CLS, the small bowel is
kept out of the operative field mainly by gravity.

Medial to Lateral Approach

The authors usually adopt the medial to lateral
approach as in CLS. Although some surgeons pre-
fer to keep close to the bowel in benign cases of
benign, the authors prefer to dissect at the avascu-
lar plane posterior to the inferior mesenteric artery
even in cases of benign pathologies. The sigmoid
mesentery is lifted upwards to visualize the infe-
rior mesenteric artery under the cover of the perito-
neum. The right leaf of the peritoneum lining
the sigmoid mesentery is incised at the level of the
sacral promontory. Various energy devices like
the Sonosurg™ ultrasonic cutting and coagulation
system (Olympus, Japan), LigaSure™ vessel
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Fig.3.1 Sigmoid mesentery being separated from under-
lying retroperitoneal structures with the left ureter and
gonadal vessels in view

sealing system (Valleylab, USA) and the Harmonic
Ace™ (Ethicon, USA) or bipolar scissors can be
used. After incising the peritoneum, with the aid of
pneumo-dissection and traction of the mesentery
towards the upward direction, the plane between
the sigmoid mesentery and the retroperitoneum
should be readily identified. The plane is further
developed by use of both sharp and blunt dissec-
tion towards lateral aspect. Along the way, retro-
peritoneal structures including the left ureter, the
gonadal vessels, hypogastric nerves and the left
common iliac artery should be identified and pre-
served (Fig. 3.1).

Tips for Retraction in SILS

e In SILS colectomy, one would need to accus-
tom to the lack of retraction from an assistant.
It is often useful to use a laparoscopic Debakey
forceps with opened jaws to tent up the sig-
moid mesentery. The alternative is to use a
laparoscopic fan retractor.

e In order to avoid the “chopstick effect,” some
of the dissection needs to be performed by the
“cross out” (Fig. 3.2).

e Brunner described the technique of transabdom-
inal sutures, using a straight needle, to retract the
sigmoid colon in SILS colectomy [33] (Fig. 3.3).

e Leroy utilizes the flexible sigmoidoscopy to aid
in the retraction of sigmoid colon, using its tip
angulation and endoscope torque. An anvil is

Fig. 3.2 Clipping of the inferior mesenteric artery before
dividing

Fig.3.3 Use of transabdominal suture for retraction

also passed transanally into the colon by a flex-
ible introducer, and with the use of an extracor-
poreal magnet, the sigmoid colon could be
lifted up for medial dissection [41].

Ligation of IMA and IMV

After dissecting the sigmoid mesentery from the
retroperitoneal structures, the inferior mesenteric
artery (IMA) is identified as the tubular structure
that tense up the mesentery. It is skeletonized,
clipped with either 5 mm Hem-o-lok (Teleflex
Medical, USA) or 10 mm Lapro-clip (Covidien,
USA) and divided close to its origin (Fig. 3.2).
One must distinguish it from the left ureter before
dividing it. The mesentery is divided towards further
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lateral until the inferior mesenteric vein (IMV) is
identified. The vein is traced proximally towards
the lower border of the pancreas, and clipped and
divided. Currently available bipolar devices with
the ability to divide vessels up to 7 mm can also
be used to control the major vessels. After divid-
ing the inferior mesenteric vessels, the dissection
continued further upwards towards the splenic
flexure of the colon, separating the mesentery
from the pancreas.

Taking Down Splenic Flexure

The lateral peritoneal attachment of the sigmoid
colon is incised along the line of Toldt. With the
medial to lateral approach, the sigmoid mesen-
tery has already been separated from the underly-
ing retroperitoneal structures, thereby leaving
only a thin layer of peritoneum to be incised.
Sharp dissection of the peritoneum is continued
in the cephalic direction. With the descending
colon retracted towards the medial side, its mes-
entery is separated from the retroperitoneum and
the pancreas by blunt dissection. Care should be
taken not to exert excessive traction, which may
result in splenic laceration. To take down the
splenic flexure of colon, one would need to grasp
the greater omentum towards the cephalic direc-
tion and tension will be created to the colo-
omental adhesions by gravity. These adhesions
together with the gastrocolic ligament are incised
until the lesser sac is entered. The dissection is
continued laterally until the line of dissection
rendezvous with the one created from lateral dis-
section. One should remember the dissection is
not made between the greater omentum and the
spleen. In this way, the chance of splenic lacera-
tion is minimized.

Transection of Colon and Performing
Colorectal Anastomoses

Once the splenic flexure of the colon is taken
down, the lateral peritoneal attachment of sig-
moid colon to the pelvis is also divided and
the mobilization of the left colon is complete.

Fig. 3.4 Applying the laparoscopic linear stapler for dis-
tal transection

Fig.3.5 Using transabdominal sutures to sling the uterus

The double stapling method is used for perform-
ing colorectal anastomoses. At the level of distal
transection, the mesorectum is divided at the
level of transection with cautery or energy
devices. The rectum is transected with a laparo-
scopic linear stapler with an articulating mecha-
nism, e.g., EchelonFlex™ Endopath® 60 mm
stapler (Ethicon, USA) and EndoGIA™ with Tri-
Staple™ 60 mm stapler (Covidien, USA)
(Fig. 3.4). In female patients, the uterus could be
slung by transabdominal sutures to facilitate this
step (Fig. 3.5).

The application of the transverse stapler
across the rectum for transection may be diffi-
cult through the umbilical single incision. The
authors usually mobilize the rectum adequately
so that it can be retract anteriorly towards the
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Fig. 3.6 Retrieval of the specimen through the umbilical
incision

abdominal wall. The stapler is placed posterior
to the rectum and angulated anteriorly at its tip
so that a staple line at right angle to the bowel
can be achieved.

The midline wound is used to retrieve the
specimen. Many a time, the single port access
device is removed and a double-ring wound pro-
tector, e.g., Alexi$® wound retraction system
(Applied Medical, USA), is inserted to facilitate
the retrieval of the specimen (Fig. 3.6). The
stump of IMA and IMV together with the left
colon is delivered through the wound. The level
of proximal transection is chosen. The line of dis-
section of the mesentery starts from the stump of
the pedicle towards the intended level of proxi-
mal transection. The mesentery is then divided
between ligatures. Care must be taken to preserve
the marginal artery of Drummond supplying the
part of colon later used to anastomose with the
rectum. The proximal transection is then per-
formed with diathermy and the specimen is deliv-
ered. Adequate blood supply could be confirmed
by bleeding from the transection edge. A purse-
string suture is applied, either by hand-sewn or a
purse-string instrument, and tied after inserting
the anvil of a circular stapler. After hemostasis is
ensured, the colon with the anvil secured in it is
brought back to the peritoneal cavity. After rein-
serting the single port access device, pneumo-
peritoneum is reestablished. The assistant would
introduce the circular stapler, e.g., DST Series™

Fig. 3.7 Performing intracorporeal anastomosis with the
circular stapler

EEA™ 28 mm (Autosuture, Covidien, USA) or
CDH29A (Ethicon, USA) transanally towards
the rectal stump. Intracorporeal colorectal anas-
tomosis is performed (Fig. 3.7). Before closing
and firing of the circular stapler, one would need
to ascertain no twisting of the colon. The mesen-
tery of the left colon should be at the posterior
position, aligning with the mesorectum. There
should be adequate length of the colon without
tension on the anastomoses. The final part of the
operation includes performing colonoscopy to
check for any bleeding from the anastomosis, the
color and thus the viability of colon and lastly, to
perform an air leak test. The anastomosis is sub-
merged in the pelvis filled with saline and the
bowel is occluded proximally. The rectum is
inflated with air endoscopically. Air bubbles per-
sistently emerging from the pelvis would indicate
a leak. Both proximal and distal doughnut from
the circular stapler should be complete ring.
The distal doughnut should be sent for section
as the distal resection margin. A final check on
the hemostasis is performed, any residual fluid
is aspirated and any remaining laparoscopic
gauze is removed. Unless otherwise indicated,
it is not a routine to place a drain. The wound
is closed by opposing the fascia with inter-
rupted sutures. 0.5 % Chirocaine® is used to
infiltrate the wound for postoperative pain con-
trol. The skin is closed with subcuticular
absorbable sutures (Fig. 3.8).
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Fig. 3.8 Final incision

Lateral to Medial Approach

The lateral to medial approach could be used as
an alternative when there are difficulties or poor
progress in establishing an avascular plane
between the sigmoid mesocolon and the retro-
peritoneum by the medial to lateral approach.
This is a laparoscopic version of the open
approach used to mobilize the sigmoid colon.
With gentle traction of the sigmoid colon towards
medial direction, the lateral peritoneal attach-
ment is incised alone the white line of Toldt. The
avascular plane between mesocolic and retroper-
itoneal fat is followed and separated by both
sharp and blunt dissection. The gonadal vessels
and the left ureter, which is more medial, are
seen. In thin patients, the left common iliac artery
is seen as a pulsating tubular structure. All these
structures are to be protected. The dissection is
continued further upwards. Splenic flexure is
taken down in a similar fashion as the medial to
lateral approach. The lateral dissection is then
extended down to the pelvis. With the sigmoid
colon fully medialized and the important retro-
peritoneal structures protected, the colon is
retracted towards the upward and lateral direc-
tion. The peritoneum lining the sigmoid mesoco-
lon is then incised medial to the inferior
mesenteric artery. The inferior mesenteric artery
and vein are ligated and divided. The transection
of colon and intracorporeal anastomosis could
then be performed.

Conversions

SILS colectomy can be converted to hand-
assisted laparoscopy, multiport laparoscopy or
open laparotomy. Ineffective retraction resulting
from redundant colon or bulky tumor can be dealt
with conversion to multiport laparoscopy.
However, conversion to laparotomy is usually
necessary for bowel, ureteric or major vascular
injury and tumor invasion into nearby structures,
i.e. T4 disease. Presence of significant adhesions
would, depending on its severity, mandate con-
versions either to multiport laparoscopy or lapa-
rotomy. In one systematic review of over 1,000
SILS colectomies by Maggiori, which includes
right-sided, left-sided, subtotal and total colecto-
mies, the conversion rate to multiport laparos-
copy and laparotomy was 7 % and 1 %
respectively, [26]. Vestweber reported a conver-
sion to open rate of 4.7 % out of 150 anterior
resections, sigmoidectomies and left hemicolec-
tomies, in which the majority of cases were oper-
ated for diverticular diseases [42].

Postoperative Management

The patient would be managed according to a
standard enhanced recovery protocol. They
would be given fluid as soon as they are fully
awake. The blood pressure, pulse and urine out-
put would be monitored. Oral analgesics like
paracetamol or celecoxib would be given [11].
Nasogastric tubes are not required for uneventful
operations [43]. On the first postoperative day,
urinary catheter will be taken off and mobiliza-
tion starts. Chest physiotherapy commenced with
the use of incentive spirometry. Diet would be
gradually stepped up. The return of bowel sound
is usually unreliable and the absence of it does
not preclude oral intake. Patient should be ready
to be discharged on the second to third day after
an uneventful operation. Any signs of postopera-
tive ileus like abdominal distension warrants a
halt to further increase in oral intake and an
abdominal X-ray is often helpful. Increasing
abdominal pain, fever, leukocytosis, and pro-
longed ileus mandate further investigations for
postoperative complications.
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Complications

Complications from SILS are similar to that of
CLS. Early minor complications include wound
infection, ileus, urinary retention and respiratory
complications. Major complications include
anastomotic bleeding, anastomotic leak, intra-
abdominal collection, thermal bowel injury, acute
coronary events and renal failure. Delayed com-
plications like incisional hernia [17, 44] and
anastomotic strictures [44] have been reported. In
one systematic review of 38 studies by Fung,
with 565 patients undergoing SILS colectomy,
the overall complication rate was 10.8 % [45].

Conclusion

Single incision left colectomy represents a step
forward in reducing surgical trauma and aims to
further improve outcome in minimally invasive
surgery. It is feasible but technically demanding.
Specialized equipments are available to facilitate
the surgery. Adaptation from CLS to SLS requires
surgeons to acquire additional skills and capabili-
ties as well.
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SILS Total Colectomy
and Proctocolectomy with lleal
Pouch-Anal Anastomosis (IPAA)

Deborah S. Keller and Conor P. Delaney

Background

While laparoscopic colorectal surgery decreases
surgical morbidity, it still requires three to four
incisions, with the risks of bleeding, hernia, and
incrementally decreases cosmesis at each post
site [1]. Single-incision laparoscopic surgery
(SILS) was introduced to further the enhanced
outcomes of traditional laparoscopy. Studies
have proven SILS feasible and safe [2-9]. From
early reports, SILS has similar short-term out-
comes compared to traditional laparoscopic
surgery. In published studies, operative time,
conversion to open surgery, estimated blood
loss, surgical site infection, and hospital read-
missions were all comparable [2, 8, 10, 11]
(Table 4.1). For colorectal cancer, SILS proce-
dures have shown comparable oncologic out-
comes to traditional laparoscopic surgery, with
sufficient surgical margins and number of har-
vested lymph nodes [6, 7, 12]. Further, SILS
has distinct benefits. Among the proposed ben-
efits are better cosmesis, reduced pain, and
faster time to flatus and PO intake [4, 7, 8, 13].
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The reduction in pain translated to less total
narcotic use and lower pain scores in the immedi-
ate perioperative period [13].

The cosmetic benefit of a single incision is a
major attraction for some patients. The potential
advantages of a small skin incision include not
only a better cosmetic result but also a lower rate
of port-site-related complications [12]. In some
studies, SILS has also shown a significantly
shorter length of stay (LOS) with a demonstrated
LOS more than 1 day shorter compared to multi-
port laparoscopy [8, 11].

There are few reports of SILS total colectomy
and proctocolectomy, specifically with ileal
pouch-anal anastomosis (IPAA). Geisler et al.
reported the initial experience for SILS restor-
ative proctocolectomy on a familial adenomatous
polyposis patient; the abdomen was accessed
through a 2.5 cm incision sited preoperatively for
the temporary ileostomy, resulting in a nearly
scarless procedure [14]. After the promising ini-
tial case, Geisler et al. reported five cases of SILS
total proctocolectomy with IPAA [15]. There
were no conversions to traditional laparoscopic
or open procedures in the case series. The LOS
was comparable to laparoscopic (median 4 days,
range 3—6 days). Two patients had postoperative
small bowel obstructions that resolved with non-
operative management. Fichera et al. published
results of nine consecutive patients with medi-
cally refractory Ulcerative Colitis who under-
went a SILS total abdominal colectomy [16]. No
intraoperative complications or conversions to
multi-port laparoscopy or open surgery occurred.
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Table 4.1 Published reports of single-incision laparoscopic colectomy

Author Year Patients BMI
Bucher 2008 1 N/A
Remzi 2008 1 35
Rieger 2009 7 243
Geisler 2009 1 24
Merchant 2009 1 N/A
Remzi 2009 1 25.8
Bucher 2009 1 26
Law 2009 1 N/A
Chambers 2009 6 N/A
Leroy 2009 1 21
Champagne 2010 165

Bucher 2010 1 22
Adair 2010 17 26.2
Gandhi 2010 24 28.5
Papaconstantinou 2011 29 30
Chen 2011 18 23.3
Lee 2011 46 25
Fichera 2011 10 21.9
McNally 2011 27 27
Wu 2011 27 -
Ross 2011 39 25.6
Ramos-Valadez 2012 20 27.7
Champagne 2012 29 28
Walters 2012 100 26

Mean OR Incision

time (min) LOS (d) length (cm) R/L
158 N/A 3 1/0
115 4 35 1/0
89 54 3.1 6/1
172 4 2 TPC
N/A 3 2.5 1/0
198 3 3 0/1
2132 N/A 2 0/1
180 3 3 0/1
82 1.9 2.5 2/1°
90 4 2 0/1
135 4.6

125 2 2 0/1
139 5 3 17/0
143 2.7 3.8 19/5
128.8 34 4.9 29/0
175 5 4 18/0
135 4.6 5.1 24/22
139 5.1 - TPC
114 3 - 14/8¢
180 7 4.1 8/18¢
120 4.4 4.2 30/9
159.2 32 33 0/20
134.4 3.8 3.7 19/10
105 4 100/0

N/A not available, TPC total proctocolectomy, BMI body mass index, R right sided surgery, L left sided surgery, LOS

length of stay, min minutes, d days
2Concomitant cholecystectomy

*In addition: two TPC and one abdominal colectomy with ileorectal anastomosis

In addition, five SILS transverse colectomies
dIn addition, one TPC

Bowel function returned on mean postoperative
day 1.7, and patients tolerated a solid diet on
mean postoperative day 3. The mean postopera-
tive LOS was 5.2 days [16]. These initial results
suggest that SILS total colectomy and restorative
proctocolectomy may lead to improvements in
short-term outcomes in selected patients.
However, long-term outcome data and random-
ized prospective trials are needed. Currently, a
significant improvement in recovery time, hospi-
tal LOS or postoperative complications com-
pared to traditional laparoscopic colorectal
surgery would make SILS a cost effective and
efficient surgical approach [5].

Procedures

SILS Total Proctocolectomy with lleal
Pouch-Anal Anastomosis

The patient is placed supine on the operating
table on a bean bag to prevent movement in
Trendelenburg position. After induction of gen-
eral anesthesia, the patient’s legs are placed in
yellow fin stirrups. An oro-gastric tube and Foley
catheter are inserted, and the patient is prepped
and draped in routine sterile fashion.

The primary monitor is placed on the left side
of the patient at the patient’s epigastrum level.
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The secondary monitor is placed on the right side
of the patient at the same level. The primary
operating surgeon stands on the right side of the
patient with the assistant standing on the patient’s
left, and moving to the right side, caudal to the
surgeon once ports have been inserted. A 0° cam-
era lens is used.

The insertion of the SILS port (SILS port,
Covidien, Norwalk, CT) is performed through a
2.5 cm incision. If a temporary diverting loop
ileostomy is planned, the single-port trocar is
inserted through a 2.5 cm incision made at the
ileostomy site. If no diverting ileostomy is
planned, a 2.5 cm incision made through the
umbilicus for the single-port device. The perito-
neum is entered, and a 2.5 cm fascial incision is
made. Then, the SILS port is placed into the peri-
toneal cavity with the assistance of a curved
clamp.

After entry, the abdominal cavity is inspected.
The greater omentum is reflected over transverse
colon and small bowel moved to the left upper
quadrant to create a working space. The ileocolic
pedicle is defined and divided with an energy
source, and a medial to lateral mobilization of the
cecum and ascending colon is performed. The
dissection is taken superiorly to the duodenum
and pancreas, and laterally to the abdominal side-
wall. During mobilization of the right colon, care
is taken to protect the ureter and duodenum. The
hepatic flexure is mobilized superiorly, joining
with the previous dissection plane. The remain-
ing lateral attachments of the right colon are
mobilized, and the right colon is reflected to the
midline. The small bowel mesentery and superior
mesenteric arcade are mobilized up to the third
portion of the duodenum. The transverse colon is
mobilized, taking the greater omentum and pro-
tecting the gastroepiploic arcade, entering the
lesser sac.

The splenic flexure is taken down with a
medial approach and brought to the midline. The
descending colon is mobilized along the lateral
sidewall, and brought to the midline. The trans-
verse mesocolon is then displayed. The middle
colic vessels are then carefully defined and
divided close to the colon, protecting the stomach
and the superior mesenteric vessels.

The patient is then placed into Trendelenburg
position. The rectosigmoid is mobilized care-
fully, staying very close to the inferior mesenteric
vessels to protect the presacral autonomic nerves
and ureters, which are defined and protected.
A low ligation of the inferior mesenteric artery is
performed with an energy source. The left colic
vessels and upper sigmoid branches are taken
half way up the mesentery. An energy source is
used to develop a plane in the mesorectum close
to the rectum. For a SILS approach, an intrames-
enteric dissection if often easier than a standard
total mesorectal dissection—type dissection. The
pelvic dissection is performed preserving and
protecting the ureters, retroperitoneal planes, and
perirectal and pelvic nerves. Hemostasis is
assured.

After fully mobilizing the entire intra-
abdominal colon, a rectal mobilization is per-
formed down to the anal canal, carefully
observing the fascial planes. The extent of
mobilization is confirmed by digital palpation.
A 5 mm port in the single port is replaced with
a 12 mm port, and the rectum is divided with a
45 mm laparoscopic stapler cartridge, usually
requiring two firings. The single-port device is
replaced with a wound protector, and the rec-
tum and colon are removed. A suitable position
with maximal reach into the pelvis without ten-
sion is identified on the small bowel. The termi-
nal ileal mesentery is divided with an energy
source. The bowel is transected. An 18-20 cm
ileal pouch is measured and fashioned with two
firings of the GIA-100 stapler. The internal
lumen is inspected. Cautery or sutures are used
to achieve complete hemostasis. A pursestring is
inserted and the anvil of the EEA 28 positioned in
the pouch. The TA 30 staple line is oversewn
with 3-0 Vicryl, and the crotch buttressed with
a 3-0 Vicryl. The pouch is evaluated to assure it
is healthy and then returned to the abdomen.
The single-port device is reinserted. The small
bowel mesentery is mobilized up to the duo-
deno-jejunal flexure, if this has not been pos-
sible prior to specimen removal. If necessary,
the peritoneum over the superior mesenteric
artery can be opened (“laddered”) with scissors
and cautery to improve reach of the ileal pouch
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into the pelvis. An ileoanal anastomosis is then
fashioned without torsion or tension. The sta-
pler donuts are checked to ensure they are
intact, and an air test is performed to assure
there is no leak. Complete hemostasis is
assured, and the abdomen is irrigated.

If a stoma is being fashioned, the terminal
ileum is confirmed to be adequately mobilized
and orientation is confirmed. An appropriate por-
tion is brought out through the single-port inci-
sion at the ileostomy. The stoma is matured over
a rod, with sutures of 3-0 Caprosyn. A single fig-
ure of 8 #1 polyglycolic acid suture is placed in
the fascia to make a snug ostomy aperture, and an
ostomy appliance was applied.

SILS Total Abdominal Colectomy

The patient is placed supine on the operating
table on a bean bag to prevent movement in
Trendelenburg position. After induction of gen-
eral anesthesia, the patient’s legs are placed in
yellow fin stirrups. An oro-gastric tube and Foley
catheter are inserted, and the patient is prepped
and draped in routine sterile fashion.

The primary monitor is placed on the left side
of the patient at the patient’s epigastrum level.
The secondary monitor is placed on the right side
of the patient at the same level. The primary
operating surgeon stands on the right side of the
patient with the assistant standing on the patient’s
left, and moving to the right side, caudal to the
surgeon once ports have been inserted. A 0° cam-
era lens is used.

The insertion of the SILS port (SILS port,
Covidien, Norwalk, CT) is performed through a
2.5 cm incision. If a temporary diverting loop or
end ileostomy is planned, the single-port trocar is
inserted through a 2.5 cm incision is made at the
ileostomy site. If no diverting ileostomy is
planned, a 2.5 cm incision is made through the
umbilicus for the single-port device. The perito-
neum is entered, and a 2.5 cm fascial incision is
made. Then, the SILS port is placed into the peri-
toneal cavity with the assistance of a curved
clamp.

D.S. Keller and C.P. Delaney

After entry, the abdominal cavity is inspected.
The greater omentum is reflected over transverse
colon and small bowel moved to the left upper
quadrant to create a working space. The ileocolic
pedicle is defined and divided with an energy
source, and a medial to lateral mobilization of the
cecum and ascending colon is performed. The
dissection is taken superiorly to the duodenum
and pancreas, and laterally to the abdominal side-
wall. During mobilization of the right colon, care
is taken to protect the ureter and duodenum. The
hepatic flexure is mobilized superiorly, joining
with the previous dissection plane. The remain-
ing lateral attachments of the right colon are
mobilized, and the right colon is reflected to the
midline. The small bowel mesentery and superior
mesenteric arcade are mobilized up to the third
portion of the duodenum. The transverse colon is
mobilized, taking the greater omentum and pro-
tecting the gastroepiploic arcade, entering the
lesser sac.

The splenic flexure is taken down with a medial
approach and brought to the midline. The descend-
ing colon is mobilized along the lateral sidewall,
and brought to the midline. The transverse meso-
colon is then displayed. The middle colic vessels
are then carefully defined and divided close to the
colon, protecting the stomach and the superior
mesenteric vessels. The sigmoid mesentery is
divided too close to the rectosigmoid junction.

The extent of mobilization is confirmed. A
point of transection on the rectum above the peri-
toneal reflection is identified. Hemostasis is
assured. A 5 mm port in the single port is replaced
with a 12 mm port, and the rectum is divided with
a 45 mm laparoscopic stapler cartridge, usually
requiring two firings. The single-port device is
replaced with a wound protector, and the speci-
men is removed. The terminal ileum is divided
with a GIA stapler. The specimen is removed and
wide margins confirmed. The single port is rein-
serted so that orientation of the small bowel and
rectum can be defined. Then, a side-to-side func-
tional end anastomosis is fashioned with a GIA
80 stapler. After assuring there is no internal
bleeding, the bowel is closed with a TA 60 stapler.
The staple line and crotch of the anastomosis are
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oversewn with 3-0 Vicryl, and the bowel is
returned to the abdomen. The fascia is closed
with looped 1 Maxon, and the skin is closed with
4-0 Vicryl and Steri-Strips.

If a stoma is being fashioned, the terminal
ileum is confirmed to be adequately mobilized
and orientation is confirmed. An appropriate por-
tion is brought out through the single-port inci-
sion at the ileostomy. The stoma is matured over
a rod, with sutures of 3-0 Caprosyn. A single fig-
ure of 8 #1 polyglycolic acid suture is placed in
the fascia to make a snug ostomy aperture, and an
ostomy appliance was applied.
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Low Anterior Resection and Total
Mesorectal Excision

Léon Maggiori and Yves Panis

Introduction

Minimally invasive approach is one of the major
technical advances observed in surgery during
the past 20 years. It has become the standard
approach for many benign and malignant dis-
eases. As such, laparoscopy is now widely used
for colorectal surgery. Compared to open sur-
gery it provides various well-known benefits,
including faster return of bowel function, less
pain, shorter hospital stay, lower morbidity and
cosmetic advantage [7, 26]. Moreover, many
studies have demonstrated the oncologic safety
of laparoscopic colon cancer resection [9, 18,
38], as it is associated with similar results in
terms of local control and survival, compared to
standard open surgery. Furthermore, we have
recently demonstrated, at a national level, that
laparoscopy was independently associated with
a lower postoperative mortality rate in colorectal
cancer surgery [29].

On the other hand, the safety of the laparos-
copy for rectal cancer management was ini-
tially questioned, mainly because of high rates
of conversion and postoperative morbidity in
subgroup analyses of the first randomized control
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trial (CLASICC trial) comparing open to laparo-
scopic approaches [18]. More recently, addi-
tional randomized control trials, specifically
focusing on rectal cancer, demonstrated the
safety of this minimally invasive approach,
even in this indication [21, 26, 37].

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

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

Literature Review
Single Port Total Mesorectal Excision

Hamzaoglu et al., in January 2011, were the first
to publish their experience with single port lapa-
roscopic sphincter-saving excision for rectal can-
cer [19]. They reported a series of four patients.
Two of them underwent a partial mesorectal exci-
sion with colorectal anastomosis and two under-
went a TME. Results were encouraging as no
additional laparoscopic port or conversion to
laparotomy was required, intraoperative blood
loss ranged from 50 to 200 mL, operative time
ranged from 240 to 480 min, and no postopera-
tive complication was observed.

Since, several studies were published on the
topic. After reporting our two initial cases of
TME for cancer by single port approach [13], we
reported the results of 25 single port laparo-
scopic colorectal procedures in a case-matched
study, including three cases of single port laparo-
scopic proctectomy [14]. This study suggested
the feasibility of this single port approach, as we
did not observe any difference of postoperative
mortality and morbidity, as compared to the
standard multiport laparoscopic approach. In
2011, Bulut et al., reported ten consecutive cases
of rectal cancer treated by single port laparo-
scopic approach with good postoperative results
[3]. On the same way, Kim et al. [22] reported 73
colorectal cancer patients treated by single port
surgery, including 32 rectal cancers. In this latter
comparative, although not randomized, study,
postoperative morbidity was similar as com-
pared to patients operated by multiport laparos-
copy, but both return to normal bowel function
and postoperative hospital stay were signifi-
cantly shorter in single port patients. Finally, two
other recent papers reported 19 [39] and eight
[5] patients, respectively, with rectal cancer
treated by single port, also with satisfactory
postoperative results.

L. Maggiori and Y. Panis

In 2012, we performed a systematic review
and meta-analysis on single port laparoscopic
colorectal surgery [27], including all studies
published as of December 2011. We identified
20 studies [2-6, 11-17, 19, 23-25, 30, 32, 35,
36], all of retrospective design, which reported a
total of 105 rectal procedures, including 55 low
anterior resections (52 %), four abdomino-peri-
neal resections (4 %), and 46 total proctocolecto-
mies (with or without ileal-pouch anal
anastomosis) (44 %). Of these studies, only three
were case-matched studies [5, 14, 25], all of
them comparing single port to standard multi-
port approaches. One of the main conclusions of
this meta-analysis was the questioned technical
feasibility of single port laparoscopic rectal sur-
gery, as only 67 % were successfully completed
through a SIL approach. Indeed, conversion to
multiport laparoscopy was needed in 32 cases
(30 %) and conversion to laparotomy was needed
in three cases (3 %).

On the other hand, this meta-analysis demon-
strated that postoperative outcomes of single port
laparoscopic rectal surgery were acceptable, as
compared to the standard multiport approach.
Pooled postoperative 30-day mortality rate was
0.2 % and meta-analysis of the comparative stud-
ies showed no difference of postoperative mor-
bidity rates between single port laparoscopy and
multiport laparoscopic surgery (Odds-Ratio: 0.84
[0.61; 1.15]; p=0.27. Furthermore, we suggested
that single port approach might be associated
with some benefits as compared to the multiport
approach as the single port approach was associ-
ated with a significantly shorter total skin inci-
sion (Weighted mean difference: —0.52 [-0.79;
—0.25]; p<0.001) and a significantly shorter
length of postoperative hospital stay (Weighted
mean difference: —0.75 [-1.30; -0.20]; p=0.008),
as compared to the multiport approach. Finally,
this meta-analysis stressed out the point that sin-
gle port laparoscopic surgery might be accept-
able regarding the oncologic results obtained.
Indeed, all reported surgical margins were nega-
tive (RO) and all studies reported a mean number
of harvested lymph nodes of 12 or more.
However, to date, long-term follow-up of sin-
gle port TME for rectal cancer was not reported
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in any study and both overall and disease free-
survivals remain unknown.

Similarly, two additional literature reviews
have recently been published on the same topic
[10, 28]. The first one [28] suggested that single
port laparoscopic approach was feasible and safe
when performed by surgeons highly experienced
in laparoscopy. The authors concluded that,
despite technical difficulties, single port laparos-
copy might be associated with potential benefits
(i.e., size of the incision, hospital stay, operative
time) as compared to its multiport counterpart,
but those remain yet to be proven objectively.
The second review, focusing only on colon can-
cer [10], suggested that single port laparoscopic
approach may be associated with a lower postop-
erative morbidity rate, as compared to the results
of large randomized control trials of multiport
laparoscopic approach.

More recently, two small-sampled random-
ized studies have been recently reported on single
port laparoscopic colonic surgery [20, 31],
although they did not include rectal procedures.
The first one, authored by Poon et al., included 50
patients and demonstrated significantly shorter
hospital stay and lower postoperative pain in
patients operated by single port [31]. The second
study in 32 patients demonstrated that operative
results were similar in both single port and stan-
dard laparoscopy groups [20].

Transanal-Transabdominal Total
Mesorectal Excision

Several authors published their experience with
transanal-transabdominal TME. Different surgical
techniques were reported, mostly because of varia-
tions of the percentage of the TME dissection per-
formed through the transanal approach. Indeed
this transanal dissection may vary from an isolated
intersphincteric  dissection, as we previously
described [13], to a complete TME [8], associated
with a single port transabdominal approach.

The complete transanal TME derives from the
NOTES technique, initially described in bovine [1]
and human cadaver [40], and firstly described in
human using a multiport laparoscopic assistance
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by Sylla et al. [33]. In 2011, Tuech et al. reported
the first case of complete transanal TME with a
single port laparoscopic assistance in a 45-year-
old for a low rectal adenocarcinoma [34]. Finally,
in September 2012, Dumont et al. reported the
first series of four patients with rectal cancer
treated with this approach [8]. Results were
encouraging, as additional laparoscopic port or
conversion to laparotomy was not required, mean
intraoperative blood loss was 175 mL, and all
surgical margins were classified RO. After a mean
follow-up of 3 months, Wexner scores indicated
no severe incontinence in any patient. The authors
concluded that this technique was feasible despite
the limited working space in the pelvis area.
Furthermore, they hypothesized that this trans-
anal approach for TME may be superior to the
transabdominal TME for large pelvic tumors,
minimizing the risk of perforation and presacral
bleeding. However, to date, no study compared
the results of the transanal TME to those obtained
after transabdominal approach. In our
Department, we consider that a total transanal
TME present two major drawbacks: firstly, the
major anal sphincter required might jeopardize
the postoperative anal function; secondly, an
hand-sewn coloanal anastomosis is the rule after
this technique, irrespective of the tumor distance
from the anal verge and therefore even in mid
rectal cancer where stapled anastomosis is feasi-
ble. For these reasons, when a hand-sewn anasto-
mosis is indicated (i.e., low rectal cancer) we
always begin the TME dissection from a perineal
approach but only up to approximately 5-6 cm
from the dentate line. Subsequently, we routinely
performed a standard abdominal laparoscopic
approach.

In their study, Dumont et al. advocate to reserve
this technique to patients requiring an intersphinc-
teric dissection for oncologic reasons, i.e., tumors
located at 2 cm or less of the anal verge.

Surgical Technique
We routinely perform transabdominal approach

with stapled low colorectal anastomosis for sin-
gle port laparoscopic rectal cancer management,
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reserving the transanal-transabdominal with hand-
sewn anastomosis for patients requiring either a
standard coloanal anastomosis on the dentate line
(rectal tumor located at less than 3 or 4 cm from
the dentate line, for which stapled anastomosis
will be very difficult by abdominal approach) of
for intersphincteric dissection for lesions located
at less than one cm from the dentate line.

Transabdominal Approach and
Stapled low Colorectal Anastomosis

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

Single port TME is performed using the same
technique as for standard laparoscopic TME
with a medial-to-lateral approach. It begins by a
medial approach (after placing the patient in 30°
Tredelenbourg with 20° right lateral tilt position,
using one assistant grasper and the gravitational
force) with vein division, dissection of the pan-
creas from below, mobilization of the transverse
and left mesocolon, and after a clear identifica-
tion of the left ureter, division of the inferior
mesenteric artery. Then, splenic flexure mobili-
zation and left colonic mobilization is finished
laterally. During the step of splenic flexure
mobilization, and because frequently the single
port is too far for the splenic flexure, we add a
5-mm trocart on the left lower quadrant which
help for this step, and which will be used for the
suction drain left in place in the pelvis at the end
of the operation. TME is then performed down to
the pelvic floor. The rectum is distally transected
using an endoscopic linear stapler using one or
two cartridges.
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The specimen is extracted through the single
port incision in the right lower quadrant. The
colon is proximally transected and prepared,
allowing the insertion of a circular stapler anvil.
The colon is returned in the abdominal cavity, the
single port device is reinserted, and the pneumo-
peritoneum is reestablished. A low side-to-end
colorectal anastomosis is then mechanically per-
formed using a transanally inserted circular sta-
pler. A pelvic suction drain is placed and the last
ileal loop is exteriorized through the site of inser-
tion of the single port laparoscopic device.

Transabdominal—Transanal
Approach with Hand-Sewn Coloanal
Anastomosis

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

Conclusion

Published studies regarding single port laparo-
scopic TME are scarce and no randomized
control trial is available to date. However,
review of the literature suggests that single port
laparoscopic TME is technically demanding but
feasible and safe. Furthermore, it may be asso-
ciated with improved postoperative outcomes
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as compared to the standard multiport approach.
Long-term results of this procedure and well-
designed prospective studies are eagerly waited,
as they will allow complete demonstration of
the outcomes associated with this novel mini-
mally invasive approach.
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Tricks and Routes to Success

Kelly A. Garrett and Sang W. Lee

Introduction

Enthusiasm for single-incision laparoscopic col-
ectomy (SILC) has increased since its introduc-
tion in the 1990s. The rationale for this minimally
invasive technique is to decrease the morbidity of
multiple laparoscopic ports, including pain and
incisional hernia and also to improve cosmesis.
However, this concept introduces new challenges
and limitations to the field of laparoscopy. In
comparison to the first reported procedures such
as single-port appendectomy and nephrectomy,
single-port colectomy is more complex because
it involves a mobile organ that needs to be mobi-
lized and retracted. With respect to this aspect of
the procedure, triangulation can be difficult espe-
cially with the need to visualize multiple quad-
rants of the abdomen [1]. In addition, traditional
straight laparoscopic instruments and laparo-
scopes can hinder the progression of the proce-
dure because of “sword fighting” and assistants
interfering with the surgeon. Clearly the goal of
the single-port procedure is the same as the con-
ventional multiport procedure; however it can be
a challenge, especially during the learning curve
to overcome such hurdles.
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Patient Selection

Even before the actual procedure is performed
there are tricks that will help one succeed with
single-port colectomy. As in any type of surgery,
there is always an “ideal patient” [2]. It has been
suggested that contraindications to the single-
incision technique are the same as for the stan-
dard laparoscopic colectomy [3]. However, in a
procedure that is already technically challenging,
it is essential to choose cases that will be straight-
forward. The aim would be to help the case prog-
ress as smoothly as possible, especially in the
initial cases that one performs.

In order to avoid a patient with an abundance
of intra-abdominal fat that will obscure tissue
planes and inhibit good tissue retraction, it would
be wise to choose patients with a low body mass
index (BMI). In many of the first case reports and
case series, subjects typically had BMI under 30.
In a recent review of 38 articles, that included
565 patients, median BMI was 25.8 kg/m? [1].
Moreover, in a report in 2010, operative times
were found to be statistically significantly longer
in patients with a BMI>25 kg/m? [4]. In addition,
some of the single-port access devices may not
be long enough to be secured in a patient with a
very thick abdominal wall without becoming dis-
lodged and losing pneumoperitoneum [5].

Past surgical history is another factor that
should be included in patient selection criteria.
Obviously patients with multiple previous
abdominal surgeries can be expected to have
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some degree of adhesions and scar tissue. This
can negatively impact the initiation and progres-
sion of the case. Similarly, the nature of the dis-
ease process should also be taken into account. It
is prudent to start off with patients that have
benign disease such as a benign polyp that cannot
be resected colonoscopically as opposed to a
patient with diseases that are associated with an
inflammatory process such as diverticular disease
or inflammatory bowel disease. Sigmoid colec-
tomy for diverticulitis can be one of the most
technically challenging procedures to perform
laparoscopically. Even in expert hands, the likeli-
hood of converting from multiport laparoscopy to
an open approach is high [6]. These inflamma-
tory disease processes tend to obscure tissue
planes, ostensibly making the procedure more
technically difficult.

Surgeon Experience

As important as it is to select the appropriate or
ideal first patients to perform SILC, it is para-
mount to be the ideal surgeon to perform these
cases. In the United States, the percentage of col-
ectomies performed laparoscopically  still
remains well under 25 % [7]. SILC poses addi-
tional skill requirements which can serve as an
impediment. In a study which evaluated SILC
performed for the first time by surgeons who
were highly experienced in multiport laparo-
scopic colectomies, colectomy was found in
majority to be harder ergonomically [8]. The
learning curve associated with SILC is unclear. It
will certainly depend on the surgeon’s baseline
laparoscopic skills and experience. The studies
that investigated the learning curve associated
with multiport laparoscopy found that conversion
rates, complications rates, and operative times
significantly improved after 40 cases [9]. It is dif-
ficult to conclude from this data what the learning
curve associated with SILC will be. But, it is
intuitive that the learning curve for SILC is
almost certainly higher than multiport laparo-
scopic colectomy, especially for a surgeon who is
not experienced in laparoscopic techniques.
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SILC should therefore be performed by surgeons
who are already skilled in laparoscopic colon
surgery [10].

Selection of Initial Procedure

In a recent systematic review of single-incision
laparoscopic colectomies, the most common sur-
gical procedure performed using a single-incision
technique was right hemicolectomy (n=279),
followed by sigmoidectomy (n=27) and anterior
resections (n=_8) [11]. The reason for the prepon-
derance of reported single-incision right colec-
tomy cases is likely due to the fact that it is
relatively easier to perform than the other proce-
dures. The likelihood of success with single-
incision laparoscopic technique is probably
greater if right sided rather than left-sided colon
pathologies are tackled initially.

Overcoming Technical Challenges

Single-incision laparoscopic surgery poses
several technical challenges in comparison to
multiport laparoscopic surgery. In single-inci-
sion surgery, the camera and the laparoscopic
instruments are introduced into the abdomen
through a small single incision. Because of
close proximity of instruments placed though a
confined space, the clashing of instruments is
unavoidable and the maintenance of tissue tri-
angulation is tricky. As a result, there is signifi-
cant decrease in range of motion. The difficulty
becomes more pronounced when working in
an operative field located farther away from
the incision (Fig. 6.1). As the distance between
the incision and the operative field increases,
the instruments begin to work in parallel to
each other and it becomes impossible to maintain
tissue triangulation. This in turn, increases the
complexity of retraction, exposure and dissec-
tion of the colon. In the following section, we
highlight some of the steps that can be taken in
order to overcome some of these technical
difficulties.
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Fig. 6.1 Tissue triangulation gets lost when working
away from the incision. As the distance between the inci-
sion and the operative field increases, the instruments
begin to work parallel to each other and it becomes impos-
sible to maintain tissue triangulation

Positioning and Assistants

Positioning of the patients during these cases is
very important. As there is only minimal instru-
mentation through a single port, tissue retraction
is limited. Because of this, gravity and native tis-
sue attachments are frequently used as major
tools of retraction. Therefore, it is many times
necessary to put the patient in steep Trendelenberg
position or airplane the patient to one side. It is
beneficial to have an operating room table that
can perform these maneuvers. In addition, plac-
ing a patient in yellow fin stirrups or in modified
lithotomy position is also recommended as it
allows the operating surgeon to stand in between
the legs when accessing the upper abdomen.
Owing to the use of extreme positions that may
be necessary, the patient should be secured to the
operating table using a bean bag or tape.

As in any abdominal case, good assistance is
the key to the success of the procedure. In SILC, it
is helpful to have a good assistant that has superior
camera skills and is capable of operating a flexible
and angled laparoscope if one is being used.

Access Devices, Ports, and Port
Placement

There are many different access devices on the
market today for single-incision laparoscopy.
Early reports describe using a surgical glove or
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Fig. 6.2 The use of a single-incision access device
increases the freedom of motion by distributing the
anchoring points of the instruments over a 2D space

placing multiple traditional ports through the
same fascial incision. Although economical,
these are not durable and can result in a “swiss
cheese” defect of the fascia. One study showed
that the use of trocars without a single-incision
device can result in loss of pneumoperitoneum
and delay during the surgery [12]. It may be
advantageous to use single-incision access
devices which incorporate an expanding wound
retractor that can maximize wound exposure. The
use of a single-incision access device also
increases the freedom of motion by distributing
the anchoring points of the instruments over a
two dimensional space (Fig. 6.2).

Location of Incision

For right colectomies, an incision can be made
transumbilically or periumbilically. Both incision
sites allow for the best visualization of the pathol-
ogy and allow for the fascial incision to be
extended without significant lengthening of the
skin incision [10]. A transumbilical incision is
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Fig. 6.3 For left-sided resections and rectal pathologies,
a Pfannenstiel incision can be used

beneficial because it allows for the best cosmesis,
as the incision can be almost completely hidden
within the umbilicus. For left-sided resections
and rectal pathologies, either periumbilical or
Pfannenstiel incision can be used (Fig. 6.3). The
Pfannenstiel incision is preferred by the authors
for left-sided resections because it provides some
advantages over the periumbilical approach. The
most technically demanding portions of the oper-
ation during a SIL left colectomy are splenic flex-
ure take down and the distal rectal dissection and
transection. In patients with a favorable body
habitus, a Pfannenstiel incision allows distal rectal
dissection and transection to be performed directly
through the incision in hybrid open fashion. This
site allows for good visualization of the region of
concern and may decrease operative time.

Once the access device is placed and explora-
tion confirms the region of concern, specific
placement of the ports within the access device
can make the procedure easier. As with multi-
port laparoscopy, triangulation is tantamount.
Although this can be difficult in single-port sur-
gery, it is possible to recreate triangulation, albeit
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in a limited manner. We have found that if the
apex of the triangle points toward the pathology,
this can make the procedure less complicated.

Laparoscopes and Instruments

As with access devices and ports, there are no
standardized laparoscopes or instruments for
SILC. In a paper analyzing nine articles with
seven different laparoscopic surgery teams, a
variety of laparoscope sizes, tips, and angula-
tions were used. No team used the same laparo-
scope [13]. The authors have found that a
conventional angled (30 or 45°) laparoscope or a
flexible tip scope is the best for these procedures.
Straight laparoscopes are easy to use and most
surgeons are familiar with them from multiport
laparoscopic surgery. Flexible tip laparoscopes
are more challenging to use and for this reason it
is beneficial to have a camera operator who is
accustomed to using this equipment. Flexible
scopes allow the camera operator to stand away
from the surgeon and can help avoid instrument
and camera clashing. On the other hand, most
flexible tip laparoscopes have a fairly long
deflection tip which can make obtaining a wide
overview of the operative field difficult. The
incorporated end-on light source allows for
avoidance of competition for space at the port
site [14]. Longer scopes are also available and
these can similarly be useful for positioning of
surgeon and assistant. In addition, a smaller
5 mm scope can allow placement of a 10 or
12 mm instrument.

Although there are many flexible instruments
available on the market, in our experience stan-
dard straight laparoscopic instruments are pre-
ferred. This has been recommended by other
groups as well [5, 15]. Use of flexible instru-
ments can be confusing and make the procedure
more complicated because of counter-intuitive
movements. Use of straight bariatric length
instruments can be useful especially through
Pfannenstiel incisions as they can also help to
avoid crowding at the port site and have the
added length to reach places such as the splenic
flexure [15]. In addition, using instruments with
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variable lengths can allow manipulation of
instruments externally in different planes, mak-
ing it more likely to avoid collisions [16]. As
experience broadens, use of curved and articulat-
ing flexible instruments may be incorporated.

Technique

As mentioned, many of the challenges with SILC
are related to limited working space, visualiza-
tion, and triangulation of instruments. As previ-
ously described, one way to avoid clashing of
instruments externally is to use instruments of
differing lengths. Some surgeons find it useful to
use a combination of regular and bariatric length
instruments and an extra-length laparoscope with
a special adaptor which get the light cords out the
way. Fixed curved shaft instruments that are spe-
cially designed for single-incision surgeries may
also be useful. These instruments are reusable
and have handles similar to straight instruments.
The purpose of the curved tip is to restore some
degree of the loss of triangulation (Fig. 6.4).

In SILC, it is often not practical to place a
fourth trocar for retraction purposes. Because of
this, it is critical to maintain strong tension on the
specimen during dissection and retraction.
Another method to avoid problems with dissec-
tion is to perform hand maneuvers that are not
usually recommended in conventional laparos-
copy, specifically, a “cross-over” technique
whereby the instruments are crossed internally
after insertion through the port [2, 11].

Typically laparoscopes and instruments are
placed in the triangular configuration with the
laparoscope placed the apex of the triangle and
the two instruments at the base (Fig. 6.5). As the
operation proceeds and the operative field
changes, it is critical to turn the face plate of the
single-incision access device so that the apex of
the “triangle” points toward the operative field.
This will allow maximum working space and
avoid clashing of instruments. One way to avoid
clashing of instruments during repositioning and
regrasping is to pull back with the instrument
until it clears the stationary instrument and come
underneath the other instrument to regrasp.

Fig.6.4 Fixed curved instruments may be helpful in pre-
venting clashing of handles and restoring some tissue
triangulation

Right Colectomy

Typically for all SILS procedures, the patient is
placed in modified lithotomy position in yellow
fin stirrups. For right colectomy, the authors will
place a transumbilical or periumbilical single-
incision access device. Once the port is placed
and pneumoperitoneum is established, either a 5
or a 10 mm, 30°, rigid laparoscope is placed.
Dissection is performed medial to lateral similar
to the method we would use for a conventional
multiport laparoscopic procedure. The ileocolic
vessels are identified and isolated. The vessels
are divided with a bipolar energy device. The
mesentery is then elevated off of the retroperito-
neum. The duodenum is identified and protected.
The colon is then mobilized from its lateral
attachments. At this point, the hepatic flexure is
mobilized using angled instruments. Because
dissection needs to be performed at a farther dis-
tance and the instrument fulcrum is fixed, angled
instruments combined with the aforementioned
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Fig. 6.5 Tt is critical to turn the face plate of the single-
incision access device so that the apex of the “triangle”
points toward the operative field. This will allow maxi-
mum working space and avoid clashing of instruments

crossover technique can offer increased range of
motion. Generally the authors do not divide the
bowel intracorporally. Once mobilization is com-
plete, the port is removed and wound protector is
placed if the port that is being used does not have
a protective sleeve. The specimen is exteriorized
and transected. Anastomosis is performed and
the bowel is placed back within the abdominal
cavity. The fascia is then closed with interrupted
figure of eight sutures or with a running looped
suture followed by skin closure.

Left Colectomy or Sigmoid Colectomy

As previously discussed, for left and sigmoid col-
ectomies, the authors typically approach this
through a Pfannenstiel incision. Dissection is
carried out medial to lateral similar to multiport

laparoscopy. The inferior mesenteric vessels are
isolated and the left ureter is identified. The vessels
are then ligated with a bipolar energy device.
The mesentery is then lifted off of the retroperito-
neum towards the white line of Toldt. Attention is
then turned to the lateral attachments which are
taken down toward the splenic flexure. Again,
depending on the size of the patient, it may be nec-
essary to switch to angled instruments for splenic
flexure takedown because of the distance from the
incision. Once the splenic flexure is mobilized,
attention is directed back into the pelvis. Dissection
of the mesorectum and division of the rectosig-
moid can be done laparoscopically through the
port or using the open technique through a wound
protector. One of the advantages of using a
Pfannenstiel incision for this approach is that the
anastomosis and rectal dissection can be done
through the port incision in an open technique.

Conclusion

Single-incision laparoscopy is challenging. There
are no standard techniques that have been estab-
lished as of yet since this modality is still early in
this stage of infancy. SILC may be considered
even more difficult than other single-port proce-
dures because it involves mobilization and dis-
section of such a mobile organ. As with most new
surgical technologies, it is paramount to maxi-
mize success with SILC by choosing the ideal
patients for initial cases. To ensure progress of
the case, it may be necessary to use methods that
are generally avoided in multiport laparoscopy
such as crossing of the hands or frequent chang-
ing of instruments. In addition, this technique
should by and large be used by surgeons that are
facile in multiport laparoscopy.
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Robotic Single Port Colorectal

Surgery

Byung Soh Min, Sami Alasari, and Avanish Saklani

Introduction and History

Single port surgery is an emerging technique in
minimal access surgery and its real benefit in
current stage is debatable. This is because, while
single port surgery is not ergonomically efficient
and requires high level of technical proficiency
its benefits seem limited to cosmesis and subjec-
tive patient satisfaction. This dilemma becomes
more acute when it comes to oncologic surgery,
in other words whether surgeons can maintain
the same quality of surgery with this new tech-
nique or is there trade-off/compromise between
access ports and quality of surgery? In this chap-
ter we will seek answers for these questions. We
believe that with robotic surgical system for sin-
gle port surgery will enable more surgeons to
perform single port surgery without compromis-
ing on quality.
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The first published report of single port surgery,
although it may be different from modern tech-
nique, came in 1971 [1]. The authors reported a
successful series of tubal sterilization using a
special instrument he specifically made for his
single port procedure. Then, in 1992 the laparo-
scopic single port emerged again by Pelosi et al.
from gynecology. He reported a successful single
port subtotal hysterectomy [2]. With increasing
popularity of laparoscopic technique, more and
more surgeons have become interested in mini-
mally invasive surgery (MIS). The increase in
uptake of MIS led to explosive increase in novel
MIS techniques. Natural orifice transluminal
endoscopic surgery (NOTES) was a revolution-
ary concept and succeeded in getting a lot of
hype, however, its clinical application as an alter-
native to laparoscopic approach, at this moment,
seems remote. One of the major obstacles in
NOTES is technologys; i.e., lack of instruments or
system to enable surgeons overcome technical
and ergonomic challenges [3]. In contrast, lapa-
roscopic single port approach seems to have
some benefits over NOTES; in the sense that sur-
geons are able to perform this with available
technology and conventional (multiport) laparo-
scopic instruments. A stepwise approach (i.e.,
from conventional multiport to reduced port and
then to single port) seems to have rationale and
may help overcome the learning curve with
reduced efforts. Moreover, some laparoscopic
experts consider single port surgery as a bridge
between conventional (multiport) laparoscopic
surgery and NOTES [4]. Starting from relatively
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simple procedures such as appendectomy and
cholecystectomy, the application of single port
technique has been expanding to include proce-
dures like hysterectomy, nephrectomy, and more
complex general surgical procedures [5, 6]. In
late 2008, Bucher et al., was first to publish about
the single port laparoscopic right hemicolectomy
[7]. Since then the number of articles published
about single port laparoscopic colorectal surgery
has increased exponentially and each report
describes different techniques and tips, which
may raise an issue of standardization of the
technique.

With the Robotic era, the first single port
robotic surgery was reported in 2008 by Kaouk
et al. [8]. He succeeded in performing radical
prostatectomy, pyeloplasty, and radical nephrec-
tomy using current da Vinci S(tm) surgical
robotic system with conventional arms (not da
Vinci single site). The first case report of single
port robotic right hemicolectomy was published
at the end of 2009 by Ostrowitz et al. They also
used da Vinci S system with conventional two
robotic arms and scope [9]. Since then, multiple
robotic single port surgeries published for chole-
cystectomy, and hernia repair as well as colorec-
tal surgery [10—12] and they use da Vinci S or Si
system either with conventional arms or single
site platform.

Definitions and Terminologies

Several terminologies have been used in litera-
ture to describe single port surgery. We reviewed
the literature and summarized abbreviations that
are currently used (Table 7.1).

Although the terminologies may be different,
they all indicate a type of MIS that primarily
introduces multiple (more than 2) laparoendo-
scopic (or robotic) instruments through a single
access port (usually through trans-umbilicus inci-
sion) or skin incision. To avoid possible
confusion, in this chapter we will use the terms
“single port surgery,” “laparoscopic single port
surgery” and “robotic single port surgery,” unless
otherwise defined by cited studies.

B.S. Min et al.

Table 7.1 Summary of the terminology definitions

Terminology Abbreviation
Single-incision surgery SIS
Single port surgery SPS
Single access surgery SAS
Single port laparoscopic surgery SPLS
Single port robotic surgery SPRS
Single-incision laparoscopic surgery SILS*
Single-incision robotic surgery SIRS
Single port access SPA
One port umbilical surgery OPUS
Laparoendoscopic single site surgery LESS
Single site laparoscopy SSL
Robotic single site surgery RSS
Natural orifice trans-umbilical surgery NOTUS

3SILS is trademark of Covidien

Access Ports for Single Port Surgery

Different kinds of access ports are commercially
available and include SILS port (Covidien;
Mansfield, MA), R-Port (ASC, Wicklow,
Ireland), homemade port using a surgical glove
and Alexis wound retractor (Applied Medical,
Santa Margarita, CA, USA), GelPort or GelPoint
(Applied Medical, Santa Margarita, CA, USA),
OCTO Port (Dalim, Korea), TriPort and QuadPort
(Olympus, Japan), and Da Vinci SS platform
(intuitive, USA). Apart from da Vinci Single Site
platform which is exclusively for robotic single
port surgery and is attached to da Vinci Si sys-
tem, almost all of the access ports are originally
for laparoscopic single port surgery. A few of
these access ports have been evaluated in litera-
ture. Thus far, among commercially available
access ports, only SILS port [9] and GelPort [13]
have been used in published literature on robotic
single-incision surgery. Based on these reports,
the SILS port seems to have limitation in the size
of the whole access port. It tends to be too small
for robotic instruments which are bulkier than
laparoscopic instruments, and space between the
instruments is inadequate, which results in fre-
quent arm collision and limitation of range of
motion. Another limiting factor is that there is
limited room for a third robotic arm or for an
assistant. Gelport may be a better alternative
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because it allows the surgeon to design individual
port configurations within the access port, and
may help overcome the limitations in space,
crowding of robotic arms, and external clashing.

Our preference is a homemade port using a
surgical glove and Alexis wound retractor. The
glove port offers multiple advantages over com-
mercially available products. Its construction is
simple and additional cost is negligible since the
Alexis wound retractor would have been used in
standard laparoscopic or multiport robotic
colorectal surgery for specimen extraction.
Other major benefits of this port include accom-
modation of variable abdominal wall thickness
and the virtual absence of air-leaks which fre-
quently hinder procedures involving standard
MIS ports [12].

Laparoscopic Single Port Colorectal
Surgery Overview

Laparoscopic single port surgery has been widely
described for appendectomy and cholecystec-
tomy. Although most reports have small numbers
related to a single surgeon’s experiences, infor-
mation pooled from these series regarding access
port evaluation and technical tips make a firm
base for performing more complex and multi-
quadrant procedures like colorectal surgery [14].

Another factor that has facilitated single port
surgery has been the evolution in surgical tools
such as advanced articulating or flexible instru-
ments including even energy devices, staplers
and endoscopes.

In a large systematic review, Makino et al. in
2012, examined the safety and feasibility of single
port laparoscopic colorectal surgery for both
benign and malignant conditions [15]. He
reviewed 23 studies including 378 patients. The
conversion rate was 1.6 % (6 cases) to open, 1.6 %
(6 cases) to hand assisted laparoscopy colectomy
(HALC) and 4 % (14 cases) to conventional mul-
tiport laparoscopy. Additional laparoscopic ports
were required in 12 patients out of 247 (4.9 %).
The overall mortality and morbidity rates were
0.5 % (2 cases) and 12.9 % (45 cases) respec-
tively. The causes of death were pulmonary embo-
lism and metastasis for a palliative case. Of the
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four case matched studies two studies showed
shorter hospital stay for the single-incision lapa-
roscopy than HALC and multiport laparoscopy.
One study reported lower postoperative pain in
SPLS over multiport and HALC. The readmission
rate reported in two studies were 6.3 and 13.8 %,
and when compared to multiport surgery found
not to be significantly different. The reported
complications from laparoscopic single port sur-
gery in literature were ileus, wound infection/
hematoma, and anastomotic bleeding/leakage,
which are also observed in multiport surgery as
well as conventional open. Makino in his review
concluded that despite the technical difficulty, in
early series of highly selected patients laparo-
scopic single port colorectal surgery was found to
be safe and feasible under highly skilled surgeons.
However standardization of the technique, learn-
ing curve, and long-term evaluation are still in
infancy and need to be evaluated in large random-
ized controlled trails.

Why Robotic Single Port Surgery?

Robotic colorectal surgery was reported in 2002
by Weber et al. [16]. Since then this has been
adopted by colorectal surgeons in high volume
specialized centers. Recently meta-analysis and
several large systematic reviews have confirmed
the safety and feasibility of robotic colorectal sur-
gery without inferiority in oncological outcome.
Furthermore, randomized controlled trials are
ongoing to provide a better level of evidence for
this procedure. The advantages of the robotic
approach articulated in published robotic papers
largely focus on better high-definition 3-D vision,
filtration of physiologic tremor, human-wrist-like
motion of robotic instruments, stable camera con-
trol, better ergonomics, and reduction of the
fatigue associated with conventional laparoscopy.

These advantages of the robotic interface help
overcome many of the limitations of single port
surgery such as internal and external collisions,
difficulty in achieving traction for triangulation,
loss of ergonomics, body fatigue, instability of
the camera, poor positioning with the assistant,
and lack of stereotactic sense due to a two
dimensional view. Although efforts have been
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Table 7.2 Single port colorectal operative outcome

Patient no./

Author Study type Procedure Port type
Ostrowitz ~ Case report 3 RHC 3 Ports+SILS
Singh Case report 1 RHC GelPort

Lim Retrospective 20 AR Glove + Alexis

B.S. Min et al.

Incision length OR time

OR operative time, EBL estimated blood loss, Con. conversion, Lap laparoscopic

Note: *All results in mean

made to minimize the above limitations with use
of articulated instruments and special cameras,
the results have been less than perfect with lim-
ited adoption by laparoscopic surgeons. This is
more so in colorectal surgery where multiquad-
rant access is required. By adopting the robotic
system to single port approach, theoretically sur-
geons can have stable and 3D operative view,
and human-wrist-like functioning robotic instru-
ments that allow adequate traction and counter-
traction. In addition, the surgeon can restore
intuitive control of the instruments in the opera-
tive field despite the instruments being crossed
by reassigning the hands at the console so that
the instrument in the operative field corresponds
to the appropriate hand on the console.

There are, however, some potential drawbacks
of using the robotic system to perform single port
surgery. Because the robotic arms are bigger than
laparoscopic instruments, a larger size skin incision
may be necessary. Additionally, this may also limit
the ability to introduce additional laparoscopic
instruments through the access port as is com-
monly done in laparoscopic single port surgery.

Robotic Single Port Colorectal
Surgery Overview

The first robotic single port surgery for radical
prostatectomy was published by Kaouk et al.
This was followed by pyeloplasty and nephrec-
tomy; since then, several animal as well as human
trials have been published for numerous benign
and malignant procedures. In the colorectal field,
robotic single port surgery is still a novel technique
and only a few surgeons have reported their
results in literature (Tables 7.2 and 7.3).

(cm)? (min)* EBL (mL)* Con.
4 152 75 1 to lap due
to air leak
4 179 Minimal 0
4.7 167.5 24.5 0
Table 7.3 Short-term outcome
LOS
Author (days)* COMP. LN* Margins Mortality
Ostrowitz 3.6 0 22 Negative 0
Singh 4 0 14 Negative 0
Lim 6 0 16.8 Negative 0

LOS length of stay, COMP. complication, LN lymph node
Note: *All results in mean

Ostrowitz et al. was the first to publish about
robotis single port colectomy in 2009 [9]. He
reported a three robotic single port right hemico-
lectomy using Da Vinci S system and three ports
including a camera inserted through one incision.
The incision was through or around the umbilicus
with a 4 cm length incision. There were no
reported complications. The average operative
time was 152 min. The first case was converted to
non-robotic single-incision right hemicolectomy
during mobilization of the ascending colon, due
to uncontrollable air leakage around the ports.
The second and third cases were successfully
completed without air loss by purse-stringing
sutures around each individual port and the use of
the SILS port, respectively.

Singh et al. in 2010 reported the first case of
robotic single port right hemicolectomy [13]. He
performed the procedure using a Gelport as an
access port thorough a 4 cm abdominal incision.
Their operative time was 179 min and estimated
blood loss was minimal. There were no reported
intra/postoperative complications. In 2012 Lim
et al. published a multimedia article about robotic
single port anterior resection for sigmoid colon
cancer [12]. They reported short-term results of 20
patients who underwent this procedure. The mean
estimated blood loss was 24.5 mL (range 5-230).
The mean operative time was 167.5 min (range
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112-251), and there were no conversions. The
median skin incision length was 4.7 cm (range
4.2-8). The mean proximal and distal resection
margins were 12.9 (range 7.5-25.1) and 12.3 cm
(range 4.5-19.2), respectively. The mean har-
vested lymph node was 16.8 (range 0-42). The
immediate postoperative pain score was 2.8 (range
1-5) and 1.4 [1-3] on the first postoperative day.
The mean length of hospital stay was 6 days (range
5-9). Obias et al. reported their comparative study
between robotic and laparoscopic single port col-
ectomy [17]. They compared 11 patients having
robotic single port colectomy to ten patients
receiving laparoscopic single port colectomy. In
the robotic group all of the patients had single port
right hemicolectomy with three conversions to
conventional laparoscopy. There were three cases
of postoperative complications (ileus, anastomotic
bleeding, and wound infection). The laparoscopic
group consisted of hemicolectomies and ileo-
cecectomies. One case was converted to open due
to adhesions and one case had postoperative bleed-
ing requiring drainage. There was no statistically
significant difference in measured clinical param-
eters between the two groups.

Technical Consideration

Laparoscopic single port surgery is reported to be
limited by the coaxial arrangement of the instru-
ments. Although it may not be as frequent as in
laparoscopy, arm collision is still a significant
problem in robotic single port surgery. Joseph
et al. in 2010 reported a chopstick surgery tech-
nique to use the robotic arms through a single
incision without collision [18]. He conducted an
experimental study using the Da Vinci S robot in
a porcine model to perform cholecystectomy and
nephrectomy with three laparoscopic ports intro-
duced through a single incision. The chopstick
arrangement crosses the instruments at the
abdominal wall so that the right instrument is on
the left side of the target and the left instrument
on the right. This arrangement prevents collision
of the external part of robotic arms. To correct for
the change in handedness, the robotic console is
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instructed to drive the left instrument with the
right hand effector and the right instrument with
the left. Both procedures were satisfactorily com-
pleted with no external collision of the robotic
arms in acceptable times and with no technical
complications. He concluded that the chopstick
surgery significantly enhances the functionality
of the surgical robot when working through a
small single incision.

In our experience, arm collision seems to be
more complex than that can be resolved with a
single solution. Theoretically to make an opti-
mal chopstick arrangement, the crossing point
should be the remote center of robotic arms and
should be located at the level of skin incision.
However, in procedures that deal with a wide
range of motion in the peritoneal cavity it is
often difficult to keep the crossing point fixed at
the ideal location. Inadequate location of the
crossing point, subsequently, may result in arm
collision. Choosing an adequate access port
seems to be another key to success. Ostrowitz
et al. reported that the very first case of robotic
single port surgery had to be converted due to
air leak. He associated this with dilatation of the
port site caused by external clashing of the large
robotic arms when he was trying to use them
parallel to each other without crossing [9].
According to the authors, they succeeded in
subsequent cases using SILS port (covidien)
without an air leak. Singh et al. reported a suc-
cessful case of robotic single port right colec-
tomy using Gelport as an access port [13]. They
made a 4-cm sized skin incision and put a
Gelport into it. Because they didn’t need to
puncture abdominal fascia to insert individual
ports, they could avoid excessive stretch of the
wound and therefore could prevent air leak dur-
ing the surgery and could reduce postoperative
wound pain. Lim et al. demonstrated a glove-
port technique and suggested similar advantages
as Gelport [12]. An additional advantage of
their technique is the availability of a third
robotic arm and an assistant port through the
five fingers of a glove port. The very low com-
parative cost of a glove is also an obvious advan-
tage of this technique.
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Robotic Single Site Platform

The robotic single port platform developed by
Intuitive Surgical incorporates the principle of
crossing the instrument arms internally with the
ability of reassigning hands at the console
(Fig. 7.1).

The set includes a multichannel access port
with four cannulas and an insufflation valve.
Two curved cannulas are for robotically con-
trolled instruments, and the other two cannulas
are straight; one cannula is 8.5 mm and accom-
modates the robotic endoscope, and the other
cannula is a 5-mm bedside-assistant port. The
curved cannulas are integral to the system,
since their configuration allows the instruments
to be positioned to achieve triangulation of the
target anatomy. This triangulation is achieved
by crossing the curved cannulas through the
access port. Same-sided hand-eye control of
the instruments is maintained through assign-
ment of software of the Si system that enables
the surgeon’s right hand to control the screen
right instrument even though the instrument is
in the left robotic arm and, reciprocally, the left

Fig. 7.1 Robotic single port platform by Intuitive

hand to control the screen left instrument even
though the instrument is in the right robotic
arm. The second part of the platform is a set of
semirigid, nonwristed instruments with stan-
dard da Vinci instrument tips. The potential dis-
advantages of this set may be that it is limited to
two arms while we need three arms in colorec-
tal surgery. They do not have a wrist at the dis-
tal end of the instrument and that the traction
and grasping power of the instruments are
weaker than conventional ones. This platform
reported to be helpful in relatively simple pro-
cedures like cholecystectomy and some minor
urological procedures.

Surgical Technique
Patient Selection

Benign diseases including diverticular disease
and inflammatory bowel disease-related condi-
tions may be good indications for this technique.
At this point, the efficacy of single port surgery
for malignant disease is controversial and sur-
geons should consider its limitations and potential
benefits that has been shown by current evidences
seriously before they apply this technique to the
patients. Early stages of colon cancer that con-
fined to colon wall (T1-3) without lymph node
metastasis (NO) may be candidates of this tech-
nique when the patients fully understands and
when the informed consents are properly signed.

Technical limitation of the technique should
be taken into consideration at the time of
patient selection. Sigmoid colon diseases seem
to be the best fit for the resection. Proximal
descending colon may not be adequate because
splenic flexure mobilization is sometimes lim-
ited especially when the patient is obese or/and
tall. Rectum distal to peritoneal reflection may
also be inadequate because the limited reach of
the instruments. Especially currently available
laparoscopic staplers have limited angulation
that proper resection of distal rectum can sel-
dom be made. Robotic stapler which is cur-
rently not available may make difference in
near future.



7 Robotic Single Port Colorectal Surgery

55

Fig. 7.2 Operation room set up

Patient Position and Operating
Theatre Setting

The patient is adequately padded and safely
secured to the operating table in the Lloyd-Davis
position with 15° Trendelenburg and 30° right
side tilt. The patient-side robotic cart is posi-
tioned and locked in a 70° angle with the foot of
the bed on the patient’s left side at the level of the
umbilicus and a 15° tilt toward the patient’s head
(Fig. 7.2).

Surgical Technique

The access device is a port constructed from a
small size Alexis wound retractor manufactured

by Applied Medical and a size 7 right-handed
surgical glove. Initially, a 3.5 cm vertical trans-
umbilical incision is made. Once the Alexis
wound retractor is placed into the peritoneal cav-
ity in the standard manner, the surgical glove is
affixed to the outer ring and folded onto itself to
take up the slack of the plastic sleeve of the
Alexis wound retractor. This ensures that the
inner and outer rings fit snuggly against the
abdominal wall preventing an air leak (Fig. 7.3).

Two 12 mm trocars are then inserted into the
third and the fifth finger of the glove. Three 8§ mm
robotic metal trocars are inserted into the remain-
ing three fingers in the configuration depicted in
Fig. 7.1. The trocars are secured to the glove with
silk ties. The 30° up laparoscope is docked via the
third finger 12 mm trocar. The other 12 mm trocar
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Fig. 7.3 Homemade glove port

is for the assistant’s use. The assistant stays directly
at the patient’s right side. The robotic arms are
numbered 1-3 and are coupled with the three
8 mm robotic trocars. The monopolar scissors, the
bipolar grasper, and the double fenestrated grasper
are handled by arms #1-3 respectively. Instruments
on arm #1 and arm #2 are controlled by the da
Vinci console operating surgeon, using the right
and left hand, respectively. The double fenestrated
grasper will be anchored to the robotic arm #3,
which will be mainly used for static retraction and
will be operated by surgeon’s right hand when
necessary (Fig. 7.4).

After pneumoperitoneum is established
through the assistant’s 12 mm port, the sigmoid
colon mesentery is retracted supero-anteriorly
using the double fenestrated grasper on arm #3.
Peritoneum of the left mesocolon is incised supe-
riorly from the sacral promontory, identifying the
inferior mesenteric artery (IMA) along the way.
After skeletonization, the IMA is ligated and
divided at the root level with robotic Hem-o-lock
clips, preserving the hypogastric nerve plexus.
The peritoneal incision is then extended up to the
duodenojejunal junction, exposing the inferior
mesenteric vein (IMV). The IMV is temporarily
spared, so as to utilize its ‘tenting effect’, which
is caused by the traction of the small bowel dur-
ing the medial-to-lateral mobilization of colonic
mesentery. Medial-to-lateral dissection is then
performed until the lower border of pancreas
superiorly and Toldt’s line laterally, identifying

and protecting vital structures such as the left
ureter and gonadal vessels. The left colon is then
freed laterally up to the splenic flexure. The pos-
terior side of upper rectum is mobilized to facili-
tate later application of circular stapler for
anastomosis.

Following complete mobilization of the left
colon, the mesentery and mesorectum are then
divided using an energy-based device robotically
or if preferred, by the patient-side assistant. The
assistant then divides the distal resection margin
using an articulating endostapler. One of the
robotic instruments is usually disengaged, and
the robotic arm uncoupled to make space for
comfortable movement by the assistant. The
robot is then undocked and the colon is exterior-
ized through the Alexis wound retractor. The
IMV is ligated and the proximal margin is tran-
sected between a purse-string clamp and a bowel
clamp. The anvil of the circular stapler is inserted
into the proximal colonic segment and secured
with a purse-string. Finally, the port is recon-
structed and the anastomosis is completed lapa-
roscopically using a circular stapler.

Outcomes

Since single port is still in its early stage, there
are no long-term results for this procedure pub-
lished so far. We have been performing robotic
single port colectomies since 2009 and have thus
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Fig. 7.4 Port setup after all robotic arms docked

far completed 73 cases. These have include the
following procedures: right hemicolectomy (33
cases), anterior resection for sigmoid colon can-
cer (37 cases), and low anterior resection (2
cases). In our experience, we have been able to
complete 96 % using the single port technique.
Conversions included one right hemicolectomy,
one anterior resection, and one low anterior
resection and all these were conversions-to-
multiport robotic colectomies. Two conversions
of right hemicolectomy and anterior resection
were occurred during our initial experience and
were due to arms-collision and reach-limitation.
The recent conversion of single port low anterior
resection was due to not being able to apply end-
ostapler properly from umbilical port and we had
completed all the dissection using single port
technique except distal rectal division. Because
currently available endostaplers have limited
flexion angle, we could not divide distal rectum
properly from umbilical port and had to make an
additional port in suprapubic area from which we
were able to apply endostapler. We have found
that splenic flexure taking down in tall obese

Access port setup
) 5,8

#1 for monopolar
_ scissors
d e -

patients and pelvic dissection (total mesorectal
excision) were the most challenging part of our
technique and our patient selection for the tech-
nique is based on these technical limitations.
However we look forward to technological
advance in near future including new staplers that
allow more flexion angle, which enable us to
overcome current limitations (Table 7.4).

Learning Curve

Because the procedure is not well standardized
and relatively, no single study has been published
about the learning curve. Currently available
reports are all from robotic/laparoscopic experts
who already have passes their learning curves in
either robotic or laparoscopic multiport surgery.
Possible issues regarding the learning curve of
robotic single port surgery are: whether training
in multiport robotic surgery is mandatory,
whether training in single or multiport laparo-
scopic surgery is mandatory and how we do we
shorten the learning curve and so on.



58

Table 7.4 Summary of our experience of robotic single
port colectomy

Parameter Value

Gender Male 36
Female 37

Types of surgery ~ Right hemicolectomy 33

Anterior resection 37
Low anterior resection 2

Age (mean, years) 54.3
Body mass index (mean, kg/m?) 23.2
AJCC stage I 34

I 21

11T 17
Lymph node harvest (mean) 19.8
Resection margin involvement 0
Conversion (to multiport) 3 (4.1 %)
Operation time (mean, min) 167.2
Estimated blood loss (mean, mL) 40.2
Mortality (within postoperative 30 days) 0
Overall morbidity (within postoperative 13 (17.8 %)
30 days)
Length of stay (mean, days) 6.2

Future Innovation for Single Port
Robotic Surgery

The ideal robotic platform for single port surgery
should have a low external profile, the possibility
of being deployed through a single access site,
and the possibility of restoring intra-abdominal
triangulation while maintaining the maximum
degree of freedom for precise maneuvers and
strength for reliable traction.

Several robotic prototypes for single port sur-
gery are being tested.

The Single Port Laparoscopy Bimanual Robot
(SPRINT) is part of a major Array of Robots
Augmenting the Kinematics of Endoluminal
Surgery (ARAKNES) program coordinated by
Dario and Cuschieri and funded by the EU
Framework 7 program [19]. This robot has a 3-D
high-definition television imaging system and is
operated through a console in the sterile field so
that the surgeon is not remote from the patient.
This robot comprises of two arms with six
degrees of freedom that can be individually
inserted and removed in a 30-35 mm-diameter

B.S. Min et al.

umbilical access port. The system is designed to
leave a central lumen free during operations, thus
allowing the insertion of other laparoscopic tools
[20]. Preliminary in vitro testing by Sanchez
et al. [21] from Italy suggested that in the near
future, the robot could become a reliable system
in the field of robotic single port surgery.

The group of Oleynikov from USA is also
developing a multi-dexterous miniature in vivo
robotic platform that is completely inserted into
the peritoneal cavity through a single incision
[22]. The platform consists of a multifunctional
robot and a remote surgeon interface. The robot
has two arms and specialized end effectors that
can be interchanged to provide monopolar cau-
tery, tissue manipulation, and intracorporeal
suturing capabilities. Its use has been demon-
strated in multiple non-survival porcine studies.

Moreover, another new surgical robot is being
developed and tested by investigators from Japan
[23]. The robot consists of a manipulator for
vision control, and dual tool tissue manipulators
can be attached at the tip of a sheath manipulator.
The group of Simaan described a novel insertable
robotic effectors platform with integrated ste-
reovision and surgical intervention tools for
SPRS. This design provides can be inserted
through a single 15-mm access port. Dexterous
surgical intervention and stereovision are
achieved by the use of two snakelike continuum
robots and two controllable charge-coupled
device cameras [24].

Conclusion

Single port robotic colorectal surgery is still in
infancy. While single port Robotic Colorectal
surgery is feasible in selected cases, further evo-
Iution of technique and technology may be
required for complex procedures (Rectal cancer)
for universal adoption. Research and develop-
ment is ongoing to develop appropriate platform
for single port robotic surgery.

It is possible that the platforms for robotic
single port surgery may evolve to be organ spe-
cific i.e. the robotic platform for gall bladder may
be different from the one for colorectal surgery.



7

Robotic Single Port Colorectal Surgery

59

References

10.

11.

12.

13.

. Thompson B, Wheeless RC. Outpatient sterilization

by laparoscopy. A report of 666 patients. Obstet
Gynecol. 1971;38(6):912-5.

. Pelosi MA, Pelosi 3rd MA. Laparoscopic supracervi-

cal hysterectomy using a single-umbilical puncture
(mini-laparoscopy). J Reprod Med. 1992;37(9):777—
84. PubMed PMID: 1453397.

. Rattner D, Kalloo A, Group ASW. ASGE/SAGES

Working Group on Natural Orifice Translumenal
Endoscopic Surgery. October 2005. Surg Endosc.
2006;20(2):329-33.

. Abe N, Takeuchi H, Ueki H, Yanagida O, Masaki T,

Mori T, et al. Single-port endoscopic cholecystec-
tomy: a bridge between laparoscopic and translume-
nal endoscopic surgery. J Hepatobiliary Pancreat
Surg. 2009;16(5):633-8. PubMed PMID: 19373428.

.Jung YW, Kim YT, Lee DW, Hwang YI, Nam EJ,

Kim JH, et al. The feasibility of scarless single-port
transumbilical total laparoscopic hysterectomy: initial
clinical experience. Surg Endosc. 2010;24(7):1686—
92. PubMed PMID: 20035346.

. Ponsky LE, Cherullo EE, Sawyer M, Hartke D. Single

access site laparoscopic radical nephrectomy: initial
clinical experience. J Endourol. 2008;22(4):663-6.
PubMed PMID: 18324901.

. Bucher P, Pugin F, Morel P. Single port access laparo-

scopic right hemicolectomy. Int J Colorectal Dis.
2008;23(10):1013-6. PubMed PMID: 18607608.

. Kaouk JH, Goel RK, Haber GP, Crouzet S, Desai

MM, Gill IS. Single-port laparoscopic radical prosta-
tectomy. Urology. 2008;72(6):1190-3. PubMed
PMID: 19041022.

. Ostrowitz MB, Eschete D, Zemon H, DeNoto G.

Robotic-assisted single-incision right colectomy:
early experience. Int ] Med Robot. 2009;5(4):465-70.
PubMed PMID: 19806602.

Kroh M, El-Hayek K, Rosenblatt S, Chand B, Escobar
P, Kaouk J, et al. First human surgery with a novel
single-port robotic system: cholecystectomy using the
da Vinci Single-Site platform. Surg Endosc.
2011;25(11):3566-73. PubMed PMID: 21638179.
Tran H. Robotic single-port hernia surgery. JSLS.
2011;15(3):309-14. PubMed PMID: 21985715;
Pubmed Central PMCID: 3183567.

Lim MS, Melich G, Min BS. Robotic single-incision
anterior resection for sigmoid colon cancer: access
port creation and operative technique. Surg Endosc.
2012;27(3):1021. PubMed PMID: 23052525.

Singh J, Podolsky ER, Castellanos AE, Stein DE.
Optimizing single port surgery: a case report and

14.

15.

16

17.

18.

19.

20.

21.

22

23.

24

review of technique in colon resection. Int J Med
Robot. 2011;7(2):127-30. PubMed PMID: 21394870.
Trastulli S, Cirocchi R, Desiderio J, Guarino S,
Santoro A, Parisi A, et al. Systematic review and
meta-analysis of randomized clinical trials comparing
single-incision versus conventional laparoscopic cho-
lecystectomy. Br J Surg. 2013;100(2):191-208.
PubMed PMID: 23161281.

Makino T, Milsom JW, Lee SW. Feasibility and safety
of single-incision laparoscopic colectomy: a system-
atic review. Ann Surg. 2012;255(4):667-76. PubMed
PMID: 22258065.

. Weber PA, Merola S, Wasielewski A, Ballantyne GH.

Telerobotic-assisted laparoscopic right and sigmoid
colectomies for benign disease. Dis Colon Rectum.
2002:45(12):1689-94; discussion 95-6. PubMed
PMID: 12473897.

V O, editor. Robotic versus laparoscopic single port
right hemicolectomy. Chesapeake Colorectal Society
meeting Apr 2011.

Joseph RA, Salas NA, Johnson C, Goh A, Cuevas SP,
Donovan MA, et al. Video. Chopstick surgery: a novel
technique enables use of the Da Vinci Robot to per-
form single-incision laparoscopic surgery. Surg
Endosc. 2010;24(12):3224.

Tang B, Hou S, Cuschieri SA. Ergonomics of and
technologies for single-port lapaxroscopic surgery.
Minim Invasive Ther Allied Technol. 2012;21(1):46—
54. PubMed PMID: 22066862.

Piccigallo M, Scarfogliero U, Quaglia C, Petroni G,
Valdastri P, Menciassi A, et al. Design of a novel
bimanual robotic system for single-port laparoscopy.
IEEE-Asme T Mech. 2010;15(6):871-8. PubMed
PMID: WOS:000285361700006; English.

Sanchez LA, Petroni G, Piccigallo M, Scarfogliero U,
Niccolini M, Liu C, et al. Real-time control and evalu-
ation of a teleoperated miniature arm for Single Port
Laparoscopy. Conf Proc IEEE Eng Med Biol Soc.
2011;2011:7049-53. PubMed PMID: 22255962.

. Dolghi O, Strabala KW, Wortman TD, Goede MR,

Farritor SM, Oleynikov D. Miniature in vivo robot for
laparoendoscopic single-site surgery. Surg Endosc.
2011;25(10):3453-8. PubMed PMID: 21487861.
Kobayashi Y, Tomono Y, Sekiguchi Y, Watanabe H,
Toyoda K, Konishi K, et al. A surgical robot with
vision field control for single port endoscopic surgery.
Int J Med Robot. 2010;6(4):454—-64. PubMed PMID:
20949430.

. Ding J XK, Goldman R, et al. Design, simulation and

evaluation of kinematic alternatives for insertable
robotic effectors platforms in single port access sur-
gery. EEE International Conference on Robotics and
Automation; Anchorage, AK, May 3-8, 2010.



Current Evidence for Single-Incision
Laparoscopic Colectomy

Jensen T.C. Poon and Wai Lun Law

Introduction

The standard of care for patient in colorectal sur-
gery had undergone rapid and revolutionary change
in the last few decades. The successful application
of laparoscopic surgery in colorectal resection
results in remarkable improvement of short-term
postoperative outcomes. After laparoscopic colorec-
tal resection, patients have less wound pain and
infection, prompt return of gastrointestinal function
and hence, can be discharged early after operation,
compared to open colorectal resection [1-3]. In
recent years, effort to further minimize the abdomi-
nal incision has been a focus in research and devel-
opment of laparoscopic surgery worldwide. The
natural orifice trans-luminal endoscopic surgery
(NOTES) is being actively explored and is consid-
ered as the ultimate pursuit of endeavor in mini-
mally invasive surgery. The applicability of NOTES
is, however, limited because of lack of suitable
instruments at present. However, advancement of
technology enables laparoscopic surgery to be done
through a single incision made on abdominal wall
via a special single port device. All laparoscopic
instruments can be inserted through different chan-
nels in the single port device to perform operation
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within abdomen or thorax. The desire to perform
SILS actually began before conventional laparo-
scopic surgery was popularized in general surgery.
In 1974 and 1991, Junker and Pelosi had reported
their successful attempt of doing laparoscopic tubal
ligation and hysterectomy with single umbilical
puncture respectively [4, 5].

When compared to conventional laparoscopic
surgery, the potential benefit of SILS includes
mainly better [1] cosmetic outcomes and [2]
reduction of abdominal trauma and as results,
earlier recovery. By operating through a vertical
trans-umbilical incision, SILS can have the
wound hidden very well within the umbilicus.
The cosmetic result of SILS can be very good and
patient can be virtually scarless after operation
(Fig. 8.1a, b). The number of abdominal incision
is reduced in SILS and it will be logical to expect
less operative trauma, post-operation pain and
hence, earlier recovery. On the other hand, SILS
increases the difficult of laparoscopic operation
remarkably. It requires high surgical skills to
overcome the problems incurred due to crowding
of instruments, coaxial view from the laparo-
scope and lack of retraction from assistant during
SILS. Hence, many surgeons criticize SILS for
concern of increase in operating time and cost
and complication rate. However, SILS has been
applied successfully in many types of surgery
including gynecology and pediatric surgery, cho-
lecystectomy, colorectal resection, gastric and
hernia surgery. Among them, single-incision lap-
aroscopic colectomy (SILC) is one of the fastest
growing SILS in terms of popularity and evidence
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Fig. 8.1 (a) Single-incision laparoscopic anterior resection. (b) Wound after single-incision laparoscopic anterior resection

in the literature. In this chapter, we reviewed the
current evidence for SILC.

Case Reports and Series for
Feasibility of SILC

In 2008, both the groups of Remzi et al. [6] and
Bucher et al. [7] published successful single-incision
laparoscopic right hemicolectomy for polyps accord-
ing to oncologic principles. In 2009 and 2010, Leory
et al. [8] and Law et al. [9] reported on their success-
ful experience of sigmiodectomy and left hemicolec-
tomy respectively via SILC approach. The initial
success on segmental colorectal resection by SILC
approach definitely had provoked a strong enthusi-
asm among other surgeons to contemplate on this
surgery. Complicated laparoscopic colorectal resec-
tions including total colectomy or restorative procto-
colectomy were also reported [10]. In very short
time, there were a lot of case series reporting experi-
ences in SILC. Among them, seven reports [11-17]
included more than 20 patients in their series. These
seven reports included 265 patients who were highly
selected; they were young and non-obese with mean
age of 47-69 and mean body mass index (BMI) of
22.5-27. The pathology included both benign and
malignant diseases. Most of the patients had segmen-
tal colectomy and three case series were solely for
right hemicolectomy [11, 12, 15]. The need of con-

version to conventional laparoscopic colectomy
(CLC) as defined by need of additional port is
reported to be zero in three series and ranged from
3.33 to 18 % in the other four series. Geisler and
Garrett [13] reported SILC for 102 consecutive
patients including both segmental and total colec-
tomy. This is the largest case series in the literature
which included complex colorectal resection (23
total colectomies and 20 restorative proctocolecto-
mies). Because 11 patients who had IPAA required
one additional port for deep pelvic retraction and
placement pelvic drain, high conversion rate of 18 %
was reported by the series of Geisler and Garrett [13].
Opverall, the incidence of series adverse event was not
high from SILC and altogether, these seven cases
series reported three anastomotic bleeding and one
mortality because of sudden cardiopulmonary col-
lapse. In light of experience from these reports, SILC
appeared to be a feasible and safe approach of colec-
tomy for selected patients in the hands of skilled
surgeons.

SILC Versus Conventional
Laparoscopic Colectomy

Comparative Studies

New surgical procedure which revolutionizes the
previously well accepted practice usually draws
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strong skepticism and criticism. Since the diffi-
culty of operation increases remarkably in SILC
when compared to CLC, it is reasonable to worry
that SLIC increase the time, cost, and even com-
plication rate of operation. The potential benefits,
e.g., less wound pain, faster recovery that SILC
claims to offer are also strongly questioned. For
surgeons who find the learning curve of SILC
steep, they will consider the effort required to
overcome the technical hurdle is not justified by
the doubtful benefit. Although preliminary evi-
dence supports the feasibility and safety of SILC,
the controversy about SILC can only be resolved
by good quality studies which compare SILC to
the current standard, which is conventional mul-
tiport laparoscopic colectomy (CLC).

Currently, most of the evidence on assess-
ment of SILC against CLC is provided by com-
parative studies. Outcomes of SILC are
compared with patients who have CLC either in
the past or in the similar time without random-
ization. Literature search found more than 20
reports from comparative studies on the two
procedures. Most of earlier reports consisted of
small number of patient with between 10 and 30
patients in each group, hence, carried little
weigh in providing evidence for comparing the
two procedures. The results of all these small
scale studies were evaluated by a meta-analysis
[18] which concluded that the results SILC are
comparable to CLC.

Four reports [19-22] which were published
during 2011-2013 had more than 50 patients in
each group and only one [20] of them was
included in the previous meta-analysis. The
important results from these four studies were
summarized in Table 8.1 and discussed here
together. All the four study included mainly
young patients with good operative risk. The
mean age of patients ranged from 57.7 to 71 and
more than 80 % of patients belonged to
American Society of Anesthesiologist classifi-
cation (ASA) 1 and 2. The comparative studied
reported by Kim et al. and Champagne et al. had
the largest number of patients (total of 179 and
330, respectively) with both colon and rectal
resection. On the other hand, Velthuis et al. [21]
and Yun et al. [22] reported on right hemicolec-
tomy only. All four studies reported similar age

and BMI, operative risk and complication rate
between SILC and CLC. Single-incision laparo-
scopic colectomy is commonly thought to be a
longer procedure because of the expected diffi-
culty. However, only Kim et al. reported a sig-
nificantly longer operation time by SILC. The
two comparative studies on right hemicolec-
tomy by Velthuis et al. [21] and Yun et al. [22]
actually found that SILC had shorter operating
time than CLC. On the other hand, the other two
studies by Kim et al. [20] and Champagne et al.
[19] found SILC to have less blood loss, reduced
post-operation pain or narcotic usage. While the
reduction of wound pain in SILC can be logi-
cally associated with the reduction in number of
wound, the authors did not discuss about the
observation of reduced blood loss or operating
time in the SILC group. Kim et al. [20] also
reported that SILC had significantly shorter hos-
pital stay than CLC (9.8 vs. 15.5 days; p<0.001).
Unfortunately, the hospital stay of SILC and
CLC in this report is exceptionally long.
Therefore, it is difficult to interpret the meaning
of this finding. Bias on case selection between
the two groups is the biggest shortcoming of
comparative study without randomization of
subjects. It is certain that for any benefit
observed in SILC procedure to be recognized
widely, it have to withstand the test of well con-
ducted randomized controlled trial (RCT).

Randomized Controlled Trials

At present, there are only two reports from RCT
comparing SILC and CLC [23, 24]. They are
both published in 2012 and included small sam-
ple size. Huscher et al. [23] reported randomiza-
tion of 16 patients into each arm, however, the
primary end point of outcome measurement and
method for sample size calculation were not pro-
vided. In this RCT, all procedures were for colon
cancer and were performed by a single surgeon;
division of vessel was done with bipolar energy
device. In SILC cases, transabdominal sutures
were used to aid retraction, specimen was
retrieved transvaginally via posterior colpotomy
in some female patients and there was one con-
version to CLC. When compared to CLC, SILC
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Table 8.1 Summary of findings from large comparative series on SILC vs. CLC

Authors
Study setting

Patient number
(SILC/CLC)

Body mass index
(SILC/CLC)

Procedure

Operating time

Kim et al. (2011)

Single surgeon

73/106
22.7/25.6 (p=0.37)
Colon and rectal

resection
274/254 (p=0.008)

Champagne
etal. (2011)

Multicenter

165/165
27/27.4
Colon and rectal

resection
119/115 (p=0.85)

Velthuis et al. (2012)
Two centers

Five surgeons

50/50
25/25
Right hemicolectomy

97/112 (p<0.001)

JT.C.Poon and W.L. Law

Yun et al. (2013)
Single center
Five surgeons

66/93
23.8/24.2 (p=0.346)
Right hemicolectomy

131/143 (p=0.078)

(minutes) (SILC/

CLO)

Blood loss (ml) 282/418 (p=0.008)
(SILC/CLC)

Conversion from Not available 11 %
SILC to CLC

Bowel function
(days) (SILC/CLC)

Pain (SILC/CLC)

Flatus passage
2/3 (p=0.004)

Frequency of
narcotic use

2.2/3.5 (p=0.029)

30/50 (p=0.023)

Not available

Day 1 VAS score

Not available Not available

4 % Not available

Bowel motion
3/3
Not available

Not available

Not available

4.9/5.6 (p=0.005)

34 %/34 % 9.1 %/15.1 % (p=0.335)

2 %6 % (p=0.617) Not available

4.8/4.6 (p=0.647) 4.0/4.1 (p=0.805)

Not available 30.3 %/32.3 %

14/12.5 (p=0.158) 24/27 (p=0.068)

Overall complication  31.5 %/36.8 % 43 %/48 %
(SILC/CLC) (p=0.524) (p=0.622)
Anastomotic leakage 6.8 %/6.6 % Nil/1.2 %
(SILC/CLC) (p=0.499)
Tumor size (cm) 5.5/4.6 (p=0.645) Not available
(SILC/CLC)

TMN stage > 111 50 %/39.8 % Not available
(SILC/CLC) (p=0.184)

Lymph node 29.3/23.2 (p=0.488) Not available
harvested for cancer

(SILC/CLC)

was reported to have no significant difference in
operating time (124 min vs. 147 min, respec-
tively), number of lymph node harvested (16 vs.
18, respectively), complication rate (31 % vs.
18 %, respectively), and time to resumption of
solid diet (3 days vs. 3 days, respectively). The
hospital stay was 7 days vs. 6 days, respectively.
The post-operation pain was not presented.
Since the number of abdominal incision is
reduced, reduction of wound pain is expected to
be the immediate benefit of SILC. However,
post-operation pain was only reported by a few
studies. The authors of this chapter completed an
RCT to compare SILC and CLC with post-
operation pain as the primary end point of outcome

measurement and included 25 patients in each
arm in order to have an 80 %power of test at the
type 1 error of 5 % [24]. All procedures were
done by two experienced laparoscopic surgeons.
Vascular control was done by clips and specimen
was extracted through abdominal incision. All
SILC procedures were done by conventional
straight laparoscopic instrument with no adjunct
used to aid retraction and no conversion to CLC.
This RCT included only patient with good opera-
tive risk (ASA 1-3), small benign or malignant
colonic tumor (<4 cm), and BMI <30. In this
RCT, both patients and research staff who record
the pain score after operation were blinded to the
type of procedure. All patients received a standard
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Fig.8.2 Comparison of postoperative pain score between
SILC and CLC

anesthetic and pain management protocol during
the perioperative period. The two groups of
patients had similar demographics, pathology,
and type of procedures. Compared to the CLC
group, the SILC group had slightly longer operat-
ing time (124 min vs. 155 min, respectively), less
blood loss (80 mL vs. 50 mL, respectively), less
lymph node harvested (20 vs. 16, respectively)
and less analgesic use (16 mg vs. 12 mg mor-
phine, respectively) but the difference was all sta-
tistically insignificant. However, patients in the
SILC group had less wound pain from 15 min to
day 3 after operation and the difference was sta-
tistically significant during 60 min to day 2 post-
operation (Fig. 8.2). Patient with SILC also had
shorter median hospital stay (4 days vs. 5 days;
p<0.001). The finding of this RCT provided
strong evidence that SILC is associated with
reduction in postoperative wound pain when
compared to CLC and it might contribute to ear-
lier discharge of patient after surgery. However,
SILC was found to harvest less lymph node than
CLC. Although the difference was statistically
insignificant and the median number of lymph
node harvested [16] from SILC was still better
than acceptable standard of 12. This trend
towards less lymph node harvested should alarm
the attention of surgeons to adhere with good
oncologic principle when performing SILC for
cancer patient.

Learning Curve of SILC

Single-incision laparoscopic colectomy is more
difficult than conventional laparoscopic surgery.
However, many studies reported similar operat-
ing time between SILC and CLC. The reason for
faster procedure time in SILC is seldom dis-
cussed but it may reflect that the technique SILC
is not that difficult in hands of experienced lapa-
roscopic surgeons. Little is known about how
many conventional laparoscopic colectomies one
has to do before he/she should attempt SILC. The
steepness of the learning curve for SILC is
another big concern if this procedure will be
practiced widely and subsequently by trainees.
There is no formal study regarding learning curve
of SILC but Kim et al. [20] reported in his single
surgeon series that the operating time for SILC
reduced significantly after 48 cases and became
comparable to that required for CLC. While the
experience of SILC is accumulating fast in many
centers, formal analysis on learning curve of
SILC shall be available in short time.

Summary

The feasibility and safety for SILC is demon-
strated by many case series, comparatives stud-
ies, and only two randomized trials. Two large
series comparative studies [19, 20] and one RCT
[24] which measured postoperative pain as pri-
mary outcome proved that SILC is associated
with less pain and earlier discharge after opera-
tion. In contrary to the common belief, most
reports showed that the procedure time of SILC
is not significantly longer than CLC. Other short-
term operative outcomes of the two procedures
are similar. However, some important informa-
tion about SILC is still not available from the lit-
erature at present. There is no analysis on cost
and learning curve of SILC. The patient satisfac-
tion after SILC has also not been evaluated. If
better cosmetic result remains to an important
drive for doing SILC, its impact to patient satis-
faction should be studied.

It is important to stress that most of SILC in
these reports with good results were done by
highly skilled laparoscopic surgeon and in good
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risk patient with low BMI. Even when SILC is
performed safely in the competent hands, its ben-
efit are likely to be modest and will only be
widely recognized if they can be reproduced by
more prospective randomized trials. Single-
incision laparoscopic colectomy may augment
the benefit the laparoscopic surgery to selected
patients but is definitely not for every surgeon,
every patient.
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Local Excision (LE) for Low Rectal
Cancer (RC): From Mucosectomy
to Endolumen Loco-Regional
Resection (ELRR)—Tips and Tricks

Giovanni Lezoche and Emanuele Lezoche

Local treatment of low non-advanced (Ina) rectal
cancer (RC) is a matter of debate. In the literature,
operations with different wideness and depth are
included under the term: local excision (LE).

This variability in wideness and depth,
together with the different ability in the staging
of the disease and the non-homogeneous criteria
in selection of patients can explain the different
percentage of local recurrences (LR) reported in
the literature following LE.

Transanal endoscopic microsurgery (TEM)
was introduced by Buess in 1983 into the clinical
practice for the treatment of large benign polips
of the rectum, and later employed to remove
early rectal cancer. Despite the relevant technical
advantages related to image magnification, lighting,
depth perception, etc., the clinical results of LE
by TEM are not encouraging (Table 9.1).

Since 1992 we have introduced this technique in
our institution, and more than 950 operations have
been performed by TEM for benign and malignant
lesions of the rectum. The lesson we learned from
this experience is that in order to obtain good clin-
ical results two conditions must be met:

1. A correct patient selection
2. An adequate local exeresis
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Patient Selection at the Admission

e In case of malignancy, the lesion must be
localized in the extraperitoneal portion of the
rectum. Usually neoplasia can be easily
palpated at finger exploration and if the lesion
is adherent to the narrow structures or fixed,
the patient is not eligible for the LE.

¢ The diameter must not exceed 4 cm, prefera-
bly 3.

e The use of the vital dye technique during flex-
ible endoscopy is advisable to define the tumor
limits especially in flat neoplastic lesions and
in case of multifocal adenomas with degener-
ated areas. The routinary use in the clinical
practice of NBE, and of image analysis sys-
tems seems promising in accurately identifying
the neoplasia margins.

e According to our protocol, during vital dye
endoscopy, 5/6 biopsies are performed all around
the lesion at a minimum distance of 1 cm from
the identified tumor margins on apparently nor-
mal mucosa. Each biopsy site is identified with a
number and then sent to the morphologist.
Tattooing is performed at each biopsy site so that
during endoluminal surgery the black spots will
guide the excision line (Fig. 9.1).

* Rigid rectoscopy must be performed in all
patients candidates to TEM for two reasons:
(1) to define the -circumferential tumor
involvement and consequently the most appro-
priate patient’s position on the operative table
(Fig. 9.2): patient must be placed in prone

W.L. Law and C.P. Delaney (eds.), Single Incision Laparoscopic and Transanal Colorectal Surgery, 67
DOI 10.1007/978-1-4614-8902-3_9, © Springer Science+Business Media New York 2014
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Table 9.1 Local recurrence
Author and year Patient with TEM LR
Winde [7] (1996) 24Tl 4 %
Mentges [8] (1996) 56 T1 7 %
Lee [9] (2003) 52Tl 4 %
Palma [10] (2004) 18Tl 6 %
Duek [11] (2005) 25Tl 0 %
Floyed [12] (2006) 53Tl 7.5 %
Guerrieri [13] (2006) 58Tl 0 %
Lezoche [14] (2012) 50 T2 with nRCT 8 % (distant Rec. 4 %)
Ganai [15] (2006) 21 T1, 1 pt RCT 9.5%
Stipa [16] (2006) 23 T1, 4 with RT 8.6 %; only TEM 11 %
21 T2, unknown number with RT 9.5 %
Maslekar [17] (2007) 27 T1 (all RO) 0%
22 T2 (I9R1) 18 %
Bretagnol [18] (2007) 28 T1 10.7 %
Whitehouse [19] (2007) 23 Tl 26 %
Zacharakis [20] (2007) 14 pts T1 7.1 %
11 pts T2 42.8 %
Moore [21] (2007) 39 pts T1-2-3 (TEM +RT in some 8 % (overall) (2 pts with LR staged
T2-3) preoperative cT3)
Speake [22] (2008) 31 T1 5.7 % (overall)
4T2
(all RO) (only distant Rec. 5.7 %)
Serra-Aracil [23] (2008) 16 pts T1 6.2 %
9 pts T2 222 %
Koebrugge [24] (2008) 20 pts T1 4.1 % (overall)
1 pt T2
1 pt T3
Bach [25] (2009) 230 T1 18.6 %
107 T2 29.3 %
Jeong [26] (2009) 16 T1 5 % (overall)
3T2 T10 %
1T3 T2 16 %
(3 pts nRCT +TEM) T30 %
De Graff Ej [27] (2009) 80 pts T1 (all RO) 24 %
Doornebosch [28] (2010) 88 pts T1 (all RO) 20.5 %
Christoforidis [29] (2009) 25 pts T1 12 %
12 pts T2 25 %
Tsai [30] (2010) 51pts T1 9.8 %
17 pts T2: 5 pts TEM +RT 23.5 %
Allaix [31] (2012) 9 pts T2: nRT+TEM 0%
32 pts T2: TEM 26 %
LR local recurrence, RT adjuvant radiotherapy, nRT neoadjuvant radiotherapy, RCT adjuvant radio-
chemiotherapy, nRCT neoadjuvant radiochemiotherapy, RO no microscopic residual tumor
position for anterior and supine for posterior of the rectum, the patient is placed in 90° right
lesions. For lateral tumors in lateral position lateral jack-knife position with legs’ support
lying on the side that is ipsilateral to the lesion. (Fig. 9.3). (2) Furthermore, rigid rectoscopy is

In other words, if the lesion is on the right side routinely employed to perform macrobiopsies
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* 5/6 biopsies
* tatoo of biopsy site

-~

TUMOR

using the old shape forceps (Fig. 9.4) to
provide to the morphologist an adequate
amount of tissue for grading and histological
evaluation.

Histology: Undifferentiated and mucous
tumors are not eligible for LE and must be
treated with TME; therefore morphologist
must work on macrobiopsies that involve
muscolaris propriae in order to give an accu-
rate evaluation of T stage and G grading
(Iymphatic, neuronal, and vessel infiltration).
According to recent observations, after neoad-
juvant therapy (NT) tumor grading is not pre-
dictive of clinical evolution. In case of T1, it is
mandatory that the morphologist check the
invasion of tumoral cells into the submucosa
(Sm 1-3). In T1 Sm3 the risk of metastasis in
loco-regional lymphatic nodes is too high to
limit the treatment to an LE (Fig. 9.5). In
selected cases with the tumor close to dentate
line or in high risk patients, it is reasonable to
combine LE with radiotherapy (RT) to avoid
more aggressive surgery as TME.
Endoscopic mucosectomy: In the last years
mucosectomy by flexible endoscope has been
performed more and more frequently. This
technique utilizes electrocoagulation to dis-
sect and the high temperature destroys the
submucosa layer making; it is impossible for
the morphologist to determine the Sm grading.
The lack of this crucial parameter makes the
full thickness LE unwise. All T1 patients who
previously had mucosectomy must undergo

Fig. 9.1 Tattooing at each biopsy site so that the black spots will guide the excision line

an operation to remove at least the nodes
adjacent the tumor such as TME (or ELRR
see specific chapter). Consequently before
performing a mucosectomy of a potentially
malignant lesion the patient should be
informed that the technique could cause a
loss of an important prognostic parameter.
Therefore the use of flexible endoscopy muco-
sectomy should be discouraged in low rectal
lesions with high risk of malignancy (presence
of a diameter >2 cm, ulceration, etc.)

Imaging tumor stage (iT): Endorectal ultra-
sound (EUS) is mandatory to differentiate T1
vs. T2 RC; unfortunately as EUS is unable to
evaluate the submucosa infiltration despite
the technological improvement, macrobiop-
sies are necessary. It is advisable that before
performing any endoluminal operation the
surgeon carry out an EUS to give him the spa-
tial location and dimension of the lesion. It
follows then that the use of a 3D ultrasound
system is recommended. Pelvic MR is manda-
tory in every stage of RC. New MR technol-
ogy gives a reliable differentiation between
T2 and T3 lesions (such as EUS), and it is
able to identify adjacent organs infiltration
and suspicious nodes (false negative inferior
to 10 %). In near future, the introduction in
the clinical practice of new MR dyes or new MR
techniques such as diffusion-weighted imaging
(DWI) will significantly improve the diagnosis of
malignant nodes. Low rectal tumors have a sig-
nificant risk of lung and/or bone metastasis.
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* Position on the operative table

POSTERIOR

* Position on the operative table
ANTERIOR

POST

Patient positioned prone for anjfrior lesions

Roll Bar

Fig. 9.2 Position on the operating table
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* Position on the operative table

LATERAL

Fig. 9.3 Lateral position on the operating table

Macrobiopsies
Wolf instrumentation

Fig. 9.4 Macrobiopsy using Wolf instrumentation

Therefore total-body CT provides useful
information. Although the role of PET-CT is
still controversial in staging, it seems to be
promising for early detection of recurrences.
In our protocol, all patients who underwent
local treatment perform a PET scan at 6
months after surgery.

*  Manometry: Preoperative study of the sphinc-

ter function is advisable in patients with low
rectal tumors. In all elderly patients it is
important to study preoperatively the sphinc-
ter to evaluate risk of postoperative inconti-
nence that can onset in the first months after

ANT

LF

POST

TEM procedure. Furthermore it is useful for
any possible medical-legal implications.
From 1992 we have employed radiotherapy
for local treatment of RC and in absence of
literature data regarding the risk of suture
dehiscence after TEM we employed the so-
called “sandwich” radiotherapy (2.5 G preop-
eratively and 2.5 G 1 month after TEM
procedure). After 1995 NT has been routinely
employed in all T2 and more advanced RC.
The indications to NT and local treatment for
T1 and T2, NO low rectal cancer are reported
in Figs. 9.6 and 9.7 respectively.

Neoadjuvant Treatment

From the literature, it is evident that neoadju-
vant treatment (NT) reduces the risk of local
recurrence and may increase survival. In
patients eligible for LT long-course high-dose
radiotherapy (IchdRT) is preferable to the
short one for several reasons: (a) IchdRT
increases down staging and tumor downsiz-
ing percentage. In a series of 100 non-
advanced RC (iT2-T3 NO) IchdRT determines
down staging in over 40 % and in 90 % of
patients a tumor downsizing over 30 %.
Tumor mass reduction is particularly helpful
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T1 staging: sm

Risk of metast.

lymph.
A NORMAL

sml

SLIGHT SUBMUCOSAL INVASION /
A sm2 5%

INTERMEDIATE INVASION

SM3  |NVASION NEAR THE INNER SURF. OF 25%
MUSCULARIS PROPRIA

KIKUCHI et al. Dis Colon Rectum. Dec 1995. Vol 38,n 12 1286-1295

Fig.9.5 TI staging: sm

ELRR'in early rectal cancer

INDICATIONS ELRR

Tism1-2

& no histological risk
Us@<3-4cm,
MR & CT Negative Nodes (@ <5
isoechogenic, regular sha,
Located in extra peritoneal rectum
Non fixed, soft to manual palpation

T1 Sm3 No Responders

Fig.9.6 ELRR in early rectal cancer: indications

during endoluminal manipulations required
for local excision; (b) IchdRT presumably
gives a “sterilization” effect on metastatic
deposits of loco-regional lympho nodes. (c)
After 1chdRT (combined with chemio) at 45
days a complete clinical response is observed
in 15 % of cases and these patients can be

recruited for “watch and wait” strategy.
The full dose of 50,4 Gy can be administered
also in elderly patients. Contraindications are
rare; the possible side effects are generally
well tolerated and in such cases the length of
treatment is prolonged. Ninety-five percent of
patients complete the full course.
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ELRR in early rectal cancer.

|NDICAT|0NS{according our protocol)

T2 MNe e Exclud. Indifferentiated tumours

Gl1-G3

US@<3/4cm,

Located in extraperitoneal rectum

MR & CT Negative Nodes (@ <5 mm,isoechogenic, regular shape);
Non fixed, soft to manual palpation

Patient accepting tight follow-up. (MR, PET-CT)

Responders (down-staged, down-sized >50%)

No Responders: TME

Fig. 9.7 ELRR in early rectal cancer: indications

Preoperative Staging
(After NT Staging)

No data are available in the literature to define
when is the best timing to restage the tumor after
NT. According to our protocol at the end RT the
patient is submitted to a clinical examination to
evaluate if the lesion has responded or not to radio-
therapy. In case of no significant responses a fur-
ther image evaluation is performed at 3/4 weeks
and then the patient undergoes TME or APR!

In the event of a significant clinical response
the staging usually is scheduled at 45 days after
the end of NT. In the last years it has been
observed that delaying the post-NT staging of
further 2/3 weeks the percentage of patients with
complete clinical response (CCR) increases.

After radiotherapy the evaluation of tumor
response is mainly based on two parameters:
tumor downsizing by imaging and Tumor
Regression Grading (TRG) by histology.

e Imaging after NT is a complex and difficult
matter requiring the services of specifically
trained radiologist. The actinic-induced edema
and scar tissue make the interpretation of

imaging and the correct evaluation of tumor
volume difficult. EUS and MR are routinely
employed to evaluate the tumor mass reduc-
tion after NT.

Tumor response grading: This score follows
the same criteria proposed by Mandard crite-
ria for the esophageal cancer. To have a reli-
able TRG, the morphologists need of an
adequate volume of tissue. Therefore “macro-
biopsies” must be performed.

In our series of patients, recurrences were
observed only in patients not responding to
NT. Now we consider eligible for local treat-
ment only responders to NT (downstaged or
tumor downsized >50 %). Following this
criteria, no recurrences were observed at a 3
years follow-up in the last 40 T2 patients
treated with endoluminal loco-regional resec-
tion (ELRR).

Several authors suggest to prolong the period
of time, between the end of radiotherapy and
local resection. Now, in case of significant
response to RT, we wait at least 2 months, and
this policy seems not to increase the intraop-
erative difficulties, the risk of suture leaks or
other postoperative complications.
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Informed Consent

e Written and detailed information regarding
state of the art of local treatment must be
provided to the patient. The informed consent
form will include all the therapeutic options
(APR, TME, local excision, ELRR, watch and
wait in case of complete clinical response), the
risk of each approach in terms of intra- and
postoperative complications, as well as the
oncological long-term results.

e If the patients choose an endoluminal treat-
ment, they must accept to be submitted to a
close follow-up.

Adequate Local Excision/Resection
by TEM

Surgeon Skill

TEM is a complex and difficult procedure that
requires a specific skill that can be achieved only
after prolonged training on the simulator. Several
different exercises are recommended.

Dissection generally is easily acquired as soon
as a good coordination of the instruments is
achieved.

To perform a fluent suturing it is necessary to
spend at least 2/3 h by day at the simulator
during 3 or 4 weeks. Particular attention must be
dedicated to another exercise whose aim is to
improve the surgeon’s ability to reach in a blind
fold manner a predetermined point. This exer-
cise is very important! In fact, brisk bleeding
may occur from hemorrhoidal arteries during
resection of the mesorectum. These vessels
have a relevant flux that in a few seconds can fill
the operative field and obscure the vision. The
amount of blood delivered from the artery can be
higher than the volume that the suction cannula
can remove. Consequently the surgeon must be
able to localize and coagulate the bleeding
source under every circumstances. In the mean-
time, blood can cover the lens thereby com-
pletely obscuring the vision. I like to underline
that only the TEM optics can be washed under
the pedal control.

G. Lezoche and E. Lezoche

To develop this ability, its marking with a
black spot the operative field of the simulator can
be useful; then the operator must touch the spot
several times under 3D vision. The exercise is
then repeated in blind conditions as to verify the
possible errors.

The surgeon who wants to perform TEM
should have a simulator and spent several hours
practicing on it. Only when he has reached a
good skill should he start the clinical activity, and
performing only easy and benign cases at the
early stage of his learning curve

Anesthesia

Rectal surgery does not necessarily require
general anesthesia but it must be remembered
that the operative time of TEM especially when
the surgeon is new at it can be long.

General anesthesia is preferable for both
patient and surgeon, but when otherwise indi-
cated, TEM can be performed with spinal anes-
thesia combined with deep sedation. In this case
the surgeon must refrain from using an extreme
Trendelenburg position.

Patient Position

e The correct patient position on the operative
table is crucial to the success of the procedure.

e The operative field must be in a position
corresponding to the sixth hour of the recto-
scope. In case of circumferential lesions, as
well as in case of large degenerated villous
adenomas, it may be necessary to change the
position of the patient during the procedure.

* The operative table must be widely mobile on
the transversal as well as on the longitudinal
plane.

o If the prone position is necessary, a crossbar
must be placed to raise the pubic bones and so
preventing the abdomen from leaning on the
operative bed. In this way the abdomen disten-
tion by the endoluminal CO, insufflation is
possible. This trick is very important because
during TEM procedure the rectum distention is
necessary to obtain an adequate operative field.
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Middle rectal vaive

Rectoscope Placement

Sphincter dilatation must be performed slowly
and gently and to reach a complete anal dilata-
tion requires some minutes. Any improper
stretching of the sphincter fibers must be
avoided particularly in elderly patients. The
rectoscope introduction must be gentle.
During TEM the position of the rectoscope
must always be placed strictly parallel to the
main axis of the anal canal, to avoid any further
sphincter stretch (Fig. 9.8).

Particular attention must be paired in not com-
pressing the sphincter fibers against the adjacent
bone structures. This negligence can seriously
damage the sphincter functions considering also
the prolonged duration of the procedure.

Instrumentation
for Transanal Surgery

Instrumentations: Three different instrumen-
tations are available on the market. The most
frequently employed are by Storz and Wolf.

Correct

Fig. 9.8 Correct positioning of the rectoscope must to avoid any further sphincter stretch

The last one has been developed by Prof.
Buess from the early 1980s. It is the only one
to give an excellent stereoscopic vision as
well as other advantages including a system
to wash the optic “in situ”. Wolf Company
provides also a specifically developed equip-
ment to automatically regulate the endolumi-
nal CO, pressure. This balances the
depression induced by the suction of a self-
regulating rotative pump maintaining a con-
stant pressure in the rectal lumen and a
continuous gas circulation that removes
smokes produced by the electrocoagulation.
Furthermore, Wolf Company provides a min-
iaturized system that allows suction and
simultaneous electrocoagulation to irrigate
the operative field and to cut utilizing a sharp
needle that is exteriorizated automatically
from the instrumentation activating the cut-
ting pedal. It is evident that the Wolf equip-
ment if compared with the Storz system is
more advanced but at the same time is more
complex and expensive.

Electric scalpel: Technical characteristics of
the cutting/coagulation system is another
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important issue to pay attention to. It is useful
to remember that the operative field of the
TEM procedure is very small and so the pres-
ence of few cc of blood can completely cover
the operative field. Therefore it is necessary to
have an efficient electrocoagulation system
that also works underneath liquids or blood.
ERBE has developed a series of instrumenta-
tions that utilize high-frequency electric power
that work under liquid and for these character-
istics are generally utilized for urologic proce-
dures. One of these has been developed to
control the above described miniaturized sys-
tem, produced by Wolf, so when the surgeon
activates the yellow pedal of the cutting func-
tion, the needle is pushed automatically out
from the instrumentation tip,which performs
very precise and sharp incisions by cutting
with the needle. When coagulation is required,
the needle is automatically pulled back by
pressing on the blue pedal, while the cannula
aspirates blood at the same time, making coag-
ulation more efficient.

Surgical Procedures

Optics position in the rectoscope. To obtain
the best operative conditions it is necessary
that both the oculars show a very small portion
of the inferior wall of the rectoscope.

Check: First the surgeon must check that all
instrumentations are properly working: elec-
troknife, endoluminal insufflation system, irri-
gation and suction. The surgeon must then
check that the binocular lens provides a com-
plete vision of the neoplasia.

Lavage: Before starting the endoluminal
resection or the manipulations of the mucosa
it is advisable to wash repeatedly the rectal
lumen with diluted betadine and then saline
alone, in order to remove residual feces,
mucous secretions and neoplastic cells’ spell-
ing. The lavage may also play a role in rectal
bacteria control.

Mucosa incisional line: The identification
of the correct incisional line out of patho-

G. Lezoche and E. Lezoche

logical mucosa is an important issue. There
are generally two different approaches to
solve the problem: (1) Before cutting the
mucosa, most surgeons first perform a
series of electric coagulations all around
the visible margins of the neoplasia. The
mucosa is then divided along these spots,
taking care to stay 1 cm from neoplasia
margin. In our opinion this approach is
acceptable only for lesions that did not
undergo NT, as in case of benign or Tl
lesions. On the contrary it is important to
take into account that in case of T2 early
cancer the patient must undergo NT radio-
therapy. And as above reported and only
patients with a tumor mass reduction of at
least 50 % after NT are eligible for local
resection. Consequently if we follow this
rule it is very probable that the incision line
will fall on tissue that before NT was neo-
plastic. The reason why we disagree with
the approach described above is that,
according to our data [1], nests or clouds of
tumor cells are present in the large majority
of specimens removed in patients with com-
plete clinical response CCR after NT. At
present time, significance of these residual
cells is unknown and for this reason we fol-
low a prudential approach (2). In pag. 2 it
has been already described the methodology
that we routinely employ to identify the cor-
rect incisional line. Around the tumor on
histologically proved normal mucosa tattoo
spots are performed at the distance of 1 cm
from the tumor. The mucosa will be cut fol-
lowing a line that joints all the tattoo spots.
Only in this way we are sure to obtain clear
margins. As already mentioned we consider
mandatory to remove all the neoplasia har-
boring tissue before NT, including also 1 cm
of histologically proven normal mucosa.
Consequently, the extension of the excision
area is much wider compared to that
obtained according to the standard described
in technique [2].

Free margins around tumor: To save an ade-
quate margin of normal mucosa (at least 1 cm)
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e TEM : 5 different operations are feasible !

Fig. 9.9 Five different types of excision/resection for TEM

it is important not only for oncological reasons
but also for avoiding neoplasia squeezing. The
specimen manipulations must be conducted
applying the grasper forceps only on the
normal mucosa surrounding the lesion.

Endoluminal Excisions/Resections
by TEM

Surgical dissection: The technical advantages of

TEM instrumentation allows a precise dissection

of the different layers of the rectum so that five

different types of excision/resection can be

performed (Fig. 9.9).

1. Mucosectomy: it is an easy procedure. Once
the mucosa is open it is possible to make a
smooth dissection utilizing the suction and
coagulation cannula and only short and soft
coagulations are needed.

2. Inframuscolar layers dissection: it is a difficult
dissection that can be performed only by sur-
geon specifically trained in TEM procedures
and is indicated only for the treatment of large
benign lesions localized in the intraperitoneal
rectum. It has the purpose to obtain a specimen

A- Mucosectomy

B - Inframuscolar layers
excision

C— Full thikness excis.

D - Full + partial exic. of
perirectal fat

E—-ELRR: Endoluminal
Loco-Regional Resection

that allows the morphologist to evaluate the Sm
parameter (see pag. 3, Patient Selection at the
Admission, Histology) in case of degenerated
adenomas. Saving the external muscolar layer
the risk of peritoneal contamination with
malignant cells is avoided. The instrument
required for this dissection is the electric knife/
needle. The surgeon pulls up the internal layer
(mucosa around the lesion) with a soft grasper
and then dissects the circular rectal muscle
layer utilizing the electro-cutting until the lon-
gitudinal fibers are clearly identified.

. Full thickness excision: This technique is

easily performed in case of lesions localized
in the posterior or lateral extraperitoneal rectum.
In case of anteriorly localized tumors in
females, the dissection between the rectal and
the vaginal wall must be performed cautiously
avoiding electrocoagulation for the risk of
recto-vaginal fistulas. On the contrary, in male
patients the dissection of the rectal wall
from the prostatic capsula requires frequent
coagulations.

. Full thickness excision with partial exeresis

of the perirectal mesorectum: The division of
the mesorectum, as in case of posterior
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lesions, requires an efficient high-frequency

electric scalpel to obtain a perfect coagulation

of the numerous vessels. The Harmonic

Scalpel or the Radiofrequency coagulator

(Ligasure) can be employed instead of the

electric scalpel.

5. Endoluminal loco-regional resection (ELRR):
According to our experience this technique is
recommended in all malignant lesions. We
employ this approach also in benign polyps
larger than 2 cm or more in diameter. In fact,
in our series lesions diagnosed as benign at the
preoperative staging were classified as malig-
nant in over 10 % of the cases at definitive
histology (8 % T1 and 2 % T2), despite care-
ful preoperative screening (by routine EUS,
MR, and several macrobiopsies of the lesion).
The rationale of this technique is to remove
the largest amount of lymphatic tissue to
detect the existence of metastatic nodes in
order to have a more reliable staging and a
consequent treatment (TME).

This approach has the advantage that in case
of posterior or lateral lesions, the deep plane of
dissection of the specimen corresponds to the
avascular plane of the mesorectal fascia (the
so-called holy plane of traditional surgery).
Therefore the electrocoagulation of the vessels
tributary of the mesorectum occurs mainly at the
level of the lateral dissection. During the incision
of oral rim due to the tumor-induced neoangio-
genesis the vascular net at this level is rich with
important vessels that can bleed freely creating
trouble to the operator. This can be the most
difficult part of the operation so we recommend
to perform the dissection using the sucking
cannula with electric coagulation.

In case of anterior tumors, in female the
dissection should start as far as possible laterally
where the recto-vaginal septum is thicker. Only
when the right layer is reached the smooth dis-
section should move at the level of the posterior
part of the vaginal wall, utilizing the cannula as a
smooth dissector and avoiding electrocoagula-
tion as much as possible.

G. Lezoche and E. Lezoche

In man, it is important to achieve the correct
plane of the basal dissection that is obtained fol-
lowing the surface of prostatic capsula.

ELRR: How to Perform
Posterior and Lateral Lesions

e The incision of the rectal rim should start from
hours 8 to 3 following an incision line accord-
ing to the above described technique. In the
majority of cases we treat low rectal lesions so
that the incision reveals the fibers of the inter-
nal sphincter muscle that can be partially
removed if required by the imaging evalua-
tion, taking into account the preoperative
manometric values.

* Once the avascular plane is reached, the
mesorectum is easily dissected away from
the pelvic floor.

e Then lateral dissection of the specimen
must be performed. At this level significant
branches of the hemorrhoidal arteries must
usually be coagulated, therefore radiofre-
quency or ultrasound energy can be useful to
avoid important bleeding.

* Dissection then proceeds, alternatively moving
from left to right in order to complete the ring
of the incision line.

e Relevant arteries are usually found during
dissection of the oral side as above described.
This part of the operation is generally the last
and the most difficult one because direct
vision may be obscured by the presence of
the mobilized specimen between the lens of
the rectoscope and the working field. The
difficulties at this point are related to the
volume of the specimen.

e To improve vision and to better control the
remaining area to dissect, it is useful to over-
turn the specimen towards the oral side of the
lumen and carefully dissecting the last part of
the mesorectum that still gives blood supply to
the specimen.
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Peritoneal Opening

Peritoneal Closure

Fig.9.10 Opening of the peritoneal cavity

* The changing color to violet in the mucosa is
the sign of an adequate devascularization of
the specimen.

Anterior Lesions

Female

e In this case the mucosal incision starts from
hours 3 o’clock to 5. In this way it is possible
to identify the vagina wall laterally where
some perirectal fat is present. The rationale of
this approach is to reduce the risk of direct
penetration into the vaginal wall.

e Once the correct plane has been identified,
it is easy to perform a smooth dissection of
the rectum-vaginal septum. In this phase it
is very important to avoid any electric
coagulation.

e During this maneuver it is recommendable to
introduce a surgeon’s finger of the left hand in
the vagina for better control of the instrumental
pressure applied during smooth dissection
with the right hand.

Anal verge

Male

¢ The incision of the rectal wall may start from
hours 8 to 3, as for posterior lesions, and the
prostate white capsula can be easily recognized.

e [t is very important to identify the right plane
in order to avoid significant bleeding from the
prostatic gland.

e Only in this case the dissection will be without
bleedings.

e Severe bleeding may occur if the capsula is
damaged. In this case, spray electrocoagula-
tion by argon is recommended.

* Even in obese patients the presence of fatty
tissue at this level is limited.

In Case of Opening of the Peritoneal
Cavity

During dissection an opening of the peritoneal
cavity can occur (in our experience in 6 % of ELRR).
We do not observe postoperative complications and
hospitalization was not prolonged in all 54 patients
in which a peritoneal opening occurred (Fig. 9.10).
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*  We recommend to close the opening immedi-
ately after utilizing the grasper in order to
avoid a prolonged CO, insufflation of the
abdominal cavity that can easily reduce the
operative field.

* The best technique to close the opening is to
stitch with the needle the mucosa far away
from rim crossing all the layers of the rectal
wall, then the residual mesorectum and the
peritoneal serosa in one side. Then the needle
must cross in the reverse way the other side of
the opening.

e If the closure is delayed to remove the CO,
insufflated in the abdominal cavity, it is rec-
ommendable to insert a Verres needle at the
ombelicum.

After the End of Dissection

Washing the defect: Once the specimen has been
removed, irrigation of the cavity with a solution
of betadine and saline (1:2) is strongly recom-
mended by introducing two large Nelaton tubes
in the rectal wall defect. It is reasonable to believe
that bacteria contamination of the defect can
determine postoperative sequelae. After that
only saline is employed to remove betadine, the
remaining solution can cause fever and chills in
the first 36 postoperative hours.

Intraoperative Histological
Evaluation of the Rims

In order to avoid R1 resection, two half rings of
the rims are removed performing a full thickness
excision of the rectal wall. Both the half rings are
marked with blue dying on the side of the defect
so that the morphologist can exclude intraopera-
tively the presence of residual tumor.

Nucleotide-guided mesorectal excision (NGME)
As the defect has been washed we perform rou-
tinely the research of the sentinel node according to
the technique described in following pages.

Specimen: First the volume of the specimen is
measured by placing it into normal saline in a
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graduated cylinder. Of course this evaluation is
by default, because the electric coagulation dehy-
drates the specimen. Nevertheless it does give a
reasonable measure of the volume. Then the
specimen margins are dyed with methylene blue.
Finally the specimen is pinned to cork table and
fixed in formalin.

Mobilization of the rims: In order to facilitate
suture of the rectal walls and to avoid tension on
the suture line, it is helpful to perform a wide dis-
section at the deep level of the oral side rim. This
dissection should be performed at the level of the
avascular plane (“holy plane”). Since most lesions
are located in the lower rectum, it is generally
impossible to mobilize the anal rim of the defect.

Closure of the Defect

Suture: Several running sutures are utilized to
close the defect of ELRR. A double zero PDS
suture with a half ring needle is used; at the end
of the suture a silver clip is placed and it is advis-
able that the length of the suture line should not
be less than 4 cm and not exceed 6 cm. A longer
line makes suturing motion difficult inside the
rectum ampulla. In case of a mucosectomy, the
suture can be limited to the mucosa.

e To close the wide defect created after ELRR it
is necessary that the needle introduced into the
mucosa at the distance of 1 cm from the defect
then crosses the rectal wall and exits at the
bottom of the perirectal fat in one side of the
defect. Then the needle must cross in a reverse
way the other margin of the defect, and so on
a running suture is performed.

* In case of very large resections, first we place
a stitch in the middlebrow of the defect to
approximate the two rims (oral and caudal)
leaving enough space to manipulate the needle
(Fig. 9.11).

e Then the right-handed surgeon generally place
the first stitch at the level of the right side of
the defect as seen by the operator, then pro-
ceeding with the suture from right to left. Each
one of these suture is pooled and tied by a silver
clip (Figs. 9.12 and 9.13).
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e The suture of the left side especially for wide
defects is the most difficult part of the opera-
tion because the suture is performed in the
upper part of the operative field (at hour 11)
where vision and particularly the instrument
motion are difficult.

Filling of the defect with glue: Before closing the
last stitch it is suggested to fill the defect, left
behind the suture, with 10 cm? of FloSeal (Ethicon
J&J). If the defect is not filled with glue, there is a

CRANIAL RIM

CAUDAL RIM

Fig. 9.11 Stitching of the middlebrow of the defect to
approximate the two rims (oral and caudal), leaving
enough space to manipulate the needle
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higher risk of fluid collection and of a septic evo-
lution of the collection, which is probably an
important cofactor in determining suture leaks.

Filling the rectal ampulla with sponges: At the
end of the operation, after removal of the operat-
ing rectoscope, the rectal ampulla is filled with
two or three iodine sponges. This is aimed at
avoiding or reducing the volume of residual cav-
ity left behind the suture and to reduce the bacte-
ria growth. The sponges are removed after 48 h.

Nucleotide-Guided Mesorectal
Excision

NGME is an original technique developed with
the purpose of increasing the number of removed
nodes in order to evaluate if a salvage TME is
necessary. Despite extensive local resection of
ELRR, the correct evaluation of the histopatho-
logical N parameter may be a cause of concern
due to the limited number of lymph nodes usually
removed during the TEM procedure.

Technique: After induction of anesthesia, injec-
tions of radionuclide are performed around and
behind the tumor through a rectoscope or ano-
scope and by means of a spinal or endoscopic
needle. As the ELRR is performed and the spec-
imen removed, the residual defect is washed with
a solution of provide one to ten iodine (Iodoten,
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Fig.9.12 Procedure performed by a right-handed surgeon, who generally places the first stitch at the level of the right
side of the defect as seen by the operator, then proceeds with the suture from right to left. Each one of these sutures is

pooled and tied by a silver clip



82
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Fig.9.13 Procedure performed by a right-handed surgeon, who generally places the first stitch at the level of the right
side of the defect as seen by the operator, then proceeds with the suture from right to left. Each one of these sutures is

pooled and tied by a silver clip

SANITAS Srl, Tortona) and normal saline. Then
the probe of a gamma camera (encased in a ster-
ile package) is inserted through the TEM recto-
scope to accurately explore the residual cavity in
order to detect any area of residual radioactivity.
In case of a signal at least ten times the baseline
radioactivity the high activity tissue is marked
with metal clips and excised by TEM. All speci-
mens are scanned by the gamma camera in order
to detect the areas with high radioactivity that are
marked with stitches as an aid for the pathologist
to detect the lymph nodes intraoperatively and/or
for definitive histology.

Rational: The success of local resection, even in
the management of early rectal cancer, is strongly
related to the risk of metastases in non-removed
nodes. According to the literature, accuracy rates
in defining lymph node involvement of EUS, CT,
PET-CT, and MRI are 65-81 %, 54-70 %, 75 %,

and 40-94 %, respectively. When performing
routine EUS, CT, and MRI, the risk of nodal sta-
tus understating does not exceed 10-5 %.

The rational of NGME technique is based on
the progression of tumor cells within the lym-
phatic system so that histology of sentinel node
predicts the status of the remaining nodes. In the
literature, in low rectal cancer without unfavor-
able histologic characteristics no skip metastatic
nodes are reported. Therefore NGME technique
is useful to guide perirectal fat excision in order
to include a larger number of lymph nodes during
ELRR by TEM.

Conclusion

To become a skilled surgeon of TEM techniques,
long training is requested. Unfortunately the
vision of the operator is different from the vision
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reproduced on the screen not only because the
screen gives a 2D image, but more than anything
else the width of the operative field is signifi-
cantly smaller than what the other surgeons can
see; so the most difficult parts of the operation is
visible only to the operator. This limitation makes
the learning process more difficult. Different
from laparoscopic surgery the working space of
TEM is very limited so that the instruments
moved by two hands can easily conflict.
Microsurgery requires more delicate maneuvers
and every risk of bleeding must be minimized.
All surgeons are not comfortable with pelvic
anatomy viewed from perineal side. Therefore
when large endoluminal resection of the rectum
is performed the surgeon must be very prudent
and must have a perfect control of instruments
manipulation, especially in blind conditions
related to bleedings.
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Hybrid NOTES Colectomy for
Left-Sided Colonic Tumors

10

Alex Lik Hang Leung, Hester Yui Shan Cheung, and
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Introduction

Short-term benefits of laparoscopic colectomy for
colonic cancer have been proved in different clini-
cal trials [1-3]; patients will benefit from less post-
operative pain, reduced pain-related and
wound-related complications, as well as faster
return of bowel function. However, abdominal
incisions for retrieval of the specimen are associ-
ated with increased postoperative pain and some-
times wound-related complications, compromising
the benefits of minimally invasive surgery.

Natural Orifice Transluminal Endoscopic
Surgery (NOTES) can completely abolish wound
pain and wound-related complications [4, 5];
however, it has many technical limitations. To
maximize the benefits of minimally invasive sur-
gery, Natural Orifice Specimen Extraction
(NOSE) is an alternative for specimen retrieval
and is one further step towards “incisionless” sur-
gery. There are a number of reports with promis-
ing results on the application of NOSE in
laparoscopic colorectal resection [6—17]; both
transanal and transvaginal specimen retrieval
have been described.
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Herein, we describe a novel technique of
laparoscopic colectomy without mini-laparot-
omy, known as hybrid NOTES colectomy, for
patients suffering from left-sided colonic tumors.
In this technique, colonic mobilization, transec-
tion, and colorectal anastomosis are performed
laparoscopically, but specimen is extracted
through an anatomical passage, i.e., the anus,
using the Transanal Endoscopic Operation (TEO)
device (Karl Storz Endoscopy, Tuttlingen,
Germany). Without a mini-laparotomy, wound-
related complications can therefore be avoided.

Indications and Contraindications

This technique can be suitably applied to
patients with left-sided colonic tumor from
splenic flexure to upper rectum when the tumor
size is 4 cm or below (as measured in computed
tomography). Tumors larger than 4 cm in size
are contraindicated; such tumors are too large to
be safely extracted transanally via the TEO
device, which itself measures 4 cm in diameter.
Mid- or low-rectal tumors necessitate total
mesorectal excision and division of the rectal
tube at the anorectal junction, which precludes
placement of the TEO device in the lower rec-
tum. Another contraindication is the presence of
anal stricture, which precludes insertion of the
TEO device. Finally, patients presenting with
acute surgical emergencies and the presence of
synchronous tumors are also contraindications
of this technique.

W.L. Law and C.P. Delaney (eds.), Single Incision Laparoscopic and Transanal Colorectal Surgery, 85
DOI 10.1007/978-1-4614-8902-3_10, © Springer Science+Business Media New York 2014



86

Operating Room Setup and
Recommended Instruments

The availability of advanced and user-friendly
instruments is the first step of a successful
operation.

We perform this “hybrid NOTES” colectomy
in our integrated endolaparoscopic suite where
the stands of video, optional systems, and energy
sources are mounted onto the ceiling for easy
maneuvering, and various laparoscopic and
endoscopic instruments can be plugged in and
used conveniently. The success of operation
depends on team work. Cooperation between
abdominal surgeon, perineal surgeon as well as
camera assistant is essential. Experienced anes-
thetists and scrub nurses are important team
members to ensure a smooth and successful
operation.

Recommended Instruments Are as
Follows

e 30° laparoscope

e Atraumatic bowel graspers, e.g., debakey
grasper

* Energy source, such as ultrasonic dissector or
LigaSure (Covidien, Norwalk, Conn)

* Endoscopic clips or endo-staplers for vascular
control

* Non-cutting endo-staplers or cotton tapes for
proximal and distal exclusion of tumors

e Cutting endo-staplers for bowel transection

e TEO device (Karl Storz Endoscopy,
Tuttlingen, Germany)

 Circular staplers for bowel anastomosis

The Surgical Procedure

Preparation

Computed tomography should be reviewed to
estimate the size of the lesion, as lesion larger

than 4 cm precludes the use of the TEO device.
Preoperative colonoscopic tattooing is important

A.LH.Leung etal.
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Fig. 10.1 Positions of surgeons. CS chief abdominal sur-
geon, AS: assistant surgeon, CA camera surgeon, PS peri-
neal surgeon, SNA scrub nurse for abdominal part, SNP
scrub nurse for perineal part

for small lesions; alternatively, lesions can be
localized by preoperative colonoscopy in the
integrated endolaparoscopic suite. Mechanical
bowel preparation was given the day before
operation. Prophylactic antibiotic was given on
induction.

Position of the Patient and Trocar
Placement

The positions of the surgical team, the equip-
ment, and the port sites are shown in Figs. 10.1
and 10.2, respectively. The patient is put in the
Lloyd-Davies position, with both legs abducted
and slightly flexed so that the perineal surgeon
could insert the TEO device with ease. Sacral
support is used to raise the pelvis; the tip of the
coccyx should be readily palpable from below.
During operation, the patient is put in a 20-30°
Trendelenburg position with a right-side-down
tilt to get rid of the small bowel from the opera-
tive field. The chief surgeon uses a 5 mm port and
a 5-12 mm port in the right iliac fossa which
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Fig. 10.2 Port sites for the hybrid NOTES colectomy

allows passage of endo-staplers or endo-clips.
The assistant surgeon uses two 5 mm ports in the
left iliac fossa.

The Lateral to Medial Approach

After pneumoperitoneum is established, a thor-
ough diagnostic laparoscopy is first performed to
localize the tumor and to look for any peritoneal
deposits and ascitic fluid. In female, if the uterus is
in the way, the uterus can be slung up by sutures
through the abdominal wall to improve exposure.
The operation is started with a lateral first approach
(our preference) along the white line of Toldt. The
left-sided colon is mobilized and the left ureter is
identified and protected. The assistant surgeon
provides counter-traction of the colon by holding a
cotton tape which was passed through the sigmoid
mesentery (Fig. 10.3). During medial dissection,
the assistant surgeon retracts the sigmoid colon
towards the abdominal wall to tent up the mesen-
tery. A mesenteric window is made in the sigmoid
mesocolon and dissection is carried out upwards.
The inferior mesenteric vessels are then dissected
out and divided by vascular staplers or between
endo-clips

Fig. 10.3 The assistant surgeon provides counter-
traction of the colon by holding a cotton tape

Mobilization of the Rectum

Presacral dissection is carried out distal to the
tumor. Attention should be paid to preserve the
hypogastric nerves. The distal level of transection
should be 5 cm distal to the tumor. The mesentery
at the intended level of transection is divided. The
abdominal surgeon uses a pair of atraumatic lapa-
roscopic bowel forceps to occlude the bowel just
proximal to the “nude” rectal tube; the perineal
surgeon then quickly carries out distal cytocidal
rectal lavage with povidone-iodine solution so as
to reduce the risk of tumor seeding and peritoneal
contamination. Non-cutting endo-staplers are
applied at the chosen level distal to the tumors to
exclude the tumor distally (Figs. 10.4 and 10.5).
An alternate way to exclude the tumor is by tying
the colon with a cotton tape.

Insertion of the TEO Device
and the Passage of the Anvil

Next the perineal surgeon inserts the TEO device
(Fig. 10.6) through the anus and it is fixed exter-
nally. The abdominal surgeon then divides the
rectum just distal to the staple line or the cotton
tape by energy device until the rectal stump is
opened (Fig. 10.7). The TEO device helps to
maintain pneumoperitoneum by simultaneously
insufflating the rectum with carbon dioxide. The
rectal stump is kept opened by grasping the edge
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Fig. 10.4 Non-cutting endo-staplers are applied at the
chosen level distal to the tumors to exclude the tumor
distally

Fig. 10.5 Non-cutting endo-staplers are applied at the
chosen level distal to the tumors to exclude the tumor
distally

Fig. 10.6 The TEO device inserted through the anus

Fig. 10.7 The rectum is divided just distal to the staple
line

Fig. 10.8 The rectum is kept opened by grasping the
edge of the rectal stump using atraumatic forceps

of the rectal stump on either side using atrau-
matic forceps (Fig. 10.8). The detachable anvil
(with the spike anchored on it) of a 31-mm circu-
lar stapler (DST Series EEA; AutoSuture,
Norwalk, CT) is then passed via the TEO device
and manipulated into the peritoneal cavity by the
perineal surgeon under direct vision (Fig. 10.9).

Proximal Transection and Specimen
Retrieval

Next the colonic mesentery at the intended level
of proximal bowel division is divided. The
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Fig. 10.9 The anvil is passed through the TEO device
into the peritoneal cavity

Fig.10.11 The specimen is extracted via the TEO device

Fig.10.10 The colon is transected proximal to the colot-
omy site

abdominal surgeon fires a non-cutting endo-
stapler at a point about 5 cm distal to the intended
line of bowel division to exclude the colon from
the tumor below. Again, a cotton tape is an alter-
native of a non-cutting endo-stapler. A colotomy
is then made immediately proximal to the proxi-
mal staple line or cotton tape, and the anvil is
gently inserted through the colotomy into the
proximal colon. The abdominal surgeon then
carefully manipulates the anvil such that the
spike is delivered through the anti-mesenteric
side of the colon, proximal to the intended line
of division; the spike can then be easily removed
via the 5—12 mm port in the right iliac fossa. The
colon is finally transected proximal to the colot-
omy site by a cutting endo-stapler. The specimen

Fig. 10.12 The rectal stump is closed by firing an
endo-stapler

now becomes free (Fig. 10.10). Under laparo-
scopic and endoscopic guidance, the resected
specimen is slowly extracted through the TEO
device (Fig. 10.11). The TEO device serves as a
stable conduit against tumor seeding and pro-
tects the rectum and anus from injury during
specimen retrieval. This technique avoids the
need to create a mini-laparotomy wound for
specimen retrieval.

Colorectal Anastomosis

The abdominal surgeon applies traction to the edge
of the opened rectal stump and fires another cutting
endo-stapler to close the rectal stump (Fig. 10.12.)
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Fig. 10.13 The rectal tissue remnant is removed via the
5-12 mm port

Fig. 10.14 The rectal tissue remnant is removed via the
5-12 mm port

The tiny rectal tissue remnant is removed via the
5-12 mm port (Figs. 10.13 and 10.14).

During the last operative stage, the TEO
device is removed. We use the circular stapler to
fashion a tension-free intracorporeal side to end
colorectal anastomosis in usual manner
(Fig. 10.15). At the end of operation, an on-table
colonoscopy is routinely performed to check for
any staple line bleeding. At the same time, the
gas leak test is performed to ensure an air-tight
anastomosis. Finally, the fascial layers of the sub-
umbilical port and the 5-12 mm port are closed,
and the skin is approximated with steri-strips. No
drain is required.

Fig. 10.15 A circular staples is used to fashion a side to
end colorectal anastomosis

Postoperative Care

Fluid diet is allowed on the first postoperative
day; this is stepped up to solid diet as tolerated by
the patient. The urinary catheter is usually
removed in the first postoperative day too.
Mobilization exercise is continued throughout the
postoperative period. Majority of patients are dis-
charged on the fourth or fifth postoperative day.

Conclusion

Without specimen-retrieval incision, this hybrid
NOTES technique can minimize the postoperative
pain and the risk of wound-related complications.
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by Transanal Endoscopic
Microsurgery (TEM)

Emanuele Lezoche, Giancarlo D’Ambrosio, Pietro
Ursi, and Giovanni Lezoche

Introduction

Until 1940 all patients with distal rectal cancer
(RC) underwent abdominal perineal resection
(APR) with permanent colostomy. In 1948 Dixon
demonstrated that rectal resection and colorectal
reconstruction was a safe and available alterna-
tive [1]. The introduction of surgical stapling
devices and the development of total mesorectal
excision (TME) by Heald in 1982 established
anterior resection as the gold standard procedure
for most curable rectal cancer [2]. TME tech-
nique has facilitated pelvic autonomic nerves
preservation and it has emphasized the achieve-
ment of negative circumferential resection mar-
gins (CRM) and distal resection margins (DRM),
thus optimizing both patient’s quality of life and
oncological outcomes. Although the distal mar-
gin at 5 cm has been advocated in the past [3]
more data suggest that 2 cm is enough [4, 5]. On
the other hand, resection margins of 1 cm can be
appropriate for selected patients treated with pre-
operative chemoradiation [6]. These progresses
have inspired the diffusion of restorative tech-
nique for treating middle and low rectal tumors.
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The introduction of the double-stapling
technique (DST) by Knight and Griffen has been
another significant step in carrying out a low
colorectal anastomosis [7]. However, DST has
still some technical problems in sphincter preser-
vation, including difficulties in performing colo-
anal anastomosis in low rectal cancer, anastomotic
stenosis, anastomotic leakage, failure of stapler
applying, etc.

In 1984 Marks [8] proposed TATA
(TransAbdominal TransAnal) technique to treat
low rectal cancer. The main advantage of this
transanal approach is the preliminary identifica-
tion of tumor distal margin and the early dissec-
tion of the distal part of perineal muscles in order
to detect perirectal tumoral invasion and verify
the possibility to perform a sphincter saving pro-
cedure. On the contrary, in open or laparoscopic
TME the dissection starts at the level of the left
colonic vessels with the isolation and ligation of
pedicles and left colon mobilization. So that the
most complex part of the operation, related to the
isolation of the distal rectum/mesorectum is per-
formed at the end of the procedure.

Transanal endoscopic microsurgery (TEM),
proposed by Buess in 1983 [9] for benign lesions,
appeared as a technique to relieve loco-regional
rectal surgery, providing full-thickness excision
with an excellent view and control of the entire
rectum. It has proven to be technically superior to
conventional transanal approaches with signifi-
cant lower recurrence rates [10]. According to
several authors [11, 12], it is currently the best
local technique to treat early rectal tumors, for its
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technical characteristics TEM allows a more
accurate assessment of resection margins.
Furthermore, from the late 1990s, the authors
have developed a wider endoluminal resection
for small iT1-2 NO RC that include all the meso-
rectum adjacent the neoplasia. This operation has
been named Endoluminal Loco-Regional
Resection (ELRR). If combined with neoadju-
vant therapy ELRR has shown, in a prospectic
randomized trial in selected patients with low T2
NORC at a follow up of 10 years, the same onco-
logical results obtained by TME [13].

On the basis of the experience achieved with
ELRR the authors have developed a technique to
perform transanally the TME utilizing modified
TEM instrumentations. The dissection starts
intraluminally cutting transversally the rectal
wall to achieve the same dissection planes uti-
lized in traditional TME. We named this original
technique  Transanal = Endoluminal  Total
Mesorectal Resection (TETMR).

Methods
Patient Preparation

It consists of:

1. Colonic washout with 5 1 of PEG (Selg-Esse®
1000) the day before surgery.

2. A short-term antibiotic prophylaxis with met-
ronidazolo (Deflamon®) and ampicillin +sul-
bactam (Unasyn®) 1 h before operation to
prevent sepsis. In patients who underwent
several monthly cycles of neomicina for diver-
ticular disease, the antibiotic prophylaxis was
administered for 3 days before surgery.

3. A continuous lavage of the rectum with saline
containing diluted 1:10 Betadyne® 10 % was
performed for 5 min before the placement of
the TEM instrumentation.

Instrumentation
A full set for laparoscopic surgery and a set for

TEM must be arranged in the operative theatre as
shown in Fig. 11.1.
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Fig. 11.1 A full set for laparoscopic surgery and a set
for TEM

Modified TEM instrumentation

To perform “TETMR” the 12 cm rectoscope and
the working insert of TEM instrumentation has
been modified by Richard Wolf (Tuttlingen—
Germany) according to the author’s suggestions.
1. The shape of the 12 cm rectoscope has been
modified by cutting the clarinet tip so two
results have been achieved: a vertical section
has been obtained and the rectoscope becomes
significantly shorter (Fig. 11.2), therefore
allows to work easily in the upper part of the
operative field (Fig. 11.3). The modified distal
edge of the rectoscope pressing the external
anal margin makes possible to widen the canal
anal and to perform a circular transversal inci-
sion of the mucosal layer between the anal
verge and the pectinate line. The deep dissec-
tion is carried out in relation to the tumor exten-
sion as assessed by imaging (MR and Transanal
US) performed before neoadjuvant treatment.
The internal sphincter (that is easily identified),
can be totally or partially removed if necessary.
2. The “working insert” (also named “operative
faceplate”) has been modified so that the new
model has a 10 mm hole to introduce a standard
laparoscope locking it Fig. 11.4. Standard TEM
optics have the advantages of a 3D view and an
excellent magnification of the details due also
to the perfect lighting; these technical features
facilitate identification of the correct dissec-
tion plane, but at the same time have the default
of a very narrow view of the operative field.
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Fig.11.2 A modified 12-cm rectoscope

Fig.11.3 The upper part of the operative field

This can cause the loss of the surgeon’s bearing.
To avoid this situation it can be useful, once a
large cavity has been created in the pelvis, to

replace TEM optics with the 0° laparoscope
that allows a wider view.

3. Alternatively a 30°, 5 mm laparoscopy held by
the assistant, can be placed in the sealing insert
to increase lighting and to obtain a wider field
of vision on the laparoscopic screen.

Patient’s Position

Posterolateral Lesions

The patient is placed on the operative table in
Trendelenburg lithotomic position with the legs
supported in stirrups.

Anterior Lesions

Patient is initially placed in prone position, for
more detail see the chapter Tips and Tricks...

page....
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Fig.11.4 The “working insert” (also named “operative faceplate”)

This position is generally employed only in
case of anterior lesion in female patients. As
matter of fact the dissection of the recto-vaginal
septum is the most delicate part of the operation
that requires to work in the best conditions.
According to the TEM technique, the lesion
must always be placed as close as possible to 6
o’clock of the operative field and patient must
be rotated on the operating table to obtain the
ideal operative placement during the whole sur-
gical procedure. In male patient, the well-trained
surgeon in TEM procedures can perform a 360°
dissection maintaining the patient on the opera-
tive bed in the same position in order to mini-
mize operative time.

Surgical Technique
Step 1 (by TEM Instrumentation)

* A. Posterior Lesions

Surgery starts with a mucosal transverse cir-
cular incision at 1 cm from the lower margin of
the neoplasia (A). The dissection may partially
include the internal sphincter or it may follow the
intersphincteric plane. A full-thickness incision
is performed by electrocautery down to reach the
“Holy plane” described by Heald. Then the sur-

geon continues the anterior isolation of the rec-
tum rotating the operative bed both to the left and
to the right in order to modify the working area
until a 360° dissection has been achieved. The
smooth dissection is facilitated by the CO, insuf-
flation that cranially pushing back the rectal
stump. The excellent TEM view allows to pre-
serve the integrity of mesorectal fascia (B—C) and
parasympathetic pelvic plexus (D).
e B. Anterior Lesions

Before starting the transanal access, in female
patient it can be useful to stitch the uterus by lap-
aroscopy technique to suspend it to the anterior
abdominal wall. At the beginning of our experi-
ence the patient was placed in prone position then
in the last three cases a supine position was uti-
lized. Only in female patients with large tumors
is the prone position is recommendable. The dis-
section starts by identifying the lower margin of
the neoplasia and as for posterior lesions, it can
partially enclose the internal sphincter or it may
follow the intersphincteric plane. The next dis-
section is performed moving from the lateral side
to the middle line, that allows to identify the
recto-vaginal septum or prostatic capsule and
seminal vesicles in males so completely remov-
ing the Denonvilliers’ fascia. By maintaining the
prone position, the surgeon can continue the
dissection rotating the patient laterally on both
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sides, so the complete mesorectum excision is
reached. During the dissection a steel
Trendelenburg position and the CO, insufflation
cranially push down rectal stump, obtaining a
wide operative field. As soon as possible, to pre-
vent further CO, bowel insufflation, luminal liq-
uid leak and tumor cell’s spillage, the distal cut
edge of the rectal stump is closed with a purse
string suture. Tumoral reimplantation is unlikely
after radiotherapy.

Step 2 (by TEM Instrumentation)

If the patient was previously in a prone position,
he must now be placed supine. By changing the
working insert of TEM it is possible to work uti-
lizing a 30°, 10 mm laparoscopic optic in order to
obtain a wider view of the operative field (E).
In this way the surgeon works utilizing the lapa-
roscopic screen until the rectal stump with meso-
rectum is totally dissected as far as the peritoneal
reflection is reached.

Step 3 (by TEM Instrumentation)

Dissection continues to the peritoneal reflection.
This level can be easily identified by transillumi-
nation with an accessory laparoscopic optic.
Then a washing of the residual cavity in order to
sterilize the operative field is performed with
Betadine®.

Step 4 (Laparoscopic
Instrumentation)

Three (occasionally four) trocars are usually
placed. The inferior mesenteric vein (IMV) is
divided then the inferior mesenteric artery
(IMA) beyond the origin of the left colic artery.
The laparoscopic mobilization of splenic flexure
and of the transverse colon is performed as
usual.

Then the isolation of the intraperitoneal rec-
tum and the section of the pelvic peritoneum is

performed in order to achieve the complete mobi-
lization of the rectum, the descending and of
transverse colon. A Pfannesteil mini-laparotomy
is performed to resect the rectum. The specimen
is sent to the morphologist to assess intaopera-
tively free margins. Before the closure of mini-
laparotomy the colon is pulled out through the
anus to perform colo-anal anastomosis.

Alternatively, the whole rectal stump covered
with a plastic drape can be pulled out through the
TEM rectoscope, out the anus. So the specimen is
resected to perform the colo-anal anastomosis.

When specific and dedicated devices are avail-
able, mobilization of left colon, splenic flexure,
vascular section and loco-regional lymphadenec-
tomy, will be totally performed by the transanal
approach avoiding the abdominal step, to accom-
plish a NOTES complete procedure.

Step 5

Finally a trans-sphincteric drainage is placed and
the protective ileostomy is carried out.

Clinical Experience

From October 2008 eight patients (5 males and 3
females) with ultralow rectal cancer (<3 cm from
pectinate line) were selected to undergo to
TETMR. All patients underwent a long course of
neoadjuvant Radiochemoterapy (nRCT) and sub-
scribed an informed consent reporting the possi-
bility of stoma and the new surgical technique.
Median age was 66 years (41-77). On the specimen
mean tumor diameter was 3 cm (1-5 cm) and the
definitive staging was: one pT3NI1, one pT3NO,
four pT2NO and two pTONO. Ilestomy was per-
formed at the end of the procedure in four
patients.

Mean operative time was 450 min (360-
600). Longer operative time was required at the
beginning of the experience, due principally to
the need to modify the patient position on the
operative bed. No intraoperative complications
occurred.
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The following postoperative complications
were observed: one female developed a pelvic
abscess in tenth p.o. day and an ileostomy was
performed, 2 months later this patient developed
a thin recto-vaginal fistula that was treated by
rectal stent. After 3 months the MR and endos-
copy assessed the complete healing of the fistula,
so the stent was removed and ileostomy closed.
Other postoperative complications included: 2
leakages of colo-anal anastomosis and pelvic
abscesses, both treated by percutaneous drainage,
and one temporary urinary incontinence.

Late complications included two anastomotic
stenosis in patients with pelvic abscess. Both
were treated by dilatations and stenting. All
patients were enrolled in a 3 months program of
close follow up with a imaging and clinical check
planning. At present only one patient died of car-
diac disease, 1 year and half after TETMR. All
others (seven) patients are disease free.

Discussion

The previous experience of 450 RC treated by
ELRR has provided us with the necessary skill
to complete pelvic dissection by TEM follow-
ing the same planes utilized in open or
laparoscopic TME.

Only after we mastered a thorough under-
standing of the new view of anatomy that moves
from the anus to the upper part of the rectum, we
decided to perform the “standard” TME utilizing
the previous described TEM instrumentation.
The TEM vision offers significantly advantages
(like 3D vision, lighting and magnification) but at
the same time there is the disadvantage of a narrow
operative field that can mislead the surgeon. For
this reason, we recommend to follow all the pro-
cedure also the under the view of a 30°, 5 mm
laparoscope introduced through the third middle
silicon sealing valve of the TEM working insert.

On the bases of the previous reported advan-
tages in mind, we asked ourselves:

why should we uphold the surgical tradition of per-

forming TME starting from the abdominal cavity
and so so far from the tumor?

E.Lezoche et al.

In our opinion TETMR represents a remark-
able innovation in the treatment of low or ultralow
rectal cancer that has the same advantages of the
Marks procedure but provides a better view
together with ideal working conditions.

Other techniques to preserve the sphincter
have recently been proposed as an example
APPEAR described by Williams [14]. This pro-
cedure is however significantly more invasive
and doesn’t allow to perform low resections if
compared TETMR. If the imaging performed
before nRCT showed tumor invasion, the latter
makes possible to extend, under direct vision, the
resection to the adjacent structure to the lower
mesorectum.

Other Authors have utilized TEM to perform a
NOTES sigmoid or rectal-sigmoid resection [ 15—
18]. As far as we know the first TME performed
by TEM belongs to our series and it was con-
ducted in October 2008, and also another author
has reported a similar approach [19].

Conclusions

TETMR is a feasible operation for surgeons
expert in TEM procedures and it is possible that,
for the advantages that it offers, it will become in
a few years the most chosen operation to treat
low/ultralow RC. In the near future utilizing
properly developed instrumentations it will be
possible to utilize the rectoscope with the modi-
fied working insert as platform to perform all the
abdominal steps of TME, so realizing a complete
NOTES operation.
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Defining TEM
Historical Perspective

Transanal endoscopic microsurgery (TEM) was
first clinically applied by Buess et al. in 1983 in
response to the increasing need for improved sur-
gical access to resect benign and early stage malig-
nant rectal lesions [1]. Prior to the development of
this technology, surgical options for the treatment
of endoscopically unresectable rectal polyps were
confined to either standard transanal local excision
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or radical surgery. TEM is a fundamental mini-
mally invasive technique in the colorectal surgical
armamentarium which facilitates clear visualiza-
tion and access to the entire rectum [2].

Overview

TEM’s appeal is the fact that it provides the sur-
geon with the ability to transanally excise lesions
that were previously inaccessible [3]. It involves
an operating rectoscope through which full-
thickness or submucosal excision, hemostasis,
and subsequent closure of the defect with a run-
ning suture are performed [4]. This operation
could be classified both as the original Natural
Orifice Transluminal Endoscopic  Surgery
(N.O.T.E.S) and as single-port surgery. It involves
the introduction of a “port” (the operating recto-
scope) through a natural orifice, the anus, and the
use of specially developed curved instruments
which allow for access to the majority of the rec-
tum. Currently there are an estimated 430 TEM
systems in use around the world with approxi-
mately 45 systems available in the United States
[5]. This technology has a steep learning curve;
however, once employed by an experienced sur-
geon, it has the propensity to fundamentally alter
the surgical treatment of rectal adenomas, low
risk carcinomas, and more advanced cancers
after neoadjuvant therapy.
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Equipment
Set up

Presently there are two companies offering TEM
equipment, Richard Wolf Medical Instruments
Corporation (Vernon Hills, Illinois) and TEO
equipment of Storz (Karl Storz GmbH & Co.,
Tuttlingen, Germany). Regardless of the TEM
system being used, it is important to understand
the fundamental tenets of equipment use.

The TEM system consists of an operating
proctoscope which has a removable faceplate and
four ports. The proctoscope is 4 cm in diameter
and is held in place by a Martin arm, which has
three joints all tightened by one knob, and attaches
to the operating table (Fig. 12.1). One of the four
ports is used to introduce the optical stereoscope,
one for suction, and two for instrument insertion.
The optical stereoscope (10 mm instrument)
employs two eye pieces which allow for three
dimensional vision with a 75° field of view and a
50° downward viewing angle. An added benefit is
the ability to utilize a 5 mm 40° accessory teach-
ing scope which allows the procedure to be pro-
jected onto standard laparoscopic monitors for

easier viewing. Another option involves utilizing
a 30 or 50° scope with a camera attachment and
performing the case watching the monitor. This
is ergonomically superior, but the stereoscopic
vision is lost.

Several authors extol the benefits of the com-
bined multifunctional endosurgical unit which
automatically regulates suction, irrigation, and gas
insufflation to maintain a constant intrarectal pres-
sure of 12-15 cm H,0O [6]. Maintaining constant
intrarectal pressure is essential, as this facilitates
visibility of the operative field. If the rectum does
not distend properly, or if the system does not
maintain a constant intrarectal pressure, this is a
sign that there is an air leak in the system. This is
the most frequently encountered problem that the
TEM surgeon must learn to troubleshoot as loss of
pneumorectum results in complete loss of surgical
view [6]. The constant insufflation from the TEM
unit avoids the billowing effect seen when distend-
ing the rectum with a laparoscopic insufflator.

Instruments

In order to permit mobility within the 4 cm oper-
ating proctoscope, a unique design element has
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—

Fig. 12.1 Proctoscope held in place by Martin arm
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Fig. 12.2 TEM surgical instrument table

been built in to each of the TEM instruments,
notably that they are all angled instruments.
A slight bend in the instrument shaft near the
working end allows for maximal ergonomic posi-
tioning and function within the closed operating
field [7]. The need for intracorporeal knot tying is
circumvented by the use of a clip applicator
which applies a silver clip to each end of the
suture material. Several other innovative instru-
ments are available to improve the TEM operat-
ing experience, particularly the multifunctional
TEM 400 instrument by Erbe (ERBE
Elektromedizin GmbH, Tubingen, Germany).
Many surgeons use the 5-mm ultrasonic har-
monic scalpel which facilitates hemostatic dis-
section particularly when traversing the
mesorectum; however, we favor the angled cau-
tery device [7]. Unfortunately, the multifunc-
tional ERBE instrument which allows for suction,
irrigation, and cautery in one instrument is not
currently available in the United States (Fig. 12.2).

Patient Positioning

In order to facilitate efficient surgical resection,
patient positioning is paramount. There are sev-
eral principles which must be applied to TEM
positioning to allow for optimal surgical visibil-
ity: the bevel of the scope must face down at the
lesion, and the lesion must be maintained at the

center of the operating rectoscope throughout the
dissection. Because the operation is performed
through a 20 cm long operating rectoscope there
is very little movement of the instruments either
up/down or left/right. The lens system occupies
the upper 180° of the rectoscope, therefore it is
imperative that the lesion is in the bottom half of
the scope. Scheduling should make mention of
patient position so that all team members are
aware. Also of note, full-thickness excision is
historically felt to be possible extraperitoneally
up to the 20 cm level posteriorly, the 12 cm level
anteriorly, and the 15 cm level at each respective
side wall [7]. Particular attention must be paid to
positioning as it has been referred to as the most
important aspect of this operation [6]. Higher
lesions can be approached by experienced TEM
surgeons, but a lesion where entry into the perito-
neum is possible should be avoided by surgeons
early in their TEM learning curve (Fig. 12.3).

Personnel Positioning

The surgeon will be seated between the patient’s
legs, the operating table and surgeon’s stool can
be adjusted to promote a comfortable operating
environment. The accessory scope must be
inserted and imaging routed to the external
monitor to allow for visualization by residents,
medical students, and operating room staff.



104

L. Blair et al.

Fig. 12.3 Patient in right lateral position prior to draping

Fig. 12.4 Personnel positioning during TEM with patient in right lateral position

The multifunctional endosurgical unit will be
positioned close to the operating field where the
tubing can safely reach the field. The scrub nurse
should be positioned opposite the endosurgical
unit, and the surgical assistant should be seated
next to the surgeon (Fig. 12.4).

Operative Technique

As previously discussed, positioning is of the
utmost importance as the lesion is optimally in

the bottom 180° of the scope to allow adequate
reach. Correspondingly, posterior lesions are best
managed with modified lithotomy, anterior
lesions with prone positioning, left-sided lesions
necessitate left side down, and right-sided lesions
must be addressed with right side down. After the
patient is prepped and draped, the anus is gently
dilated, and the 4 cm operating proctoscope
inserted. The scope must then be manipulated
until an ideal placement of the lesion is identified
in the lower half of the operating proctoscope. To
do this a glass faceplate is employed and the
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Fig. 12.5 Margin of lesion marked with electrocautery

scope is manipulated similar to a large rigid
sigmoidoscope.

Once the desired visual field has been
obtained, the operating proctoscope is secured to
the table via the Martin arm, and the operating
faceplate is closed on the end of the scope. The
rubber sleeves and caps are placed onto the work-
ing ports, and must be kept lubricated with min-
eral oil as drying and cracking of the caps are a
possible cause of intraoperative air leak with sub-
sequent loss of pneumodistention.

Attention must now be turned to the set up of
the multifunctional endosurgical unit. There are
four important pieces of tubing associated with
this apparatus which provide continuous insuffla-
tion, regulation of intrarectal pressure, irrigation,
and roller-pump suction. All of the attachments
are suited only for the proper tubing connectors
which avoids possible connection mistakes.

After proper set up of the operative field, the
lesion is infiltrated using local anesthetic with epi-
nephrine to aid in hemostasis. At this point in time
the margin of the lesion is marked out using elec-
trocautery (Fig. 12.5). A’ 5 mm margin is ideal for
adenomas, and 10 mm for carcinomas which are
amenable to TEM resection. It is important to per-
form this step now as it is often hard to be certain
of margins once cautery artifact, blood, and smoke
obscure the operative field. Additionally by per-
forming this, the surgeon confirms his/her ability
to reach all margins of the lesion.

Full-thickness excision is required for all
malignant lesions, while adenomas can be
excised in either a full-thickness or submucosal
plane (Fig. 12.6). Dissection is carried out using
electrocautery. Care must be taken when address-
ing anterior lesions, as the peritoneal reflection
may be present at varying levels. Entry into the
peritoneal cavity used to be an absolute contrain-
dication for this approach. It is still advisable to
avoid high anterior lesions early in one’s TEM
experience. As experience has grown we recog-
nize that this can be safely managed transanally.
The possibility of the need for an abdominal
operation and even proximal diversion must be
discussed preoperatively with every patient. This
should be an exceedingly rare event. In the event
of this rare complication, expectant management
is a key tenet as patients can potentially develop
intra-abdominal sepsis requiring reoperation.
After successful dissection, all wounds should be
irrigated and subsequently closed with a running
transverse suture (Fig. 12.7).

Technical Pearls

Patient positioning is very important and can be
referred to as the most important principle of
TEM. Remembering to reposition the operating
rectoscope is of the utmost importance. This
allows the TEM resection to proceed in the most
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Fig. 12.6 Full-thickness local excision

Fig. 12.7 TEM running anastomosis

efficient fashion by continuing to keep the lesion
in the bottom of the scope. The TEM proctoscope
must be entirely encompassed by the anus to
allow for adequate pneumorectum, which can be
difficult to achieve below the 5 cm level. Lesions
which are located in the very distal rectum (below
the 5 cm level) may be better addressed with con-
ventional local excision. Many experienced TEM
surgeons have become so accustomed to the
superior view afforded by this technology that
they prefer to use the TEM scope. To facilitate
this more complicated dissection, one must
change from a bevelled to a flat operating scope.
In this situation, the closure is often done in a
conventional transanal fashion.

Air leak is by far the most frustrating situation
encountered by the TEM surgeon. Air leak leads
to loss of pneumorectum and potentially com-
plete collapse of the operative field. When
encountered it is important to evaluate an air leak
in a systematic fashion. Trouble shooting the
dreaded airleak involves checking all equipment
tubing and connections, as well as the rubber
caps which are present on the faceplate for any
cracks or pinholes.

There are several key pieces of information
which must be kept in mind when manipulating
the TEM instruments. First, the instruments
should always remain in parallel, and should
not cross over each other. There is very little
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movement in the horizontal axis as one is operating
through a 20 cm tube. To gain mobility the instru-
ments are moved in and out and rotated slightly,
utilizing the angle of the instrument to gain reach
and mobility. Instruments should be lubricated
with mineral oil to reduce wear and tear on the
face plate caps which can lead to loss of operative
visibility and to reduce the annoyance of drag on
your instrument as you are trying to dissect. The
suction catheter should be maintained in the
proximal neck of the rectoscope, well out of the
operative field of view, and away from the rectal
wall. By keeping the suction out of the operating
field, the surgeon increases the mobility of the
working instruments.

When suturing the defect closed, the surgeon
must carefully pass the needle from hand to hand.
Dropping the suture needle may necessitate repo-
sitioning of the rectoscope, and will subsequently
lead to delay in progression of the operation. The
suture material must be kept short in length or a
significant amount of time will be required to
simply pull the suture material through the tissue.
Generally we recommend a 10 cm stitch length.
If the surgical resection margins necessitate an
extensive resection, the large defect which ensues
must be closed with multiple sutures. Fortunately
even after closure of a large defect, the patency of
the rectal lumen is assured as the surgeon has
been closely monitoring it through the 4 cm oper-
ating proctoscope for the duration of the closure.

Indications
Benign Disease

The benefit of TEM is obvious when radical sur-
gery can be avoided in the treatment of benign
rectal lesions. The technique of TEM was first
developed and applied to lesions in the mid and
upper rectum which were either difficult to reach,
or completely inaccessible via traditional
transanal approaches. Several authors postulate
that TEM is both more effective and will lead to
better long term outcomes when used to treat
benign rectal lesions. The reason for this is the
clear advantage of superior visibility, particularly
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of the proximal margin. Additionally the rate of
piecemeal excision is greatly reduced with this
approach [8].

Moore et al. reviewed their data regarding 171
patients who underwent TEM versus traditional
transanal excision and they report a statistically
significant decrease in the rate of local recurrence
following TEM in the resection of benign rectal
adenomas [8]. The authors attribute this decrease
in local recurrence to the removal of nonfrag-
mented TEM specimens, as well as the decreased
positive margin rate associated with TEM. This
data confirms the fact that TEM affords the sur-
geon a better view of the operative field, as well
as better instrumentation promoting both com-
plete excision and adequate resection margins
necessary to prevent recurrence.

Another institutional review of 15 years expe-
rience in TEM resection of rectal adenomas by
Guerrieri et al. revealed in addition to decreased
recurrence rate, TEM is also a low morbidity pro-
cedure with no reported mortality. TEM provides
for the safe removal of rectal adenomas up to
20 cm from the anal verge. The observed rate of
recurrence in this study was 4 % at 84 months
follow-up [9].

Malignancy

The indications for local excision with or without
TEM in the treatment of early stage rectal cancer
have been debated for years in the literature. A
large number of trials have reported high local
recurrence rates for rectal cancer treated with
local excision. In the 1990s, Bleday and Steele
reported on 48 patients treated with full-thickness
local excision, resulting in 10 % failure rate for
T1 cancers and a 40 % failure rate for T2 cancers
[10]. Later that decade, the CALBG group, in a
study of 110 patients treated with local excision,
reported a similar failure rate for T1 cancers of
6 % and a 14 % failure rate for T2 cancers.
Notably, 15 % of resections had positive margins
[11]. Rothenberger’s group out of the University
of Minnesota reported in 2000 that of 108 patients
treated with local excision, 18 % of T1 cancers
recurred as well as 47 % of T2 cancers [12].
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In 2005, the same group further reported on 151
patients treated with local excision with failure
rates of 19 % for T1 and 45 % for T2 cancers
[13]. Also in 2005, the Cleveland Clinic pub-
lished a study of 52 local excisions and a failure
rate of 29.4 % for T1 lesions [14]. The data from
these trials led Rothenberger et al. to conclude
that local excision alone is inappropriate treat-
ment for T2 rectal cancer [12].

The Norwegian rectal cancer group published
a study in 2005 examining T1 cancers treated
with radical resection versus local excision. Of
the 256 patients treated with radical surgery, 6 %
had local recurrence. Node positivity occurred in
11 % of T1 cancers, and as expected with early
cancers, 100 % of the resections were R0. On the
other hand, 38 patients were treated with local
excision. The failure rate for these patients was
12 % and there was a 17 % R2 resection rate [15].
Interestingly, the local excision failure rate in the
experiences cited above is similar to the node
positivity rate for T1 cancers treated with radical
resection. Based on the high rate of positive mar-
gins in this group, it is surprising that the local
recurrence rate is not even higher. Lymph node
involvement for T1 cancers after radical resec-
tion is 6-12 % and failure rate after local excision
in these trials is 6-29 % in the reports just men-
tioned. There are two possible explanations for
this: persistence of untreated cancer in lymph
nodes not resected during local excision or
implantation of tumor cells at the time of surgery
due to incomplete resection or handling of the tis-
sue transanally. TEM surgery coupled with neo-
adjuvant therapy addresses both of these issues.

A pressing question when considering treat-
ment options for rectal cancer remains: is there a
role for radiation in stage I rectal cancer? Should
preoperative radiation be utilized in early stage
cancers of the rectum in conjunction with local
excision? The MRC CRO7 trial, a multicenter
randomized study, compared preoperative radia-
tion therapy to selective use of postoperative
radiation therapy in 1,350 rectal cancer patients
treated with radical resection. They found
improved local recurrence rates, all of which
were statistically significant, for cancers treated
with radiation preoperatively—T1: 1.9 %, T2:
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1.9 %, T3: 7.4 %; for cancers treated selectively
with postoperative radiation—T1: 2.8 %, T2:
6.4 %, T3: 15.4 %. The trial concluded that there
is a significant improvement in local control for
stages I, II, and III rectal cancer after preopera-
tive radiation therapy, and they advocate the use
of preoperative treatment for all stages [16, 17].

Our experience represents the first in the world
performing local excision in conjunction with
preoperative radiation therapy in 1984 at
Jefferson University Hospital [18]. We have con-
tinued to employ the Marks and Mohiuddin
method and in 2004, reported on an experience
with 44 patients with T2NO disease in the distal
7 cm of the rectum, all treated with local exci-
sion. Twenty five percent of these patients were
treated with TEM; the remainder were treated
using transanal approaches. We found an overall
local recurrence rate of 6.9 % and a 5-year sur-
vival of 91 %. There was a complete response
after neoadjuvant therapy in 23 % of patients,
none of which had a local recurrence [19]. We
further compared our experience with 73 T2 rec-
tal cancers treated neoadjuvantly followed by
TEM versus total mesorectal excision (TME).
The local recurrence rate in the TEM group was
3.3 % compared to 2.3 % in the TME group. This
difference was not statistically significant.
Similarly, the difference in 5-year survival did
not reach statistical significance: 95 % in the
TEM group versus 97 % in the TME group [20].
Lezoche, as mentioned elsewhere, has published
comparable results for cancers treated neoadju-
vantly followed by full-thickness local excision.
His local recurrence rate was 5 % and he saw an
89 % survival rate [21].

Patient Preparation and Selection

It is clear that patient selection is key, as local
excision alone does not address any involved
lymph node. Additionally, a key consideration is
whether the patient can tolerate a radical proce-
dure. Therefore, an evaluation of the patient’s fit-
ness, as well as a thorough initial evaluation of
the rectal lesion, is critical. As is typical with
colorectal cancer patients in general, evaluation
begins with obtaining a CT of the chest, abdomen
and pelvis and a CEA. A meticulous digital rectal
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examination is the single most important compo-
nent of the preoperative evaluation. From the
digital rectal exam, we are able to assess the fol-
lowing about the tumor: clinical stage, position,
level, size, ulceration, fixation, adjacent organ
involvement, and relationship to the peritoneal
reflection. Tumors that are fixed, deeply ulcer-
ated, or involve adjacent organs are not suited for
local excision. Tumors greater than 3—4 cm in
diameter can be difficult to address with local
excision as the defects created are usually greater
than 50 % of the circumference and therefore can
be challenging to close. We recommend using a
flexible and/or rigid sigmoidoscope in conjunc-
tion with a digital rectal exam. In fact, it is very
helpful to use both in those tumors that are above
the reach of the finger. The flexible scope pro-
vides a clearer picture of the lesion, while the
rigid scope offers a more accurately delineates
tumor position. Proper patient positioning at sur-
gery depends largely upon tumor location.
Patients are placed in lithotomy if their tumors
are positioned posteriorly; patients are placed in
the prone jackknife position if their tumors are
found to be anterior. Anteriorly based tumors
above the middle rectal valve should be
approached cautiously as they may lie above the
peritoneal reflection which can result in a chal-
lenging closure if one enters into the peritoneal
cavity. Local excision is an ideal approach for
tumors with the following characteristics: small,
mobile, in the distal rectum and posteriorly
located. Contraindications to local excision with-
out neoadjuvant therapy include poorly differen-
tiated histology or the presence of lymphovascular
invasion [22].

Tumors should be evaluated radiographically
to better discern the depth of invasion of the
tumor preoperatively. Endorectal ultrasound
(ERUS) is helpful in delineating the depth of
invasion in early stage rectal cancers with approx-
imately 90 % accuracy, and in identifying meso-
rectal adenopathy with 70 % accuracy. Nodes
visualized on ERUS are likely metastatic and
should prohibit the use of TEM on otherwise
healthy rectal cancer patients without utilizing
neoadjuvant therapy. Pelvic MRI is becoming
more commonly used for staging. It is used to
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assess adjacent organ involvement, but is not
ideal in delineating T1 from T2 cancers. This
limited resolution, along with the questionable
accuracy of MRI in differentiating benign from
malignant nodes, decreases its value in determin-
ing suitability for local excision. Additionally,
prior biopsy or polypectomy can affect the accu-
racy of both of these radiographic modalities.
The thermal injury that results from these energy
sources can potentially obscure the differentia-
tion between the layers of the rectal wall. Again,
while we advocate using ERUS and/or MRI, the
exam with flexible and/or rigid sigmoidoscopy
and most importantly, digital rectal examination
is of paramount importance.

One must consider what approach will be
taken if an invasive component is found in the
TEM specimen. If the lesion is felt to be benign,
we recommend performing a submucosal TEM
excision. If on examination by the pathology
department an invasive component is found,
more radical surgery will be recommended.

Further pathologic subclassification of Tl1
tumors can provide information regarding the
risk of lymph node metastasis and in turn, local
recurrence. The depth of invasion into the sub-
mucosa can be designated as SM 1, SM2, or SM3.
In a study involving 182 patients, Kikuchi et al.
reported that no patients with SM1 lesions had
lymph node metastasis. However, 10 % of SM2
patients and 25 % of SM3 patients did have
metastases to the lymph nodes. They found that
SM3 was an independent, statistically significant
risk factor for lymph node metastases [23].

Unfortunately, the best predictor for lymph
node involvement is still the tumor T stage.
Studies of patients undergoing proctectomy show
the following mesorectal node positivity: for a T1
cancer, nodal involvement ranges from 5 to 12 %;
for T2 cancers in the range of 17-25 %; and in T3
cancers from 40 to 60 % [24-28].

To date, ERUS remains the gold standard for
determining node positivity although, more and
more interest has been generated by the excellent
results of Gina Brown and her group when look-
ing at MRI studies of rectal cancer [29]. However,
even noted by such distinguished experts as the
late Doug Wong, “fine distinction between deep
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tumors of one T stage and early tumors of the

next T stage [...] are often difficult to make.

Additionally regional lymphatic involvement is

often difficult to determine because endorectal

ultrasound cannot detect nodes further away in
the mesorectum or find micrometastatic disease

in a perirectal lymph node” [30].

Local recurrence after local excision can be
attributed to four factors, two of which have been
previously mentioned:

1. Untreated involved lymph nodes: Local per-
sistence of the cancer as the lymph nodes have
not been treated either surgically or sterilized
with radiation.

2. Tumor implantation at the time of surgery:
The basic tenets of colon and rectal surgery
are to exclude the cancer with a clamp or sta-
pler and then irrigate and have your margin of
resection at that point, distal to the clamp.
Unfortunately, when operating within the
lumen of the rectum with a live cancer in
place, this is always a challenge and speaks of
the need for irrigation of the operative field
with tumoricidal agent once the tumor is
removed.

3. Tubular lymphatic spread or persistence at
the time of surgery: Lymph node resection in
an endoluminal fashion can be carried out
only for perirectal nodes that may be found
immediately deep to the cancer itself.
Furthermore, the ability to identify which
patients have lymph node metastases impacts
markedly the way the patient is addressed.

4. A positive margin leaving a residual cancer
(i.e., an Rl resection): Using a transanal
approach makes it challenging to achieve ade-
quate margins, especially good cephalad mar-
gins, which leads to a higher local recurrence
rate with local excision.

Local excision alone is an inadequate treat-
ment for early stage rectal cancer. It is a sufficient
approach for the medically compromised patient,
cancers arising in a polyp, and early T1 cancers.
It is insufficient for more advanced T1 cancers
which require a more aggressive approach, such
as the use of neoadjuvant therapy. Chemoradiation
holds promise to diminish the high failure rate for
T1 and T2 cancers. By combining the techniques
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of local excision and chemoradiation, the prob-
lem of persistent disease from untreated lymphat-
ics is addressed.

Special Anatomic Considerations

The anatomy of the rectum and its relationship to
the peritoneal reflection must be well understood
as it is essential to identify any entry into the peri-
toneal cavity which occurs during TEM dissec-
tion. The posterior rectum is invariably
extraperitoneal, the lateral rectum is intraperito-
neal for its proximal third, and the anterior rec-
tum is largely intraperitoneal with only the distal
third below the peritoneal reflection [3]. Lateral
lesions involving one third or more of the lumen,
commonly extend anteriorly, and the risk of peri-
toneal entry must be considered.

Anteriorly the distal rectum is adjacent to the
vagina in women and the prostate in men. For this
reason, as well as a low cul-de-sac, anterior lesions
are challenging, with intraperitoneal entry and fis-
tulous formation representing significant postop-
erative complications [3]. The extraperitoneal
rectum will heal by secondary intention, while
any entry into the peritoneal cavity must undergo
suture repair and close observation for the devel-
opment of intraperitoneal sepsis [3]. We advocate
closure of all wounds, intra- and extraperitoneal.

Results
Alteration in Continence

TEM employs a 40 mm operating proctoscope
which is inserted into the rectum after serial dila-
tion. While we have only seen two patients with
transient incontinence after TEM surgery this
remains a significant concern in the surgical com-
munity. Several authors have investigated the
concern that the proctoscope alters postoperative
continence more thoroughly. Cataldo et al. exam-
ined this potential complication in a prospective
assessment of functional outcomes using two
patient assessed quality scores and found no
decrease in clinical continence following TEM
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surgery [3]. Kennedy et al. noted a decreased anal
resting pressure on manometry studies, however,
as discussed by Cataldo et al. there was no reduc-
tion in clinical continence [3]. The major issues
patients encounter after TEM surgery are due to
the decreased capacitance of the rectal wall after
a significant resection. This resultant urgency
generally improves gradually over time.

Postoperative Complications

Complication rates for TEM range from 6.7 to
9.8 % and include bleeding, perforation, and
wound dehiscence [31]. Other authors list fever,
fistula formation, rectal stenosis, and urinary dys-
function and quote a 10.3 % complication rate as
compared to a 17 % complication rate associated
with local excision [3].

Marks et al. review TEM for the treatment of
rectal cancer and not surprisingly identify an
increase in the complication rate following neo-
adjuvant radiation therapy [31], as one is suturing
irradiated to irradiated tissue rather than reap-
proximating healthy tissue for an anastomosis as
is done in an LAR. The major morbidity is that of
wound separation. This occurred in 26 % of those
who underwent radiation therapy prior to TEM
resection, compared to 0 % in the nonirradiated
group. As expected the majority of these compli-
cations were wound related, with 91 % of these
wound complications being successfully treated
without additional surgery [31].

Oncologic Results

TEM has comparable outcomes to local excision
for early stage rectal cancer. Buess published a
4 % local recurrence rate following TEM for T1
rectal cancer [3]. Saclarides reviewed recurrence
rates following TEM resection for T1 rectal
cancer and found a range from 2.2 to 10 % [5].
Resection of T2 rectal cancer by local exci-
sion has had reported recurrence rate of O to 40 %
[5]. However, when T2 rectal cancer was treated
with neoadjuvent radiation therapy followed by
TEM, local recurrence rates were reduced to the
2.85 % range in a group of 35 patients as reported

by Lezoche et al. [32]. Our group published a
matched case control study of T2 rectal cancers
treated with chemoradiation in 2011 which dem-
onstrated a 3.3 % local recurrence rate with TEM
which was not statistically different from a 2.3 %
local recurrence rate after TME in 73 patients
[33]. Further investigation is needed to better
understand the role of TEM in rectal cancer treat-
ment, but current results are promising.

Challenges
Expensive Equipment

There are approximately 430 TEM systems in
use worldwide, with only 45 systems in the
United States [5]. One barrier to the widespread
use of TEM technology is equipment cost.
In addition, authors postulate that the lack of a
specific Centers for Medicare and Medicaid pro-
cedure code has led to decreased implementation
of the technique due to decreased surgeon
reimbursement.

Difficult Technique

There is a steep learning curve associated with
TEM technology. In his review of the technique
Saclarides recommends an intense didactic
course with hands-on experience prior to apply-
ing TEM in practice [5]. As discussed in the sec-
tion on technique there are several frustrating
issues which can routinely be associated with the
TEM equipment, the most frequently identified
of which is “air leak” [5]. Air leak can occur sec-
ondary to a variety of equipment problems and if
not corrected will lead to complete loss of visibil-
ity if pneumorectum cannot be maintained.

The instruments used in TEM are particular to
this technology and must be used in parallel, as
crossover of instruments leads to awkward move-
ment and loss of precision [5]. In addition, the
rectal defect must be sutured closed at the end of
the resection, and the surgeon must take care not
to drop the needle as subsequent search for the
needle may require repositioning of the entire
apparatus leading to an increase in overall procedure
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time [5]. While none of these problems represent
significant barriers, in aggregate they present an
obstacle to adaptation.

Limited Indications

TEM is currently a wonderful tool for accessing
adenomas located almost anywhere in the rectum
up to the rectosigmoid junction. Applications
include benign polyps, and in the case of rectal
cancer, T1 lesions without evidence of lympho-
vascular invasion, or T2 lesions with neoadjuvent
radiation therapy can be safely addressed.
Anterior lesions should be approached with care
by the TEM novice due to the proximity of the
peritoneal reflection. Consequently any evidence
of lymphovascular invasion should be addressed
with intra-abdominal surgery.

New Techniques
Transanal SILS

Since the advent of single-port surgery, the surgical
community has struggled to define a role for this
innovative surgical technique. One form of single-
port surgery is known as transanal minimally inva-
sive surgery or TAMIS [34]. This technique involves
the use of an Applied Port (Applied Medical,
Rancho Santa Margarita, CA) or SILS port
(Covidien, Mansfield, MA) for transanal resection.
Some authors are employing TAMIS as an alterna-
tive to TEM [35]. Other authors are using TAMIS
as an extension of laparoscopy to obtain access to
the deep pelvis when performing a proctectomy or
similar procedure. Regardless of the indication, it is
clear that TAMIS is an exciting new technology
which is still in its infancy, but has the potential to
expand on the endoluminal surgical forefront.

Notes
Another emerging surgical technique is known as

Natural Orifice Translumenal Endoscopic
Surgery or NOTES. This approach boasts

L. Blair et al.

decreased pain due to the obviation of the need
for a skin incision [36]. NOTES is a form of so
called incisionless surgery, allowing the surgeon
to approach the diseased organ endoluminally.
Several methods have been described including
transgastric, transvaginal, and transrectal access
points to varying disease processes.

TEM has been proposed as a platform for per-
forming NOTES procedures as it is an already
established endoluminal method of performing
surgery [33]. One group has already successfully
performed 12 rectosigmoid resections in the set-
ting of a bovine ex vivo experimental model
using the TEM platform [37]. As surgery pro-
gresses to smaller and smaller incisions it is only
natural that incisionless surgical techniques be
pursued. Clearly more research into this cutting
edge technology is necessary prior to its imple-
mentation in the world of surgery; however, ini-
tial reports are promising.
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