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Preface

Knowledge of anatomy and precise surgical technique remain the foundation of high
quality surgery. A knowledgeable surgeon, equipped with excellent theoretical and clin-
ical skills, will only be accomplished when he or she masters the operative techniques of
the practice of surgery. The legacy of an academic surgeon or a surgical educator relies
in great part on the transmission of his or her surgical abilities. During the last few
years, we as surgical educators felt more and more that teaching surgical skills and tech-
niques are compromised due to the plethora of new information dealing with other
aspects of surgery. The number of new procedures and techniques developed since the
early 1990s, for example, laparoscopic liver resection or Roux-en-Y gastric bypass,
although offering obvious advantages for the patients, constitute a real technical chal-
lenge for us surgeons. Therefore, possibly more than ever before, surgeons need to
acquire sound knowledge about the various surgical procedures and techniques avail-
able.

In bringing forth a new surgical atlas, we were motivated by the desire to create a
comprehensive and educational atlas focusing on the upper abdomen and emphasizing
all details of operative techniques including tricks from experienced surgeons. In view
of the availability of many textbooks describing non-technical aspects of surgery, we
purposely avoided writing a text addressing the disease processes, but instead concen-
trated on the operative procedures, which are evolving rapidly. The techniques described
are the real message of the atlas. We standardized the text associated with each proce-
dure, covering a list of the most common indications and contraindications, a step-by-
step description of the procedure, a list of the most common complications, and finally
the tricks of the experienced surgeon. We also included an introductory section covering
the basic principles of operative surgery including operative accesses, positioning of the
patient, and the use of retractors, drains, and staplers. This section, contrary to the
specific procedures, was written by residents and junior staff surgeons at the University
Hospital of Zurich under the direct supervision of the Editors.

While a surgeon 50years ago could treat diseases from head to toe, this concept has
evolved, and today some degree of specialization is the rule worldwide. Most countries
or accrediting authorities are designing various boards for sub-specializations; indeed,
after a broad training in general surgery, many young surgeons will move on further
into a specific field. Upper gastrointestinal and hepato-pancreato-biliary surgery are
emerging as specialized fields of general surgery, including common procedures
belonging to the scope of general surgery as well as complex procedures, that should be
performed only by specialized surgeons. We opted for a comprehensive approach of
upper gastrointestinal and hepato-pancreato-biliary surgery, covering most open and
laparoscopic procedures ranging from straightforward procedures such as laparoscopic
cholecystectomy to the more complex procedures, such as spleno-renal shunt and liver
or pancreas transplantation.

This Atlas of Upper Gastrointestinal and Hepato-Pancreato-Biliary Surgery presents
illustrations created by a single artist. This approach is key to following a procedure,
step-by-step, in a consistent and attractive manner. In selecting contributors from
around the world, we sought surgeons who had extensive and recognized experience
with the procedure. Most of the contributors are established educators and have
successfully mentored many young surgeons.
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Preface

The Atlas of Upper Gastrointestinal and Hepato-Pancreato-Biliary Surgery is subdi-
vided into seven sections, each coordinated by a section editor in a close collaboration
with the artist. A balance was achieved in each procedure to highlight the educational
message in combination with the art of medical drawing. Based on the personal experi-
ence of the expert authors, a few tricks are presented at the end of each procedure. Some
procedures, such as those related to portal hypertension, are becoming less popular.
This atlas may contribute significantly to saving the accumulating knowledge of these
demanding surgical procedures.

The Atlas of Upper Gastrointestinal and Hepato-Pancreato-Biliary Surgery is intended
for students and residents in surgery and for fellows specializing in upper gastroin-
testinal and hepato-pancreato-biliary surgery preparing themselves for the operation.
At the same time, this atlas will be useful for specialists and general surgeons, who may
compare their techniques with the one described herein or find some additional help
or tricks when performing rare procedures.

In summary, we believe that the Atlas of Upper Gastrointestinal and Hepato-
Pancreato-Biliary Surgery is truly a new atlas, new in concept, and new in scope.

We hope that specialists as well as surgeons at various levels of training will benefit
from this huge effort, combining the work of many experts, a gifted artist, and the
publisher.

Pierre-Alain Clavien, Zurich
Michael Sarr, Rochester
Yuman Fong, New York
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General Principles

Pierre-Alain Clavien
Michael G. Sarr



Introduction
Pierre A. Clavien, Michael G. Sarr

A competent surgeon must be aware of all the general aspects of a surgical procedure to
be able to perform specific interventions successfully and expeditiously. The old adage
that “exposure, exposure, and exposure” are the three most important factors for the
good outcome of a surgical procedure remains true for both open and laparoscopic
approaches.

Each procedure must start with careful positioning of the patient prior to wide
disinfection of the operative field, draping, and incision. The first chapter covers the
various options for positioning of the patient on the operating table and describes the
incisions that are available to enter the abdominal cavity. The second chapter focuses on
different principles of exposure through the use of various types of retractors, providing
examples of the most commonly used retractors. The third chapter addresses the use of
mechanical staplers. Currently, staplers are increasingly being used for many open and
laparoscopic procedures, and the industry has partnered actively with the surgical field
in developing new devices enabling sophisticated maneuvers, often to reach otherwise
small and inaccessible areas. Proper knowledge of the general principles of the use and
function of mechanical staplers is mandatory for modern surgery, because their misuse
may result in devastating complications such as anastomotic leakage or bleeding. Finally,
while Billroth claimed more than a century ago that “drainage saves many lives,” the use
of the “time-honored” surgical drain has changed dramatically, because accumulating
studies have shown convincingly that drains are often useless or even harmful in many
procedures. Open drains are rarely needed today. The last chapter presents the princi-
ples of the various types of drains including a table of “evidence-based” utility of drains
for upper abdominal surgery.

These chapters covering the general aspects of surgery were prepared in a simple,
yet comprehensive manner. We believe that the didactic and basic information
provided in these introductory chapters of the Atlas will be of value for both trainees
and specialized surgeons.



Positioning and Accesses

Yvonne Knoblauch, Dieter Hahnloser

Positioning

Correct and stable positioning of the patient is the first step for a successful operation.
Safe arm and leg positioning are crucial in preventing pressure lesions, such as ulnar
or peroneal neuropathy.

Supine Position

The supine position is used for most abdominal procedures. The arms can be left
out (A-1) or kept close to the body (A-2), depending on the type of operation to

be performed.

®  Anchor the patient’s legs and/or ankles with a strap in case tilt is required

® Protect arms with a pillowcase, gauze sponge, or silicone pad

®  Avoid traction on the brachial plexus (abduction of the shoulder should be <90°)
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French Position

The French position is one possible patient position for a laparoscopic cholecystectomy

(the “American” supine position with both arms tucked alongside the body being the

other).

m The patient’s legs are placed in stirrups or supported under the knee

m Legs need to be placed horizontally or slightly declining to allow free movements
with laparoscopic tools

®  Avoid any pressure on the peroneal (lateral popliteal) nerve
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Beach Chair Position

The beach chair position is used for most laparoscopic obesity surgery procedures

m Requires a special weight-bearing table

m The patient is “sitting” on the table

= Avoid any pressure on arms, the brachial plexus, and the peroneal (lateral popliteal)

nerve
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Positioning for Esophageal Surgery

For esophageal resection and reconstruction, several approaches can be used.
Depending on the location of the disease and the surgical approach, the positioning
is adapted accordingly.

The positions used are:

a) Supine position with overextended thoracic spine, the head rotated to the right and
extended. The right arm is left out and the left arm is tucked alongside the body (A) .
This position is commonly used for transhiatal esophagectomies enabling:

- Good exposure of the upper abdomen

- Good exposure for the cervical anastomosis

b) Right or left lateral decubitus (B)

- For the intrathoracic anastomosis

- Procedures on the upper thoracic esophagus are approached via a right
posterolateral thoracotomy, and similar procedures on the lower esophagus are
best approached through the same incision on the left side

- The table is slightly kinked at the thoracic level, further opening the thoracic cavity
after thoracotomy

¢) 45° lateral decubitus or screw position (C)

- An advantage is that the abdominal, the thoracic, and/or cervical phase of the
procedure can be performed without changing the position

- For optimal access, the operating table can be tilted

- The main disadvantage is a more limited exposure
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Incisions

Abdomen

The choice of the approach for entering the abdominal cavity depends upon:

m The accuracy of the preoperative diagnosis

The location and extent of the disease

Previous scars

The requirement of a possible extension of the incision

Anatomic structures, such as skin, fascia, muscles, nerves, and blood vessels.

The abdominal wall should stay functional. Whenever possible, incisions are placed
along the skin split lines, also called the lines of Langer, and muscles and fascia are
divided along their fibers

Mark the incision prior to cutting to prevent malpositioning

Midline Incision

The midline incision is the most expedient choice for opening the abdomen and
provides unrestricted access, regardless of the patient’s size or shape (including expo-
sure of the pelvis). The advantages of a midline incision are:

Can be extended into a median sternotomy

Minimal blood loss

No muscle fibers are divided

No nerves are injured

Is suitable for repeated celiotomies

Offers best exposure in an emergency situation with unclear diagnosis

The Steps

m Place skin incision exactly in the midline, above and below the umbilicus from the
tip of the xiphoid to the pubis (extension as needed) (A-1)

m Deflect the incision around the umbilicus to the left or the right. The evasion of the
umbilicus on the left side is preferred, because of possible rudimentary umbilical
vessels. In general, use the opposite side of the umbilicus if an ostomy is planned

® The scalpel or the cautery can be used all the way

m By pulling the wound, the fat spreads and the midline plane separates down to
the fascia (A-2,A-3)

m  Apply digital pressure to minimize bleeding

m Incise the fascia with the scalpel or cautery just above or below the umbilicus,
as the linea alba is widest around the umbilicus

®  Gently lift up the peritoneum with pickups before opening to avoid small bowel
lesions (A-4)

m  Care to incise the linea alba without exposing the rectus muscles markedly
facilitates the closure
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Subcostal Incision (A-1)

The subcostal incision is usually made for cholecystectomy or common bile duct explo-
ration (right subcostal incision) and for elective splenectomy (left subcostal incision).
The major advantage of the subcostal incisions over the upper midline incision are
greater lateral exposure and less pain. The disadvantage is that the operation takes
longer, because there are more layers to close. The subcostal incision generally heals well
with little risk of hernia formation.

The Steps

m Place skin incision two finger breadths below the costal margin. This facilitates
closure so that the incision line is not on or over the costal margin

® Incise the anterior and posterior sheet of the rectus muscle. The muscle is cut slowly
with the cautery (A-2); care should be taken to ligate or cauterize the inferior
epigastric vessels

m Laterally, the fascia of the transverse muscle may need to be cut

m Try not to incise the fascia in the midline, but if necessary, extend the incision
medially
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Bilateral Subcostal Incision

The bilateral subcostal incision is used to access the liver for transplant and major liver
resections. Also, most pancreas resections are performed with this incision. The expo-
sure is often helped with a vertical extension to the xiphoid (the so-called “Mercedes
star” incision).

The Steps

® Incision of skin and fascia as described above

= For pancreas resections, the incision is generally placed three to four finger breadths
below the costal margin

® Mobilization of the liver begins with the division of the falciform ligament (the liver’s
reflection of peritoneum with the anterior wall)

m Division of the round ligament (a fibrous cord resulting from the obliteration of the
umbilical vein), which should be ligated to avoid bleeding, particularly in the pres-
ence of portal hypertension

m Tt is preferable to mobilize the liver prior to the use of stationary retractors to reduce
the necessity of frequent repositioning

J-shaped Incision

The J-shaped incision is used most frequently for surgery on the right liver (see page
374 ). This incision provides a particularly good access to the area between the inferior
vena cava and the right hepatic vein. The J-shaped incision can be extended laterally
to a thoracotomy for better exposure.
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Esophageal Surgery

Like the various positions used in esophageal surgery, there are different incisions used
depending on the location of the disease, the level of the anastomosis, and the surgeon’s
preference. Most of the time, a combination of two or more of the following incisions are
used:
a) Upper midline laparotomy
- As described in the previous section on the abdomen
- Can be combined with a transverse laparotomy for better exposure
b) Thoracotomy
- Anterolateral: skin incision usually in the fourth or fifth intercostal space
- Posterolateral: skin incision in the seventh intercostal space at the angle
of the scapula (A-1). A paravertebral or anterior extension is possible
- The intercostal muscle is freed from the upper border of the rib (avoids damaging
the intercostal nerve and blood vessels, which lie behind the inferior border
of the rib) (A-2)
- The parietal pleura is opened with scissors, and the ribs are separated
with a retractor
¢) Cervical incision (B-1)
- Incision along the anterior border of the sternocleidomastoid muscle (B-2)
- Division of the platysma in the direction of the incision
- The omohyoid muscle (B-3) and, if necessary, the inferior thyroid artery
and/or middle thyroid vein are divided to provide clear exposure
- The sternocleidomastoid muscle and carotid sheath and its contents are retracted
laterally, and the trachea and larynx are retracted medially
- No retractor should be placed against the recurrent laryngeal nerve in the
tracheoesophageal groove during the entire cervical phase of the procedure
- For better exposure, the medial part of the sternocleidomastoid muscle can be cut
inferiorly close to the clavicle bone
- Identification of the flat, decompressed esophagus can be helped by inserting
a large tube into the esophagus by the anesthesiologist
- In patients with a “bull neck” habitus or with osteoarthritis preventing extension
of the neck, a partial upper sternal split can provide the prerequisite access to the
high retrosternal esophagus
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Laparoscopic Surgery

Establishing Pneumoperitoneum

Pneumoperitoneum can be established using a Veress needle or by an open approach.
The open technique is generally preferred, as it minimizes the risks of inherent lesions
to the small bowel. However, in obese patients, the Veress needle is used, as the thick
subcutis does not allow visualization of the fascia through a 1-2cm incision.

Gaining Access with a Veress Needle

m Incision of the skin (generally infraumbilical in the midline) and blunt dissection of
the subcutaneous tissue

m The fascia is grasped with a hook retractor or a Kocher clamp and is pulled anteriorly
(A-1)

m Before inserting the Veress needle, its correct functioning must be checked

m Insertion of the needle at a 90° angle to the abdominal wall. As the needle’s spring-
loaded safety mechanism crosses the abdominal fascia and then the peritoneum, two
clicks are heard and are usually felt

m Verification of the needle’s intraperitoneal location by injecting 3ml of saline with
no resistance (A-2) followed by the “hanging drop” test (A-3) (i.e., a drop of saline
is placed on the top of the needle, which is sucked into the needle when the abdom-
inal fascia is lifted up)

® Pneumoperitoneum. When a pressure of 13-15mmHg is reached, the Veress needle is
withdrawn, and a sharp-tipped camera trocar is blindly inserted through the same
incision

A-3
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Gaining Access with the Open Technique

m Incision of the skin (generally infraumbilical in the midline) and blunt dissection
of the subcutaneous tissue

® Incision of the fascia (1-2cm) and opening of the peritoneum with scissors (two
sutures can be placed to lift up the abdominal wall and to later secure the port)
(A-1)

® Entry into the abdominal cavity is easily confirmed by inserting a finger

® A blunt-tipped camera trocar is inserted and fixed with the two sutures if needed
(A-2)
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Placement of Accessory Ports

Selecting the insertion sites of working trocars is dependent on the procedure to be
performed and also depends on the surgeon’s preference, the patient’s body habitus, and
the presence or absence of previous scars or intra-abdominal adhesions.

The Steps

m The size of the skin incision must be planned carefully. If the incision is too small,
friction will develop between the skin and the port, and greater force will be required
for insertion, which will increase the risk of uncontrolled insertion. If the incision is
too large, gas may leak and the port may dislocate more easily

® Transillumination of the skin can help to avoid cutting through major blood vessels
(A-1)

m The trocar is optimally inserted by holding it between the index and the middle
fingers. The shaft of the trocar should also be supported by the opposite hand as the
body wall is traversed (A-2)
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Closures

General

the length of the suture material should be 4:1 to the length of the wound

avoid excessive tension on the suture closure of the fascial edgestraction as it may
compromise vascularization of the wound edges

below the umbilicus, the posterior fascia (rostral to the smi-circular line caudal to
which there is no posterior rectus fascia) and then the anterior fascia of the rectus
abdominis muscle can bei closed as separate layers

Grasp the needle with the tip of the instrument

Midline Laparotomy

The fascia is closed with a running loop of monofilament, absorbable suture material
(e.g., PDS II-1 loop or Maxon-1 loop) with or without inclusion of the peritoneum
The subcutaneous fatty layer is not closed and subcutaneous drains are rarely needed
The skin is preferably closed with a running intracutaneous absorbable monofila-
ment suture (e.g., Maxon 5-0) or with staples

Subcostal Incision

In contrast to the midline laparotomy, the fascia should be closed in two layers

Trocar Wound Closure

Ports are removed under direct vision with the camera and port sites should be
routinely watched for 10s to exclude port site bleeding

All fascial defects of trocars greater than 5mm are closed with absorbable sutures
(e.g., Vicryl 0)

The skin is closed with interrupted mattress sutures (e.g., Dermalon 4-0) or with
staples

Tricks of the Senior Surgeon

® The surgeon should personally check the correct positioning of the patient

and the adequate protection of the extremities before draping.

m Marking the incision site before the beginning of the procedure is useful for

teaching and prevents malpositioning.

m The incision should always be large enough to guarantee good visualization

of the operative fields and to guarantee a safe and efficient operation

Avoid extensive traction on the wound edges, as it may compromise healing.
Place trocars carefully according to the operative need and according to the
body habitus of the patient (eg. obesity).

m Visualize the port site for at least 10s after removal of the trocar to check

for bleeding.



Retractors and Principles of Exposure

Tim Gessmann, Markus Schdfer

Principles of Surgical Exposure

Introduction

Adequate exposure of the target organ represents a laudable prerequisite of every
successful operation. Therefore, it is worthwhile to be equipped with different retractors
and to invest enough time intraoperatively to optimize exposure. Basic principles of
exposure have recently been challenged by the advent of minimally invasive surgery.
However, minimally invasive surgery has only changed the means of surgical access;
the procedures performed at the target organs remain largely unchanged. In contrast

to open surgery, exposure during laparoscopy is achieved predominantly by patient
position and trocar placement. Retractor systems are less important.
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Retractor Systems

In general, a retractor system needs to fulfill the following requirements for an ideal
surgical exposure:

Broad, unrestricted view into the abdominal cavity

Wide access to the target organ

Mlumination provided or enabled

Stable retraction of the abdominal wall and surrounding organs

Careful tissue retraction, preventing local ischemia

Freeing up the hands of the surgeon and assistants

Adaptability in usage (different patients, different incisions, etc.)

Various type of accessories to retract the abdominal wall and organs

Hand-held retractors have the main disadvantage of losing ,,free hands® of the surgical
team. Self-retaining retractors are most commonly used to keep open the abdominal and
thoracic cavity.
Two types of self-retaining retractors are available:
1. Closed ring retractors:
Ring system retractors are self-stabilizing by the retaining force of the different
retracting devices and do not necessarily need to be fixed to the operating table (e.g.
Kirschner, A). The best exposure is achieved by placing one retracting device strictly
opposite to the other. In some systems, stabilization and exposure can further be
improved by attaching the ring to the operating table by a rail arm.
2. Arm retractors:
Arm retractors need to be fixed to the operating table. They allow for an asymmetric
exposure (e.g. Thompson, B).
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Overview of Different Self-Retaining Retractors

Thompson (previous page, see figure B)

The basic compounds of this very stable retracting system are the rail arm, the two rods,
and the different retracting paddles that are attached to a retaining arm. The Thompson
retractor is favored for uni- and bilateral subcostal incisions, which are often used for
hepatobiliary procedures, in which most of the retraction required is oriented cephalic
and anteriorly. The exposure of the lower abdominal parts is limited. There is a wide
range of blades and paddles available as accessories.

Bookwalter (C)

This system has a frame (closed ring) fixed by a rail arm attached to the operating table.
Different retracting accessories, such as blades and paddles, are available that can be
clamped to the frame. The Bookwalter retracting system is used for both longitudinal
and transverse abdominal incisions. Although some training is necessary to achieve a
safe installation, fine adjustment is possible in three dimensions. Cleaning and steriliza-
tion need substantial effort due to the rather complex single components.
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Omnitract

Although this retractor system needs precise installation, it offers excellent access for
most incisions. The open frame system can easily be completed to a closed ring.

This retractor can be used widely for intraperitoneal and retroperitoneal operations.
Maintenance and cleaning are not too elaborate. The figure shows longitudinal (A-1)
and transverse (A-2) laparotomy using the Omnitract system.
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Rochard

The Rochard retractor (not shown) is a single blade retractor that is mainly used for
upper GI surgery. A large semicircular blade retracts the abdominal wall, and is attached
to a fixed arm at the operating table. The main disadvantages are the unidirectional
tension and the lack of lifting the abdominal wall.

Kirschner, Balfour, O’Sullivan-O’Conner (A, B)

The Kirschner frame (A) and the Balfour retractor (B) are good examples of systems
that do not need any form of rail arm. However, retraction is not as stable and tension in
the vertical dimension is not possible. They are rapidly usable, readily available, and are
preferred when only lateral exposure is desired.

Recommendation

Many factors and aspects influence the choice of a specific retractor. Some commonly
used retractors are compared in Table 1. More than one type of retractor should be avail-
able to obtain the best possible exposure of the different parts of the abdominal cavity.

Table 1. Comparison of different retractor systems

Bookwalter Closing ring and fixation Complex Three dimensions o+t Elaborate
Thompson Arm Complex Three dimensions +++ Elaborate
Omnitract Arm Complex Three dimensions +++ Elaborate
Rochard Arm Complex Tension only in one direction + Elaborate
Kirschner Closing ring Quick Limited ++ Easy

Balfour Closing ring Quick Limited 1 Easy
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Retractors in Laparoscopic Surgery

Whereas the abdominal wall is lifted by the pneumoperitoneum, intra-abdominal expo-
sure is achieved primarily by patient positioning and trocar placement. There are several
devices that may be used to retract the liver during upper GI operations, such as laparo-
scopic fundoplication, gastric bypass, or adrenalectomy.

Tricks of the Senior Surgeon

® For optimal use, be familiar with several retractors and have a good knowledge of
their individual advantages.

m Slow, incremental retraction prevents rib fractures and postoperative pain.

® Intermittent release of the retraction during long duration operations prevents
local ischemic complications.



Surgical Staplers
Nicolas Attigah, Markus Schdfer

Introduction

Stapling devices belong to the standard repertoire of modern gastrointestinal surgery,
especially since the successful advent of minimally invasive surgery. Therefore, a thor-
ough knowledge and safe handling of stapling devices need to be acquired early during
surgical training.

History

Based on the main principles of mechanical stapling, (Table 1) Hiiltl from Budapest,
Hungary, developed the first linear stapler in 1909 to close the remnant stomach during
gastrectomies. The handling of that instrument was hampered by its weight and bulk.
Petz, another Hungarian surgeon, and Friedrich and Neuffer from Germany created
lighter and more convenient stapling instruments during the 1920s. Driven by the lack
of surgeons after World War II, the Russian government encouraged the development
of different mechanical devices for linear and circular stapling to help less well-trained
surgeons to safely perform standardized surgical procedures, e.g., gastrectomies and
bowel resections.

In the 1960s, the American surgeon Ravitch brought those instruments to the United
States and focused on their improvement in terms of applicability and reliability. In
partnership with industry, preloaded plastic cartridges, double-staggered staple lines,
and different lengths of staple lines were developed. Since the mid-1970s, single-patient-
use stapling devices have become widespread worldwide.

The success of minimally invasive surgery promoted the development of miniatur-
ized stapling devices during the past decade; such devices are now used routinely in
many different operations.
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Types of Mechanical Staplers

There are currently three major types of mechanical stapling devices in clinical use for
open and laparoscopic surgery. As described in Tables 1 and 2, the principles and prereq-
uisites of mechanical stapling remain largely unchanged.

Table 1. Principles of mechanical stapling

Tissue compression

Tissue stapling using metallic wire as staples
Configuration of the closed staples in B-shape
Staggered positioning of the staple lines

Table2. Aims of surgical stapling

Creation of an adequate lumen

Preserving adequate tissue vascularization
Preventing tension of adapting tissues

Avoiding leakage and fistula formation

Provision of good hemostasis

Mechanical reliability/uniformity of stapling devices

Linear Stapler or TIA Stapler (Transverse Anastomosis Stapler)

Linear staplers are predominantly used to close the ends of a hollow organ or vessel.
They are claimed to give easier access to narrow anatomic sites such as the pelvis. For
such applications, linear staplers with articulated heads and flexible shafts have been
developed. These staplers normally apply two lines of staples that are staggered to maxi-
mize local blood supply. Vascular linear staplers apply three staggered lines of staples to
achieve tight closure of the vessel. The staple height is either fixed or, with some brands
of stapler, can be “adjusted” during the application. For most applications, the use of a
fixed staple height is preferred. Because linear staplers are mainly used to close open
organs, they do not include a cutting device.

The length of the stapler lines varies between 30 mm and 90 mm, while the height of
individual staples varies from 2.5mm to 4.8 mm, depending on the tissue to be stapled
(e.g., vascular staples = 2.5mm; staples for normal intestinal tissue = 3.5mm; for
stomach or thicker tissues = 4.8 mm).

_______ 3 lines of staplers

— - ——-——-———-— 2linesofstaplers



Surgical Staplers

29

Linear Cutter or GIA Stapler (Gastrointestinal Anastomosis Stapler, A)

These staplers are basically linear staplers with an integrated cutting device. Four stag-
gered lines of staples (two “rows”) are applied, and the tissue between the two inner
staple lines is transected. The main indications are transecting and stapling closed both
ends of a hollow organ (e.g., bowel, bronchus) or vascular structure. In addition, because
of the two separate rows of staples, side-to-side anastomoses can be created. The staple
height is fixed and must be chosen before using the instrument in accordance to the
type of tissue. Different staple sizes and wire diameters are available in preloaded,
single-use cartridges.

The length of the staple lines varies between 55mm and 100mm for open surgery.

Specially designed linear cutters have been developed for minimally invasive
surgery (B). Articulated heads are often used to overcome angulations related to the
trocar positioning.

______________ 4 stagered
—————————————— lines of staplers
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Circular Stapler

These staplers apply two staggered circular lines (one “row”) of staples. The cutting
device transects the tissue inside the staple lines. The staple height is also variable,
depending on the tissue thickness. Circular staplers are used mainly for end-to-end and
end-to-side anastomoses of the esophagus, stomach, and rectum.

Circular staplers are available with various diameters, ranging from 21 mm to 33 mm.
It should be noted that the true (inner) diameter of the created anastomosis is somewhat
smaller (range 12.4-24.4mm). In order to avoid mucosal tears, sizers should be used to
estimate the diameter of the respective hollow organ. The anvil must be secured by a
proper purse-string suture which is applied intraluminally to create the anastomosis.
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Staples

Design Type of Staplers (Table3)

The most commonly used staples have a rectangular shape and are preloaded in
cartridges. The staples are pushed through the tissue under the pressure created by
closing the stapler. Once they reach the anvil, the staples are buckled or bent into the
final B-shape. The B-form allows both the firm connection and sufficient vascularization
of the adapted tissue. Note that the “height” of the staples after the instrument is “fired”
is smaller.

In order to achieve a safe anastomosis or closure, the staple height should be adapted
to the thickness of the tissue. The staple height is indicated by different colors of
cartridges. The majority of staplers in current use are equipped with a fixed staple
height.

The staple height is fixed for linear cutters, whereas linear staplers and circular
staplers may have somewhat variable staple heights that can be adapted intraoperatively,
according to the type of tissue.

Table 3. Staple characteristics and applications

Cartridge type Vascular Standard Thick

Color White Blue Green

Staple height Fixed Fixed Fixed

Before B formation 2.5mm 3.5mm 4.8mm

After B formation 1.0mm 1.5mm 2.0mm

Applications Thin tissues Esophagus Rectum
Well-vascularized tissues Small bowel Stomach
Vessels Large bowel Bronchus
Pancreas Lung

Liver
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Technical Aspects

Whereas at the beginning of the stapler era, staples were made of silver and steel,
current stapler technology uses titanium. Titanium has better biocompatibility and
causes fewer artifacts during CT and MRI. Furthermore, titanium is not affected by
static magnetic fields and shows only a minimal temperature rise during MRI.

The wire thickness has also been reduced to 0.2-0.3 mm.

Tricks of the Senior Surgeon

® The surgeon must be familiar with the different types of stapling devices.
Incorrect handling, not stapler misfunction, remains a major cause of failure.

® Stapling instruments should not be used on ischemic, necrotic, or markedly
edematous or inflamed tissue, because tissue closure and anastomosis formation
cannot be achieved safely.

m  Adjacent adipose tissue from the serosal surface must be removed before firing
the stapler.

m To prevent leakage and postoperative peritonitis, every anastomosis must be
checked.



Principles of Drainage
Henrik Petrowsky, Stefan Wildi

Introduction

Drains are designated to evacuate intraperitoneal fluid collections. They can be used for
diagnostic, prophylactic, or therapeutic purposes. In upper gastrointestinal surgery,
diagnostic drains are mainly placed to assess intraperitoneal fluid collections in order to
establish a diagnosis. These drains are seldom left in place and are, therefore, of minor
importance. In contrast, prophylactic drains placed at the end of an operation are used
frequently with two intentions: first, to prevent fluid accumulations which could be
harmful (i.e., pancreatic juice or bile) or to evacuate fluid collections that can become
infected and lead to the formation of intra-abdominal abscesses; second, prophylactic
drains may be used to detect early postoperative complications, such as intra-abdominal
bleeding or anastomotic leakage. Sometimes, fluid collections become infected and
develop into abscesses; the management of these collections requires therapeutic
drainage either by the percutaneous route or by reoperative surgical lavage.
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Types of Drain

Drains can be divided into passive and active drains.

Passive Drains

Passive drains, such as the Penrose (A-1) and Easy Flow (A-2) devices, serve to evacuate
fluid passively by providing a route of access secondary to the natural pressure gradi-
ents, such as gravity flow, muscle contraction, and overflow. The opening in the abdom-
inal wall for these drains should be made large enough, because passive drains are
potentially collapsible. Easy Flow drains have intraluminal corrugations to prevent
complete collapse (inlay). Passive drains cannot be sealed and are open systems with the
potential risk of retrograde infections. The advantages and disadvantages of open and
closed-suction drains are outlined in Table 1.
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Aktive Drains

Jackson-Pratt (A-1) and Blake (A-2) drains are commonly used radiopaque, silicone
products for closed-suction systems. The Jackson-Pratt drain is oval-shaped with
numerous orifices and intraluminal corrugations (inlay). The Blake drain has four chan-
nels along the sides with a solid core center. In contrast to passive drains, active or
suction drains maintain a negative pressure gradient.
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Sump Drains

Sump drains are usually double-lumen tubes with a larger outflow lumen and a smaller
inflow “sump” lumen. The larger lumen is connected to a suction system and evacuates
intra-abdominal secretions. The smaller lumen serves as a venting tube, allowing air to
enter the larger lumen. This principle should help to break the vacuum in the large
draining tube, maintaining the drain in a productive state, without the surrounding
tissues continually occluding the drainage holes in the tube. Sump drains are often used
when large fluid volumes have to be evacuated. The occlusion of the smaller venting tube
by tissue debris due to retrograde inflow demonstrates a potential disadvantage of sump
drains that occurs especially when the suction is disconnected. Some sump drains have
an additional third lumen that allows the instillation of an irrigating solution.

Suction Drainage
x 7

\
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General Principles

Complete Drainage System

Collapsible devices connected to the drain tubes automatically generate a negative
pressure gradient and keep the system “sealed,” which is believed to result in a signi-
ficant reduction of retrograde infections.

Table 1. Advantages and disadvantages of open and closed-suction drains

Advantages

Disadvantages

Open drain

Generates pathways for bulky
or viscous material

Lowers risk of mechanical
erosion and pressure necrosis

Retrograde infection

Closed-suction drain

Lowers risk of retrograde infection
Accurate measurement of drainage

Facilitates radiographic studies
Skin protection from irritating discharge

More vulnerable to obstruction
by small tissue fragments or ingrowth
of surrounding tissue
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Prophylactic Drainage

Drain Orifice

The drain orifice through the skin is created by a penetrating cut with a scalpel (A-1).
A Kelly clamp is inserted into the orifice (A-2) and penetrates the abdominal wall
diagonally (A-3). The hand serves as protection to prevent bowel injury. This technique
creates a tunnel that helps to seal the abdominal cavity after drain removal. After
clamping the drain tip, the Kelly clamp and drain are pulled through the abdominal
wall from inside outwards (A-4). Others prefer to create the tunnel from inside out

and pull the drain into the abdomen. Finally, the drain position

is secured by a non-reactive skin suture, and the drain tube is connected to the suction
device.
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Prophylactic Drains

Prophylactic drainage after upper abdominal operations is used to evacuate intra-
abdominal fluid that may develop, such as ascites, blood, chyle, bile, pancreatic,

or intestinal juice, that are either harmful/toxic for adjacent tissue or might become
infected. Therefore, drains are placed in spaces that tend to accumulate fluid, such

as the subhepatic (1), right subphrenic (2), left subphrenic (3), and parapancreatic (4)
spaces.
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Anastomosis Drains

Another proposed function of prophylactic drainage is the early detection of anasto-
motic leakage. If drains are to be used near a high-risk anastomosis, it is important that
they are not placed in direct contact with the anastomosis, but, rather, with a safety
margin in between to prevent drain-related erosions. This principle is illustrated for a
biliodigestive anastomosis, where the drain is placed posterior
to the anastomosis.

Although the routine use of prophylactic drainage has often been considered as
a method to prevent complications, there is growing evidence that this practice may
be associated with adverse effects. Retrograde drain infections or drain-related compli-
cations are known adverse effects. Several randomized, controlled trials are available
investigating the routine use of prophylactic drainage (Table2).

-w

Table2. Evidence-based recommendations for prophylactic drainage practice

Gastrointestinal Procedures Evidence-based
surgery recommendation
Hepato-pancreatico- Hepatic resection without No drain
biliary biliodigestive anastomosis
Chole?/stectomy No drain
(open, laparoscopic)
Pancreatic resection No drain®
Biliodigestive anastomosis NA

Upper GI tract

Esophageal resections

Total gastrectomy
Distal gastrectomy
Roux-en-Y gastric bypass

Duodenotomy with omental

patch for duodenal perforation

Intrathoracic drain
for any approach

Drain
No drain
NA

No drain

NA not assessed

30nly one randomized controlled trial in pancreatic cancer
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Therapeutic Drainage

Predisposed Spaces for Collections

Infected collections, such as abscesses or infected bilomas, are known complications
after upper abdominal surgery and require drainage by operative or radiologically
guided drain placement. The right subphrenic space (1), left subphrenic space (2),
Morison’s pouch (3), left subhepatic space (4), and omental sac (5) are anatomic spaces
that predispose to abscess development.
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Catheters

The majority of postoperative collections in the upper abdomen are manageable by
means of percutaneous drainage by interventional radiologic techniques using standard
aseptic technique and local anesthesia. Thereby, collections are drained percutaneously
under ultrasonographic or CT guidance using the Seldinger or trocar techniques. This
figure illustrates a typical percutaneous drainage catheter, the MAC-LOC (A-1) that can
be inserted by the introduction cannula (A-2) or the trocar stylet (A-3). The catheter has
large, oval side ports to increase the drainage capability, as well as a radiopaque band
that helps to identify the proximal area of the loop. This type of “self-locking” loop
catheter has “memory;”i.e., the loop at the end can be straightened during insertion by
introducing a stylet intraluminally. After the catheter is positioned in place, the stylet
is removed, and the loop reforms. This loop prevents displacement of the catheter.

Some fluid collections may require surgical drainage with repeated abdominal lavage
and second-look procedures (Table3).

musl=: /|
A-2
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Table 3. Criteria for percutaneous and surgical drainage of infected collections
Percutaneous drainage Surgical drainage
Unilocular collection/abscess Multilocular collections/abscesses
Low viscosity of drain fluid Multiple, non-communicating collections
Drain route not traversing intra-abdominal High viscosity of drain fluid

organs or thorax

Percutaneous drain route traversing intra-
abdominal organs or thorax
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Tricks of the Senior Surgeon

m Whenever indicated, always use closed drain systems and keep drains as short
as possible to minimize the risk of retrograde infections.

® Place drains near but never in direct contact to the anastomotic sutures to
prevent drain-induced erosions or drain-induced anastomotic leaks.

® When drains are not productive, do not rely on them! Drains could be occluded
or obstructed by adjacent tissue.

m Try to position intraperitoneal drains such that the drain does not rub against
or lie in direct contact with blood vessels or hollow organs in an attempt to
prevent drain erosions.
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Esophagus, Stomach and Duodenum
Jakob R. Izbicki



Introduction
Jakob R. Izbicki

This section presents the ambitious field of open and laparoscopic surgery in benign
and malignant diseases of the esophagus, stomach and duodenum.

Attempts to treat esophageal cancer surgically emerged at the beginning of the
twentieth century. Torek successfully resected the thoracic esophagus in 1913, but real
progress came as a result of the development of thoracic surgery during and after the
Second World War. The concept of extensive lymph node resection in combination with
en bloc esophagectomy was proposed by Logan in 1963 but with considerable morbidity
and mortality.

However, surgical procedures, pre- and postoperative management and treatment,
and prognosis after surgical treatment have improved considerably in the past 3 decades.
Expertise of the surgeon and the institution, patient selection, choice and radicality of
operation, and pre- and postoperative care are the most important parameters for
outcome.

For this reason, the first eight chapters present a comprehensive survey of the
different open and laparoscopic surgical procedures, indications, and choice of opera-
tion in esophageal cancer. They give clear guidelines as to how and when to operate
with regard to the biological characteristics of the tumor. The focus then turns to
benign esophageal diseases such as diverticula, strictures, and achalasia.

The following chapters address the techniques of esophago-gastric, subtotal and total
gastric resections in benign and malignant diseases, respectively. Four chapters then
outline the open and laparoscopic strategies in the case of palliation such as gastroen-
terostomy and gastrostomy. Next the laparoscopic procedure is described as the gold
standard for gastroesophageal reflux, and then the open approach is covered followed
by different laparoscopic techniques for hiatal repair in paraesophageal hernia.

Another chapter comprehensively covers the available strategies for morbid obesity,
and the last chapter in the section deals with the ambitious pancreas-sparing duodenec-
tomy.

The section has been prepared by experts in their surgical fields, and we hope that
it will provide the reader with a comprehensive overview of current surgical standards
for the various procedures.



Indications

Contraindications

Cervical Esophagectomy
Wolfram T. Knoefel, Rainer Schmelzle

Introduction

Cervical esophagectomy for neoplasia includes removal of the cervical part of the
esophagus combined with cervical lymphadenectomy and reconstruction by inter-
position of a free jejunal transplant with microvascular anastomoses.

Resection of a segment of up to 3cm can be performed with primary anastomosis
of the esophagus after adequate mobilization.

Indications and Contraindications

Cervical esophageal neoplasia
Benign esophageal stricture

Local irresectability (infiltration of larynx, trachea or vertebrae)
Multifocal lesions

Distant metastasis

Florid gastroduodenal ulcer

Crohn’s disease

Preoperative Investigation/Preparation for the Procedure

History: Risk factors (alcohol, nicotine), previous radiation therapy,
concomitant malignancy, Crohn’s disease
Clinical evaluation: =~ Recurrent laryngeal nerve status, cervical lymphadenopathy

Endoscopy: Esophagogastroduodenoscopy (EGD) to rule out multifocal
lesions and gastroduodenal ulcer

CT scan or MRI: Assessment of stage and resectability (include thorax and
abdomen!)

Doppler ultrasound: Vascular status in the neck

PET scan: Exclude further lesions

Laboratory test: SCC antigen, coagulation parameters

Avoid: Central venous line on the side of anastomoses, wall stents
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Procedure

Access

For the cervical part a unilateral or bilateral (U-) incision at the medial margin of the
sternocleidomastoid muscle is performed. It extends from the margo inferior of the
mandible to the jugulum, where it meets with the contralateral side. For cervical-
mediastinal lymph node dissection, the incision is combined with a partial or complete
median sternotomy. For harvesting the transplant, a small upper abdominal transverse
incision is sufficient.

Exposure
Retraction is performed by hand held retractors of different shapes and sizes according
to the anatomy. If available, a self-retaining retraction system will help.
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STEP 1

Preparation of the cervical region

After transection of the platysma, the sternocleidomastoid muscle is retracted and the
omohyoid muscle is divided. Along with the internal jugular vein, the common carotid
artery and the vagal nerve are identified along the entire length of the incision and a
lymphadenectomy around these structures is performed. This preparation is facilitated
by the use of a pair of fine bipolar scissors. The superior thyroid artery can be preserved
for reconstruction. From the carotid artery the anterior longitudinal ligament is reached
and the posterior dissection of the cervical esophagus is completed under vision.

After mobilization of the left (or right) thyroid lobe the recurrent nerve and the
parathyroids are identified and preserved. Injuries to the recurrent nerve should be
repaired immediately. Autotransplantation of dissected parathyroids should be
performed in the forearm if radiation therapy is an option.

Quite frequently a hemithyroidectomy facilitates the further procedure significantly.
Now the posterior aspect of the trachea is dissected and after identification of the
contralateral recurrent nerve the cervical esophagus is completely mobilized from the
hypopharynx to the upper thoracic aperture or below.

Occasionally the identification of important blood vessels can only be guaranteed
using intraoperative Doppler ultrasound. Especially following extensive tumor resec-
tions of the oropharyngeal region, vast alterations of the typical anatomy must be
expected. Injuries of the thoracic duct can lead to the development of persistent fistulas
associated with significant fluid loss, protracted by a previous radiotherapy.

In cases of extensive tumor growth that warrant resection, more extensive procedures
may become necessary, e.g., larynx or trachea.

Before resection, place retaining sutures on the potential proximal and distal stump.
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STEP 2

Transection of the esophagus

The cervical esophagus is transected and the nasogastric tube withdrawn to the level of
the neck so that the specimen can be removed. Confirm free margins by frozen section
on both sides. In case negative margins cannot be achieved, an esophagectomy should be
performed.
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STEP 3

Preparation of the jejunal loop

The jejunal loop is harvested after exploration of the abdominal cavity with sufficient
arterial and venous length and lumen. If the mesentery is very thick, a meticulous
removal of fatty tissue may enable diaphanoscopy. However, under diaphanoscopy an
artery and a vein of sufficient length and lumen are identified. After clamping on the
mesenteric side and excision of the graft, the artery is flushed with heparinized saline
until the venous outflow is clear.

If the vascular pedicle or one of the vessels are too short, it becomes necessary to
harvest a venous or arterial interponate. The primary source for viable venous inter-
ponates is the forearm, whereas for the artery the saphenous vein can be employed.
Vessels harvested from the arm or foot region are equally suitable for the arterial inter-
ponate whereas the saphenous vein, due to its dimension and susceptibility to spasm,
proves to be hardly suitable for venous interpositioning and should thus only be
reserved for arterial lengthening. At times it is very difficult to differentiate between the
artery and the vein in the intestinal flap. To avoid confusing the two, prior to harvesting,
the artery or vein should be unmistakably marked.

An end-to-end jejunostomy is performed to reconstruct the bowel, and the abdomen
is closed without drainage.
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STEP 4

Vascular anastomoses

The venous and arterial anastomoses are now performed. First the vein is anastomosed.

Preferably a confluens of the major mesenteric vein with a smaller contributing vein
is used on the side of the graft and the internal jugular vein on the other side. The inci-
sion in the internal jugular vein should be at least 3-4mm long. The anastomosis is
performed under a magnification of at least x4, preferably with a microscope. Running
sutures with non-resorbable, monofilament material, 7-0 or 8-0, are used. Before closure,
the anastomosis is rinsed with heparinized saline.

The vein should only be anastomosed before the artery if an expedient progression of
the operation is evident. Should delays occur, e.g., difficulties during the preparation or
unforeseen anesthesiological circumstances in conjunction with unstable cardiovascular
parameters, the artery should be anastomosed prior to the vein, allowing a perfusion of
the intestinal flap with nutrient rich blood until peristalsis returns. If the nature of the
delay prevents the anastomoses, the harvested intestinal flap should be stored in moist
dressings. If desired, the metabolic rate of the temporary non-perfused flap can be
decreased by cooling the flap. Routinely, there is no necessity for the use of organ preser-
vation solutions.

The same technique is used for the artery. The anastomosis can be performed on the
superior thyroid artery (often quite small), the thyrocervical trunk or the common
carotid artery directly. Rarely other cervical branches like the lingual artery are used.

It is extremely important to avoid kinking and compression especially on the vein
during placement of the graft into the neck, and during closure of the neck.

If the vascular reconstruction fails, either a second loop can be harvested or a gastric
tube can be fashioned.
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STEP 5

Esophagojejunal anastomoses

After reperfusion an adequate flow is confirmed. Then the lower and finally the upper
esophagojejunal anastomoses are performed end-to-end or end-to-side after shortening
the graft to an adequate length. These anastomoses are performed using 3-0 or 4-0
absorbable sutures in a single layer. It is important to grasp the entire thickness of the
pharynx or esophagus, whereas the stitches in the jejunum are extramucosal. If the
anatomy is demanding, e.g., a very low intrathoracic anastomosis, the suture can be
performed in an interrupted fashion. The nasogastric tube is then placed through the
graft into the stomach.

It is important to implant the graft in an isoperistaltic fashion to facilitate swallowing.
Even under optimal conditions, it can take weeks before the graft gains normal trans-
plant function.

STEP 6

Final aspects

The neck is drained sufficiently from both sides with at least one soft easy flow drain on
each side. The neck is closed by loose interrupted subcutaneous and skin stitches.

For the postoperative follow-up, it is advantageous to ensure that parts of the jejunal
graft are clinically visible. This can either be achieved by placing a few sutures in a
manner such as to allow a division of the covering tissue or by configuring the flap so as
to leave parts of the flap uncovered, serving as a “monitor” during the postoperative
surveillance. Verification of the blood flow can be performed using Doppler ultrasound.
As an adjunct, various tissue probes are available, facilitating the measurement of the
oxygen partial pressure.
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Standard Postoperative Investigations

Anticoagulation (PTT 60-70s)

Maintain mean arterial blood pressure of 70-80 mmHg
Monitoring of microcirculation and improved rheology

Daily Doppler ultrasound

Regular inspection of the flap on postoperative day 1 every hour

Postoperative Complications

® Venous thrombosis (reoperate immediately)
®  Arterial thrombosis (reoperate immediately)

Necrosis of the transplant (excise and drain by pharyngostomy or reconstruct
with gastric tube or colon)

Salivary leak (drain adequately)

Lymphatic leak

Recurrent laryngeal nerve injury

Esophageal stenosis (dilate by endoscopy) (long term)

Poor swallowing function (long term)

Tricks of the Senior Surgeon

Be aggressive to reoperate if vascular status is questionable.

Avoid kinking of the vein by keeping it short.

Keep CVP high and perform adequate heparinization to avoid vascular problems.

Leave the neck open if the jejunum is congested after reperfusion but cover the

vessels with tissue.

= If the exposure for vascular reconstruction becomes difficult, perform a
hemithyroidectomy.

m QOccasionally a partial sternotomy may enable a safer inferior esophageal
anastomosis.

® Lymphatic leak can be managed conservatively; only rarely the [ymphatic duct
must be ligated.

= Exposure can be facilitated by division of the medial head of the sternocleido-
mastoid muscle.

m Previous surgery with resection of the internal jugular vein necessitates

dissection down to the subclavian vein.



Indications

Contraindications

Left Thoracoabdominal Approach for Carcinoma
of the Lower Esophagus and Gastric Cardia
Shoji Natsugoe, Masamichi Baba, Takashi Aikou

Introduction
Tumors located aborally to the carina, i.e., Barrett’s carcinoma or carcinoma of the
esophagogastric junction, may be removed by a left-sided thoracotomy instead of the

more usual right-sided access combined with an abdominal approach. The extent of
lymphadenectomy is limited to the middle and lower mediastinum.

Indications and Contraindications
® Tumors of the infracarinal esophagus

m Tumors of the esophagogastric junction

m See chapter on “Subtotal Esophagectomy: Transhiatal Approach”
® High risk patients
Preoperative Investigation/Preparation for the Procedure

m See chapter on “Subtotal Esophagectomy: Transhiatal Approach”

Procedure

Access
m Spiral positioning of the patient with 45° elevation of the left thorax
® Rotating the operating table for the thoracic part/abdominal part
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STEP 1

Thoracotomy

The skin incision is made obliquely from the epigastrium toward the sixth or seventh
intercostal space, and a good exposure of the mediastinum or abdomen can be achieved
by rotating the operating table. After 1cm of costal cartilage is resected, the left side of
the chest is opened. Distant and peritoneal metastases should be excluded prior to
thoracotomy.
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STEP 2

Diaphragmatomy and mobilization of the colon

Para-aortic lymphadenectomy is performed by delivering the splenic flexure into the
chest through an incision in the peripheral diaphragm. The descending colon is then
mobilized down the left paracolic gutter to the base of the sigmoid colon mesentery.
After mobilization of the left kidney from the retroperitoneum as well as pancreas
and spleen, the left renal vein is identified.
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STEP 3 Para-aortic lymph node removal

The para-aortic lymph nodes in the left lateral region are then dissected, and the right
lateral para-aortic lymph nodes are removed after performing a Kocher maneuver.
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STEP 4

Lymph node removal of the upper abdomen

Lymph nodes of the hepatoduodenal ligament and around the common hepatic artery,
left gastric artery and celiac trunk are dissected.

Mobilization of the stomach and transection of the duodenum (see chapter “Total
Gastrectomy with Conventional Lymphadenectomy”)
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STEP 5

Lower mediastinal lymph node removal

Regarding the left intrathoracic approach, the left pulmonary ligament is divided and
the mediastinal pleura is opened. The pleura covering the lower thoracic esophagus is
incised, allowing the clearance of loose connective tissue together with the lower
thoracic paraesophageal, supradiaphragmatic, posterior mediastinal and intradiaphrag-
matic lymph nodes.
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STEP 6

Reconstruction

There are several methods of reconstruction according to the tumor location and exten-
sion. Roux-Y reconstruction by using an EEA instrument, as shown here, is an option for

performing the esophago-jejunostomy.

See chapter on “Subtotal Esophagectomy: Transhiatal Approach” for standard
postoperative investigations and complications.
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Tricks of the Senior Surgeon

m Kinking of the graft: this is a rare but dangerous complication, due to clinical
symptomatic disturbance of the gastrointestinal passage by elongation, which
requires surgical intervention and is performed by shortening of the graft.

m If the trachea is injured, use direct suture and pericardial flap.



Indications

Contraindications

Subtotal Esophagectomy: Transhiatal Approach
Stefan B. Hosch, Emre E. Yekebas, Jakob R. Izbicki

Introduction

The surgical trauma of the transhiatal approach is less pronounced as compared to a
transthoracic approach. On the other hand, the lymphatic clearance is less radical, at
least for the mid and upper mediastinum. This is the reason why some surgeons are in
favor of the transthoracic approach even for distal adenocarcinoma. Subtotal transhiatal
esophagectomy is indicated for benign conditions and for distal carcinoma.

Indications and Contraindications

Adenocarcinoma of distal esophagus (>T1 stage)

Intraepithelial squamous cell neoplasia

Poor risk patients

Extensive stricture (stenosis) due to erosion (chemical burns) unresponsive to

nonsurgical treatment including bougienage

Extensive peptic stricture (stenosis)

m Relapse of megaesophagus after surgical repair of cardiospasm combined with peptic
strictures and failure of dilatation

m Extensive benign esophageal tumors (exceptional cases, usually local excision)

® Esophageal rupture or iatrogenic perforation with mediastinitis (primary repair not

feasible)

m Florid gastroduodenal ulcer
= Infiltration of aorta
= Distant metastasis

Preoperative Investigation/Preparation for the Procedure

History: Previous gastric or colonic surgery

Risk factors: Alcohol, nicotine, gastroesophageal reflux disease (GERD),
Barrett’s esophagus

Clinical evaluation: Recurrent laryngeal nerve status, cervical
lymphadenopathy

Laboratory tests: CEA, liver function tests, coagulation test

Endoscopy: Esophagogastroduodenoscopy with biopsy -
to exclude gastric infiltration

Colonoscopy If colonic interposition is likely

CT scanning Staging

(thorax + abdomen):

Abdominal ultrasound: Staging

Esophageal endosonography: Staging, r/o aortic infiltration
Bronchoscopy (if tumoris  r/o bronchial infiltration
localized in mid-third):

Bowel cleansing (If colonic interposition is likely)
Respiratory therapy
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Procedure
Access
Upper transverse incision with median extension. Alternatively midline laparotomy.
STEP 1 Laparotomy and inspection of the stomach, distal esophagus,

liver and regional lymph nodes

Placement of self-retaining retractor system for exposure of the epigastric region (A).
Mobilization of the left lateral liver by transection of the left triangular ligament. To
prevent injury of adjacent structures, a pack is placed under the left lobe of the liver (B).
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STEP 2

Preparation and mobilization of the stomach with epigastric lymphadenectomy
including para-aortic lymphatic tissue

Dissection of the greater curvature is commenced from below, thoroughly sparing the
origin of the right gastroepiploic vessels and the arcade between left and right
gastroepiploic vessels up to the level of the splenic hilum (A).

Dissection of the greater curvature is continued towards the spleen. The left
gastroepiploic artery is transected directly at its origin at the splenic artery. Transection
and ligature of the short gastric vessels is performed, thus mobilizing the fundus and the
greater curvature completely. For esophageal carcinoma the parietal peritoneum is
incised at the upper pancreatic margin and lymphadenectomy is begun along the
splenic artery. The flaccid part of the lesser omentum is dissected. The cranial part of
the hepatogastric ligament (hepatoesophageal ligament) is dissected from the
diaphragm. An accessory left liver artery with strong caliber should be preserved. In this
case the left gastric artery has to be diverted distally to the origin of this accessory liver
artery (B).
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STEP 2 (continued)

Preparation and mobilization of the stomach with epigastric lymphadenectomy
including para-aortic lymphatic tissue

Lymphadenectomy of the hepatoduodenal ligament is performed. Remove all lymphatic
tissue around the hepatic artery up to the celiac trunk, of the portal vein and as well as
the lymphatic tissue around the common bile duct. Ligature and diversion of the right
gastric artery are carried out close to its origin below the pylorus (C-1, C-2).

Transection of the left gastric artery. All lymph nodes along the left gastric artery, the
splenic artery, the common hepatic artery, the celiac trunk, and para-aortic lymph nodes
are removed (D).

In benign diseases, blunt dissection of the esophagus is performed without
lymphadenectomy. The right gastric artery may be ligated below the pylorus.

The blood supply of the gastric tube after preparation is exclusively provided by the
right gastroepiploic artery.
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STEP 3

Mobilization of the abdominal part of the esophagus and incision
of the esophageal hiatus

The lymph node dissection is continued along the celiac trunk to the para-aortic region.
The lymphatic tissue is transposed to the lesser curvature and is later resected en bloc
with the tumor.

For better exposure the diaphragmatic crura are incised with diathermia and the
stumps may be ligated. Blunt mobilization of the esophagus is done with the index
finger. During this maneuver connective tissue fibers between the esophagus, diaphrag-
matic crua and abdominal aorta must be removed carefully (A).

The abdominal esophagus is mobilized and pulled caudally with a rubber tube.
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STEP 3 (continued)

Mobilization of the abdominal portion of the esophagus and incision
of the esophageal hiatus

The hiatus is incised ventrally following transection of the left inferior phrenic vein
between ligatures (B).
Insertion of retractors. The retrocardial lymphatic tissue is removed en bloc with the

specimen (C).
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STEP 4

Transhiatal esophageal dissection in the posterior mediastinum including
para-aortic lymphadenectomy: mobilization of the distal esophagus

Dissection of the distal esophagus is performed by detachment of its anterior surface
from the pericardium. Infiltrated pericardium can be resected en bloc. Sharp dissection
is continued anteriorly up to the tracheal bifurcation and completed by blunt dissection
upwards. The trachea and the brachiocephalic trunk are palpable anteriorly. Severe
damage of the trachea, the azygos vein, the pulmonary vessels or the aorta, respectively,
may occur especially in the case of extensive local tumor growth (A-D).
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STEP 4 (continued)

Transhiatal esophageal dissection in the posterior mediastinum including
para-aortic lymphadenectomy: mobilization of the distal esophagus

After complete anterior and posterior mobilization, the esophagus is pulled caudally.
The ligament like so-called lateral “esophageal ligaments” consisting of branches of the
vagus nerves, pulmonary ligaments and esophageal aortic branches should be trans-
sected sharply between clamps (clips may be used alternatively), thus avoiding bleeding,
chylothorax or chyloperitoneum (E).

Excision of parietal pleura. In the case of tumor infiltration of the pleura or lung,
en-bloc resection of adherent tissue can be performed following enlargement of the
diaphragmatic incision if needed (F).
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STEP 4 (continued)

Transhiatal esophageal dissection in the posterior mediastinum including
para-aortic lymphadenectomy: mobilization of the distal esophagus

Further dissection up to the tracheal bifurcation by division of the lateral ligaments.
This step includes lymphadenectomy of the posterior mediastinum and posterior to the
tracheal bifurcation (G-1, G-2).

For blunt dissection of the esophagus proximal to the tracheal bifurcation, the lateral
ligaments should be pulled down and consecutively ligated.

If possible, blunt dissection is completed up to the upper thoracic aperture (H).
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STEP 5

Construction of the gastric tube

Starting at the fundus, the lesser curvature is resected using a linear stapler device.
It follows the direction to the pylorus. Shortening of the gastric tube can be avoided
by stretching the stomach longitudinally (A).

The stapleline is oversewn by seromuscular interrupted sutures. The diameter
of the gastric tube should be 2.5-3 cm following this procedure (B).
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STEP 6

Mobilization and dissection of the cervical esophagus; resection of the esophagus

For better exposure the patient’s head is turned to the right. A skin incision is performed
along the anterior edge of the sternocleidomastoid muscle. Dissection of the platysma
and blunt dissection between the straight cervical muscles and the sternocleidomastoid
muscle are done followed by lateral retraction of the sternocleidomastoid muscle. Sharp
dissection of the omohyoid muscle enables exposure of the lateral edge of the thyroid,
the jugular vein and the carotid artery by retracting the strap muscles medially (A, B).

Displacement of the esophagus using a curved instrument. Dissection of the cervical
esophagus and upper thoracic esophagus is completed by blunt dissection with the
finger or dissector (C, D). The nasogastric tube is removed. Transection of the esophagus
is performed with a stapler (C) or with scissors (E), after ligation of the aboral part of
the esophagus. A strong thread or a rubber band is fixed at the aboral stump of the
esophagus before the esophagus is transposed into the abdominal cavity. This eases later
transposition of the gastric tube to the neck.
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STEP 7 Reconstruction

Gastric tube pull-through. In rare cases mobilization of the duodenum may be necessary
(Kocher maneuver) to lengthen the gastric tube.
Optional methods of placement (A, B, C):
a) Esophageal bed
b) Retrosternal
c) Presternal
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STEP 8

Cervical anastomosis

A two-layer anastomosis of the gastric tube and the esophageal stump is performed. The
first seromuscular sutureline is performed in an interrupted fashion (A). The protruding
parts of the esophagus and the gastric tube are resected (B). The second inner sutureline
of the posterior wall can be performed as a running suture (C). An enteral three-lumen
feeding tube is then inserted over the anastomosis and placed into the first jejunal loop
for postoperative enteral nutrition (D).

The anterior wall is completed with interrupted or running sutures. The second
suture of the anterior wall can be performed in a U-shaped fashion. This may provide
an inversion of the anastomosis into the gastric tube (E, F).
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STEP9 Final situs

A soft drainage is placed dorsal to the anastomosis, followed by closure of the skin.
Drainage of the mediastinum is warranted by two soft drains from the abdomen.
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Standard Postoperative Investigations

m Postoperative surveillance on intensive care unit
m “Generous” indication for postoperative endoscopy
® Daily check of the drainage

Postoperative Complications

Pleural effusion and pneumonia

Anastomotic leakage

Necrosis of the interponate

Injury to recurrent laryngeal nerve (uni- or bilateral)
Mediastinitis

Chylus fistula

Scarring of the esophageal anastomosis with stenosis (long term)

Tricks of the Senior Surgeon

®  Mobilization of the duodenum on the one hand may facilitate the placement of
a feeding tube. On the other hand, it may include the possibility of shortening the
length of the tube to get a better blood supply of the anastomotic region.

®  Wide incision of the diaphragm crura provides optimal exposure of the posterior
mediastinum to minimize risks of blunt mediastinal dissection.



Indications

Contraindications

Subtotal En Bloc Esophagectomy:
Abdominothoracic Approach
Stefan B. Hosch, Asad Kutup, Jakob R. Izbicki

Introduction

The goal of this operation is to remove an esophageal cancer with the widest possible
lymphatic clearance (two-field lymphadenectomy), which comprises upper abdominal
lymphadenectomy and lymphatic clearance of the posterior and mid mediastinum.
Reconstruction is accomplished by either gastric tube or colonic interposition.

Indications and Contraindications
® Thoracic esophageal carcinoma

m Benign stricture, if transhiatal resection is ill-advised (e.g., adherence to trachea)

m See chapter on “Subtotal Esophagectomy: Transhiatal Approach”
® High risk patients

Preoperative Investigation/Preparation for the Procedure

See See chapter on “Subtotal Esophagectomy: Transhiatal Approach”.

Procedure

Access

m Patient in left lateral positioning for the thoracic part of the operation

®  Anterolateral thoracotomy through the 5th intercostal space (ICS)

® Re-positioning to a supine position (see chapter on the transhiatal approach)

m Upper transverse incision with median extension (see chapter on the transhiatal
approach)
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STEP 1

Thoracotomy and incision of the pleura along the resection line

Thoracotomy through the 5th ICS with skin incision from the apex of the scapula to the
submammarian fold (A).

Two retractors are positioned stepwise. Single left lung ventilation is performed. The
mediastinal pleura is incised along the resection line for the en bloc esophagectomy.
Incision starts from the pulmonary ligament, circumcising the dorsal part of the right
hilum of the lung and along the right bronchus. It follows the right main bronchus at the
lateral margin of the superior vena cava up to the upper thoracic aperture. Then the
incision line changes direction caudally along the right lateral margin of the spine,
down to the diaphragm along the azygos vein. It is of the utmost importance to identify
the right phrenic nerve (B).
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STEP 2

Division of the pulmonary ligament

For exposure of the pulmonary ligament the lung is pushed cranially and laterally.
All lymphatic tissue should be moved towards the esophagus. Care has to be taken
not to injure the vein of the lower lobe of the right lung.

/.




82 SECTION 2 Esophagus, Stomach and Duodenum

STEP 3 Ligation of the azygos vein

The superior vena cava and the azygos vein are dissected. Suture ligation towards the
vena cava and ligation of the azygos venal stump are performed.
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STEP 4

Radical en bloc lymphadenectomy

Lymphadenectomy starts from the superior vena cava up to the confluence of the two vv.
anonymae. Dissection of the bracheocephalic trunk and right subclavian artery is
followed by dissection of the right vagal nerve and identification of the right recurrent
laryngeal nerve. Caudal to the branching of the recurrent laryngeal nerve, the vagal
nerve is transected and the distal part is pushed towards the en bloc specimen. Then
lymphadenectomy is performed continuously along the dorsal wall of the superior vena
cava (A).

rd
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STEP 4 (continued)

Radical en bloc lymphadenectomy

After having completed preparation of the superior vena cava, the trachea and the right-
and right-sided main bronchus are completely freed from lymphatic tissue. The pre-
and paratracheal fat and lymphatic tissue are dissected towards the esophagus (B).

Dissection of the retrotracheal lymph nodes is then performed. Injury of the
membranaceous part of the trachea has to be carefully avoided while removing these
nodes towards the esophagus (C).
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STEP 4 (continued) Radical en bloc lymphadenectomy

Lymph node dissection continues with the upper paraesophageal lymph nodes (D).

All intercostal veins that drain into the azygos vein are ligated and divided.
Lymphadenectomy of the subcarinal lymph nodes is then performed with dissection
of the left main bronchus (E).
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STEP 4 (continued)

Radical en bloc lymphadenectomy

Para-aortic lymphadenectomy is performed. The esophageal branches of the thoracic
aorta have to be dissected very carefully and should be ligated with suture ligation (F).

Identification and careful dissection of the thoracic duct is done with double ligations
directly above the diaphragm and at the level of the main carina (G).
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STEP 4 (continued)

Radical en bloc lymphadenectomy

Mediastinal lymphadenectomy is completed with the removal of the left sided para-
aortic and retropericardial lymph nodes, as well as the intermediate and lower lobe
bronchus down to the esophageal hiatus (H).

After complete mobilization of the esophageal specimen, thoracic drainage is placed
in the right thoracic cavity. After closure of the thoracic incision the patient is reposi-
tioned for the abdominal part.

For the abdominal and cervical parts: see the transhiatal approach.
Alternatively an intrathoracic anastomosis can be achieved (see chapter on intra-
thoracic anastomosis).

See chapter “Subtotal Esophagectomy: Transhiatal Approach” for standard postoperative
investigations and complications.

Tricks of the Senior Surgeon

= In case RO resection cannot be accomplished, the retrosternal reconstruction
route is preferred.

= If the trachea is injured, use a direct suture and pericardial flap.

= For better exposure of the cervical esophagus, transect the medial head of the
sternocleidomastoid muscle.

= Injury of the gastroepiploic arcade directly necessitates colonic interposition,



Indications

Contraindications

Abdominothoracic En Bloc Esophagectomy
with High Intrathoracic Anastomosis
Asad Kutup, Emre F. Yekebas, Jakob R. Izbicki

Introduction

High intrathoracic anastomosis may be performed without compromising the oncologic
requirements alternatively to collar anastomosis for treatment of intrathoracic tumors,
i.e, if located distally to the tracheal bifurcation. The benefits of considerably shorter
operating times are associated with the risk of developing devastating mediastinitis
when anastomotic leakage occurs.

Indications and Contraindications

m Thoracic esophageal carcinoma
m Long distance peptic stricture, if transhiatal resection is not possible

m See chapter on “Subtotal Esophagectomy: Transhiatal Approach”
® High risk patients

Preoperative Investigation/Preparation for the Procedure

See chapter on “Subtotal Esophagectomy: Transhiatal Approach”.

Procedure

Access

® Helical positioning of the patient with 45° elevation of the right thorax and elevated
arm

m Turning the table to the patient’s supine position for the abdominal part of surgery

m Turning the table to the left for the thoracic part of surgery
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STEP 1

See Steps 1-3 and Step 5 of the chapter “Subtotal Esophagectomy: Transhiatal Approach”
STEP 2

See Steps 1-4 of the chapter “Subtotal Esophagectomy: Transhiatal Approach”
STEP 3 High intrathoracic anastomosis

Transection of the esophagus is carried out 5cm below the upper thoracic aperture over
a Pursestring 45 clamp. Alternatively the esophagus is transected and a running suture
(monofilament, 2-0) is applied as a pursestring suture.

Dilatation of the proximal esophageal stump with a blunt clamp is performed. The
anvil of a circular stapler (preferably 28 mm) is introduced into the esophageal stump
and fixation is done by tying the pursestring suture.

Mobilization of the gastric tube through the diaphragmatic esophageal hiatus is
performed, followed by resection of the apex of the gastric tube. This is usually longer
than required. Then introduce the stapler into the gastric tube, and perforation of the
wall at the prospective site of the anastomosis with the head of the stapling device (A).

In case of limited length of the gastric tube, the stapling device is inserted through a
ventral gastrostomy and an end-to-end gastroesophagostomy is performed.

Connection with the anvil is followed by firing of the instrument (B).

Check for completeness of the anastomotic rings. The stapler is removed and closure
and resection of the protruding part of the gastric tube are done with a linear stapler.

A nasogastric feeding tube is then inserted over the anastomosis and placed into the
first jejunal poop for decompression and postoperative enteral feeding. Thoracic
drainage is placed in the right thoracic cavity.

Alternatively, this elegant method can be performed in the same manner in the case
of colonic interposition after esophagogastrectomy (C, D).
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STEP 3 (continued)
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See the transhiatal approach for standard postoperative investigations and complicatons.

Tricks of the Senior Surgeon

® An additional length of the gastric tube is achieved by mobilization of the
duodenum (Kocher maneuver). In this way, the end of the gastric tube designated
for the anastomosis is located closer to the gastroepiploic pedicle. The improved
vascular supply reduces the risk of anastomotic leakage.

= In contrast to cervical esophagogastric anastomosis, in any case of suspected
intrathoracic leakage, emergency endoscopy should be done. Even if an
insufficiency cannot be definitely visualized, the indication for stenting
should be established generously as long as clinical signs suggest a leakage
to prevent catastrophic mediastinitis.



Indications

Contraindications

Limited Resection of the Gastroesophageal Junction
with Isoperistaltic Jejunal Interposition
Asad Kutup, Emre F. Yekebas, Jakob R. Izbicki

Introduction

Limited en bloc resection of the gastroesophageal junction includes complete removal of
the esophageal segment with metaplastic mucosa, the lower esophageal sphincter and a
part of the lesser gastric curvature and formation of a neofundus. Since even early
adenocarcinomas of the distal esophagus (T1b) seed lymph node metastases in up to
20% of patients, removal of the lymph nodes of the lesser curvature, the hepatic and
splenic arteries, the celiac trunk, the para-aortal region, and the inferior mediastinum is
an essential part of the operation.

In patients with early tumors, staged as uT1a or b on preoperative endosonography
or severe dysplasia in the distal esophagus (Barrett’s esophagus), a limited resection of
the proximal stomach, cardia and distal esophagus with interposition of a pedicled
isoperistaltic jejunal segment offers excellent functional and oncological results.

Indications and Contraindications

m Severe dysplasia in the distal esophagus (Barrett’s esophagus)

m Distal adenocarcinoma of the esophagus (stage T1a and b) (UICC 2005)

= For palliative reasons (stenotic tumor with severe dysphagia or profuse
hemorrhage in selective patients)

® Esophageal carcinoma staged T2 and more
m Long Barrett’s segment above the carina

Preoperative Investigations/Preparation for the Procedure

Esophagogastroscopy with extensive biopsies
Endosonography of the esophagus

Computed tomography of the chest and abdomen
Abdominal ultrasound

Pulmonary function test

Orthograde cleansing of the intestines

Positioning

m Supine position with hyperlordosis
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Procedure

Access
m Upper transverse incision with median T-shaped
m Insertion of Rochard retractor to elevate costal margin

STEP 1

Exposure of the inferior posterior mediastinum; diaphanoscopy

The left liver lobe is completely mobilized and the lesser omentum is incised just medial
to the anterior and posterior gastric vagal branches. A longitudinal median diaphragmal
incision enables exposure of the inferior posterior mediastinum. The distal esophagus is
then mobilized including the paraesophageal tissue. The vagal nerves are divided.

Intraoperative esophagoscopy identifies the cranial limit of the Barrett’s segment by
diaphanoscopy. This also marks the proximal limit of resection.

A lymphadenectomy around the splenic and hepatic artery is performed, the left
gastric vein is divided, and the left gastric artery is divided at the celiac trunk. Then the
celiac trunk and the para-aortic region above the celiac trunk are cleared from
lymphatic tissue (A, B).
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STEP 2 Transection of the esophagus

Approximately 1 cm proximal to the cranial limit of the Barrett’s segment, a pursestring
clamp is placed and the esophagus is divided.
Removal of the cardia and lesser curvature is performed by placing multiple linear
staplers down to the border between antrum and body. Thus, a neofundus is formed.
In case an advanced tumor stage is encountered, possible extension of the operation
including transhiatal esophagectomy or esophagogastrectomy should be performed.
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STEP 3

Transposition of the proximal jejunum segment; esophagojejunostomy

A 15- to 20-cm-long segment of the proximal jejunum is isolated and is transposed with
its mesenteric root to the diaphragmatic region through the mesocolon and behind the
stomach. Care has to be taken while dissecting the vascular pedicle of this jejunal inter-
position to provide adequate length. It is imperative to form an isoperistaltic jejunal
interposition which should be pulled up retrogastric and retrocolic. The proximal anas-
tomosis is then performed by a circular stapling device as a terminolateral esophagoje-
junostomy. The stapler is introduced into the end of the jejunal interponate (A-1).

After firing of the anastomosis, the blind end of the loop is then resected and closed
by a linear stapler and then oversewn (A-2).
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STEP 4

Jejunogastrostomy

Close to the base of the neofundus the gastric stapler line is removed over a distance

of 3-4cm and a terminolateral or laterolateral jejunogastrostomy is performed.

The remaining gastric suture line is oversewn. A terminoterminal jejunojejunostomy
reconstructs the enteric passage. Drainage of the mediastinum is warranted by two soft
drains from the abdomen. Finally an anterior and/or posterior hiatal repair

is performed.
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Standard Postoperative Investigations

Daily check the drains for insufficiency of the intrathoracic esophagojejunostomy

Postoperative Complications

Insufficiency of the esophagojejunostomy or the intra-abdominal anastomosis
Mediastinitis

Pancreatitis

Peritonitis

Pleural empyema

Necrosis of the transposed jejunal segment

Reflux

Delayed gastric emptying

Tricks of the Senior Surgeon

® Intraoperative endoscopy in any case of long-segment irregularities or evidence

of multicentric lesions.

® Insertion of the stapler device through the oral end of the pedicled jejunal

segment.



Three-Field Lymphadenectomy for Esophageal Cancer
Masamichi Baba, Shoji Natsugoe, Takashi Aikou

Introduction

Lymphatic drainage from the upper two-thirds of the thoracic esophagus occurs mainly
towards the neck and upper mediastinum, although there is also some drainage to the
nodes along the left gastric artery. In 1981, the first reported study of three-field
lymphadenectomy in Japan noted that 10 of 36 patients with esophagectomy had skip
metastases to the neck or abdominal lymph nodes in the absence of associated intra-
thoracic spread. In this chapter, we focus on the lymph node dissection of the upper
mediastinal and cervical regions.

Indications and Contraindications

Indications ® Tumors of the supracarinal esophagus (>T1m stage)

Contraindications m Superficial carcinoma (T1m stage)
m Severe comorbidity (heart disease, pulmonary and/or liver dysfunction)
® No evidence of cervical lymph node metastases preoperatively in high risk patients
(relative)
® Infracarinal tumors (relative)

Preoperative Investigation/Preparation for the Procedure

m See transhiatal approach

m US+CT scan of the neck

® In locally advanced tumors: primary radiochemotherapy and surgery is done
secondarily

Procedure

Access
®  Anterior-lateral thoracotomy through the right 5th ICS
® Supine position and T-shaped incision in the neck
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STEP 1

Exposure and lymphadenectomy of the right upper mediastinum

The arch of the azygous vein is resected, and the right bronchial artery is ligated and
secured at its root to evaluate the tumor for its resectability. This procedure provides a
good exposure of the upper and middle mediastinum. The brachiocephalic and right
subclavian arteries are exposed in order to remove the right recurrent nerve nodes and
right paratracheal nodes followed by carefully ligating the branches of the inferior
thyroid artery (arrow indicates the direction of lymphadenectomy).
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STEP 2

Transection; resection of the esophagus and completion of lymph node clearance

After proximal transection of the esophagus at the level of the aortic arch, the left
recurrent nerve nodes (left paratracheal nodes) are removed. The middle mediastinal
nodes, comprising the infra-aortic, infracarinal, and periesophageal nodes, are cleared
in conjunction with the esophagus.

This exposes the main bronchus, the left pulmonary artery, branches of the vagus
nerve, and the pericardium. Both pulmonary branches of the bilateral vagus nerves and
the left bronchial artery originating from the descending aorta near the left pulmonary
hilum are preserved. However, the esophageal branches of the vagus nerves are severed,
and the thoracic duct is also removed together with the esophagus.
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STEP 3

T-shaped neck incision

A T-shaped neck incision is made and the sternothyroid, sternohyoid and sternomastoid
muscles are divided to the clavicular head and the omohyoid muscle is incised at its
fascia. After identification of the recurrent nerve, lymph nodes along this nerve (which
are in continuity with the nodes previously dissected out in the superior mediastinum)
are dissected. The inferior thyroid arteries are then ligated and divided. The para-
esophageal nodes, including the recurrent nerve nodes at the cervicothoracic junction,
are classified as either cervical or upper mediastinal nodes, according to their position
relative to the bifurcation of the right common carotid and right subclavian arteries.
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STEP 4

Cervical lymphadenectomy

The jugular vein, common carotid artery, and vagus nerve are subsequently identified
and divided. On the lateral side, after careful preservation of the accessory nerve, lymph
nodes situated lateral to the internal jugular vein are removed. The thyrocervical trunk
and its branches and the phrenic nerve are then identified. In this procedure, the
cervical nodes (internal jugular nodes below the level of the cricoid cartilage, supra-
clavicular nodes, and cervical paraesophageal nodes) are cleared bilaterally (arrow
indicates the direction of lymphadenectomy).

See transhiatal approach for standard postoperative investigations and complications.




104 SECTION 2 Esophagus, Stomach and Duodenum

Tricks of the Senior Surgeon

® A better exposure of the upper mediastinum requires transection of the medial
head of the sternocleidomastoid muscle and/or partial upper sternotomy.



Indications

Contraindications

Minimally Invasive Esophagectomy

Rudolf Bumm, Hubertus Feussner

Introduction

The availability of modern laparoscopic and thoracoscopic techniques as well as
videoendoscopy has promoted the development of techniques for minimally invasive
esophagectomy. In principle, two techniques have been established and clinically
evaluated so far. Thoracoscopic esophagectomy is, in theory, an analog procedure for
transthoracic en-bloc esophagectomy, but is in use in only a few centers because it is
technically demanding, requires single lung ventilation over extended time periods and
has not shown, clinical benefits over conventional open esophagectomy in larger series
so far. Radical transhiatal esophagectomy with mediastinoscopic dissection of the
esophagus (endodissection) was established in 1990 by Buess and coworkers and
clinically tested in our own institution. The method is feasible and safe, and endo-
dissection allows for mobilization of the proximal thoracic esophagus under direct
vision and enables mediastinoscopic lymph node sampling and reduces peri- and
postoperative complications compared to conventional transhiatal esophagectomy.

Thoracoscopic Esophagectomy

Indications and Contraindications

m Carcinoma of the thoracic esophagus

Deterioration of lung function (long single lung ventilation)
Status post-thoracotomy (adhesions)

Advanced tumors

Patients older than 65years (relative)
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Indications

Contraindications

Radical Transhiatal Esophagectomy with Endodissection

Indications and Contraindications

m Patients with adenocarcinoma of the distal esophagus (Barrett’s carcinoma)
m  Age limit: This method can be successfully performed in patients up to the
age of 80years

m  Status after thyroid resection or patients in which the cervical esophagus and/or
the upper mediastinum may be difficult to access (status after radiation therapy
for subsequent oropharyngeal tumors)

B Preoperative detection of enlarged peritumoral or mediastinal lymph nodes
(— transthoracic en bloc resection)

Preoperative Investigations/Preparation for the Procedure

(Re-)endoscopy and (re-)biopsy

Endoscopic ultrasound: UICC T and N categories

Chest X-ray: Distant metastasis?

Abdominal ultrasound: Distant metastasis?

CT scan: Resectability? Enlarged mediastinal lymph nodes?
Risk analysis: Cardiac, lung, liver function, cooperation,

zero alcohol intake for several weeks
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Procedures

Thoracoscopic Esophagectomy

STEP 1

Positioning and exposure

A double-lumen tube for single lung ventilation is placed by the anesthetist with great
care, as the quality of single lung ventilation is crucial for the procedure.

The patient is brought into a left-sided position as for a conventional posterolateral
thoracotomy.

Special short and oval trocars for thoracoscopy reduce the danger of intercostal
artery bleeding and increase the degree of freedom of instrument handling. The trocar
position should be adjusted according to tumor localization, and lung retractors are
needed for exposure.

Position of the patient and of the trocars is shown in a patient with esophageal
carcinoma adjacent to the tracheal bifurcation.
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STEP 2

Dissection of the esophagus

The mediastinal pleura is divided and the entire thoracic esophagus is exposed in a
way that the azygos vein is preserved. Then the inferior pulmonary ligament is divided
to the level of the inferior pulmonary vein. A silicone drain is placed around the distal
esophagus to facilitate traction and exposure, and ultrasonic shears are used for dissec-
tion of the peri-esophageal tissues, which should remain attached en bloc to the
specimen. The thoracic duct should be sutured with non-resorbable material in order
to reduce the risk of chylothorax, and direct vessels from the aorta should be clipped
to avoid rebleeding.
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STEP 3

Transection of the esophagus

During dissection of the subcarinal lymph nodes, attention must be paid to avoid
injuring the mainstream bronchi. The subcarinal nodes should remain attached en bloc
to the specimen.

An Endo GIA II vascular stapler is used to divide the azygos vein. The vagus nerve is
divided by ultrasonic shears cephalad to the azygos vein.

Finally, the esophagus is transected at the level of the thoracic inlet with the help of
another Endo GIA II stapler magazine. The specimen is removed later through the open
hiatus during reconstruction. Alternatively, the esophagus can be divided by stapler
distally at the level of the hiatus and removed by one of the port incisions, which should
be enlarged to 3-4cm for this purpose. The operation is completed by inserting a single
26-Fr. chest tube through the camera port, and the other port sites are closed with
absorbable running sutures.
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Radical Transhiatal Esophagectomy with Endodissection
STEP 1 Exposure, preparation and access to the cervical esophagus

The patient is brought into a supine position and the skin is disinfected. The esophagus
should be intubated with a rigid rubber tube. The abdominal wall, the anterior thorax
and the left side of the neck must be completely exposed for the two operating teams
(abdominal and cervical teams) (A-1).

The cervical incision is made at the anterior edge of the sternocleidomastoideus
muscle. The omohyoideus muscle is divided by monopolar electrocautery and the infe-
rior thyroid artery is divided between ligatures. The recurrent laryngeal nerve must be
identified and carefully preserved during the next steps of the dissection. The nerve is
best located at the point where it undercrosses the inferior thyroid artery. Further
dissection of the nerve should be avoided in order to prevent secondary lesions.

The cervical esophagus is mobilized by blunt/sharp dissection and drawn laterally
with the help of a silicone tube in order to gain some dissection space between the
esophagus and trachea (A-2).
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STEP 2

Endodissection

The mediastinal endodissector is then assembled and inserted into the upper medi-
astinum. This instrument features a tissue dilator at the tip, a 15-degree Hopkins fiber-
optic device and a working channel for one 5-mm laparoscopic instrument. The tissue
dilator is anatomically designed so that it can “ride” on the esophageal surface and opens
an anterograde dissection space of 2-3cm in the mediastinum. The tissue dilator of the
mediastinoscope can be freely rotated 360 degrees. For full operation, the medi-
astinoscope is connected to a video camera, a xenon light source, and a flushing/suction
device.

It is normal that the first steps of endoscopic dissection of the retrotracheal space are
difficult due to the limited initial vision and the anatomical narrowing of the thoracic
inlet. Microinstruments such as scissors, forceps or a coagulation/suction instrument
as well as ultrasonic shears can be used through the working channel of the medi-
astinoscope.
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STEP 3

Endodissection: mediastinoscopic anterior view

The retrotracheal tissues are divided by pushing the tissue with the coagulation/suction
device followed by the application of a short “coagulation” impulse or dissection with
ultrasonic shears.

The anterior surface of the esophagus is subsequently dissected until 2-3 cm below
the tracheal bifurcation.

We usually identify the left recurrent nerve, both vagal trunks, the tracheal bifurca-
tion and the subcarinal lymph nodes, which can be removed in toto.

By turning the tip of the instrument counterclockwise by 90 degrees, the left surface
of the esophagus can be dissected. This is usually the most difficult part of endodissec-
tion due to adhesions between esophagus and the left main bronchus. These must be
totally divided. Care has to be taken not to divide the longitudinal muscle layer of the
esophagus at this point.
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STEP 4

Endodissection: mediastinoscopic posterior view

The back wall and the right surface of the esophagus usually present no major
difficulties, and opening of the mediastinal pleura is not usually critical. Finally,

the esophagus should be circumferentially mobilized and contact between the ab-
dominal team and the cervical team should be made. The cervical team assists during
the phase of en bloc dissection of the infracarinal esophagus by providing light and
suction from above. This can be helpful especially in large tumors. Finally, the cervical
esophagus is divided by a longitudinal stapler device and retracted into the abdominal
cavity. The mediastinal procedure is completed by control of hemorrhage and removal
of visible lymph nodes for supplementary staging information.
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STEP 5

Radical transhiatal esophagectomy with endodissection;
dissection of the hiatus and the inferior mediastinum

After abdominal incision (inverse-T laparotomy and self-holding Stuhler’s retractors),
the hiatus of the patient should be exposed after mobilization of the left lobe of the liver.
When endodissection is nearly completed, the abdominal team widely opens the
hiatus by excising portions of the crura of the diaphragm (left adherent to the spec-
imen) and dividing the diaphragmatic vein between clamps. The periesophageal
mediastinal lymphatic tissue is dissected from the pericardium and remains adherent
to the specimen in “en bloc” fashion. The primary tumor should not be exposed during
the operation. Both visceral layers of the pleura may be resected without problems.
After complete mobilization of the esophagus by the cervical team and division of the
cervical esophagus with a linear stapler, the specimen is retracted into the abdominal
cavity. A lymphadenectomy in compartments I and II is always added (A-1, A-2).
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STEP 6

Reconstruction

Routinely, we reconstruct the gastrointestinal passage by pull-through of a narrow
gastric tube in the anterior or the posterior mediastinum. Only in younger patients
with good prognosis is a reconstruction with colon accomplished.

See chapter on “Subtotal Esophagectomy: Transhiatal Approach” for standard
postoperative investigations.

Postoperative Complications
m Recurrent nerve palsy
Chylothorax

Bleeding

Anastomotic insufficiency

Tricks of the Senior Surgeon

Thoracoscopic Esophagectomy

® Should only be performed with excellent single lung ventilation.
m Convert early in case of bleeding or loss of orientation.

m Suture the thoracic duct with non-resorbable suture material.

Radical Transhiatal Esophagectomy with Endodissection

m Perform endodissection and abdominal approach simultaneously to save time.

® Endodissection: always keep the esophagus in sight to avoid damage to vital
mediastinal structures.

® Endodissection: in case of mediastinal arterial bleeding it is better to
compress/tamponate than coagulate.

= Do not attempt to dissect the tumor below the tracheal bifurcation. This is better
done by the abdominal team through the open hiatus.



Indications

Contraindication

Zenker’s Diverticula: Open Approach
Claus F. Eisenberger, Christoph Busch

Introduction

The common type of diverticula (Zenker’s) is not actually of esophageal origin,

but arises from the relatively bare triangle of mucosa located between the inferior

pharyngeal constrictors and the cricopharyngeal muscle (Killian’s triangle).

Zenker’s diverticula are 10 times more common than other esophageal diverticula.
Zenker’s diverticula are so called false diverticula and are classified according

to Lahey:

StageI:  No symptoms,local mild inflammation

StageII:  Dysphagia and regurgitation

Stage III:  Esophageal obstruction, dysphagia, and regurgitation

Indications and Contraindications

m Progress over time. Treatment is recommended for patients who have moderate
to severe symptoms/complications (pneumonia or aspiration)

m Severe physical constitution

Preoperative Investigations/Preparation for the Procedure

Clinical examination

Contrast swallow (water-soluble)

Upper gastrointestinal endoscopy

Ultrasound

Manometry

A large gastric tube is carefully placed in the upper esophagus
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Procedure

Access
The patient is placed in a supine position with the head rotated to the right.

STEP 1

Approach

The approach to the diverticulum for surgical therapy comes through a left cervical inci-
sion (most Zenker’s diverticula present on this side) at the level of the cricoid cartilage
on the anterior aspect of the sternocleidomastoid muscle just above the clavicle. The
anatomical overview of the access to the cervical esophagus is given in the figure.

STEP 2

Dissection

Dissection is performed between the medial aspect of the sternocleidomastoid muscle,
which is pulled laterally, and the strap muscles by retracting the carotid sheath laterally
and preserving the recurrent laryngeal nerve. The omohyoid muscle may be either
retracted or transected. The thyroid gland is mobilized and vessels are dissected.
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STEP 3

Mobilization of the esophagus and the diverticulum

The esophagus is mobilized from the prevertebral fascia, and the diverticulum is
evident posterior to the esophagus (a tube may be inserted in the diverticulum for
better identification). Large diverticula may extend into the mediastinum, but gentle
traction and blunt dissection are sufficient to mobilize even the largest diverticula.
The figure shows the anatomy of the cervical diverticula.
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STEP 4

Preparation of diverticulum

The neck of the diverticulum is dissected. Gentle traction on the diverticulum exposes
the fibers of the cricopharyngeus muscle. Oral insufflation of air may help to find the
diverticulum. In the figure the anatomical aspects are shown (the vessels are retracted
to the left).
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STEP 5

Myotomy

The cricopharyngeus muscles are divided and bluntly dissected from the mucosa.
Myotomy of the pars transversa and of the upper esophagus is performed.

After myotomy several options exist, depending on the size of the diverticulum.

Small diverticula measuring up to 2cm virtually disappear after the myotomy is
completed and may be left alone or fixed cranially with the apex. They may be inverted
and sutured to the prevertebral fascia, which prevents food retention without necessi-
tating creation of a staple line or suture line that is at risk for fistula formation (A).

Larger diverticula are resected with a linear stapler parallel to the esophageal lumen,
taking care not to compromise the diameter of the esophagus (B-1, B-2). Alternatively,
open resection and closure with a running suture is performed.




122

SECTION 2 Esophagus, Stomach and Duodenum

STEP 6

Closure

A soft Penrose drain is placed at the resection line. The skin is closed after placing only a
few subcutaneous sutures.

Standard Postoperative Investigations

Contrast study of the upper gastrointestinal tract (not routinely performed before
starting oral intake).

Most patients may be started on a liquid intake within hours of the

operation.

The duration of hospitalization has been declining, and may be necessary for

2 or 3days.

The drain is left in situ for about 5days.

A solid intake should be started after the 5th postoperative day.

Postoperative Complications

Recurrent laryngeal nerve injury

Wound infection

Fistula formation/anastomotic leakage - conservative treatment with drainage
and opening of the wound is usually the appropriate treatment.
Retropharyngeal abscess may require surgical intervention.

Recurrence rates after resection of a cricopharyngeal diverticulum are low, if the
cricopharyngeus muscle has been divided completely.

Tricks of the Senior Surgeon

m Placement of a large gastric tube helps to identify the esophagus and the
diverticulum.
m Tension free resection helps to avoid leakage.



Endoscopic Treatment of Zenker’s Diverticulum

Uwe Seitz

Introduction

Treatment of Zenker’s diverticulum with a flexible endoscope provides an alternative to
surgery or the intraluminal approach with a rigid endoscope. The “septum” between the
diverticulum and the esophagus is transected, thereby creating a common cavity of
esophageal lumen and diverticulum, allowing easier food passage.

Indications

m Feasible in any patient including those not appropriate for general
anesthesia

See chapter “Zenker’s Diverticula: Open Approach” for contraindications, preoperative
investigations, and preparation for the procedure.
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Procedure

Intubation of the esophagus is often difficult in patients with a Zenker’s diverticulum.
A pediatric endoscope should be used to facilitate intubation. If the diverticulum is filled
with food, cleaning by using a large channel endoscope should be first performed to
avoid aspiration.

After intubating the esophagus, a Savary-Guillard wire is placed in the antrum, the
endoscope is withdrawn and a nasogastric tube is placed over the wire through the
mouth.

STEP 1

Argon-plasma coagulation of the septum

The nasogastric tube indicates the entrance into the esophagus. This tube provides an
excellent anatomical overview and simultaneously protects the esophageal wall during
treatment (A).

The septum is treated with argon-plasma coagulation. The advantage of this method
over conventional diathermy is the spray-like application. Bleeding from smaller vessels
is avoided. In one session 1cm of the septum is coagulated. The session is repeated after
4weeks if required (B).
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Argon-plasma coagulation of the septum

Figure C shows the effect of argon-plasma coagulation at the end of the first session.

STEP 2 Needle knife incision

The beginning and the end of a session of needle knife incision are shown. Fibers of the
cricopharyngeal muscle are visualized. In our experience the risk of bleeding is higher
using the needle knife compared to argon-plasma coagulation, particularly in the first
session.
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STEP 3 Residual septum

Residual septum after successful endoscopic treatment.

Standard Postoperative Investigations

= No specific investigations are necessary

Postoperative Complications

® Bleeding
m Perforation

Tricks of the Senior Surgeon

= Control bleeding with hemoclips or injection of diluted epinephrine (1:20,000).



Indications

Contraindications

Epiphrenic Diverticula
Chris G. Collins, Gerald C. O’Sullivan

Introduction

An epiphrenic diverticulum is a herniation of a pouch of esophageal mucosa through
the musculature of the distal thoracic esophagus within 10cm of the oesophago-gastric
junction. The pathological process is thought to be due to the application of pulsion
forces to the mucosa above a functionally obstructing region of abnormal esophageal
motility.

In 1804 DeGuise accurately described the symptoms associated with a lower
esophageal diverticulum, and in 1898 Reitzenstein provided the first radiological
images. Manometry and cinefluorography was used by Cross et al. in 1968 to
objectively demonstrate an etiological link between motility disturbance in the
distal esophagus and diverticula formation.

Indications and Contraindications

® Dysphagia
® Pulmonary complications (recurrent pneumonia, aspiration pneumonitis and lung
abscess)

®  Asymptomatic diverticula (regular follow-up is advised to detect malignant change
or significant enlargement with regurgitation or aspiration)
®  Ongoing pneumonia or lung abscess (temporary)

Preoperative Investigation/Preparation for the Procedure

Clinical: Full history and examination.
Esophagogastroduodenoscopy (EGD): exclusion of associated
carcinoma.
Esophageal manometry: It may be necessary to position the
manometry probe distal to the diverticulum in order to accurately
define the dysmotility (24-h recordings provide a more accurate
diagnosis).
Laboratory: Routine biochemical profile to out rule any abnormality related
to prolonged vomiting or forced fasting such as hypoalbuminia.
Radiology: Plain chest radiograph.
Contrast esophagogram (may need rotation to see smaller diver-
ticula).
Broad-spectrum antibiotics are given preoperatively.
Treat complications of the diverticulum (aspiration pneumonia/lung abscess) prior
to surgery.
Empty the diverticulum of retained secretions, food, or barium as completely as
possible before anaesthesia is induced to reduce the risks of aspiration.
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Procedure

Access

m Thoracic approach

m Laparoscopic abdominal approach
® Video-assisted thoracic approach

Thoracic Approach

Access
Standard left posterolateral thoracotomy through the 7th intercostal space (ICS)

STEP 1

Exposure of the esophagus

The inferior pulmonary ligament is divided with diathermy to the level of the inferior
pulmonary vein and the lung is retracted upward. The mediastinal pleura overlying the
esophagus is incised longitudinally to expose the esophagus and diverticulum.
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STEP 2

Exposure and resection of the diverticulum

The esophagus is mobilized from its bed sufficiently to allow dissection of the diver-
ticulum, which is most often located posteriorly. The diverticulum is isolated, grasped
with a Babcock type forceps, and carefully dissected from its attachments until the
entire sac is free and attached to the esophagus only at the neck.

If the diverticulum has a wide neck, a large bougie (60F) is passed down the
esophagus, and the diverticulum is then stapled longitudinally using a stapling
device (TA) and excised.
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STEP 3

Exposure of the gastro-esophageal junction and myotomy

The muscular layer is closed over the mucosal staple line with interrupted 3-0 sutures.

A 2- to 3-cm incision is made into the abdomen through the phreno-esophageal
ligament at the anterior margin of the hiatus along the midlateral border of the left crus.
A tongue of gastric fundus is pulled up into the chest. This exposes the gastro-
esophageal junction and its associated fat pad. The fat pad is excised.

A longitudinal myotomy is performed along the anterior wall of the esophagus
(opposite side to the diverticulum) from approximately 1cm above the diverticulum
extending down for about 1-2cm into the musculature of the stomach.

STEP 4

Reconstruction of the cardia

The cardia is reconstructed by suturing the tongue of the gastric fundus to the margins
of the myotomy for a distance proximally of 4cm using interrupted 3-0 Prolene sutures.
A chest tube is left in situ and brought out through a separate intercostal stab wound
in the lower thorax.
The chest drain is usually removed 48h postoperatively, if the lung is completely
expanded and there is no evidence of leak or infection.
The nasogastric tube is left on low suction and removed on the third postoperative day.
Patients begin liquid oral intake following nasogastric tube removal, advancing to a
full fluid diet as tolerated. Analgesics and anti-emetics minimize nausea and vomiting.
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Laparoscopic Procedure

Access and Exposure

= Lithotomy position with 20-30° reverse Trendelenburg (“French position”).
The surgeon stands between the legs.

B Pneumoperitoneum is established and five ports inserted.

STEP 1 Exposure

The phreno-esophageal ligament is incised using endo-scissors. Dissection begins on the
right crus and then moves to the left crus. The right crus is then dissected downward,
and the esophagus is encircled with a Penrose drain for traction, via the left subcostal
port. The Penrose drain is maintained in position for traction by approximation with
a 3-0 endoloop.

Mediastinal dissection is then carried out using blunt instruments and acoustic
scalpel, staying close to the esophagus until the diverticular pouch is reached.
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STEP 2

Endoscopy and preparation of the diverticulum

The endoscope is inserted into the esophageal lumen at the level of the diverticulum.
By using insufflation and transillumination, the diverticular pouch is defined to allow
safe dissection. The pouch is thoroughly dissected until the neck of the diverticulum
is completely clear of all adherent tissue, with care to avoid injury to the

pleural sacs.

STEP 3

Resection

An endoscopic stapling device is introduced through the operative trocar in the left
upper quadrant and is advanced to the level of the diverticular neck. The stapler jaws
are closed under simultaneous endoscopic control; the endoscope is advanced into the
stomach to prevent too much mucosa being excised, and it is then withdrawn. Once
this is confirmed, the stapler is fired and mucosal closure is verified. Additional stapler
applications may be necessary to completely incise and close the diverticular neck.
The pouch is removed and the staple line is inspected using the endoscope.
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STEP 4

Myotomy

A myotomy is performed on the opposite esophageal wall, with longitudinal and circular
muscular fibers divided and the submucosal plane carefully dissected using

the acoustic scalpel. The myotomy is extended proximally above the upper limit of the
diverticulum and distally for almost 1.5cm onto the cardia using either acoustic scalpel
or endo-scissors.

STEP 5

Dor fundoplication

The hiatus is closed posteriorly with two or three interrupted sutures. The anterior wrap
is performed by suturing the gastric fundus to the muscular edges of the myotomy

(Dor type procedure) and the gastric fundus is also sutured to the superior part of the
crura. The fundus is sutured to the right crus and to both the right and left sides of the
esophagus.

Video-Assisted Thoracoscopic Approach

Access
Positioning in a right lateral position as for left posterolateral thoracotomy.
The left lung is deflated using a double lumen endotracheal tube. Ports are inserted
as follows:
® 10mm at the 6th intercostal space posterior axillary line for the camera
= 10mm at the 5th intercostal space at the anterior border of the axillary line for
retraction of the lung
10mm at the 3rd intercostal space for working cannula
12mm at the mid-axillary line for working cannula
The procedure is as for the open procedure.
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Standard Postoperative Investigations

m A water-soluble non-ionic contrast swallow is performed on day 5 postoperatively:
- To exclude suture line leak

To verify the position of the wrap

To ensure that no significant obstruction has developed

To provide an impression of gastric emptying

m Carbonated beverages and very large meals must be avoided in the early post-
operative period

Postoperative Complications

® Early (days to weeks):
- Hemorrhage
- Suture-line leak (if symptomatic then proceed to thoracotomy and repair,
if asymptomatic then manage conservatively)
- Pleural effusion
- Empyema
- Subphrenic abscess
® Late (months to years):
- Recurrence of diverticulum. If symptomatic this is managed by open surgery.
- Gastro-esophageal reflux with stricture (treated by dilatation and anti-reflux
medication)
- Para-esophageal hernia (may require surgical therapy and repair of the hernia)

Tricks of the Senior Surgeon

m Verification of impermeability of the suture line is confirmed using insufflation
of air via the gastroscope in conjunction with insertion of saline via the laparo-
scope.

= Non-ionic contrast media is preferred to Gastrografin for the postoperative
swallow as it provides superior images and is less reactive if aspirated or inadver-
tently leaks into thorax or abdomen.

Small diverticula may be treated by plication and myotomy.
Gastric dysparesis. This usually settles with pro-kinetic agents, but may require
pyloroplasty.

= Intraoperative upper gastrointestinal endoscopy facilitates transillumination
of the diverticulum, safe staple placement as well as suture line evaluation
with insufflation.
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Techniques of Local Esophagoplasty
in Short Esophageal Strictures
Asad Kutup, Emre F. Yekebas, Jakob R. Izbicki

Introduction

Local esophagoplasty is indicated for patients with short esophageal strictures when
endoscopic therapies including bougienage and balloon dilatation are not effective.

Indications and Contraindications

m Short peptic stricture
m Short scarred stenosis

m Suspicion of malignancy

Preoperative Investigations/Preparation for the Procedure

m Esophagogastroscopy with multiple biopsies.

m Special preparation: no peculiarities compared to the previously mentioned opera-
tions.

®m Anesthesia: endotracheal anesthesia; in case of intrathoracic stenosis, a tracheal tube
with the possibility of separate ventilation should be used.

Procedure

Positioning and Access

These depend on the location of the stenosis.

m Collar stenosis: left cervical approach, supination.

m Intrathoracic stenosis: right anterolateral thoracotomy using 4-6th intercostal spaces
(ICS).

m Stenosis of the abdominal part of the esophagus: “inverted T-incision” or median
laparotomy.
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STEP 1

Resection and technique of anastomosis

After resection of the stenotic segment, mobilization of the proximal and distal end of
the esophagus restores the basis for reconstruction of the continuity with single layer
end-to-end anastomosis in single suture technique. The distance of each suture should
be 5mm. Each stitch should be placed 5mm distant to the anastomosis.

In stenosis shorter than 1cm, stricturoplasty according to Heineke Mikulicz should
be performed. Therefore a longitudinal esophagectomy is performed using a single
layer transverse closure with mattress sutures.

STEP 2

In case of limited stenosis

In stenosis limited to mucosa and submucosa, a transverse transection of the esophageal
musculature over the stenosis suffices (A-1). The anterior part of the

stricture is resected (A-2). Reconstruction of the continuity of the mucosa and submu-
cosa in the posterior wall area (A-3) is done followed by transverse closure of the
anterior wall with single layer mattress sutures (A-4).
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STEP 3 In case of prestenotic dilatation

In case of a prestenotic dilatation of the esophagus, side-to side esophagostomy of the
pre- and poststenotic esophageal segment should be performed.

In all local esophagoplasties an intraluminally placed tube (large gastric tube) and
abundant external drainage are obligatory.

Standard Postoperative Investigations

m Daily check for insufficiency of the esophagoplasty

m If problems occur after removal of the drain, a contrast study with water-soluble
contrast is recommended

® In case of early detected insufficiency: esophagoscopy with the feasibility of stenting

Postoperative Complications

Leakage
Mediastinitis
Pleura empyema
Peritonitis
Re-stenosis

Tricks of the Senior Surgeon

® In case of caustic ingestions, organs adjacent to the esophagus, i.e., trachea, may
be involved. In these instances, preparation of the esophagus has to be performed
carefully.
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Contraindications

Operation for Achalasia

Luigi Bonavina, Alberto Peracchia

Introduction

In 1913 Heller reported the first esophageal myotomy for achalasia through a left
thoracotomy. Over the years, the transabdominal approach has been extensively
adopted, especially in Europe. More recently, laparoscopy has emerged as the initial
intervention of choice in several institutions throughout the world.

The operation consists of complete division of the two layers of esophageal muscle
(longitudinal and circular fibers) and of the oblique fibers at the esophagogastric
junction. A further step of the transabdominal procedure is the construction of an
antireflux valve, most commonly an anterior fundoplication according to Dor.

Indications and Contraindications

® In patients with documented esophageal achalasia, regardless of the disease’s stage

m Not deemed fit for general anesthesia and in those with:

m Significant co-morbidity

m Short life expectancy in whom pneumatic dilation or botulinum toxin injection
represent a more reasonable therapeutic option

® Extensive intra-abdominal adhesions from previous upper abdominal surgery can
make the laparoscopic approach hazardous

Preoperative Investigation/Preparation for the Procedure

History and clinical evaluation: Duration of dysphagia, nutritional status

Chest X-ray: Atelectasis, fibrosis (s/p aspiration pneumonia)
Barium swallow study: Degree of esophageal dilatation and lengthening
Esophageal manometry: Non-relaxing lower esophageal sphincter,

lack of peristalsis
Endoscopy: Rule out esophageal mucosal lesions, Candida

colonization, associated gastroduodenal disease
CT scan and/or endoscopic
ultrasound (EUS) in selected
patients: Rule out pseudoachalasia (malignancy-induced)
Insert a double-lumen nasogastric tube 12h before surgery to wash and clean the
esophageal lumen from food debris
Short-term antibiotic and antithrombotic prophylaxis
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Laparoscopic Procedure

For details on access, see chapter “Laparoscopic Gastrectomy.”

STEP 1

Exposure

Incision of the phrenoesophageal membrane. Dissection is limited to the anterior
surface of the esophagus and of the diaphragmatic crura to prevent postoperative reflux
by preserving the anatomical relationships of the cardia. The cardia is mobilized only in
patients with sigmoid esophagus; in such circumstances, it is preferable to reduce the
redundancy in the abdomen and to close the crura posteriorly.

STEP 2

Heller myotomy

The Heller myotomy is started on the distal esophagus using an L-shaped hook until
identification of the submucosal plane.

The myotomy is extended on the proximal esophagus for about 6 cm using insulated
scissors, a Harmonic Scalpel, or Ligasure device.

The myotomy is extended on the gastric side including the oblique fibers for about
2cm using the L-shaped hook.
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STEP 3 Intraoperative endoscopy

Intraoperative endoscopy aids in evaluating the length of the myotomy, dividing residual
muscle fibers, and checking the patency of the esophagogastric junction. This is most
helpful in patients previously treated by pneumatic dilation or botulinum toxin injec-
tion.

STEP 4 Construction of the Dor fundoplication

The anterior fundic wall is sutured with three interrupted stitches (Prolene for extracor-
poreal knots, Ethibond for intracorporeal knots) to the adjacent left muscle edge of the
myotomy. The most cranial stitch incorporates the diaphragmatic crus.

STEP 5 Security of the fundic wall

A more lateral portion of the anterior fundic wall is secured with three interrupted
stitches to the right muscle edge of the myotomy and to the left diaphragmatic crus.
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Standard Postoperative Investigations

Gastrografin swallow on postoperative day 1 to check for esophagogastric transit
and absence of leaks

Postoperative Complications

Persistent dysphagia

Delayed esophageal emptying

Recurrent dysphagia

Esophagectomy may be required in patients with decompensated sigmoid
megaesophagus

Gastroesophageal reflux

Evidence of stricture may require mechanical dilatation followed by vagotomy
and total duodenal diversion

Leak after undetected perforation

Consider endoscopic stenting and percutaneous CT-guided drainage

Tricks of the Senior Surgeon

®  Once the submucosal plane has been identified, use a pledget swab to create
a tunnel before cutting the muscle upward.

m Bleeding from the muscle edges of the myotomy is self-limiting; it is wise
to avoid excessive electrocoagulation and to compress with a warm gauze
for a few minutes.

m Be careful when the endoscope is advanced into the esophagus and past
the cardia after the myotomy is performed; the stomach grasper must be
immediately released to prevent iatrogenic perforation.
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Subtotal Gastrectomy, Antrectomy,

Billroth Il and Roux-en-Y Reconstruction

and Local Excision in Complicated Gastric Ulcers
Joachim Ruh, Enrique Moreno Gonzalez, Christoph Busch

Subtotal Gastrectomy

Introduction

In subtotal gastrectomy, 75 % of the stomach is resected. The passage is reconstructed

using the proximal jejunum either as an omega loop or as a Roux-en-Y reconstruction.

Indications and Contraindications

m Gastric carcinoma of the intestinal type in the distal part of the stomach

= Complicated ulcers of the distal part of the stomach and the duodenum

Preoperative Investigations/Preparation for the Procedure

m In gastric carcinoma, the carcinoma should be clearly identified as an intestinal type
in histopathological work-up.

m The location of the carcinoma/ulcerative lesion should be clearly identified by means
of endoscopy.
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Procedure
STEP 1 Abdominal incision and mobilization of the stomach

For laparotomy, a transverse epigastric incision should be chosen. In case of inadequate
exposure, this incision should be extended with a midline incision. This approach
provides adequate exposure up to the gastroesophageal junction. Alternatively, a midline
laparotomy is adequate.

Following the exploration of the whole abdomen for metastatic disease in case of
gastric cancer, the gastric lesion should be located.

The greater omentum of the stomach is dissected from the transverse colon, exposing
the posterior wall of the stomach and opening the lesser sac (A).
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STEP 1 (continued)

Abdominal incision and mobilization of the stomach

The pylorus is freed from adjacent connective tissue (B), and the omentum minus is
opened along the minor curvature. Care has to be taken not to overlook a left hepatic
artery. The left gastric artery is exposed as well as the coronary vein. Both structures
are ligated and transected (C). Thus, the lymphatic tissue along the lesser and greater
curvature is included in the specimen. The right gastric artery and vein are ligated
and transected as well as the right gastroepiploic artery and vein at the greater curve,
preserving the arcade vessels of the proximal part of the stomach.
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STEP 2

Resection

The resection margins are set at the pyloric region about 1cm distal to the pylorus and
the proximal third of the stomach (A). The duodenum is divided with the stapler device.
It is recommended to make a single layer closure of the gastric incision with a running
suture or single stitches. In case a stapler device is used, the serosa should be adapted
with seromuscular stitches (B). The duodenal stump should be treated with special care,
avoiding any tension on the suture line. For its closure, single stitches are used (C).

For the gastrojejunostomy, an omega loop, i.e., the Billroth II reconstruction
(STEP 1-3), or a Roux-en-Y reconstruction (STEP 1) is used.
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Indications

Antrectomy

Introduction

In antrectomy, 25% of the distal part of the stomach is resected.

Indications and Contraindications

= Complicated duodenal ulcers and ulcers of the prepyloric region. Antrectomy is
performed in combination with bilateral truncal vagotomy. This procedure reduces
acid secretion by reduction of acetylcholine stimulus of the vagus nerve and gastrin
production of the antrum.

Preoperative Investigations
® Endoscopic verification of the lesion

® Exclusion of gastrinoma and hypercalcemia as risk factors
®  Exclusion of carcinoma (multiple biopsies)
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Procedure
STEP 1 Mobilization of the stomach and vagotomy

As in subtotal gastrectomy, the stomach is mobilized and freed from the omentum,

and the pylorus is isolated. The vagal trunks are identified on the distal part of the
esophagus, with the anterior branch of the nerve lying on the left part of the esophagus,
and the posterior branch lying on the back or to the right side of the esophagus (A).
About 2cm of each branch is resected, and the nerve ends are ligated (B).
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STEP 2

Exposure of the antrum

The pylorus (see “Subtotal Gastrectomy” STEP 1, Fig. B) and the distal part of the
stomach are dissected, ligating the vasculature on the greater and lower curvature.
Using a stapling device is the most convenient way to perform the resection.

STEP 3

Resection margins

The resection margins are set similar to the subtotal gastrectomy concerning the
duodenum (see “Subtotal Gastrectomy” STEP 1). The proximal resection line is placed
below the gastroesophageal junction on the lower curvature and in the middle between
the fundus and the pylorus at the greater curvature.

STEP 4

Reconstruction of the passage

For reconstruction of the passage, the Billroth IT (STEP 1-3) or the Roux-en-Y procedure
is used (STEP 1).
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Billroth Il Reconstruction
Procedure
The gastrojejunostomy is done with an omega loop.

STEP 1 Placement of the omega loop

Choose a loop of the proximal jejunum that can easily be mobilized to the distal part of
the posterior wall of the remnant stomach. The distance of the loop is kept short when
a retrocolic route is chosen.

Prepare a small passage in the mesentery of the transverse colon and pull the omega
loop through the mesentery. Mind that no tension is exerted on the mesentery when the
loop is in place.
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STEP 2 Gastrojejunostomy

Open the closure of the distal gastric remnant and the antimesenteric side of the omega
loop. For the backward layer, use single stitches or a running suture (A, B).
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STEP 2 (continued)

Gastrojejunostomy

For the anterior anastomosis, a running inverting suture is adequate. However, a mono-
layer with single stitches is also possible as well as the appliance of a stapling device (C).
To avoid anastomotic stricture, the gastrojejunostomy should be performed over a
distance of 5-6cm.
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STEP 3 Braun’s anastomosis

Braun’s anatomosis is performed as distal as possible (>40cm) to avoid biliary reflux
into the gastric remnant. Side-to-side jejunostomy is done either with single stitches, a
running suture, or a stapler device (A, B, C).
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Roux-en-Y Reconstruction
Procedure

STEP 1 Dissection of the jejunum

The ligament of Treitz is identified, and the jejunum is dissected about 40-50 cm distal to
Treitz’ ligament (A). For convenience, a stapler device may be used. The blind end of the
distal part is closed using a running suture or single stitches. The distal loop is placed
side-to-side to the posterior wall of the gastric remnant without exerting any tension

on the mesentery. A retrocolic route is preferable. Before performing the anastomosis,
the serosa of the jejunal loop is fixed to the serosa of the gastric remnant over a distance
of 5-6cm, thus building the outer layer of the backward suture (B).
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STEP 2

Gastrojejunostomy

The jejunal loop and the gastric wall are opened along the antimesenteric border using
electrocautery, and the posterior part of the anastomosis is done with a running suture
representing the inner layer, completed by a running inverting suture on the anterior
part of the gastrojejunostomy.

However, single stitches in monolayer technique as well as the appliance of a stapler
device are also adequate. The technique is similar to the gastrojejunostomy in the
Billroth II reconstruction (STEP 2).

The dissected jejunal loop is anastomosed end-to-side to the distal part of the
jejunum 40-50 cm distal to the ligament of Treitz.

Postoperative Investigations

m The gastric tube should be kept until there are no further signs of gastric reflux or
gastrointestinal atonia are present. Indwelling drains should be kept until enteral
nutrition has been started.

Postoperative Complications

m Short term:

Insufficiency of the gastrojejunostomy
Insufficiency of the duodenal stump
Acute pancreatitis, pancreatic fistula
Early dumping syndrome

Biliary stricture

= Longterm:

Biliary reflux

Stricture of the gastrojejunostomy
Stump carcinoma

Late dumping syndrome
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Local Excision in the Stomach

Introduction

Ulcers that do not respond to medical treatment, perforation, or bleeding require
surgical intervention. In bleeding, an endoscopic treatment is the firstline approach.
If bleeding cannot be controlled by endoscopic means, surgical excision is the therapy
of choice.

Local excision in the stomach is indicated when the extension of the ulcer allows for
readaption without exerting any tension on the anastomosis.

The test for Helicobacter pylori and the maintenance of antacid medication are
mandatory. Work-up includes gastrin testing and testing for elevated serum calcium
levels, both risk factors in complicated ulcers.

Indications and Contraindications

Indications m Endoscopically uncontrollable bleeding and perforation are indications.
for an emergency procedure.

Standard Preoperative Investigations

In Case of Bleeding

= Endoscopy with the identification of the bleeding site: active bleeding is identified
by endoscopy or systemic hemoglobin values. Blood pressure and heart rate are
recorded.

In Case of Suspected Perforation

m Standard X-ray of the abdomen in upright and left semiprone position

®  Gas insufflation via a gastric tube may facilitate the diagnosis in conventional X-ray
examination; in case of peritonism without direct evidence of free abdominal gas,
a CT scan should be obtained.

m Especially in retroperitoneal perforation of the duodenum, free gas may not be
seen in standard X-ray films.
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Procedure in Perforated Gastric Ulcers

STEP 1 Exposure of the ulcerative lesion
The ulcerative lesion is completely exposed. In case of perforation of the posterior
gastric wall, the omentum of the stomach and of the colon is separated, and the omental
bursa is exposed (see “Subtotal Gastrectomy” STEP 1, Fig. B).

STEP 2 Excision of the ulcer

In case of chronic granulation, the wall of the ulcer is excised longitudally.
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STEP 3 Closure

The ulcer is closed in a crosswise technique by single layer stitches with an absorbable
suture. (A, B).
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Procedure in Bleeding Gastric Ulcers Refractory to Endoscopic Treatment

STEP 1 Gastrotomy and exposure of the bleeding site

In bleeding without perforation, gastrotomy is the exposure of choice.
Use a longitudinal incision of the anterior gastric wall.

STEP 2 Isolation of the bleeding
In bleeding of the posterior gastric wall, verify that the source of bleeding might arise
from an ulceration of the splenic artery. In this case, separate the artery at its origin and
ligate it. Additional stitches placed around the ulcer wall on all four sides may help to
control bleeding. The use of a non-absorbable suture is preferable. Collaterals maintain
blood supply to the spleen, and splenectomy is not required.

STEP 3 Closure

Closure of the incision with the single layer technique.
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Local Excision in the Duodenum

Introduction
In complicated duodenal ulcers, local excision is the therapy of choice.

Depending on the localization and the extension, a duodenojejunostomy with a
Roux-en-Y reconstruction is indicated. Further, the gastroduodenal artery should be
ligated in case of bleeding ulcers.

Indications and Preoperative Investigations
m These correspond to those in gastric ulcers and bleeding (see “Local Excision in the

Stomach” above).

Procedure in Complicated Duodenal Ulcers

Ventral Duodenal Wall

STEP 1

Exposure of the duodenum

The duodenum is completely exposed and opened longitudinally.
In case of perforation, the ulcerative lesion is excised.
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STEP 2

Closure of the incision

The incision is closed crosswise using single stitches. Kocher’s maneuver may lower the
tension to the suture. Mind that the duodenal passage is not compromised. Depending
on the extent of the excision, primary closure might not be advisable. In this case, a
duodenojejunostomy is required using a Roux-en-Y reconstruction (A-1,A-2, A-3).
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Posterior Duodenal Wall

STEP 1 Exposure of the duodenum
After exposing the duodenum, Kocher’s maneuver is performed, and the posterior wall
of the duodenum is completely exposed in case of perforation. In case of bleeding, the
anterior wall is opened, and single stitches are placed on all four sides of the ulcerative
lesion.

STEP 2 Excision of the ulcerative lesion

The ulceration is excised (see “Local Excision in the Stomach”, STEP 2). As a rule,
primary closure of the lesion may not be advisable, as mobilization of the posterior
duodenal wall is limited. Hence, a duodenojejunostomy is put in place. The gastro-
duodenal artery is exposed and ligated at its origin. In case of bleeding ulcers, this
step might be taken first, when the bleeding source has previously been identified in
gastroduodenoscopy.
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Standard Postoperative Investigations

The clinical course of the patient and the careful daily observation of the drains are
the key points in postoperative care.

Postoperative Complications

Anastomotic leaks and abscess formation

Peritonitis

Anastomotic strictures

Delayed gastric emptying

Recurrence of bleeding and ulcerations

Pancreatitis

Lesion to the pancreatic duct/papilla Vateri with biliary congestion

Tricks of the Senior Surgeon

= When mobilizing the minor curvature of the stomach, bear in mind that an

atypical left hepatic artery may be present.

m Take care that the duodenal stump is closed without any tension on the wall.

Mobilize the duodenum if required.

m The gastroduodenal artery should be carefully preserved to maintain adequate

blood supply to the duodenum in case of Billroth II reconstruction.

® To avoid any biliary reflux, choose an adequate length of the jejunal loop

(>40cm distal of the ligament of Treitz).

m To avoid any stricture of the anastomosis, choose a length of the gastrotomy

for the anastomosis of 5-6 cm in gastroenterostomy.

® In case of Roux-en-Y reconstruction, the blind end of the jejunal loop should

be kept short to avoid the building of a reservoir within the blind end.

m In case of Billroth II procedure and artificial lesion to the spleen requiring

splenectomy, take care that the remnant part of the stomach is adequately
supplied with blood as the short gastric arteries arise from the splenic artery.
In case of hypoperfusion, resection of the gastric remnant is necessary, and an
esophagojejunostomy should be done.
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Total Gastrectomy
with Conventional Lymphadenectomy
Jiirg Metzger

Introduction

In 1884 Connor attempted the first total gastrectomy in humans, reestablishing conti-
nuity with an esophagoduodenostomy. His patient did not survive the operation. In 1897
Schlatter carried out the first successful total gastrectomy. In 1892, Roux described a new
procedure where the jejunal loop was divided and the distal limb was joined to the
esophagus. The proximal limb of the loop was anastomosed to the jejunum some 45cm
distal to the esophagus. A large number of gastric substitutes have been tried over the
past century grouped into large and small bowel procedures. Some operations preserve
the continuity through the duodenum. Others bypass the duodenal passage. Some
procedures include a pouch construction and/or an antireflux modification. Currently,
Roux-en-Y reconstruction is still the most widely used procedure after a total gastrec-
tomy.

Indications and Contraindications

®  Adenocarcinomas arising in corpus or fundus of the stomach

®  Malignant tumors arising in the antrum of the stomach and showing a poor
pathohistological diagnosis (low grade tumors, diffuse type, signet-ring)

m Zollinger-Ellison syndrome

®m Mesenchymal tumors (e.g., gastrointestinal stromal tumors, GISTs)

m Palliative gastrectomy for severe bleeding

m Peritoneal carcinosis
m Penetration into neighboring organs
m  Child-Pugh C cirrhosis with severe portal hypertension

Preoperative Investigation and Preparation for the Procedure

History: Cardiac disease, pulmonary disease, gastric outlet function, melena,
alcohol, smoking, Helicobacter pylori infection, diet, geographic
risk, genetic factors

Clinical evaluation: Nutritional status

Laboratory tests: Hb, coagulation parameters, tumor markers, albumin

Gastroscopy: To prove the diagnosis (biopsies), endoscopic ultrasound
CT scan: Assessment of resectability, distant mestastases
Preparation: Consider bowel preparation with preoperative signs of involvement

of large bowel
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Procedure

Access
Midline incision or bisubcostal incision, division of round and falciform ligament

STEP 1 Exposure and exploration of the abdomen with focus on

Liver metastases

Peritoneal carcinosis

Tumor localization and size

Lymph node enlargement

Penetration into pancreas, spleen, and transverse colon
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STEP 2

Separation of the greater omentum from the entire transverse colon

The entire gastrocolic omentum is separated from the transverse colon by scissors
dissection through the avascular embryonic fusion plane. It is tremendously helpful

to be alert of the difference in texture and color of the fat in the epiploic appendices of
the colon and that of the omentum. Bleeding will be avoided by keeping this important
plane of dissection between these two different structures. The next step is to elevate
the mobilized omentum from the transverse colon and to expose the anterior surface
of the pancreas. As the omentum is mobilized, the venous branch between the right
gastroepiploic and middle colic veins is identified and ligated.
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STEP 3

View of the mobilized left liver lobe and the esophagogastric junction

Next mobilize the left lobe of the liver unless segments IT and III can easily be retracted.
The lesser omentum is divided. If present, a replaced left hepatic artery will be identified
at this time and should be preserved. An additional liver retractor is used so that the
abdominal part of the esophagus is visible. The stomach is then pulled in an inferior
direction and the peritoneum and membrana phrenico-esophagea are incised over the
esophagogastric junction. Both crura of the diaphragm are identified and cleared. Using
a large dissector, the esophagus is separated from the crura and is then encircled by a
finger. A rubber band is placed around the esophagus and retained by a clamp. The vagal
nerves are divided, which facilitates further mobilization of the distal esophagus.
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STEP 4 Mobilization of the greater curvature

The greater omentum is released from the splenic flexure. The stomach is then gently
pulled in an inferior and medial direction and the short gastric vessels are dissected at
the point of contact with the greater curvature of the stomach.




170

SECTION 2 Esophagus, Stomach and Duodenum

STEP 5

Transection of the duodenum

The right gastroepiploic and the right gastric arteries are divided, and the posterior wall
of the duodenum is freed. Extensive duodenal dissection is not necessary when the
distal antrum is free of tumor. The duodenum is then transected with a linear stapler
1-2cm below the pylorus. The stapler line is oversewn with a non-dissolvable running
suture. The distal end of the specimen is covered with a gauze, which should be fixed in
place with an additional umbilical tape ligature.
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STEP 6

D2 lymphadenectomy

The stomach is now held upwards and to the left, which allows optimal exposure. A D2-
compartment lymphadenectomy is carried out. This involves removing all the nodes
along the common hepatic artery, nodes behind and within the hepatoduodenal liga-
ment, and nodes along and around the celiac artery, the trunk of the splenic artery and
the cranial margin and surface of the pancreas. All the arteries are fully freed of areolar
and lymphatic tissue and secured with vessel loops. It is important to clip or ligate all the
remaining lymphatic vessels to avoid postoperative lymphorrhea.
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STEP 7

Division of left gastric vessels

The left gastric vessels are identified and isolated from adjacent tissues by blunt and
sharp dissection and are then ligated and divided. The coronary vein, which is situated
just caudal to the artery, is often identified first in the course of dissection.
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STEP 8

Transection of the distal esophagus

After mobilization of the entire stomach, the esophagus is then divided just above the
cardia. A right-angled clamp is placed distal to the lower esophagus and the esophagus
is divided by electrocautery. The specimen, which consists of stomach, proximal 2cm
of duodenum, greater omentum and regional lymph nodes, is sent to pathology to
confirm the adequacy of the resected margins before reconstruction.
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STEP 9

Roux-en-Y reconstruction

Preparation of Roux-en-Y jejunal segment: A jejunal loop is elevated about 20-30cm
beyond the ligament of Treitz (A-1). Dissection of the mesentery is facilitated by transil-
lumination. The peritoneum is incised along the resection line. The small bowel is
divided with a linear stapler (A-2). To reach a sufficient length of the Roux-en-Y loop it
is sometimes necessary to further divide the main arcades, but it is crucial to preserve
the peripheral arcades.
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STEP 10

End-to-side sutured esophagojejunostomy

There are two ways of performing the esophagojejunostomy, suturing either end-to-end

or end-to-side. My preference is to use the latter because the end-to-end method carries

an increased risk of compromising the circulation at the end of the jejunal loop. It is also

easier to match the diameter of esophagus and jejunum in this way. The anastomosis is

sutured by hand using a single-layer interrupted suture technique (lift anastomosis).

®  An antimesenteric incision is made in the end of the jejunum, its length correspon-
ding to the diameter of the esophagus. To avoid a blind loop syndrome, the incision is
made close (1-2cm) to the end of the jejunum closed earlier by the staples and over-
sewn with a non-dissolvable running suture (A).

m Two corner sutures are inserted and lightly tensioned with Pean forceps. A further
stitch is placed midway between the corner stitches on the posterior wall and the
back line is completed using full-thickness mattress sutures (B).
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End-to-side sutured esophagojejunostomy

m The sutures pass from the jejunal lumen outwards through all layers and complete
the circuit by passing through the wall of the esophagus from outside to inside. The
needle is then turned around and the backstitch picks up only a small bite of mucosa
on each side of the bowel lumina. The sutures extend approximately 5-8 mm from the
wound margins, depending on the wall thickness, and the gap between the stitches is
4-6mm (C).

m Threads are then held in a coil fixed to a Kocher clamp on the retractor hook (D).
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End-to-side sutured esophagojejunostomy

m  After insertion of all backwall stitches, they are then railroaded down to the anasto-
mosis using a wet swab on a stick. It is very important to hold the ends of all threads
under firm tension to ease this maneuver (E).

® The anterior wall of the anastomosis is closed with a continuous suture if there is a
good view or with interrupted sutures when the view is less satisfactory. The anterior
wall anastomosis is also begun at the far corner using an extramucosal stitch on the
small-bowel side and a full thickness stitch on the esophagus wall. Before completing
the front wall, the gastric tube is led down into the jejunum (F).
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STEP 11 Reconstruction of the intestine

At a point 50-60 cm below the esophagojejunostomy, an end-to-side jejunojejunostomy
is performed using a continuous extramucosal suture technique.

All openings in the mesentery are closed by monofilament suture.

Two drainages are placed behind the esophagojejunostomy and around the duodenal
stump.

Standard Postoperative Investigations

= Hemoglobin
® Check daily for clinical signs of infection (anastomotic leak)
®  Contrast study of esophagojejunostomy (day 6)

Postoperative Complications

m Short term:

- Intra-abdominal bleeding
Subphrenic abscess
Anastomotic leak
Pancreatic fistula

- Duodenal stump leak
= Long term:

- Weight loss, decreasing nutritional status (reservoir capacity)

- Diarrhea
Dumping syndrome
Alkaline reflux

Tricks of the Senior Surgeon

®  Ask the anesthesiologist not to introduce a gastric tube before having
completed the backwall of the esophagojejunostomy. This may minimize the
risk of esophagus spasm.

m Keep the dissection of the short gastric vessels closed to the great curvature
of the stomach.

m Secure the duodenal stump (staples row) with a continuous suture.

® Use magnifying glasses to perform the lymphadenectomy.



Indications

Contraindications

Total Gastrectomy with Radical Systemic
Lymphadenectomy (Japanese Procedure)

Mitsuru Sasako

Introduction

Historically, total gastrectomy with radical lymphadenectomy included distal
pancreatectomy and splenectomy and was favored by Brunschwig in 1948. Maruyama
modified this procedure by preserving the distal pancreas, so-called pancreas preserving
radical total gastrectomy. His initial report was published in Japanese in 1979. Initially
he ligated both the splenic artery and vein near their origin, which often caused major
congestion of the pancreas tail followed by massive necrosis. The first available English
report was published in 1995 and described a modified technique of the original version.
There he obtained the splenic vein up to the tip of the pancreas tail to preserve venous
return.

The technique of pancreas preserving total gastrectomy with radical systemic
lymphadenectomy (D2) by preserving the splenic artery and vein as far as the
branching-off of the major pancreatic artery (Sasako’s modification) is described.

Indications and Contraindications

m Gastric carcinoma (T2-T4, MO0) involving the upper third
of the stomach

® By invasion of the pancreas body or tail or macroscopically evident lymph node
metastasis at the splenic artery, an extended total gastrectomy with pancreatico-
splenectomy (en bloc resection) should be performed.

m Invasion of the distal esophagus

= Distant metastasis

m Severe cardiopulmonary insufficiency (relative)
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Preoperative Investigations/Preparation for the Procedure
See chapter on “Total Gastrectomy with Conventional Lymphadenectomy.”
Procedure
Access
Upper median incision or upper transverse incision with median T-shaped extension.
STEP 1 Exposure

Laparotomy and inspection are performed of the peritoneum, liver and, after mobiliza-
tion of the duodenum by the Kocher maneuver, the para-aortic area. After cytological
washings out of the Douglas space, one or two Kent type retractors with one or two
octopus retractors are inserted for best overall view of the epigastric region, especially
the diaphragmatic esophageal hiatus. Excision of the ensisternum is recommended.

Steps of the preparation of the gastrectomy are described in the chapter “Total
Gastrectomy with Conventional Lymphadenectomy.”
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STEP 2

Omentectomy

The transverse mesocolon is stretched by the second assistant. Dissection of the

greater omentum together with the posterior wall of the omental bursa is performed.

It is compromised by two membranes, one continuing to the anterior pancreatic capsule
and the other to the posterior duodenopancreatic fascia. Diathermy allows bloodless
transection.
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STEP 3

Dissection of infrapyloric lymph nodes

Following the right accessory vein, Henle’s surgical trunk can be found. The origin of the
right gastroepiploic vein is ligated. Before going on to the third step, the dissection plane
should be changed from the posterior to the anterior capsule of the pancreas.
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STEP 4

Ligation and division of the right gastroepiploic artery

By dissection of the anterior capsule of the pancreas towards the duodenum, the
gastroduodenal artery appears on the anterior surface of the pancreas neck. Following
this artery caudally, the origin of the right gastroepiploic artery can be found. After

its ligation and division, the gastroduodenal artery should be followed cranially up

to the bifurcation of the common hepatic artery.

STEP 5

Division of the lesser omentum

Close to the left liver lobe, the lesser omentum is divided from the left edge of the
hepatoduodenal ligament towards the esophagus.
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STEP 6

Division of the right gastric artery

The lesser omentum is incised along the hepatoduodenal ligament up to the left side of
the common bile duct and caudally to the duodenum. After ligation and division of the
supraduodenal vessels, the gastric artery clearly displays in the ligament.

The tissue defined by this incision is dissected from the proper hepatic artery and
swept across to the patient’s left. The gastroduodenal artery is followed to its junction
with the proper hepatic artery, and the latter is cleaned until the origin of the right
gastric artery is found and ligated. The dissection to the left of the hepatoduodenal liga-
ment should go deeper than the proper hepatic artery and clear the nodes from the left
side of the portal vein.
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STEP 7

Dissection of suprapancreatic nodes

Along the superior border of the pancreas the adipose tissue contains many lymph
nodes. It is divided from the pancreas and the surface of the common hepatic, splenic,
and celiac arteries. These arteries are surrounded by thick nerve tissue. It should be
preserved in case of no adherence of suspect lymph nodes. The left gastric vein is visible
and therefore ligated and divided. Caudally it crosses the origin of either the common
hepatic or splenic artery before entering the splenic vein in about 30-40% of patients.
In the majority the left gastric vein passes obliquely behind the hepatic artery to join
the junction of the splenic and portal veins.

STEP 8

Dissection around the celiac artery and division of the left gastric artery

The celiac artery is covered by the celiac plexus. All the tissue around these nerve
structures is dissected to visualize the celiac and left gastric artery. Ligation and
division of the left artery are performed near its origin.
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STEP 9

Mobilization of the pancreas body/tail and the spleen

View from the patient’s feet. To carry out the dissection of the splenic artery and hilar
lymph nodes, the pancreas body/tail and spleen should be mobilized from the retroperi-
toneum, beginning at the pancreas body from the inferior towards the superior border
and then towards the tail and spleen. After total mobilization of the spleen, the retroperi-
toneum is incised lateral of the spleen and divided. The pancreas body/tail and spleen
are now completely mobilized for a meticulous dissection of lymph nodes around the
pancreas tail.
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STEP 10 Division of the splenic artery
The splenic artery is divided near its origin but more distal in contrast to Maruyama’s
procedure after branching-off of the great pancreatic artery in Sasako’s modification.
Sometimes preservation of the tail artery is possible.
STEP 11 Dissection of the splenic artery nodes

The distal portion around the splenic artery is removed from the anterior and posterior
way. To avoid venous congestion, the splenic vein should be preserved as distal as
possible. If there is a pancreas tail vein at the tip, it should also be preserved.
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See chapter “Total Gastrectomy with Conventional Lymphadenectomy” for postoperative
investigations and complications.

Tricks of the Senior Surgeon

® Avoid transecting the postpyloric duodenum to close to the pancreatic capsule,
disabling oversew of the duodenal stump.

m  Meticulous dissection of the proper hepatic artery and the splenic artery is
mandatory to prevent postoperative pancreatitis.



Indications

Contraindications

Transhiatal Esophagogastrectomy

Enrique Moreno Gonzalez, Juan C. Meneu Diaz, Asad Kutup,
Jakob R. Izbicki, Almudena Moreno Elola-Olaso

Introduction

From the pathogenic and therapeutic point of view, adenocarcinomas of the esophago-
gastric junction (AEG) should be classified into adenocarcinoma of the distal esophagus
(Type I), true carcinoma of the cardia (Type II), and subcardial carcinoma (Type III).

In patients with potentially resectable, true carcinoma of the cardia (AEG Type II), this
can be achieved by a total gastrectomy with transhiatal resection of the distal esophagus
and en bloc removal of the lymphatic drainage in the lower posterior mediastinum and
upper abdomen.

Indications and Contraindications

Carcinoma of the distal esophagus with involvement of the proximal stomach
Locally advanced carcinoma of the cardia

Adenocarcinoma of the proximal stomach with infiltration of the distal esophagus
Distal esophageal carcinoma after subtotal gastrectomy

Esophageal carcinoma of the mid or upper third after subtotal gastrectomy
(abdominothoracic esophagogastrectomy with cervical or high intrathoracic
anastomosis)

®  Caustic ingestions

m  Active duodenal ulcer
m Severe or irreversible cardiopulmonary insufficiency

Preoperative Investigations/Preparation for Procedure

= Esophagogastroduodenoscopy with histologic diagnosis

Total colonoscopy to exclude second neoplasm or diverticula in the transposed
colon segment

CT scanning of the thorax and abdomen

Abdominal sonography

Esophageal endosonography

Pulmonary function tests and blood gas analysis

Echocardiography

Ergometry and other cardiac investigations if necessary

Entire orthograde bowel preparation
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Procedure

Positioning
m Supine position with hyperlordosis

Approach
m Upper transverse incision with median T-shaped
m Insertion of Rochard retractor to elevate costal margin

STEP 1

Laparotomy

See chapter on “Subtotal Esophagectomy: Transhiatal Approach.”

STEP 2

Exposure

After mobilization of the left lateral liver lobe and dissection of the lesser sac close to the
liver, the greater omentum is detached from the transverse colon. Lymphadenectomy
begins at the basis of the right gastroepiploic vessels.

The peritoneal sheath is incised above the right gastroepiploic vessels. The right
epiploic vessels are suture ligated as close as possible to the pancreas without injuring
the pancreatic capsule.

STEP 3

Lymphadenectomy: transection of the duodenum

Dissection of the surrounding lymph nodes is performed. For better exposure of these
nodes the stomach is held upwards by ventral traction. The lymph nodes at the upper
margin of the pancreas are dissected towards the duodenum to facilitate the later en-
bloc resection. Injury of the serosa of the duodenum and of the capsula of the pancreas
has to be avoided.

The lymphadenectomy of the hepatoduodenal ligament is performed. In addition,
the lymph nodes around the origin of the right gastric artery are dissected towards the
stomach. The right gastric artery is then ligated at its origin. After circular dissection
of the gastroduodenal junction the duodenum is transected 1-2cm behind the pylorus
with a linear stapler device and the stapler suture line is inverted with single sutures
(see chapter “Total Gastrectomy with Conventional Lymphadenectomy,” STEP 5).

STEP 4

Completion of the lymphadenectomy

The upper margin of the pancreas is now exposed by applying upwards traction to the
distal stomach. Lymphadenectomy continues from the hepatoduodenal ligament along
the common hepatic artery down to the coeliac trunk. Lymphadenectomy at the splenic
artery, the coeliac trunk and the para-aortal space is performed (see chapter “Total
Gastrectomy with Conventional Lymphadenectomy,” STEP 6).
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STEP 5

Mobilization of the stomach

Traction is applied to the stomach towards the right upper abdomen to expose the
origin of the left gastroepiploic artery and the short gastric vessels. These vessels
are transected and ligated between clamps. Mobilization of the greater curvature
of the stomach is performed up to the gastroesophageal junction. During this step
the phrenicogastric ligament has to be transected with electrocautery.

STEP 6

Transhiatal esophageal resection

See chapter on “Subtotal Esophagectomy: Transhiatal Approach.”

STEP 7

Mobilization of the right colonic flexure

The left lateral peritoneal reflection is finally mobilized by dissection of the peritoneum
in the cranial direction. The colicosplenic ligament and the phrenicocolic ligament are
ligated and divided using cautery or scissors. Thus, the whole splenic flexure of the colon
is mobilized.
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STEP 8 Mobilization of the sigmoid colon

Mobilization of the sigmoid colon is facilitated by performing mediocranial traction to
expose the embryonic adhesions between the colon and retroperitoneum. Further
dissection is done between the mesosigmoid and retroperitoneal fat, taking care of the
left ureter and gonadal vessels.
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STEP 9

Determination of the essential length

A colonic segment is selected suitable for interposition. The essential length is deter-
mined by the following procedure: elevation of the colon in front of the abdominal wall,
and measurement of the distance between the abdomen and the angle of the mandible
by a suture, fixed at the root of the strongest vessel of the colonic mesentery (A-1,A2).
The length of the suture is finally transferred to the colon and the resection margin is
marked.
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STEP 9 (continued)

Determination of the essential length

The black bars show alternative lines for transection of the colon. Resection of bluish
margins on the right flexure of the transverse colon between the middle and the right
colic artery should be performed under preservation of the paracolic arcades. Following
this procedure, a better mobilization of the colonic segment can be obtained. To perform
the pharyngocolostomy in carcinomas of the upper third of the esophagus,
a fairly long colonic segment is required. Therefore parts of the sigmoid colon have to
be used and the first (and probably the second) sigmoid artery has to be ligated close
to the inferior mesenteric artery. Prior to dissection of the vessels, a clamp is provisi-
onally applied to prove the sufficiency of the vascular supply. Dark arrows point to the
vascular resection margins. The arcade between the right and middle colonic artery
should be preserved for a better vascular supply of the colonic segment chosen for
interposition (B).
Advantages of using the left colonic segment are the following:
1. The more predictably longer length and the smaller diameter of the left colon
2. Adequacy of the vascular pattern due to arteries with larger diameter, instead
of vascular supply via several arcades as in the right colon
3. Using an anisoperistaltic colonic segment has no clinical relevance because the
nutritional transport follows gravity

The essential advantage of the left colon is the opportunity to obtain a longer colonic
segment.
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STEP 10

Standard procedure:isoperistaltic reconstruction

In case of an insufficient vascular supply through the middle colonic artery, the vascular
supply can be warranted through the left colonic artery, if a sufficient Riolan’s arcade
exists.

This approach ensures an isoperistaltic reconstruction (standard procedure). Care
has to be taken not to injure the left colic vessels. Therefore preparation has to be done
carefully and closely to the wall of the colon, and transection of the descending colon
is always done without extensive dissection of the colon using a linear stapler device.
The right and middle colonic vessels are dissected close to their origin. A prophylactic
appendectomy after total mobilization of the colon is recommended.

An anisoperistaltic colon interposition supplied by the left colonic artery can be
performed, if the Riolan’s anastomosis is either not present or is insufficient due to
previous surgical procedures.
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STEP 11

Anisoperistaltic reconstruction (not standard)

Preparation of an anisoperistaltic (not standard) colonic segment begins with incision
of the peritoneum far from the colon and stepwise preparation of the mesocolon main-
taining the paracolic arcades and the middle and left colic vessels. A vascular clamp is
provisionally applied across the left colic artery and the sigmoid artery across the provi-
sional colonic transection plane to prove a sufficient arcade of Riolan. If no ischemia
occurs after 3min, the colon interposition can be performed.
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STEP 12 Inadequate vascular supply

In case of an inadequate vascular supply by the left and middle colonic artery,
reconstruction of an isoperistaltic colon interposition supplied by the sigmoid artery
is possible.
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STEP 13

Inadequate vascular supply

In very rare cases no anastomosis is found between the left colonic artery and the first
sigmoid artery. In those cases the main branch of the inferior mesenteric artery can
be used as an anastomosis between the two areas of blood supply. This can only be
accomplished when the distal parts of the sigmoid colon are adequately perfused by
the medial and inferior rectal artery. This has to be checked by temporary clamping.
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STEP 14

A rare situation

Even after right hemicolectomy (e.g., following complicated right colonic interposition),
construction of an anisoperistaltic interposition is possible, if the middle colonic artery
has been spared during the first operation. The left colonic artery and the first sigmoid
artery are dissected (A). Vascular supply of the interposition comes from the middle
colonic artery. Reconstruction is performed with an ileo-sigmoidostomy.

Alternatively, an interposition after right hemicolectomy and after former transection
of the middle colonic artery can be performed using the left colon. The blood supply
comes from the left colonic artery. The entire sigmoid colon is needed for the purpose of
receiving sufficient length for the interposition and all sigmoid arteries have to be
dissected (B). The proximal colon segment with poor vascular supply is resected.

If it is impossible to use the left hemicolon for interposition, the right hemicolon
can be used to perform the transposition graft.
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STEP 14 (continued) A rare situation

Scheme of construction of an isoperistaltic colonic interposition using the right
hemicolon and the terminal part of the ileum (C) is illustrated here. The vascular supply

comes from the middle colonic artery.
Using the right hemicolon for interposition is burdened by frequent complications

leading to poorer postoperative functional results.
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STEP 15

Vascular supply of the colonic interposition from the ileocolic artery

Also shown is the preparation of an anisoperistaltic colonic interposition using the right
hemicolon, with vascular supply from the ileocolic artery (A).

Adequate length of the right hemicolon enables construction of an isoperistaltic
interposition without using the ileocolic portion of the intestine (B). This technique
offers several advantages:
= Omission of the terminal ileum, which is prone to necrosis
= Omission of the ileocecal region, which is prone to poor functional results
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STEP 16

Preparation of a substernal tunnel

A blunt opening is made in the substernal cavity by spreading the scissors, while
pulling the xiphoid ventrally with a sharp retractor.

After opening the substernal cavity, a substernal tunnel is constructed with an
atraumatic clamp.

The sternum has to be pulled continuously, and the endothoracic membrane is to be
separated from the sternum. A longitudinal incision along the anterior border of the left
sternocleidomastoid muscle is made to expose the cervical esophagus. Blunt preparation
with the hand through the substernal tunnel usually leads to rupture of the mediastinal
pleura (A-1,A-2,A-3).

A-2
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STEP 17

Completed preparation of the retrosternal tunnel

In case of tight adhesions to the sternum, these adhesions are dissected sharply with
scissors.

Between the corpus and manubrium sterni the substernal fascia is very tightly
connected to the sternum. Furthermore, the visceral and parietal pleura are tightly
connected in this region. For this reason, very careful, stepwise preparation with a
long atraumatic clamp has to be performed, and the preparation should be manually
controlled by the substernally introduced finger of the surgeon.
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STEP 18

Pull-through procedure

For the substernal reconstruction, a long strong suture fixed to a drainage tube can be
used for the pull-through procedure. The suture is tied to the oral end of the colonic
interposition. The colon is transposed in the substernal tunnel to the cervical incision
under a continuous and gentle pull, and the sternum should be pulled upwards with
a sharp retractor during the procedure (A-1,A-2, A-3).
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STEP 19

Posterior mediastinum

Interposition of the colon through the posterior mediastinum is performed in the bed of
the removed esophagus. The posterior mediastinal route of the interposed colon is
favorable to the substernal or presternal position because of the shorter distance to the
neck. In addition, the posterior mediastinal route prevents kinking of the colon and
leads to better functional results. The interposed colon causes hemostasis in the opera-
tion field.

STEP 20

Terminolateral anastomosis

If possible, the terminolateral anastomosis should be performed in a double row
suture technique.

In case of a different lumen diameter, single stitches and a terminolateral
anastomosis can be performed close to the taenia libera.
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STEP 21 Laterolateral anastomosis

The alternative technique for anastomosis after colonic interposition is a laterolateral
colo-esophageal anastomosis performed by a linear stapler.

STEP 22 Reconstruction of the intestine

Gastrointestinal continuity is achieved by descendojejunostomy and jejunojejunostomy.
A caecosigmoidostomy completes the reconstruction. The mesenteric incisions have
been closed. The operative site after transposition of the colon and reconstruction is shown.
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Indication

Contraindications

Combined Transhiatal Transthoracic Esophagectomy

Introduction

We reported this technique for the first time in 1980. It uses the concepts acquired in
transhiatal dissection in tumors located more superiorly in the cervicothoracic esoph-
agus or in the middle third of the thoracic esophagus, and avoids a “blunt” dissection
performed without visual control, which increases the possibility of iatrogenic injury to
mediastinal structures. However, at present more and more surgeons favor transhiatal
esophagectomy for its technical simplicity and favorable outcome.

Indications and Contraindications

m Esophageal carcinoma in the mid or upper third after subtotal gastrectomy
See page 189.
Preoperative Investigations/Preparation for Procedure

See page 189.
m Bronchoscopy
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Procedure

Access
See chapter on “Subtotal En Bloc Esophagectomy: Abdominothoracic Approach”.

STEP 1

Abdominal exposure

The operation begins with a supraumbilical medial laparotomy, and the abdominal
viscera and diaphragmatic section are examined (see above), which permits access to
the posterior mediastinal space. The mediastinal section is done as for the previous
patient, allowing visual control as far as the tracheal branching.

STEP 2

Right anterior thoracotomy

A right anterior thoracotomy is then performed, if possible without costal resection.
If the rigidity of the thorax so requires, the anterior arch of the costal vein is removed,
and should this prove insufficient, the remaining posterior arch of this rib is resected
via the anterior thoracic incision.

STEP 3

Esophageal dissection and mediastinal lymphadenectomy

The ipsilateral mediastinal pleura, which remains in contact with the esophagus, is
incised through the anterior thoracic incision. The arch of the azygos vein is incised,
enabling the dissection of the cervicothoracic esophagus. To expand the mediastinal
lymphadenectomy, this incision is used to dissect the intercostal veins. The trunk of
the azygos vein is ligated at the supradiaphragmatic level and associated thoracic
duct excision is required by the lymphatic involvement.

During esophageal dissection at the high level of the cervical region, a tracheo-
bronchial intubation with a Carlens tube can be used to facilitate access to the
esophagus, occluding the right bronchial tube (see Chapter “Abdominothoracic
Esophagectomy” STEP 1-3).
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STEP 4 Technique of cervical anastomosis

See chapter on “Transhiatal Esophagogastrectomy.”

STEP 5 Technique of high intrathoracic esophagocolostomy

See chapter on “Abdominothoracic En Bloc Esophagectomy with High Intrathoracic
Anastomosis.”
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Standard Postoperative Investigations

See chapter on “Subtotal Esophagectomy: Transhiatal Approach.”

Postoperative Complications

Early Postoperative Course

Pulmonal infections

Septic complications: subphrenic or intra-abdominal abscess; cervical wound
infection

Anastomotic leak

Necrosis of the interposition

Enterothorax

Late Postoperative Course

Cicatricial strictures of the cervical esophago- or pharyngeo-colostomy, mostly

due to anastomotic leak

Kinking of the interposition

Mechanical trauma to a subcutaneous graft, which often needs surgical intervention
Propulsive disorder

Tricks of the Senior Surgeon

= Treatment of the stenosis is performed by bougienage or balloon dilatation.
Very rarely is surgical intervention indicated.

® Reasons for necrosis of the interposition are: decrease of circulation due to
kinking or compression of the main vessels, hypovolemia, and hypercoagula-
bility. Avoidance is by interposition of a long colonic segment without tension.
Optimization of the postoperative hemodynamic and rheologic parameters
is necessary.

= Kinking of the interposition is a rare but dangerous complication, which often
requires surgical intervention, due to clinical symptomatic disturbance of the
gastrointestinal passage by elongation of the interposition. Surgical intervention
is performed by shortening of the graft.

m To avoid enterothorax phrenicotomy has to be performed.



Indications

Contraindications

Laparoscopic Gastrectomy

Geert Kazemier, Johan F. Lange

Introduction

Laparoscopic resection of the stomach should mimic an open operation as closely as
possible. This is applicable to the technique, as well as to the considerations on which
the indication is based. Palliative resection for gastric malignancy can be indicated to
prevent hemorrhage or obstruction.

Indications and Contraindications

Malignant tumors [carcinoma, gastrointestinal stromal tumor (GIST)]
Benign tumors (e.g., GIST, apudoma)

Arteriovenous malformations

Recurrent peptic ulcer disease

Severe cardiac failure (unable to withstand pneumoperitoneum)
Sepsis

Severe coagulopathy

Morbid obesity (BMI>40) (relative)

Previous upper abdominal surgery (relative)

T4 or bulky tumors (relative)

Preoperative Investigation/Preparation for the Procedure

See chapter “Total Gastrectomy with Conventional Lymphadenectomy.”

Instrumentation

Two monitors

Three 10- to 12-mm trocars, two 5-mm trocars

One 15-mm trocar (optional) to pass the 60-mm stapler and retrieval bag
30° laparoscope

Unipolar or bipolar coagulation

Hemostatic device (LigaSure, Ultracision)

Standard laparoscopic instruments for advanced laparoscopic surgery, including
fenestrated clamps and endo-Babcock clamp

Vascular clip applier

Endostapler (45-60 mm, with white, blue and green cartridges)

Liver retractor

Vessel loops

Gastroscope (optional, to identify small lesions)

Retrieval bag
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Procedure
STEP 1 Positioning and installations

Positioning:

The patient is placed in the supine position. The surgeon stands between the legs
of the patient, the first assistant on the left, the second assistant on the right side of the
patient. The scrub nurse is positioned on the right or left hand side of the surgeon (A).

Installation of pneumoperitoneum and inspection of abdominal cavity:

Pneumoperitoneum is installed at the site of the umbilicus. In obese patients, the
umbilicus is located more caudally; in these patients the first trocar may be introduced
cranially to the umbilicus. In case of malignancy the abdominal cavity is inspected for
signs of dissemination to the peritoneum or other organs. To allow for optimal inspec-
tion and to create the opportunity to take biopsies, one or more additional trocars are
inserted. Inspection of the caudal side of the mesentery of the transverse colon and the
region of Treitz ligament can be facilitated by bringing the patient into a Trendelenburg
position.

Introduction of trocars (B):

The total number and position of trocars is dependent on the level of resection.
The subxiphoidal trocar is only necessary for high resections of the stomach. Introduc-
tion of this trocar should be on the left side of the falciform ligament, especially when
exploration of the cardia and gastroesophageal junction is necessary.
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STEP 2

Opening of the lesser sac

To determine (laparoscopic) resectability of the tumor, opening of the lesser sac is
achieved by detaching the greater omentum from the transverse colon by sharp dissec-
tion. In case of a benign indication, opening of the lesser sac can be performed more
easily by creating a window in the greater omentum, for instance by using Ultracision.
Involvement of the pancreas in malignant tumors requires conversion to open resection
in most cases. In case of malignancy, once resectability has been established, the lesser
sac is opened until the gastrocolic ligament is completely dissected from the hepatic to
the splenic flexure.

STEP 3

Resection of benign lesions

In benign lesions, a stapled wedge resection is performed. Resection is performed
under gastroscopic surveillance in case the lesion is not visible on the serosal side
of the stomach. The gastrohepatic ligament must be opened if the tumor is located
on the smaller curvature of the stomach.
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STEP 4

Transection of duodenum and resection of gastrohepatic ligament

After detachment of the greater omentum, the right gastroepiploic vessels are identified
and secured with clips at the level of the duodenum. Mayo’s vein will locate the exact
position of the pylorus. Identification of the pylorus can be facilitated by gentle
palpation with a clamp in the postpyloric area. Care should be taken not to damage

the pancreatic parenchyma as this will result in pancreatitis. Sharp dissection at the
posterior side of the postpyloric part of the duodenum creates space to introduce a
45-mm stapling device. A vessel loop can be used to facilitate safe insertion of the
stapler. Prior to the closure of the stapler, care should be taken that the vessel loop

and vascular clips are not included in the line of stapling (A).

The assistant retracts the liver to allow exposure of the smaller omentum. The
gastrohepatic ligament is opened at the level of the hepatoduodenal ligament. The right
gastric artery is transected using Ultracision (B). The assistant retracts the liver to allow
exposure of the liver hilum. Following the common, proper, and left hepatic artery, the
smaller omentum is freed, securing lymph nodes of the pyloric group up to the right
pericardial group. This en bloc lymphadenectomy is part of a level D2 resection and
is optional. A replaced or aberrant left hepatic artery, originating from the left gastric
artery, can be safely dealt with, using clips if necessary. Alternatively this lymphadenec-
tomy can be done after transection of the stomach.
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STEP 5

Securing of left gastric vessels

The posterior aspect of the stomach is freed from the anterior surface of the pancreas
by sharp dissection of adhesions. At this stage a vessel loop can be used to allow easier
manipulation of the stomach. Cranial to the pancreas the splenic artery is identified in
most cases. More cranially, the left gastric vessels are identified and transected with
clips or a vascular stapler. Optional D2 lymphadenectomy of the stomach implies
truncal lymphadenectomy at this stage.
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STEP 6

Transection of the stomach

The transection line of the stomach is performed 5cm orally to the tumor (A). If the
tumor cannot be identified adequately on the serosal side of the stomach, intraoperative
gastroscopy is mandatory to determine the exact line of transection. Location of the
tumor high in the body of the stomach may require opening of the gastrosplenic liga-
ment and securing of short gastric vessels with Ultracision (B).

D2 lymphadenectomy requires resection of lymph nodes of the gastrohepatic liga-
ment and between the hepatic artery. If the nodal clearance has not been performed
en blog, it is feasible to do it at this stage (C).

After transection of the stomach, the specimen is placed in a retrieval bag for safe
extraction. Extraction is done through a mini-laparotomy. This laparotomy can be
conducted at a cosmetically preferred site (e.g., Pfannenstiehl). Alternatively a midline
mini-laparotomy is performed in the upper abdominal region. In the latter option the
anastomosis can be done in an open fashion.
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STEP 6 (continued) Transsection of the stomach
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STEP 7

Anastomosis

Open anastomosis:

Through a small midline laparotomy a standard Billroth II or Roux-en-Y reconstruc-
tion can be performed (A).

Laparoscopic anastomosis (Billroth II):

To perform a laparoscopic side-to-side gastrojejunostomy, ligament of Treitz and the
proximal jejunum are identified by lifting the transverse colon and tilting the table into
a Trendelenburg position (head down). A loop of proximal jejunum is brought up in an
antecolic or retrocolic fashion. This loop of jejunum is sutured to the anterior aspect of
the stomach remnant with two resorbable, seromuscular stay sutures, approximately
2cm apart. A stab incision in both the stomach and the jejunum is made with
diathermia. Care should be taken that the incision in the stomach is made through all
gastric wall layers. The stab incisions are enlarged, and the endostapler is introduced
with one blade in the stomach and the other in the jejunum. Subsequently the stapler

is fired one or two times, dependent on the size of the cartridges (60 or 45mm). In case
a 60-mm stapler is used, a 15-mm trocar should be introduced (B).

J

A
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STEP 8 Closure of stab incisions

The incision that remains in the stomach and the jejunum after firing the endostapler is
closed using a single layer resorbable, polyfilament suture. Closure with an endostapler
should not be attempted as the anastomosis is easily compromised because it is difficult
to ensure inclusion of all tissue of the stomach and jejunum on both sides of the stab
incisions in the staple line without narrowing the anastomosis.
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Postoperative Investigations

See chapter “Total Gastrectomy with Conventional Lymphadenectomy.”

Postoperative Complications

® Short term:
- Anastomotic insufficiency (including duodenal stump insufficiency)
- Acute pancreatitis
- Chylous ascites (particularly after R2 resection)
® Long term (all indications):
- Biliary gastritis (particularly after Billroth II reconstruction)
- Jejunal peptic ulcer disease
m Long term (in case of malignancy):
- Local recurrence (duodenal stump or resection line of stomach)
- Distant metastases

Tricks of the Senior Surgeon

m Instead of a vessel loop, a heavy resorbable suture can be used to force the
stomach or duodenum into the endostapler. Even if this suture is included in
the staple line, this will not compromise your anastomosis.

m Inlean patients it is often possible to remove one of the 10- to 12-mm trocars
and directly introduce the 60-mm stapler or the retrieval bag, instead of using
a 15-mm trocar.

® Suturing is best done with the scope in the middle and two needle holders on
either side of the scope with a 60-90° angle between the two needle holders.



Gastroenterostomy

John Tsiaoussis, Gregory G. Tsiotos

Introduction

In this chapter both techniques for gastroenterostomy, the open and laparoscopic
approaches, are described in patients with gastric outlet obstruction syndrome.

Indications and Contraindications

Indications m Palliation of gastric outlet obstruction caused by advanced gastric, duodenal,
or periampullary tumor
m Gastric drainage following vagotomy when pyloroplasty is not feasible

Contraindications m Severe hypoalbuminemia
® Evidence of diffuse metastatic spread, indicating extremely low life expectancy
® Prohibitive comorbidity

Preoperative Investigation/Preparation for the Procedure

History: Persistent vomiting

Laboratory tests:  Electrolytes, albumin, coagulation parameters

Radiology: Upper GI contrast study

CT scan: Assessment of primary disease/condition

Endoscopy: Assessment of gastric outlet obstruction, periampullary biopsy

for tissue diagnosis

A large-bore nasogastric tube is placed the day prior to the operation for gastric
decompression and irrigation.
The patient’s water and electrolyte balance are corrected preoperatively.
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Procedure
Open, Hand-Sewing Technique

Access
Midline incision from xiphoid process to the umbilicus

STEP 1

Preparation of the jejunal loop using the retrocolic route

The gastroepiploic vessels are dissected, clamped, divided and ligated starting about
5cm proximal to the pylorus and moving 6-7 cm proximally along the greater curvature
of the stomach, so this is completely dissected free from the omentum.

The jejunal loop can be brought either anterior to the transverse colon (antecolic),
or through a window in the transverse mesocolon (retrocolic). Although a retrocolic gastro-
jejunostomy has been considered more prone to obstruction because of its closer proximity
to an ever enlarging unresectable periampullary tumor, this has never proved true, espe-
cially since patient survival in this context rarely exceeds 6 months. On the other hand, the
retrocolic route allows more proximal placement of the jejunal stoma and smoother angles
between afferent, efferent loops and stomach in both the coronal and the sagittal planes.

The window (wide enough to allow comfortable sliding of both afferent and efferent
jejunal loops) is made in an avascular plane of the mesocolon left to the middle colic
vessels. The ligament of Treitz is identified by lifting up the transverse colon, and the
jejunal loop is brought up through the mesocolic window in apposition to the greater
curvature (now free from omental vessels). The length of the afferent jejunal limb should
not exceed 20 cm.

The gastrojejunostomy can be placed either on the anterior (easier and thus prefer-
able) or the posterior gastric wall; the latter has not proved superior in terms of gastric
emptying. Then 3-0 silk traction seromuscular sutures are placed, taking into account
that the incision in the jejunum will not be made exactly at the antimesenteric border,
but at a level closer to its mesentery on the stomal side. This provides for more com-
fortable lining of the completed anastomosis without any undue angles in the transverse
plane. At 5-mm intervals 3-0 silk interrupted seromuscular Lembert sutures are placed
and tied to create the posterior outer suture line. Two incisions along the gastric and the
jejunal apposite segments are then made. Although the gastric incision should be about
4cm, the jejunal incision should be a bit shorter, since it always tends to dilate and ends
up being realistically longer than initially planned or thought to be.

.

.
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STEP 2

Technique of anastomosis

The posterior full-thickness inner anastomotic layer is made by two 3-0 PDS running
sutures in an over-and-over fashion starting at the middle of the posterior layer and
moving in opposite directions towards each corner of the anastomosis, where the two
corner traction seromuscular stitches are still present. Then, the two 3-0 PDS running
suture lines continue into the anterior wall of the gastrojejunostomy (again full-thick-
ness) using the Connell technique in order to invert all gastric and jejunal mucosa,
which might otherwise protrude out through the anastomosis. Moving from the two
corners towards the middle, the sutures meet and are tied together. The anastomosis is
completed by placing the anterior seromuscular layer with interrupted 3-0 silk Lembert
sutures starting at the corner away from the surgeon and moving towards the surgeon,
so that there are no sutures tangling in the middle of the operative field. These outer
sutures should be first all placed and then tied; “tying as we go” will lead to packing of
the serosa towards the inner suture line and thus placement of each successive suture at
an ever increasing distance away from the inner suture line, which may then lead to
entrapment of a lot of seromuscular tissue within the suture lines and protrusion of this
soft tissue mass towards the anastomosis itself with its potential obliteration.

After completion, the anastomosis is brought below the mesocolic window, and the
gastric wall (not the jejunal) is tacked circumferentially on the mesocolon with inter-
rupted 3-0 Vicryl sutures. A drain tube does not need to be placed.
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Open Stapling Technique

STEP 1

Stapling technique

The greater curvature is freed from the omentum, the mesocolic window is made and
the jejunum and greater curvature are brought to apposition as previously described.
Two stab wounds are made with the electrocautery in the greater curvature (12 cm from
the pylorus) and at the antimesenteric aspect of the jejunum (20cm from the ligament of
Treitz). Two Allis clamps, incorporating full thickness gastric and jejunal wall, are placed
one each in the gastric and the jejunal stab wounds. The cartridge fork of the GIA-60
stapler is inserted in the gastric lumen and the anvil fork into the jejunal lumen (this
move is to push the GIA’s jaws into the lumens, not to pull the stomach and jejunum up
towards the stapler). With the help and maneuvering of the two Allis clamps, align equal
lengths of gastric and jejunal walls on the forks, keep the jejunal mesentery away from
the anastomosis, close the instrument and fire. Open the handle of the stapler slowly and
slide it out. Inspect the luminal side of the staple line for possible bleeding.

STEP 2

Final reconstruction of the anastomosis

The two Allis clamps are now repositioned to grab the two corners of the GIA staple line
and the inner (luminal) anastomotic line is inspected for bleeding. Approximate the
gastric and jejunal walls with two additional Allis clamps. Slip the jaws of the TA-55
beneath the Allis clamps incorporating all tissue layers as well as the corner end staples
of the GIA staple line within the jaws. The corner ends of the two GIA staple lines
should be the two corners of the TA staple line, so that these three staple lines (two

from the GIA, one from the TA) form a triangle and the wide patency of the anastomosis
is secured. Close the instrument and fire. Use a scalpel to excise the protruding tissue
along a special groove on the surface of the stapler. Open the instrument to release the
tissue and inspect for bleeding. Three single full-thickness 3-0 silk reinforcing sutures
are placed at the three corners of the stapled anastomosis, as these represent the
theoretically more “vulnerable” points of the anastomosis, since this is where two

staple lines meet and overlap. A drain tube does not need to be placed.
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Laparoscopic Technique

STEP 1

Positioning

The patient is placed supine. The senior surgeon stands on the patient’s right side and
the first assistant on the left. Pneumoperitoneum is established with the Verres needle
(by insufflating at a preset pressure of 12-15mmHg), the 0° or 30° laparoscope is intro-
duced through a supraumbilical 10-mm port, but it can be moved to other ports as
needed intraoperatively. Then, two 10-mm trocars and one 12-mm trocar are inserted in
the anterior abdominal wall. The table is tilted at a 30° Trendelenburg position and a
Babcock forcep (more atraumatic) is used to bring the omentum and transverse colon
cephalad to identify the ligament of Treitz.

STEP 2

Preparation of the jejunal loop up to the stomach

The first jejunal loop is identified and approximated to the antrum in an antecolic route.
If the retrocolic route is chosen, a window in the transverse mesocolon is made using the
harmonic scalpel and the jejunal loop is brought up through it. Two 3-0 silk traction
sutures are placed (5-6 cm from each other) to opposite the jejunum (at a distance of
20cm from the ligament of Treitz) along the greater curvature (at a distance of 5cm
from the pylorus). Two stab incisions are made at the approximated gastric and jejunal
walls using the Hook device, one opposite to the other.

STEP 3

Technique of anastomosis

As two graspers are holding the traction sutures on the approximated stomach and
jejunum, a 45-mm Endo-GIA stapler is inserted through the 12-mm port. The jaws of
the instrument are introduced into the gastric and jejunal lumens. Maneuvering of the
suture-holding graspers accommodates stapler insertion. The stapler is closed, fired and
eventually removed. The staple line is inspected internally for patency and bleeding.

The common gastric and jejunal opening is closed with full-thickness, running 2-0
Vicryl suture tied intracorporeally. Alternatively, an Endo-TA or an Endo-GIA device
can be used for closure of the common gastric and jejunal opening. A drain tube does
not need to be placed.




226

SECTION 2 Esophagus, Stomach and Duodenum

Standard Postoperative Investigations

m Gastrografin upper GI radiograph (when significant nasogastric tube output persists
for longer than a week postoperatively)

Postoperative Complications

Gastric hemorrhage

Anastomotic bleeding

Anastomotic leak

Obstruction (anastomotic or functional)
Anastomotic stenosis (long term)

Tricks of the Senior Surgeon

= When an antecolic gastrojejunostomy is chosen, the afferent jejunal loop can be
kept short by placing the transverse colon as much to the right of the gastroje-
junostomy as possible.

Excessive length of the afferent limb may predispose to “afferent loop syndrome.
Inadvertent gastroileostomy is not that uncommon! Make sure, especially when
a laparoscopic gastroenterostomy is performed, that the appropriate site of the
jejunum is used.

m  Gastric emptying is based on inherent gastric motor function; not on hydraulic
pressure gradients. Thus, placing the anastomosis at the “most dependent”
portion of the stomach does not have any scientific merit.

m Place the anastomosis where it lies more comfortably. Provided that there is no
kinking, acute angles, or pressure on the efferent and afferent loops, the choice
of retrocolic versus antecolic, or distal gastric versus proximal gastric placement
of the anastomosis is not so important.

>



Conventional Gastrostomy (Kader Procedure):
Temporary or Permanent Gastric Fistula
Asad Kutup, Emre F. Yekebas

Introduction

Nowadays, gastrostomy has been replaced in most instances by less invasive procedures
such as percutaneous endoscopic gastrostomy or feeding tube jejunostomy. However,
gastrostomy still does have a place in highly selected instances, e.g., previous gastric
surgery, the presence of ascites, or, in some instances, Crohn’s disease of the small bowel.

Indications and Contraindications

Indications m Locally non-resectable and/or metastasized stenosing tumor of the esophagus,
gastroesophageal junction, and proximal stomach
= Tumor not passable for endoscope
= Contraindications for endoscopic treatment (“percutaneous endoscopic
gastrostomy”), i.e., ascites
® Patient unfit for major surgery
® Neurologic disorders (cerebral dysphagia)

Contraindications m Resectable carcinoma
m Previous major gastric resection/gastrectomy (in this case feeding jejunostomy
is the treatment of choice)

Preoperative Investigation/Preparation for the Procedure

History: Previous upper abdominal surgery, i.e., gastric resection;
contraindication for percutaneous endoscopic gastrostomy (PEG)
Clinical Exclusion of further obstruction distal to the stomach such as

investigation: antral and pyloric strictures in cases of caustic burns.
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Procedures

Temporary Tube Gastrostomy
(Synonyms: Witzel Procedure, Balloon Catheter Gastrostomy, Kader Procedure)

STEP 1

Exposure

Opening of the peritoneal cavity is done through the upper third of the left rectus
muscle by a vertical or horizontal incision. Sharp transection of the skin, subcutis, and
fasciae should be followed by blunt division of the muscle.

For exposure of the anterior wall of the gastric body, it has to be pulled by clamps
or retention sutures anteriorly.

STEP 2

Preparation and incision of the gastric wall

Preparation of a purse-string suture with a diameter of about 3 cm usually made at the
anterior aspect of the gastric body.

An incision of the gastric wall is made in the center of the purse-string suture, and
a tube is inserted with its tip directed to the cardia. After the purse-string suture has
been tested for leakage, the suture is tied.

In cases of caustic burns, antral and pyloric irregularities should be excluded
by intragastric digital palpation of the poststomal stomach.
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STEP 3

Positioning of the catheter

When inserting a feeding catheter with a diameter of about 1 cm, the tip should
be directed to the cardia.

After proper positioning of the catheter with a minimum distance between insertion
site and tip of the tube of 5cm, the purse-string suture is tied.

Check for leaks at the site of the purse-string suture by filling the stomach with
liquids.

STEP 4

Gastroplication

A gastroplication sutured with single stitches aborally to the insertion site of the tube is
formed. If possible a reinforcing gastroplication of 8 cm aborally to the insertion of the
tube in the gastric wall is recommended.

The gastric serosa is fixed with the abdominal wall by drawing the stomach upward
and bringing the orifice of the tube distal to the gastroplication to an extraperitoneal
location.

The cuff of the tube is then fixed to the skin.
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Balloon Catheter Gastrostomy

STEP 1 Exposure
Access to the peritoneal cavity, exposure, and preparation of the anterior aspect of the
stomach as described above.

STEP 2 Positioning of the balloon catheter and fixation

After exposure of the anterior wall of the stomach by clamps, a purse-string suture is
prepared. In the center of this suture line, the gastric wall is incised. If necessary, the
incision is dilated gently and the tube is introduced into the gastric lumen (A).

In cases of caustic burns, antral and pyloric irregularities should be excluded by
intragastric digital palpation of the poststomal stomach. After proper positioning of the
catheter, the purse-string is tied. Sufficiency of the suture line is tested by a filling test.
Pulling the catheter to the abdominal wall should not result in ischemia of the peris-
tomal stomach.

Optionally, about four seromuscular interrupted stitches may be appropriate for
protection from secondary insufficiency of the purse-string suture, notably when greater
amounts of ascites are present (B).
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Permanent Stapled Continent Gastrostomy

STEP 1 Access
Access to the peritoneal cavity and exposure of the stomach as described above.
STEP 2 Creation of a tube

For creation of a permanent reverse gastrostomy, usually the greater curvature is used.
The left gastroepiploic vessels represent the vascular pedicle of the tube. After interrup-
tion of the right gastroepiploic vessels at the site of the beginning of the tube, the gastro-
colic and, if necessary, gastrosplenic ligaments are transected at a safe distance from the
left vascular pedicle without compromising the integrity of the gastroepiploic arcade (A).

The basis of the tube is localized at the middle third of the greater curvature. The left
gastroepiploic vessels are the vascular pedicle of the gastrostomy.

A sufficient length of the tube is achieved by two to three applications of a linear
stapler, depending on the thickness of the abdominal wall. Inversion of the GIA suture
lines is done by interrupted or running sutures(B).
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STEP 3

Gastroplasty

A gastroplasty is performed at the site of continuity with the gastric body. This should
encircle almost the total circumference of the basis of the tube without compromising
its blood supply at the superior aspect of the tube.

Circumferential fixation of the rim of the gastroplication is done by anchor sutures
to the wall of the tube. Transabdominal pull-through of the tube is done at the left upper
abdomen. Opening of the tube and positioning of the mucosal orifice flush with the
skin are done to avoid aggressive gastric mucus secretions that may induce peristomal
dermatitis. Stomaplast around the stoma is applied to protect from peristomal problems.
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Postoperative Investigations

m Liquid diet feeding 6-12h following surgery
m Feeding with normal mashed food as soon as evidence for postoperative
abnormalities of gastroduodenal clearance has been excluded.

Postoperative Complications

Postoperative obstruction due to stomal edema
Insufficiency of the gastrostomy, suture line disruption
Defective wound healing

Peritonitis

Intragastric and intraperitoneal bleeding

Gastric wall or stomal necrosis

Tricks of the Senior Surgeon

= The continence of the gastrostomy can be enhanced by drawing the tube upward
and bringing it to the surface near the costal margin.

= Avoid extreme kinking of the stomal tube by gastroplication and/or anchor
sutures of the tube to the gastroplasty. Both may compromise the blood supply
of the gastrostomy from the left gastroepiploic vessels.



Percutaneous Endoscopic Gastrostomy

Capecomorin S. Pitchumoni

Indications and Contraindications

Indications ® Failure to thrive
m Poor oral intake
m Dysphagia: mechanical or neurogenic
Common situations where PEG is required:
® Neurological:
- Stroke with neurogenic dysphagia
- Multiple sclerosis
- Motor neuron disease
- Cerebral palsy
- Myotonic dystrophy
® Mechanical dysphagia:
- Esophageal carcinoma
- Head and neck malignancy
® Advanced dementia with poor oral intake

Contraindications Severe co-morbidity or sepsis
Expected survival less than 6 weeks
Abdominal wall infection
Coagulopathy

Multiple abdominal surgeries
Intestinal obstruction

Partial gastrectomy

Preoperative Investigations/Preparation for the Procedure

® Consent/written advanced directives
m Cardiorespiratory status assessment
m Baseline laboratory parameters
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Procedure

STEP 1

Preparation

The patient’s general condition is reevaluated 24h prior to and a few hours prior to PEG
insertion; acuity of illness could have changed the expected survival.

A single dose of IV antibiotic is administered.

The abdomen is examined for scars/signs of ascites or cellulitis, and the skin over the
abdomen is cleaned using povidone iodine.

STEP 2

Esophagogastroduodenoscope

The esophagogastroduodenoscope is passed into the stomach.
The stomach is examined to rule out local contraindications, such as tumor, severe
erosive gastritis, gastric varices, large ulcer, and outlet obstruction.

STEP 3

Air inflation

Inflation of the stomach with air, so that its anterior wall abuts the anterior abdominal
wall, pushing away any bowel loops from in between.
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STEP 4 Transillumination

Transillumination is attained through the anterior abdominal wall after darkening the
room.

The assistant makes a finger impression over the point of transillumination (A).

Failure to transilluminate implies presence of intervening bowel loops, making the
procedure unsafe.

This indentation must be clearly visible through the endoscope, which is already
positioned facing the anterior abdominal wall (B).
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STEP 5 Local anesthesia
After marking this point on the skin using a blunt tip or marker, the assistant injects
alocal anesthetic into the skin and makes a shallow 5-mm cut using a scalpel.
An 18G hollow needle is passed through this incision, piercing the gastric wall,
thus entering the endoscopic field.
STEP 6 Introduction of a guidewire

The assistant passes a guidewire through the needle.

This is grasped by a snare that is passed through the endoscope.

The scope and the guidewire are pulled out through the mouth as one unit,
as the assistant feeds more wire as needed into the stomach.
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STEP 7

Pull through

The tapering end of the lubricated PEG tube is threaded over the wire and pushed
through the mouth into the esophagus and the stomach, while the assistant pulls the
wire back through the incision. This is called a “pull” PEG as the assistant pulls the PEG
out through the anterior abdominal wall by pulling on the wire. As more wire is pulled
out, the tapered tip of the PEG tube becomes visible and the process is continued until
only about 3-4cm of the PEG tube remains deep to the skin. The markings on the tube
help determine the length.

STEP 8

Trimming the length

The tube is trimmed in length, and a feeing port is attached to the tip after anchoring
the tube to the anterior abdominal wall using a plastic stopper.

Procedure:“Push PEG”

This procedure is currently less popular.

Alternatively, after withdrawing the needle, a trochar can be passed with a plastic
removable catheter around it.

The trochar is then withdrawn, and the feeding tube is passed through the catheter
into the stomach.

The catheter is removed, leaving the feeding tube in place, which is then fixed to the
abdominal wall. This is called “Push PEG,” as it involves pushing the feeding tube into
the stomach through the abdominal wall incision.

The stopper now approximates the anterior wall of the stomach to the abdominal
wall.

Feeding is generally commenced on the following day, after the patient is examined.
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Indications

PEG Removal

This is only advisable for cases where a well-defined tract has been formed.

Indications and Contraindications
m The PEG tube is no longer needed (reversal of original indication)

= Worn out tube
® Blocked tube that cannot be cleared by flushing

Percutaneous Removal

STEPS Identify the type of PEG tube first: a mushroom type will only have one lumen in the
tube while a balloon type will have two lumens on sectioning the tube.
“Mushroom” type:
Clean the PEG site and apply lidocaine ointment.
A sustained pull at 90degrees to the anterior abdominal wall will result in a sudden
folding and collapse of the mushroom and the tube “pops” out of the stoma.
Bleeding is uncommon and the stoma closes in 8-48h.
Balloon type:
Deflate the balloon by using a syringe for the balloon port or by cutting the tube,
allowing the water to leak out of the balloon.
Once the balloon is deflated, the tube can be pulled out with no resistance.
Endoscopic Removal
Indication
When percutaneous removal is not possible, e.g., when the balloon cannot be deflated or
the “mushroom” PEG tube cannot be pulled out.
STEPS Upper endoscopy is performed. The PEG tube is snared using a polypectomy snare

inside the stomach. (The balloon may need to be deflated using a sclerotherapy needle.)
The tube is cut from the outside using a pair of scissors or scalpel.
The snared end is pulled out along with the endoscope.

Reinsertion

A new balloon-type PEG tube is inserted through the existing stoma and inflated with
water. The balloon end is pulled up to the stomach wall and a rubber stopper is applied
on the outside to position it snugly against the anterior abdominal wall.
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Standard Postoperative Investigations

m Daily check for an adequate approximation of the gastric wall to the abdominal wall
to prevent dislocation and peritonitis

Postoperative Complications

Perforation of esophagus, stomach, transverse colon

Hemorrhage

Sepsis: usually detected in 2-3 days

Clogging of the tube

Gastrocutaneous fistula

Gastric ulcer

Peritonitis

“Buried bumper syndrome” when the bumper gets buried in the stomach wall
Distal migration of the tube resulting in gastric outlet obstruction

An agitated patient may pull the tube out

Tricks of the Senior Surgeon

m Care has to be taken for a necrosis of the gastric wall in case of a too strong
approximation by the “mushroom.”



Indications
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Laparoscopic-Assisted Gastrostomy

Tim Strate, Oliver Mann

Introduction

Laparoscopic gastrostomy is an excellent minimally invasive procedure for patients who
are unable to swallow and unable to undergo percutaneous endoscopic

gastrostomy. The original open method was devised as a feeding tube by Bronislaw
Kader in 1896 and modified for minimally invasive technique in the 1990s.

Indications and Contraindications

m See chapter “Conventional Gastrostomy: Temporary or Permanent Gastric Fistula.”

®  Ascites
m Previous gastric or major upper abdominal surgery (in this case at least laparoscopic
exploration might be feasible)

Preoperative Investigation/Preparation for the Procedure

See chapter “Surgical Gastrostomy: Temporary or Permanent Gastric Fistula.”

Procedure

Access

® 3-Trocar technique (2x10-mm and 1X5-mm trocars)
10-mm subumbilical trocar

Pneumoperitoneum of 12mmHg

10-mm trocar in left lower quadrant

5-mm trocar in right upper quadrant
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STEP 1 Exposure

Exposure and exploration, adhesiolysis if necessary.
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STEP 2

Three full-thickness stitches

Using a straight needle which is brought into the abdomen through the skin at the left
hypogastric region, a triangle is created by three full-thickness stitches which allow the
catheter system to be introduced under laparoscopic control (stitches: skin-abdominal
wall-stomach-abdominal wall-skin).
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STEP 3

Insertion of the guidewire

A 1-cm stab incision is made in the center of the triangle created by the three sutures
which are held under tension. Under laparoscopic vision the anterior stomach wall is
punctured by an 18-gauge needle exactly in the center of the triangle. Through the
needle a guidewire is inserted into the stomach and a 26-Fr. dilatator with a peel-away
sheath is pushed over the guidewire into the stomach percutaneously.

At the end of the procedure the correct placement of the tube is confirmed
radiographically.
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STEP 4

Introducing the catheter system

The inner dilatator is removed and a regular 24-Fr. urinary catheter is placed through
the remaining peel-away sheath into the stomach. The peel-away sheath is removed.
After the balloon of the catheter is inflated, the stomach is pulled against the abdominal
wall and the sutures are subcutaneously secured under traction and progressive reduc-
tion of the pneumoperitoneum. The catheter is then put under traction for 24 h.

See chapter “Conventional Gastrostomy: Temporary or Permanent Gastric Fistula” for
postoperative investigations and complications.
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Tricks of the Senior Surgeon

® Exchange the 24-Fr. urinary catheter for a special gastrostomy button device
14 days postoperatively (see Figure).

= To avoid dietary deficiencies, patients should be under the supervision of
a nutritional specialist.

® In case of contraindications for general anesthesia, the procedure can also
be performed under local or regional anesthesia.
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Operation for GERD: Laparoscopic Approach
Ketan M. Desai, Nathaniel ]. Soper

Introduction

Laparoscopic antireflux surgery (LARS) has assumed a major role in the treatment of
gastroesophageal reflux disease (GERD). The advancement in laparoscopic techniques
and instrumentation over the past decade has led to an increase in the number of
antireflux operations. Although the operation is fundamentally similar to open
antireflux procedures, clear benefits to the laparoscopic approach have been described.

In 1955, Rudolf Nissen reported the efficacy of a 360° gastric wrap through an upper
abdominal incision to control reflux symptoms. It was not until 1991 that the first laparo-
scopic Nissen fundoplication was reported. From that point, acceptance on the part of
patients and physicians to proceed with surgical treatment began to grow. Although the
minimally invasive approach follows the same surgical principles as the open operation,
LARS reduces postoperative pain, shortens the hospital stay and recovery period, and
achieves a functional outcome that is similar to that of the open operation.

Indications and Contraindications

= GERD symptoms (heartburn, regurgitation, dysphagia, chest pain) not controlled
by medical therapy

Volume reflux

Paraesophageal hernia (PEH) with GERD

Inability to take acid reduction medication (allergic reaction, poor compliance, cost)
Preference for surgery (young age, lifestyle choice)

Absolute Contraindications
® Inability to tolerate general anesthesia or laparoscopy

Relative Contraindications

m Previous upper abdominal surgery
® Morbid obesity

m Short esophagus

Preoperative Investigation/Preparation for Procedure

History: Presence or absence of typical/atypical GERD symptoms,
and acid reduction medication use

Upper endoscopy Evaluation for esophagitis, gastritis, Barrett’s

with biopsies: metaplasia/dysplasia, hiatal hernia, and strictures

Esophageal manometry Measurement of esophageal body peristalsis and lower

for evaluation of eso- esophageal sphincter (LES) position/length/pressure

phageal motility disorder:

24-h pH testing: Following the cessation of proton-pump inhibitors for >7days

Intravenous antiemetics are administered prophylactically.
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Laparoscopic Nissen Fundoplication
Used in >90% of patients with GERD. It can be argued that total (360°) fundoplication is
generally not performed in patients with severe esophageal dysmotility.
Procedure

STEP 1 Operating room and patient setup

The patient is placed supine with the legs abducted on straight leg boards (no flexion
of the hips or knees). An orogastric tube is placed.

The operating room personnel and equipment are arranged with the surgeon
between the patient’s legs, the assistant surgeon on the patient’s right, and the camera
holder to the left.

Video monitors are placed at either side of the head of the table and should be viewed
easily by all members of the operating team.

Irrigation, suction, and electrocautery connections come at the head of the table on
the patient’s right side. Special instruments include endoscopic Babcock graspers,
cautery scissors, curved dissectors, clip applier, atraumatic liver retractor, 5-mm needle
holders, and ultrasonic coagulating shears.
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STEP 2

Port placement

Port arrangement should allow easy access to the hiatus and permit comfortable
suturing by placing the optics between the surgeon’s hands. Access to the abdominal
cavity is achieved by either a closed or open technique superior to the umbilicus.

The initial port is placed in the left mid-rectus muscle approximately 12-15cm below
the xiphoid process. Four additional ports are placed under direct vision of the laparo-
scope. Ports are typically placed in the following locations to optimize visualization and
tissue manipulation, and to facilitate suturing: right subcostal, 15cm from the xiphoid
process; a point midway between the first two ports in the right mid-rectus region; in the
left subcostal region 10cm from the xiphoid; and in the right paramedian location at the
same horizontal level as the left subcostal trocar (usually 5cm inferior to the xiphoid
process).

The gastroesophageal junction is usually deep to the xiphoid, and from a point 15cm
distant, only half of the laparoscopic instrument must be introduced to reach the hiatus.
This distance establishes the fulcrum at the midpoint of the instrument and maximizes
its range of motion during tissue manipulation.

With current 5-mm equipment and optics, we generally use only one 10-12 port,
for the surgeon’s right hand, to allow insertion of an SH needle through the valve
mechanism.

O
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STEP 3

Exposure

Exposure of the esophageal hiatus is facilitated by gravity and maintained by an assis-
tant. Positioning the patient in the reverse Trendelenburg position displaces the bowel
and stomach from the diaphragm.

A skilled camera holder and the use of an angled laparoscope (30° or 45° ) are
important.

The assistant introduces a self-retaining liver retractor through the right subcostal
port, and a Babcock grasper is introduced through the right mid-rectus port to pull the
stomach and epiphrenic fat pad inferiorly and allow division of the gastrohepatic liga-
ment using the ultrasonic shears. Division of the gastrohepatic ligament is done with
preservation of the hepatic branch of the anterior vagus.

The left triangular ligament is not divided but is left to aid in retraction of the liver
anteriorly. Next, both the crura and anterior vagus nerve are identified after opening
the phrenoesophageal membrane.
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STEP 4

Dissection

If a hiatal hernia is present, it is repositioned into the abdominal cavity with gentle trac-
tion after cutting all adhesions to the hernia sac.

The right crus is retracted laterally, and the right side of the esophagus is carefully
dissected to visualize the aortoesophageal groove and posterior vagus nerve.

The left crus is similarly dissected from the esophagus and fundus to its point
of origin from the right crural leaflet. A “window” is created between the crura and
posterior esophageal wall under direct vision from the angled laparoscope (A).

The fundus is then fully mobilized by dividing the proximal gastrosplenic ligament.
The short gastric vessels are placed on traction and a window is created into the lesser
sac. The short gastric vessels are then divided by serial application of the ultrasonic
shears or by clipping and dividing them (B). To fully mobilize the proximal stomach,
all posterior retroperitoneal adhesions to the fundus are divided.
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STEP 5

Closure of the hiatal defect

After mobilizing the fundus, a Babcock clamp is passed right to left in front of both
crura and behind the esophagus. The Babcock clamp grasps the fundus near the inser-
tion of the short gastric vessels and pulls the fundus left to right around the esophagus.
Following the “shoe-shine” maneuver, the fundus should lie in place (A). If the fundus
springs back around the esophagus, the wrap will be under tension.

The hiatal defect is closed with several interrupted 0-Ethibond sutures (B).

Retroesophageal exposure of the crura is gained either by using the mobilized fundus
to retract the esophagus anteriorly and to the left, or by placing a Penrose drain around
the distal esophagus for retraction. This allows visualization of the retroesophageal
space. Approximation of the right and left crura is usually performed posterior to the
esophagus, although anterior closure may be appropriate in select cases.
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STEP 6

Fundoplication

The esophagus is serially dilated, and a 50-60 Fr. Maloney dilator is left in place during
the creation of the wrap. The dilator calibrates the wrap and prevents excessive
narrowing of the esophagus during the actual fundoplication. Dilation must be
performed cautiously if the patient has esophageal stricture or severe inflammation.
The surgeon should watch the bougie pass smoothly through the gastroesophageal junc-
tion. If the bougie appears to be hung up at the gastroesophageal junction, the surgeon
can sometimes improve the angulation by retracting the stomach anteriorly or caudally.

With the dilator in the esophagus, the fundus is positioned, and a “short, floppy”
Nissen fundoplication is constructed using three interrupted, braided O- or 2-O poly-
ester sutures. Seromuscular bites of fundus to the left of the esophagus, the anterior
esophageal wall away from the anterior vagus nerve, and the fundus to the right are all
incorporated in the 360-degree fundoplication. The esophageal wall should be incorpo-
rated in at least one of the sutures to inhibit slippage of the wrap around the body of the
stomach or into the thoracic cavity.

Our practice has been to use extracorporeal knotting techniques, tying square knots
and pushing them into position, whereas other surgeons prefer intracorporeal suturing.
Regardless, the surgeon should take generous tissue bites and appose the gastric wall
without strangulating tissue. Ideally, the wrap should be <2cm in length.

After three sutures secure the fundoplication, additional sutures may be placed from
the wrap to the crura for stabilization, although we currently do not perform this step.
The esophageal dilator is withdrawn by the anesthesiologist. At this point the Nissen
fundoplication is complete.
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Standard Postoperative Investigations

m Patients who report unusual abdominal or chest discomfort, GERD related
symptoms, or dysphagia should undergo testing (endoscopic, radiological and/or
physiologic evaluation).

Postoperative Complications

Dysphagia

Recurrent GERD symptoms and/or esophagitis

Wrap disruption/migration or acute paraesophageal hernia
Gas-bloat syndrome

Tricks of the Senior Surgeon

m Securing the patient to the table using a beanbag will allow steep reverse
Trendelenburg positioning for gravity displacement of the bowel and maximum
exposure of the gastroesophageal junction.

® Dividing the short gastric vessels will freely mobilize the fundus.

®  Adequacy of fundic mobilization is checked by releasing the fundus and
watching whether the fundus rests in place or recoils under tension.

m Care should be taken not to create a hypomochlion when performing posterior
hiatoplasty.

m A short, floppy wrap <2cm in length is ideal.

® A 360-degree wrap is too tight if a 10-mm Babcock clamp does not easily pass
under the wrap.
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Laparoscopic Partial Fundoplication (Table1)

Indications and Contraindications

See “Laparoscopic Nissen Fundoplication.”

m Procedure of choice for GERD patients with abnormal proximal esophageal motility
in order to prevent excessive postoperative dysphagia or gas bloating symptoms
(Table2).

Table 1. Partial fundoplication techniques

Thal 90degree anterior wrap

Watson 120degree anterolateral wrap

Dor 150-200degree anterior wrap

Toupet 270degree posterior wrap

Belsey Mark IV 270degree transthoracic anterolateral wrap

Table2. Indications for partial fundoplications

Primary esophageal motility disorders
Achalasia (after myotomy)
Scleroderma

Secondary esophageal motility disorders
Poor motility secondary to chronic reflux/Barrett’s esophagus

Inability to tolerate complete fundoplication
Dysphagia
Gas bloating
Chronic nausea
Aerophagia
Revision of obstructing 360 degree wrap
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Laparoscopic Toupet Fundoplication
Procedure
m Initial operating room/patient setup, port placement, exposure, dissection, and

closure of hiatal defect identical to the procedure outlined in “Laparoscopic Nissen
Fundoplication.”

Fundoplication

STEP 1

Fixation of the fundus to the left crus

After the leading edge of the fundus is pulled posterior and to the right of the
esophagus, the fundus is sutured to the left crus and to the right side of the esophagus
over a length of 2-3cm (A, B).
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STEP 2 Fixation of the fundus to the esophagus and the right crus

The anterior fundus is sutured to the left side of the esophagus over a length of 2cm (A).
The 270-degree fundoplication is secured to the right crus with separate gastrocrural
sutures (B).




Operation for GERD: Conventional Approach
Karim A. Gawad, Christoph Busch

Introduction

The laparoscopic approach to gastroesophageal reflux (GERD) has become the “gold

standard” over the past decade. Nevertheless, an open approach may be preferable in

patients who have undergone previous open upper abdominal surgery or in cases of

recurrent or re-recurrent GERD when revisional laparoscopy may not seem sufficient
to definitely treat the disease.

Indications and Contraindications

Indications Significant gastroesophageal reflux

“When a laparoscopic approach is not indicated”

Recurrent disease following previous open or laparoscopic surgery

Status postconventional upper abdominal surgery with massive adhesions

Failure of conservative treatment

Contraindications m General contraindications for surgery under general anesthesia

Preoperative Investigations/Preparation for the Procedure

See chapter on “Operation for GERD: Laparoscopic Approach.”
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Procedures

Access
Transverse upper abdominal incision, if required with additional upper midline incision;
alternatively, left subcostal or upper midline incision

Division of the triangular ligament with ligation (cave: accessory bile duct) to expose
the esophagogastric junction

Choice of Procedure
m Simple reflux disease (esophagitis up to III):
- Fundoplication
- Ligamentum teres (round ligament) plasty
® Complicated reflux disease (esophagitis IV):
- Fundoplication + dilatation (of florid esophagitis)
- Fundoplication + parietal cell vagotomy (in gastric hyperacidity) + if necessary
dilatation (of florid esophagitis)
- Fundoplication + parietal cell vagotomy + stricturoplasty (of scarred strictures)
- Limited resection of the gastroesophageal junction

STEP 1 Mobilization of the distal esophagus and fundus

The distal esophagus is completely dissected and armed with a vessel loop. The gastric
fundus is completely mobilized by division of the short gastric vessels in order to form
aloose, “floppy” fundoplication.
If ligamentum teres plasty is planned, there is no need for fundic mobilization.
Special attention has to be paid to thoroughly preserving the ligament at laparotomy.
In the presence of a hiatal hernia, a posterior hiatoplasty is performed using
non-absorbable suture material.
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Total (“Nissen”) Fundoplication

STEP 2 Passage of the fundus

The mobilized fundus is passed behind the esophagus to the right side so far that
it can be easily united with the remaining fundic frontwall in front of the esophagus.

STEP 3 Formation of the wrap

The two cuff-folds are fixed with three, maximally four, non-absorbable sutures. One
suture should partially grab the esophageal wall to prevent a telescope phenomenon.
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STEP 4

Anchoring of the wrap

Finally the fundic cuff is again tested. Two fingers should easily pass the loose wrap
around the distal esophagus (“floppy Nissen”).

One or two additional sutures can fix the left cuff-fold to the anterior gastric wall
in order to prevent slippage (telescope phenomenon).
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Ligamentum Teres (Round Ligament) Plasty

STEP 1

See above.

STEP 2 Dissection of the round ligament

The round ligament is carefully dissected from the abdominal wall and from the liver,
respectively. The free end of the ligament is transposed dorsally around the esophagus
coming from the right side.

\
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STEP 3 Fixation to the anterior gastric wall

The round ligament is then attached to the anterior gastric wall under relative tension
using three or four non-absorbable sutures. Fixation to the anterior aspect of the gastric
corpus is performed.
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Standard Postoperative Investigations

See chapter “Operation for GERD: Laparoscopic Approach.”

Postoperative Complications

®m Short term:
- Esophageal perforation
- Dysphagia
= Longterm:
- Dysphagia
- Gas-bloat
- Recurrent disease

Tricks of the Senior Surgeon

m Perform Nissen fundoplication around a large gastric tube to facilitate
formation of a loose “floppy,” fundic wrap.

m Use of a self-retaining retractor system will facilitate exposure of the
esophagogastric junction.

m Dissection of the short gastrics is not mandatory but will ensure a loose
fundoplication, thus preventing postoperative dysphagia.

= Do not dissect the round ligament at laparotomy.
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Operation for Paraesophageal Hernia
Jean-Marie Michel, Lukas Krihenbiihl

Introduction

Postempski first reported the repair of a wound of the diaphragm in 1889. Ackerlund
described different types of paraesophageal hernia in 1926, and the first hiatal hernia
repair (fundoplication) was reported by Nissen in 1955. Since then, Nissen fundoplica-
tion has gained wide acceptance and is now recognized as the operation of choice for
antireflux surgery and, although technically challenging, laparoscopic paraesophageal
hernia repair.

The goal of a paraesophageal hernia repair is to bring the stomach (with other organs
such as colon, omentum, spleen) and the lower esophagus back into the abdominal
cavity, to excise the hernia sac, to approximate crura, to perform a fundoplication in
order to prevent gastroesophageal reflux, and finally to perform a gastropexy in order
to prevent gastric volvulus.

Indications and Contraindications: Laparoscopy

® Symptomatic or asymptomatic Type II and Type III hiatal hernia
Absolute Contraindications

®  Gastric incarceration

m Intrathoracic gastric perforation with Type II or Type III hiatal hernia
Relative Contraindications

m Partially fixed paraesophageal hernia
® Short esophagus
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Indications

Contraindications

Indications and Contraindications: Laparotomy

m  As for laparoscopy

®  Gastric incarceration

Absolute Contraindications

m Intrathoracic gastric perforation with Type II or Type III hiatal hernia
Relative Contraindications

= None

Preoperative Preparation/Preparation for the Procedure

History: Long-term history of gastroesophageal reflux disease (GERD),
symptoms of upper GI occlusion
Upright radiograph Search for a retrocardiac air-fluid level

of the thorax:

Contrast radiographic ~ Preoperative localization of the gastroesophageal junction,

studies (barium swallow): assessment of the type of hernia

Esophageal manometry: To exclude a motility disorder of the esophagus

Upper endoscopy: Objective GERD and/or exclusion of gastric ulcer disease

24-h pH monitoring and (Facultative) look for GERD and esophageal dysmotility.

stationary manometry: In type II hernias, 70 % of patients have pathologic pH-metry,
with up to 100% of patients with type IIIT hernias.

Actively treat dehydration

Empty the stomach: Nasogastric tube or immediate preoperative endoscopy

Single-shot antibiotic with second generation cephalosporine
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Procedure

The patient is placed in a modified lithotomy position. The table is placed in a steep
reverse Trendelenburg position (French position), with the surgeon standing between
the patient’s legs, the first assistant on the patient’s left, and the camera assistant on the
patient’s right.

Port Placement

A 10-mm port is placed 5-8 cm above the umbilicus in the midline (open Hasson
technique). A carbon dioxide pneumoperitoneum is established (12mmHg). A 30°-angle
laparoscope is mandatory. After exploratory laparoscopy, the next four trocar sleeves

are placed under direct vision. A subxiphoid 5-mm port for liver retraction, two working
ports: one 5-mm one in the right upper quadrant (UQ), another 10-mm one in the left
UQ, and a 5-mm left subcostal port.
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Exposure
To allow free access to the enlarged esophageal hiatus, the left lobe of the liver has to be

elevated with a liver retractor.
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STEP 1

Reduction of herniated stomach

The herniated stomach and the greater omentum are reduced into the abdominal cavity
with two Babcock graspers. A nasogastric tube is then introduced to decompress the
stomach.

This maneuver is a dangerous step of the procedure with risks of stomach perfora-
tion, particularly in case of mechanical obstruction of the stomach (volvulus) with
incarceration and gastric wall ischemia.

The spleen, colon, and omentum can also be herniated into the thorax.
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STEP 2

Exposure of the hiatal hernia

Open the gastrohepatic ligament after reduction of the hernia content, and expose the
right crus of the diaphragm. The hepatic trunk of the vagus nerve and aberrant left
hepatic artery should be preserved if possible. The hiatus and the hernia sac are now
visible.
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STEP 3

Circular incision of the hernia sac

Start the procedure on the right side and dissect the hernia sac off the right crural edge
using the harmonic scalpel (Ethicon Endo-Surgery, Cincinnati, OH, USA). Complete the
dissection inferiorly and obtain a good exposure of the junction between the right and
left crura, then cranially with the incision of the phrenoesophageal membrane, finally to
the left over the left crus. The dissection over the inferoposterior edge of the left crus is
difficult at this moment and is best achieved when the hernia sac is completely reduced
from the mediastinum.

STEP 4

Blunt dissection of the hernia sac

The hernia sac now should be bluntly removed from the mediastinum with complete
exposure of the right and left crura (see STEP 3).

During this step anterior and posterior vagal nerves have to be identified and
protected; this could be difficult to perform in inflammatory tissue.

It is not rare that the left and/or right pleura can be opened within the mediastinum
during blunt dissection, but most of the time a pleural drainage is not mandatory.

Complete the dissection of the inferoposterior edge of the left crus. Pay particular
attention to finding the good plane between the esophagus and the body of the left
crus, which may sometimes be extraordinarily difficult. It is not necessary to excise
the hernia sac.
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STEP 5

Intra-abdominal reduction of the gastroesophageal junction (GEJ)

The distal esophagus is now completely freed and a Penrose drain has to be placed
around the GEJ junction to permit a better retraction in the abdominal cavity.

It is reported that as many as 159% of giant type III paraesophageal hernias will present
with a shortened esophagus and have an irreducible GE]. Adequate mobilization of the
esophagus then should be performed as high as possible into the mediastinum. If the
reduction remains impossible after this maneuver, the patient will most benefit from a
Collis-Nissen gastroplasty, which has been reported to be feasible using a laparoscopic
and/or thoracoscopic approach.
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STEP 6

Closure of the hiatal defect (posterior cruroplasty)

The hiatal defect is closed with five to six nonabsorbable 2-0 Ethibond mattress sutures
placed posteriorly and anteriorly from the esophagus to return the GEJ into the
abdomen. The sutures are placed from caudad to cephalad so the hiatus is snug around
the esophagus:

The axis of the hiatal hernia has an inferosuperior direction with an angle of about
10% clockwise in the perpendicular plane, and an inferosuperior direction with an
angle of about 70 % clockwise in the sagittal plane. Thus closure of the hiatal defect must
follow the schema represented in A.
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Closure of the hiatal defect (posterior cruroplasty)

Sometimes one or two anterior sutures are mandatory to avoid an “S-shape” of the
distal esophagus. The inferior edge of the newly created hiatus may produce an external
compression leading to dysphagia (B).

Some groups use a prosthetic reinforcement with polytetrafluoroethylene (PTFE)
of posterior cruroplasty to reduce the rate of postoperative wrap herniation into the
mediastinum.
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STEP 7 Nissen fundoplication
Perform a floppy 2-cm three-stitch Nissen fundoplication over a 56F bougie after mobi-
lization of the great curvature (we divide the short gastric vessels). The most cephalad
stitch of the fundoplication superficially incorporates the esophagus wall.

STEP 8 Anterior gastroplasty

Perform an anterior gastroplasty with two to three interrupted nonabsorbable 2-0
Ethibond sutures between the greater curvature and the anterior abdominal wall
to prevent postoperative intra-abdominal gastric volvulus.
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Postoperative Tests

® Resume alimentation the day after surgery
m Obtain a barium esophagogram within 1 month (for follow-up purposes)

Postoperative Complications

Pneumothorax

Pleural effusion

Vagus nerve injury (anterior and posterior bundles)
Cardiac dysrhythmia

Pericarditis

Pneumonia

Pneumothorax

Pulmonary embolism

Tricks of the Senior Surgeon

m Use nonabsorbable mattress sutures to perform the posterior cruroplasty.
m At the end of the procedure, perform an anterior gastropexy to avoid post-
operative gastric volvulus.
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Contraindications

Management of the Duodenal Stump
Matthias Peiper, Wolfram T. Knoefel

Introduction

One of the most serious complications in the postoperative period after gastrectomy
is a leakage from the duodenal stump. Historically it has occurred most frequently
in Billroth II resections following emergency surgery for duodenal ulcer perforating
in the pancreatic head and less frequently after resections for gastric cancer. Causes
of duodenal stump suture dehiscence are:

m Technical failure

Postoperative pancreatitis

Attempt to close a severely diseased and scarred, edematous duodenal stump
Blood clots in the duodenal bed leading to infection

Excessive use of sutures at the stump leading to necrosis

Indications and Contraindications
®  Peritonitis
m Signs of sepsis

= No contraindications in case of emergency

Preoperative Investigations/Preparation for Procedure

Analysis of abdominal secretion in the drain tube (bilirubin, amylasis, lipase)
Physical examination

Abdominal ultrasound

CT
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Procedure

Access
The abdominal cavity is opened through the previous incision.

STEP 1
If the dehiscence is small or barely visible, an omental flap is performed and the area
well drained. For some patients, primary suture of the duodenum might be performed.
This is usually hand-sewn, though some surgeons prefer the stapler technique.

STEP 2

If technically feasible, an end-to-side duodenojejunostomy may be performed using
single-layered sutures (Vicryl 3-0).
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STEP 3
If the duodenum is opened widely and its walls edematous, a primary closure is usually
unsuccessful since the sutures will not last. Here it is suggested to insert a Foley catheter
into the leak, which may be fixated using a purse-string suture. The catheter shall be
completely covered by the greater omentum and externalized using a separate incision.
Most fistulas will close spontaneously after 3-4weeks. An alternative is to cover of the
leak by a jejunal loop using the Roux-Y technique.

STEP 4

Late suture dehiscences will present usually 2 weeks after (distal) gastrectomy. This
course is less dramatic, since postsurgical adhesions lead to a compartmentation of the
abdominal cavity. If the drainage is already removed, duodenal juice might drain via the
former drainage incision. By using total parenteral nutrition as well as antibiotics, the
fistula will close spontaneously. An alternative is the interventional placement of a
drainage, such as a Sonnenberg catheter, for optimized drainage of the duodenal fluid.
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Standard Postoperative Investigations

® Daily check of the abdominal drainage

Postoperative Complications

Recurrent insufficiency

Insufficiency of the duodenojejunostomy
Peritonitis

Sepsis

Pancreatitis

Fistula formation

Wound infection

Tricks of the Senior Surgeon

= Tissue should not be too edematous. Therefore, the indication for relaparotomy
should immediately be established once duodenal stump insufficiency has been
diagnosed.

= For some patients, all organ-preserving surgical interventions might not lead to
improvement of the patient’s condition. As ultima ratio a partial duodenopancre-
atectomy (Whipple procedure) might be necessary.



Operation for Morbid Obesity
Markus Weber, Markus K. Miiller, Michael G. Sarr

Introduction

The prevalence of obesity has increased dramatically over the last several decades
worldwide and is currently reaching epidemic proportions. One out of five Americans
is currently obese. Morbid obesity, defined as body mass index (BMI) >40kg/m?, is
associated with many diseases responsible for a high prevalence of morbidity and
mortality, such as insulin-resistant diabetes mellitus, hypertension, coronary artery
disease, hyperlipidemia, and sleep apnea. These direct weight-related complications
eventuate in enormous health care costs. A consensus conference organized by the
National Institutes of Health (NIH) in 1991 concluded that surgical therapies offer
the best long-term approach for morbid obesity.
Current bariatric surgical procedures are divided into restrictive, malabsorptive,
and combined procedures.
m Restrictive procedures aim to reduce the volume of oral intake. These include laparo-
scopic adjustable gastric banding (LAGB) and vertical banded gastroplasty (VBG).
®  Malabsorptive procedures are designed to reduce caloric absorption by diminishing
the absorptive surface for digestion and/or absorption. The most common proce-
dures currently are biliopancreatic diversion (BPD) and duodenal switch with a
biliopancreatic diversion (DS/BPD).
m  Combined procedures utilize both a restrictive and a malabsorptive anatomy and
involve primarily the Roux-en-Y gastric bypass (RYGB) (the malabsorptive effect
correlates with length of Roux limb).

This chapter addresses the three most commonly performed bariatric procedures. RYGB
(A-1) and VBG (A-2) were both considered as being proven effective by the National
Institutes of Health consensus conference in 1991. The third procedure, which is widely
used in Europe and Australia and is becoming more common in the United States, is
LAGB (A-3). Of the three procedures, RYGB has been best documented to produce and
maintain long-term weight loss in severely obese patients. All three procedures can be
performed by an open or laparoscopic approach. Because of the high incidence of inci-
sional hernia (15-20%) after open surgery and better patient comfort and acceptance
after a laparoscopic approach, increasing numbers of surgeons perform these operations
laparoscopically. Therefore, this chapter focuses on the laparoscopic approach with
remarks and illustrations on open surgery as well.

A-3




286 SECTION 2 Esophagus, Stomach and Duodenum
Indications and Contraindications
Indications Patients with ineffective dietary attempts for weight control and
BMI >40kg/m? or
BMI >35kg/m? with weight-related comorbidity
Contraindications Age <16 and >60years (these are relative contraindications)

Relative Contraindications
for Laparoscopic Approach

Obesity history <3years

Unacceptable operative risk (e.g., unreconstructable coronary artery disease)
Active gastric or duodenal ulcer

Active inflammatory bowel disease

Chronic infectious disease (e.g., viral hepatitis)

Portal hypertension

Pregnancy

Untreated endocrine disorders

Severe psychiatric disorders (psychosis, uncontrolled depression, active substance
abuse)

Height less than 155cm
Multiple intra-abdominal operations
Previous gastric bariatric procedures
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Preoperative Investigations/Preparation for the Procedure

Clinical

m Physical examination (abdominal hernia, former abdominal surgery)

m Phenotype of obesity: androgenic (central obesity) vs gynecoid (peripheral obesity)
(note: male/androgene phenotype and BMI >50 associated with increased pre- and
perioperative morbidity)

® ECG, pulmonary function tests (if necessary), sleep study if symptoms suggest sleep
apnea, and detailed cardiac evaluation if necessary (echocardiography, functional
cardiac scintigraphy)

Laboratory

= Nutritional and metabolic parameters
® Hormonal parameters

m Baseline arterial blood gas

Upper Gl Examinations

®  Gastroscopy in selected patients, esophageal manometry in patients with gastro-
esophageal reflux disease if a restrictive procedure is to be performed (VBG, gastric
banding)

m Radiology: upper GI studies for reoperative surgery and especially after failed gastric
banding (reflux, esophageal dysmotility, pouch dilatation, band penetration?)

Anthropometry/Body Composition (Optional)
= Bioimpedance analysis
m Calorimetry

Psychologic Evaluation

m  Exclude psychosis (rare), severe uncontrolled depression, active substance abuse,
or borderline personality disorder

m Establish psychiatric care if necessary
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Procedures
Roux-en-Y Gastric Bypass

STEP 1 Positioning of the patient and access

Laparoscopic approach (A-1):

The patient is placed in the lithotomy position in steep reverse Trendelenburg tilt
with arms positioned upwards. The operating surgeon stands between the legs, first
assistant on the left, and the second on the right side of the patient. Two monitors are
placed at the head of the bed. Afterwards, six trocars are inserted:

1. One 10/12mm on the right in the mid-clavicular line distal to the costal arch for the
liver retractor

2. One 5mm right in the mid-clavicular line 15cm caudal to the costal arch for the
grasper and needle driver

3. One 10/12mm in the midline 15cm caudal to the xiphoid as the optic port

4. One 10/12mm in the midline halfway between the xiphoid and umbilicus for the
linear cutter, grasper, and ultracision

5. One 10/12mm on the left in the mid-clavicular line just distal to the costal arch for
the linear cutter, grasper, needle holder, and ultracision

6. One 5mm on the left in the mid-clavicular line 15cm caudal to the costal arch for
the grasper

Open approach (A-2):

Upper midline incision entering the peritoneal cavity.

Bariatric retractor (Pilling bariatric retractor, Pilling Co., Ft. Washington, PA)
for exposure.
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STEP 2

Division of stomach and creation of proximal gastric pouch

Laparoscopic approach (A-1):

The left lobe of the liver is retracted with a paddle retractor inserted in the right
upper 12-mm port.

A window is created 3-4 cm distal to the esophagogastric junction along the lesser
curvature with 5-mm Ultracision shears (Ethicon Endo-Surgery, Cincinnati, OH) close
to the gastric wall to avoid injury to the vagus nerves.

Afterwards the stomach is transected with multiple fires of the Endo GIA stapler (U.S.
Surgical Co., Norwalk, CT) using a blue cartridge (3.5-mm staples) to create a small
proximal gastric pouch of 20ml. However, be certain to remove any nasogastric tube.

A calibration balloon filled with 20-ml saline can help identify the site of the transec-
tion line.

The Endo GIA stapler is first applied once transversely and then vertically 3-4 times,
heading to the angle of His until the stomach is completely divided. The dissection of the
angle of His before transection is not always necessary, but it may help in difficult expo-
sures or when there is a large fat pad.

A-1



290

SECTION 2 Esophagus, Stomach and Duodenum

STEP 2 (continued)

Division of stomach and creation of proximal gastric pouch

Open approach (A-2):

The first step creates a tunnel from the defect in the gastrohepatic ligament (distal to
the left gastric artery) behind the cardia, extending to the left side of the esophagogas-
tric junction.

Two 18-Fr. catheters are passed through the tunnel.

A window 1-2cm distal to the esophagogastric junction is created along the lesser
curve of the stomach and the right end of the catheter is repositioned out of this
window; this avoids injury to the neurovascular pedicle along the lesser curve of the
stomach.

One end of the catheter is pulled over the end of the anvil of the TA90-B linear stapler
(U.S. Surgical Co., Norwalk, CT); the catheter guides the stapler around the gastric
cardia.

A second catheter guides a 90-mm linear stapler just distal to the first stapler.

Both staplers are angled in a manner so that a small volume pouch (<15ml) has a
larger surface area of the anterior wall for the anastomosis; both staplers are fired and
the cardia between the staple lines is transected. Rostral mobilization of the fat pad of
cardia exposes the serosa of the cardia; this allows a very small pouch (<15ml).
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STEP 3

Placement of 25-mm EEA anvil into the proximal gastric pouch

Laparoscopic approach:

Before the anvil of the 25-mm EEA stapler (U.S. Surgical Co., Norwalk, CT) can be
inserted, the anvil must be flipped by pushing down the circular blade, and the spring
has to be removed to allow an easy flip back (A-1).

The post of the anvil is forced into the proximal end of the 16-Fr. nasogastric tube
(end cut off) and fixed in place with 2-0 suture material passed through two holes in the
head of the anvil and the hole in the post of the anvil.

The distal end of the nasogastric tube is passed into the oropharynx, down the
esophagus, into the gastric pouch, and out of a small gastrotomy made with laparoscopic
scissors (A-2). The tube is then pulled into the abdomen with a grasper until the post
of the anvil appears through gastrotomy. The nasogastric tube is removed after cutting
the suture and tube at the proximal end with Ultracision shears (A-3).

Open approach:

A short (1cm) cardiotomy is made in the anterior wall of the proximal gastric pouch.
The anvil is inserted into the pouch and the cardiotomy is closed around the post of the
anvil with a 2-0 polypropylene suture.
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STEP 4

Creation of Roux-en-Y limb

Laparoscopic approach:

The patient is brought into the supine position; the surgeon and first assistant move
to the right side of the patient and the camera is inserted through the right upper port
after removing the liver paddle.

The transverse colon is lifted up by two graspers inserted through the left-sided
cannulas and the ligament of Treitz is identified.

Transection of the jejunum 50 cm distally with 60-mm Endo GIA (white cartridge,
2.5-mm staples minimize staple line bleeding).

Afterwards the mesentery is transected perpendicular to the bowel wall with Ultra-
cision shears or an Endo GIA stapler using white vascular staples (2mm).

The Roux-en-Y limb is measured (150 cm or 250 cm for superobese patients with
BMI >50kg/m?).

Fixation of the biliary limb is done with a one stay suture to the Roux-en-Y limb and
a jejunojejunostomy is created with a 60-mm Endo GIA stapler using a white cartridge
(A-1). The site of stapler insertion is closed with a running 4-0 polydioxanone suture.

The mesenteric defect should be closed with interrupted stitches of non-reabsorbable
suture (Ethibond, Ethicon Co., Cincinnati, OH) (A-2) to prevent internal herniation.

The alimentary Roux-en-Y limb is brought antecolic to the proximal gastric pouch,
being very careful to avoid a twist in the mesentery; if the omentum is thick and bulky,
it can be transected vertically to allow a path for the Roux limb to be brought antecolic.
Open approach:

The proximal jejunum is transected about 50-75cm distal to the ligament of Treitz
in an area that both maximizes the blood supply to the proximal aspect of the Roux
limb and allows a long transection of the mesentery to gain length. The mesentery is
divided by cautery and requires ligation of just one vessel in the arcade that connects
the primary feeding vessels from the superior mesenteric artery.

The Roux limb is then brought retrocolic (not antecolic as with a laparoscopic
approach) and then antegastric through a wide defect in the gastrocolic ligament.

The defects in the mesocolon and Petersen’s hernia (potential infracolic space
posterior to the Roux mesentery and anterior to the retroperitoneum) are closed.




Operation for Morbid Obesity

293

STEP 5

Creation of gastrojejunostomy

Laparoscopic approach:

The end of the Roux limb is opened with Ultracision shears. A 3-cm incision between
the two trocars in the left mid-clavicular line allows intraperitoneal introduction of the
cartridge of the 25-mm circular EEA stapler. The cartridge head of the EEA stapler is
passed into the lumen through the end of the Roux limb and docked with the prong of
the anvil (A-1,A-2).

After firing the stapler, the “donuts” are checked carefully; if incomplete, the anasto-
mosis is evaluated by a methylene blue test (150ml of dilute methylene blue injected
through the nasogastric tube into the proximal gastric pouch) after the end of the Roux
limb is closed with an Endo GIA stapler using a white cartridge. Closure of any leak is
done with a transanastomotic suture.

Even if there is no leak, the gastrojejunal anastomosis is oversewn with three single
transmural stitches along the anterior circumference; these sutures reduce tension on
the stapled anastomosis. A perianastomotic drain is left routinely and removed post-
operatively after a radiographic contrast study confirms the integrity of the anasto-
mosis.

Open approach:

The docking of the cartridge and the anvil post is similar to that for the laparoscopic
approach.

The entire anastomotic circumference is then oversewn with interrupted 3-0 silk
seromuscular sutures.
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Vertical Banded Gastroplasty (VBG)

STEP 1

Positioning of the patient and access

VBG can be performed by the open or laparoscopic technique.
A laparoscopic approach is described. The patient and trocars are placed as described
for the laparoscopic Roux-en-Y gastric bypass.

STEP 2

Placement of anvil of circular stapler

The gastrohepatic ligament is opened in the avascular window with Ultracision shears to
expose the posterior aspect of the stomach.

The optimal position of the anvil is 6-7 cm distal to the esophagogastric junction
close to the lesser curvature. It should allow a 32-Fr. tube to pass alongside the lesser
curvature; once the optimal site is determined, a straight needle is passed from anterior
to posterior through the stomach and a suture tied to the tip of the anvil (A-1). This
suture will guide the spike of the anvil through the gastric walls.
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Placement of anvil of circular stapler

A tight hold of the anvil by a strong grasper is essential. A short incision with electro-
cautery where the tip of the anvil will pass helps it to perforate the gastric wall (A-2).

The circular stapler cartridge is passed through the abdominal wall, docked with the
anvil, and fired, creating the transgastric circular “donut hole” defect in the gastric wall
(A-3).
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STEP 3 Vertical transection of stomach and placement of band

From this circular defect, the proximal stomach is divided with a 60-mm Endo GIA
stapler (blue cartridge) up to the angle of His, staying close to the left side of the cali-
bration tube (A-1).

The 7x1.5-cm band of polypropylene or EPTFE is introduced and wrapped around
the outflow (stoma) of the proximal gastric pouch along the lesser curvature.

The circular band is created with three or four interrupted, non-absorbable sutures
of 0-nylon (Ethibond) with a 32-Fr. calibration tube in place; the circumference should
be 5cm (A-2).
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Laparoscopic Adjustable Gastric Banding (LAGB)

STEP 1 Positioning of patient and access
The patient and trocars are placed as described for laparoscopic RYGB; the right lower
5-mm trocar is not necessary for LAGB.

STEP 2 Determination and creation of pouch size

A specially designed orogastric balloon calibration tube (Inamed, USA) is inserted;
the balloon is filled with 25ml saline, and pulled back to wedge itself at the esophago-
gastric junction.

The dissection begins at the lesser curvature at the largest circumference of the
balloon. The “pars flaccida technique” has less band slippage.

The lesser omentum is entered in the avascular window and the right crus of
the diaphragm identified.
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STEP 3

Retrogastric preparation and band placement

The retrogastric passage from right to left crus is created by blunt dissection using an
articulating “finger” dissector which exits at the angle of His. However, the lesser sac
should not be entered during this maneuver. If the lesser sac is entered, retrogastric
passage is too far distal along the lesser curvature of the stomach.

The Silicone band is then pulled through the retrogastric tunnel from the left to right
side of the stomach, encircling the proximal stomach, anterior vagus nerve, and upper
part of the lesser omentum.

The Silastic band is locked around the inflated calibrating catheter and is now inflated
with 15ml saline, which is positioned proximal to the band, thereby determining the size
of the proximal pouch. The calibration catheter is deflated but left in place.

A
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STEP 4

Band fixation

The band is fixed in place along the anterior stomach by placing three to five interrupted
seromuscular sutures of non-absorbable material, approximating the gastric wall proxi-
mal and distal to the band. The left gastric wall distal to the band is fixed to the left crus
of the diaphragm.

The procedure is finished by implantation of the reservoir subcutaneously just below
the xiphoid, allowing easy access to the port.
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Standard Postoperative Investigations

m Postoperative surveillance in an intermediate care unit if the patient has sleep apnea
or a history of severe cardiac disease

® Oral liquid diet after routine Gastrografin swallow radiography on the first or second
postoperative day if the operative procedure is done laparoscopically

® (Clinical and metabolic follow-up at 2 and 6 weeks and at 3, 6,9, and 12months and
once yearly thereafter

®  Multivitamin administration routinely, parenteral vitamin B,, after RYGB or BPD,
and iron supplementation according to the blood tests

Postoperative Complications

General

® Intra-abdominal bleeding

Wound infection

Abdominal wound dehiscence

Deep vein thrombosis/pulmonary embolism
Adhesive small bowel obstruction

Procedure-Specific
= RYGB:
Anastomotic leakage
Internal hernia
- Stenosis at gastrojejunostomy
Stomal ulcer/stomal bleeding
Afferent (pancreatobiliary) limb obstruction
= LAGB:
- Pouch dilatation or band slippage
- Reservoir infection
- Band migration into the stomach (late)
- Band leakage (late)
- Reservoir/band (balloon) dysfunction
= VBG:
- Stricture at the stoma
- Gastroesophageal reflux
- Staple line rupture
- Band erosion into stoma
- Maladaptive eating disorder
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Tricks of the Senior Surgeon

Creation of pneumoperitoneum with the Veress needle technique avoids a large
incision for the first trocar with a subsequent annoying gas leak. The Veress
needle should be placed just below (<1 cm) the left costal margin; others prefer
the Opti-View trocar.

Generally a high placement of trocars is recommended, especially the upper two
10/12-mm trocars below the xiphoid and left costal arch.

The circular EEA staplers for the laparoscopic approach are wrapped with

a plastic cover to protect the abdominal wall incision from contact with the
contaminated outside of the cartridge of the stapler after intraluminal insertion
and firing.

Conservative weight reduction with dietary measures of 5-10kg before surgery
is believed by some to facilitate technical performance by “shrinking liver size,”
especially in superobese male patients.



Indications

Contraindications

Pancreas-Sparing Duodenectomy
Claus E. Eisenberger, Jakob R. Izbicki, Michael G. Sarr

Introduction

Pancreas-sparing duodenectomy (PSD) is reserved for premalignant lesions of the
duodenum and the papilla of Vater, when local excision is not appropriate due to the size
or multiplicity of the lesions. PSD involves complete or near complete resection of the
duodenum with total preservation of the pancreas. Although the duodenum and the
pancreas share the same blood supply, the duodenum may be resected without compro-
mising the viability of the pancreas, but reinsertion of the bile and pancreatic duct into
a“neoduodenum” is necessary.

Indications and Contraindications

®  Multiple premalignant lesions of the duodenal mucosa and of the papilla of Vater
(e.g., familial adenomatous polyposis syndrome)
m Localized benign or premalignant tumors of the duodenum

® Malignant disease
® Previous surgical procedures of the duodenum, the stomach, or the pancreatic head

Preoperative Investigations

m  Gastroduodenoscopy with biopsy

® Endoscopic ultrasonography

® Endoscopic retrograde cholangiopancreatography (ERCP) [alternatively magnetic
resonance cholangiopancreatography (MRCP)] for duct anatomy and morphology
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Procedure

STEP 1 Exposure of the duodenum
The abdomen is explored via a transverse or midline upper celiotomy. The gallbladder is
resected, allowing later passage of a probe to localize the ampulla. The hepatic flexure of
the colon is mobilized inferiorly and the lesser sac is opened widely. An extensive Kocher
maneuver well to the left of the midline is performed, thus exposing the first through
third portions of the duodenum.

STEP 2 Preparation and resection of the duodenum

The ligament of Treitz is incised. The proximal jejunum is then transected with a GIA
stapler, after which the mesentery to the proximal jejunum and fourth portion of the
duodenum is transected and ligated close to the bowel wall. The freed proximal jejunum
is transposed behind the mesenteric root to the right upper abdomen.

The third and fourth portions of the duodenum are detached from the pancreas by
meticulous dissection with ligation of these small and fragile mesenteric vessels. This
dissection preparation is performed proximally up to the level of the papilla.

Precise localization of the papilla is important to facilitate dissection of the peri-
ampullary region. This is accomplished by passing a bile duct probe into the duodenum
either via the cystic duct remnant (after cholecystectomy) or a choledochotomy. Retro-
grade cannulation of the bile duct with a probe via a lateral duodenotomy will also iden-
tify the papilla. In the region of the papilla of Vater, the duodenum is dissected carefully
from the pancreas, thus exposing the estuaries of the common bile duct and the main
pancreatic duct (A).

Next, the extraduodenal bile and pancreatic ducts are transected close to the
duodenum. This step is shown in B. If a long common channel (pancreatic and bile
ducts) is present and the duodenal disease does not extend past the ampullary region,
this common channel can be transected, leaving only one “ductal structure” for reim-
plantation into the neoduodenum. The pancreatic and bile ducts are intubated sepa-
rately with two catheters (C).

In the duodenum proximal to the papilla, the pancreas is densely adherent to the
duodenum. One can dissect and develop a narrow subserosal plane outside the muscu-
laris propria of the medial wall of the duodenum up to the distal part of the first part of
the duodenum where a “duodenal mesentery” becomes present. Alternatively, dissection
can also be initiated at the proximal duodenum and continued distally to the papilla.
Small vessels are ligated. A careful search for the separate minor pancreatic duct should
be made; if found and identified, we recommend suture ligation of this duct. Often, the
duct is not identified and thus all vessels and “fibrous” connections to the second
portion of the duodenum should be ligated.

The duodenum is transected either 1-2 cm distal to the pylorus if this area is disease-
free or directly distal to pylorus. The resected specimen should be sent for pathologic
examination with intraoperative frozen section to exclude the presence of invasive
malignancy.
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STEP 2 (continued) Preparation and resection of the duodenum
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STEP 3

Reconstruction

The proximal jejunum which will now become the “neoduodenum” is passed either
behind the superior mesenteric vessels or retrorolically through the mesocolon.

The bile and pancreatic duct anastomoses are performed at an equivalent distance
from the pylorus as the native papilla. The ducts are implanted into the neoduodenum
via a 2-cm enterotomy opposite to the proposed site of reimplantation. The anastomoses
are done with interrupted transmural fine (6-0 or 7-0) monofilament resorbable sutures
(A). Several techniques for ductal reimplantation should be available in the surgeon’s
armamentarium. If a common channel can be preserved, one anastomosis will suffice.
In contrast, if the disease involves the distal ducts and/or ampulla, usually the ductal
transection leaves two ducts connected only by the interductal septum. In this situation,
a single anastomosis can be fashioned by carefully including both ducts into the anasto-
mosis (B-1). If the ductal transection leaves two individual ducts without preservation
of the interductal septum (an unusual situation), the best approach is to sew together the
adjoining walls of the ducts using 6- or 7-0 absorbable suture material and then reim-
plant the joined ductal structures as one anastomosis (B-2).

The pancreatic stent is passed through the neoduodenum via a hollow needle, thus
creating a long submucosal tunnel, and is passed percutaneously through the abdominal
wall. The access enterotomy is closed transversely, and the pancreatic stent is left in situ,
to be removed 4-6weeks after surgery.

Gastrointestinal continuity is reestablished by end-to-end anastomosis of the
neoduodenum with either the proximal duodenum or pylorus with a single layer of
interrupted sutures. A t-tube is inserted in the common bile duct. Soft drains are placed
behind the neoduodenum. The complete reconstruction is shown in C.
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STEP 3 (continued) Reconstruction




308

SECTION 2 Esophagus, Stomach and Duodenum

Standard Postoperative Investigations

m T-tube and pancreatic duct drain are left in-situ for 6 weeks postoperatively
m T-tube cholangiography is performed prior to removal

Postoperative Complications

Pancreatic duct drain or t-tube dislocation
Pancreatic and/or biliary fistula
Anastomotic dehiscence

Pancreatitis

Cholangitis

Anastomotic strictures

Tricks of the Senior Surgeon

= Fixation of the pancreatic duct drain by a resorbable stay suture at the
“neo-papilla”

m Tension-free anastomoses are mandatory; sometimes it is necessary to use
an excluded jejunal interponate.
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Liver

Pierre-Alian Clavien



Introduction

Pierre-Alain Clavien

Liver surgery was considered until the early 1980s as a “heroic” field of medicine
associated with much blood loss, and high patient morbidity and mortality. With such
a reputation only life-threatening conditions were usually referred for liver surgery.

As surgeons acquired a better understanding of surgical anatomy and physiology, a
better understanding of peri- and intraoperative management, and importantly formal
training periods in this field, hepatic surgery began to enjoy rapid expansion and high
credibility among colleagues and patients. Today, liver surgery is one of the most
complex and successful areas of medicine with the availability of a variety of highly
sophisticated procedures for many indications including complex liver resection or
transplantation of only one part of the liver from a living donor.

The first chapter presents a comprehensive approach to the terminology of liver
anatomy and resection (Brisbane 2000 terminology), according to an international
effort including leaders from all continents. The next three chapters present available
techniques for vascular exclusion, parenchyma dissection and the “hanging” maneuver,
which may enable better exposure for anatomic resections. The hepatic surgeon must
be familiar with all these techniques, which may be of great help in many difficult
situations. Then, the focus turns to formal anatomic and non-anatomic liver resections,
including laparoscopic approaches, which are gaining increasing popularity. As liver
resection is often not possible due to local difficult situations (poor liver reserve or
location of a tumor) or poor general condition of the patient, alternative techniques
are presented including cryosurgery, radiofrequency ablation and selective intra-arterial
chemotherapy. Benign and infectious cysts require particular strategies, which are well
covered in two separate chapters. A chapter also comprehensively covers the available
strategies for liver trauma in the modern area of “damage control injury” The last
six chapters cover various aspects of liver transplantation from organ procurement,
to partial living or cadaveric orthotopic liver transplantation, as well as auxiliary
liver transplantation.

While there is no substitute for experience in performing complex surgical
procedures, we hope that this section, prepared by worldwide experts, will clarify
standards and limitations for surgeons in performing hepatic surgery.
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In 1998 at its meeting in Berne, Switzerland, the Scientific Committee of the Interna-
tional Hepato-Pancreato-Biliary Association (IHPBA) established a Terminology
Co