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The field of laparoscopic surgery has progressed at an
astonishing pace, and new techniques are continuously
being devised. The impetus for the widespread applica-
tion of this method was initiated by Mouret in 1987 in his
performance of cholecystectomy by the laparoscopic
approach. The great majority of gallbladders are now
being removed by laparoscopic cholecystectomy with
quite favorable results.

It is generally agreed that the laparoscopic approach for
many surgical procedures is less invasive, produces less
trauma to tissues and organs, is associated with less post-
operative discomfort, and is accompanied by a more rapid
return of the patient to normal. Moreover, while the
instrumentation and equipment used in laparoscopic
procedures are often individualized and more expensive,
recent studies have shown that this approach can be cost-
effective in comparison with standard open surgical proce-
dures, and especially with the short hospital stay.

The authors of this text have primarily drawn from their
experiences in laparoscopic surgery at the Duke-US
Surgical Endosurgical Center at the Duke University
Medical Center. This is the site of considerable develop-
mental research on innovative instrumentation and studies
to devise and assess new procedures. The center is fully
equipped with the latest technology available. In addition
there is a vivarium that has an experimental surgical unit
and facilities for long-term postoperative care. In this

setting, a number of new procedures have been devised
and evaluated. The center also has an excellent surveil-
lance plan for outcome studies of patients undergoing
laparoscopic procedures. This combination of facilities
and services has led to significant advances as well as a
thorough follow-up of a number of clinical series. .

The Atlas of Laparoscopic Surgery is composed of 28
chapters with authoritative commentaries and illustrations
of a number of surgical procedures amenable to laparo-
scopic techniques. The chapters are effectively planned,
with a thorough discussion of the procedure with the
appropriate anatomical, pathophysiological, and differential
diagnostic features. The surgical techniques are graphically
depicted by a combination of intraoperative illustrations
and selected photographs. The legends accompanying each
of the illustrations provide an unusually clear description of
each step during the procedure in what is essentially a fail-
safe approach. A selected bibliography follows each
chapter with the most pertinent citations from the literature.

Occasionally a new text appears which makes such a
convincing impression that a prediction can be made with
confidence. This Atlas of Laparoscopic Surgery is a perfect
example, as it is composed of a host of procedures that can
be effectively achieved by laparoscopy. It is a masterwork
by talented contributors and is a must for all those involved
in the field.

David C. Sabiston, Jr, MD
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The Atlas of Laparoscopic Surgery represents the cumula-
tive thoughts of a group of surgeons, predominantly from
Duke University Medical Center, in the early 1990s. Our hope
is to capture some of the nuances of laparoscopic surgery
that we experienced early in the development of advanced
laparoscopy. The Editors fully realize that the information
presented will undergo changes over the next several years
as the field of advanced laparoscopy matures.

We have chosen the word “laparoscopic” in the title of
this book as a generic term to include both laparoscopy
and thoracoscopy. The text will probably be most benefi-
cial for the minimally invasive general surgeon who occa-
sionally does thoracoscopic work. The authors have made
an effort to include alternative techniques to the ones that
are frequently used at Duke. The Editors acknowledge
that there are many ways to successfully complete most
operations, and where a single technique is presented,
many other techniques could be substituted. We find that
the techniques described are effective and usually quite
safe. Efforts have been made to include techniques that
are widely applicable for most advanced laparoscopic
surgeons, and given the choice between complex versus
simple techniques, we tend to use the least complex and
shortest operation. Many of the operations, such as the
laparoscopic antireflux procedures and laparoscopic
gastrostomy and jejunostomy, are specifically detailed to
reduce the learning curve for these procedures as much as
possible. Although laparoscopic cholecystojejunostomy

vi

does not have broad application, the technique as it is
described in this chapter has proven successful in our
experience. The fields of laparoscopic appendectomy and
laparoscopic herniorrhaphy continue to be quite con-
tentious, but the techniques presented in these chapters
should be helpful if the readers choose to include these
operations in their surgical repertoire. The chapter on
pediatric endosurgery is meant mostly as an overview, dnd
the Editors recognize that entire texts have been devoted
to this subject.

The Editors would like to thank Dr. David C. Sabiston,
Jr, for his foreword and for his great support in the devel-
opment of endosurgery at Duke University Medical Center.
Dr. William C. Meyers is a contributor to this atlas and is
also the driving academic force behind most of our endo-
surgical innovations. Finally, the Editors would like to
thank Leon Hirsch and the US Surgical Corporation for
their philanthropic support of the Department of Surgery
at Duke Hospital in our efforts to advance the surgical
knowledge of endosurgery.

Our sincere hope is that this atlas will simplify and orga-
nize surgical thought for the advanced laparoscopist. The
operations described should be safe, should not require
extensive operating time, and should be effective for the
diseases described.

Theodore N. Pappas
Lewis B. Schwartz
Steve Eubanks
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he initial success of laparoscopic cholecystectomy has

stimulated surgeons and engineers to design instrument
systems and surgical procedures with ever increasing clarity
and complexity. Once consigned only to the gallbladder,
the laparoscope has now been applied to nearly every
organ system in the abdomen, chest, and mediastinum.
New instrumentation is being designed and introduced at
an exponential rate. In order to perform safe and effective
procedures, surgeons must familiarize themselves with the
application as well as the potential drawbacks of these new
tools. The purpose of this chapter is to provide general
guidelines for the use of laparoscopic and thoracoscopic
instrumentation and to describe the more recent develop-
ments currently at the forefront of videoscopic surgery.

The Operating Room

Perhaps no single factor is more important in videoscopic
surgery than the proper training of operating room person-
nel in the set-up, use, and troubleshooting of the video sys-
tem. It has been our practice to employ a fully trained indi-
vidual whose sole responsibility is equipment purchase and
maintenance and who has no daily operating room assign-
ment. This serves to limit often-encountered frustrations
with new or faulty equipment and also saves a significant
amount of operating room time.

Exact details of the design of the laparoscopic operating
room obviously depend on the procedure being performed.
Nonetheless, some basic concepts are generally applicable
and warrant consideration. The success of any videoscopic
procedure is highly dependent on the spatial relationship
between the surgeon, first assistant, and the video monitors.
In general, the primary surgeons’ monitor should be placed
so that the surgeon is facing both the video monitor and the
organ of interest. Monitors must be unobstructed by electri-
cal cords, tubing, anesthesia equipment, and so forth, and it
is well worth the time and effort to move the patient or
equipment so that the surgeon may enjoy a comfortable and
unencumbered view of the screen. A secondary monitor
should be placed in a similar manner for the first assistant.
Other monitors placed for nurses or observers should be
well away from the operating table. Whenever possible, the
assistant and surgeon stand facing the same direction so that
both individuals can work in the same line of orientation.

At present, most hospitals choose to modify existing
operating rooms for videoscopic procedures. Designs are
available, however, for construction of dedicated video-
scopic surgical suites with ceiling-mounted cameras and
other specialized equipment. Ceiling-mounted arms have
been developed with attached cabinets for the housing of
monitors, light sources, video cassette recorders, apd
insufflators (Figure 1-1).

Imaging Systems

Almost 200 years ago, endoscopy began with a candle and
tin tube [1-3). It was the development of the Hopkin’s Rod-
Lens systems in 1966, however, that began the evolution
toward current video systems. The first simultaneous visual-
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ization of the abdominal cavity by all members of the operating
team was accomplished through the attachment of a computer
chip television camera to a laparoscope in 1986. This set the
stage for the development of modern laparoscopy.

L aparoscopes

Today, laparoscopic procedures are performed using a
descendant of the original Hopkin’s Rod-Lens system. Most
surgeons utilize a dedicated viewing laparoscope using a
0°, 30°, or 45° angle lens. Ten millimeter remains the most
commonly used laparoscope size, although 5-mm scopes
and smaller microendoscopes are available (Figure 1-2).
The authors prefer to use a 30° laparoscope when per-
forming most advanced procedures allowing for manipula-
tion of the angle of view and broadening the visual field
accessible through a single port. This ability makes potential-
ly dangerous maneuvers, such as retroesophageal dissection
during Nissen fundoplication, much safer when performed
under direct visualization. Laparoscopic suturing can be more
readily performed using an angled lens system because the
laparoscope can be manipulated in a manner that limits
obstruction during needle placement. The proper use of an
angled lens laparoscope does, however, require slightly more
dexterity and experience when compared with a 0° scope.

Light Source

A high-intensity light source is essential for adequate illumi-
nation of the abdominal or thoracic cavity. Fiberoptic trans-
mission of light from source to laparoscope to operative field
can be accomplished with a negligible loss of intensity using
modern systems. The clarity of the video image depends on
the quality of light transmission. Meticulous maintenance of
the fiberoptic light cable including replacement when fibers
are damaged is essential for safe operation.

FIGURE |-1.

Photograph of the Heraeus arm (Hanauport Universal Ceiling Camera;
Heraeus Surgical, Milpitas, CA; with permission).



Despite separation of the light source from the fiberoptic
cable by a heat shield, the intensity of the light may be
transmitted as heat at the end of the laparoscope. Care must
be taken to prevent thermal injury that may occur when the
exposed end of a fiberoptic cable or laparoscope comes in
contact with objects or personnel within the operative field.

Video Camera

The camera is the optical/electronic interface that attaches to
the laparoscope. The camera and laparoscope are linked to a
microprocessor that receives and transmits the image. One-
chip cameras (450 horizontal lines per inch of resolution)
provide adequate visualization for most laparoscopic opera-
tions. Three-chip cameras (700 horizontal lines per inch) are
considered optimal, however, for advanced laparoscopic pro-
cedures and provide markedly improved resolution.

Video Monitors

High-resolution video monitors enable the accurate reproduc-
tion of images produced by the fiberoptic light source and
video camera. The monitor should match the camera in quali-
ty, as the resolution is a product of the least accurate element.
Most monitoring systems are connected to a video cas-
sette recorder or a photographic printer. Hard topics of
laparoscopic images provide surgical documentation as well
as a valuable record of the gross pathology encounters. A
great deal of controversy remains regarding the filming of
procedures and the creation of permanent documentation,
however. Many surgeons are reluctant to record these proce-
dures due to the potential legal implications should an intra-
operative complication occur. Currently, there is no legal
mandate that procedures must be recorded or that, if record-
ed, the tape must be included as part of the medical record.

Three Dimensional
and +'|i91'\ Defini’rion Television

Three-dimensional (3-D) laparoscopic systems have been
developed in an attempt to provide depth perception as an
adjunct to traditional two-dimensional images. The loss of

FIGURE I-2.

Photograph of a microendoscope (Pixie™ scope; Origin Medsystems,
Menlo Park, CA).

depth perception seems to be most apparent when attempt-
ing to perform precise maneuvers such as suturing. The ini-
tial 3-D systems were an advance in concept, yet a regres-
sion in image quality. Most systems provided a central “hot
spot” (area of high light intensity) surrounded by a darker
periphery. The resolution of the image is currently more
comparable to a one-chip than a three-chip system. In addi-
tion, all members of the operating team must wear specially
designed goggles that polarize the image in conjunction
with the video image. Recent advances markedly improve
image quality and ease of use (Figure 1-3).

These 3-D systems are currently used on a selective basis
in specialized centers but have not gained wide acceptance.
Three-dimensional technology is considered to be an inter-
mediate step between the currently used three-chip systems
and the future use of high definition television (HDTV).
HDTV provides an image with outstanding resolution and a
sense of depth perception. The currently produced HDTV
systems are cost prohibitive, sometimes only available at
seven to ten times the price of three-chip systems. The
future acceptance of HDTV at a consumer level is likely to
make these systems more affordable, however.

eq uipment
Jnsufﬂaﬁon

Visualization of the peritoneal cavity requires distension or
retraction of the abdominal wall, creating an operative field
for instrumentation and manipulation. Although an adequate
cavity may be achieved by mechanical retraction of the
abdominal wall (“gasless laparoscopy”), creation of a pneu-

FIGURE I-3.

Photograph of the 3-D Deep Vision viewing system. (From Automated
Medical Products Corporation, New York, NY; with permission.)

1.3
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moperitoneum by insufflation of gas has been traditionally
used to establish the operative field. The development of an
automatic insufflation device that provides continuous flow of
gas as well as intra-abdominal pressure regulation was devel-
oped by Dr. Kurt Semm almost three decades ago and is the
most popular system currently in use.

Various gases have been used for insufflation including
air, oxygen, nitrogen, nitrous oxide, helium, argon, and car-
bon dioxide. Carbon dioxide is currently the most popular
gas for insufflation due to its characteristics of suppression
of combustion, high solubility, availability, and low cost.
Carbon dioxide has the disadvantage of absorption from
the peritoneum with the theoretical potential for metabolic
acidosis. Patients with impaired pulmonary function may
experience unacceptable levels of carbon dioxide retention
during laparoscopic procedures.

Insufflators are designed to deliver carbon dioxide
through a regulator at variable flow rates and constant cavi-
ty pressures. The optimal intra-abdominal pressure main-
tained in the adult human during laparoscopic surgery is 12
to 15 mm Hg. Excessive pressure within the peritoneal cavi-
ty may lead to hemodynamic instability secondary to
venous compression and should prompt immediate release
of the pneumoperitoneum and consideration of conversion
to an open procedure. Early models of insufflators deliv-
ered up to 3 L/min, while the second-generation insufflators
were capable of 8 to 10 L/min delivery. More recently
designed “high-flow” systems can operate at a rate of 15 to
16 L/min, which allows for the maintenance of adequate
pneumoperitoneum even in the face of continuous gas
leaks from trocar sites. It is imperative that the insufflator is
equipped with a working pop-off valve and alarm to avoid
excessive abdominal distension.

The entire operating room team should be familiar with
the controls and gauges of the insufflator. The pressure and
flow rate should be observed during the initial insufflation
of the peritoneal cavity and periodically checked thereafter.
A high flow rate and low initial pressure (less than 5 mm

Hg) should be evident if the Hasson cannula is properly
positioned. Initial readings of elevated pressure and low
flow rates are indicative of an improperly positioned trocar,
a closed valve, kinked insufflation tubing, or inadequate
anesthesia causing a Valsalva reaction. Abnormal initial
pressures should prompt the immediate cessation of gas
flow in order to prevent infusion of gas into the extraperi-
toneal or intravascular space. Optimal abdominal pressures
in unusual settings, such as pregnancy, have not been
established. The role of laparoscopy in the pregnant patient
is controversial, although anecdotal successes in small num-
bers of women have been reported.

Jnsufﬂa’rion Needles

Most insufflation needles are based on the design of Veress,
in which a spring-loaded, blunt-tipped obturator is
advanced past a sharp needle tip as it enters the abdominal
cavity. The spring-loaded system has the advantage of cov-
ering the exposed sharp edge of the needle immediately
after penetration. Insufflation needles are available in
reusable and disposable styles. A significant advantage of
the disposable needle is that the tip is always sharp, stan-
dardizing the amount of force that is required for insertion.

Initially, the technique for placing the Veress needle
involved elevating the abdominal wall with towel clips and
inserting the needle into the abdominal cavity with consid-
erable force.

The authors prefer an open or Hasson technique in the
vast majority of patients (Figures 1-4 to 1-9). Although studies
have demonstrated complication rates from both the open
and closed techniques to be similar, the types of complica-
tions may be markedly different. While injury to the bowel
may occur with the Hasson technique, great vessel perfora-
tion is unlikely. Most life threatening and fatal complications
of laparoscopic procedures have occurred by aberrant Veress
needle or initial trocar placement, resulting in an air embolus
or major vascular injury that is not immediately controlled.

FIGURE 4.

Hasson trocar technique. A 10-mm vertical skin incision is made within the
umbilicus. The deepest point within the umbilicus serves as the center of the
incision.
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FIGURE I-5.

The tissues are grasped between clamps, elevated, and divided until the
peritoneum is entered. A stay suture is placed through the fascia on each
side of the incision.



Trocars

Trocar/cannula systems allow for insertion of instruments
and the laparoscope. They are available in disposable and
reusable styles. Much emphasis has been placed on trocar
safety and most single-use trocars now have safety shields
or retractable tips. These safety devices have reduced the
number of trocar-related complications but do not totally
eliminate the occurrence of catastrophic events.

The placement of secondary trocars (trocars other than
those housing the laparoscope) should virtually always
occur without complications as secondary trocars are
placed under direct laparoscopic visualization. The peri-
toneal surface should be examined for the presence of the
epigastric vessels underneath the proposed site of trocar
placement. Additionally, the abdominal wall may be tran-
silluminated to identify and avoid superficial veins. Trocar
tips must be sharp and their placement should be per-

FIGURE I-6.

The stay sutures
are elevated as the
Hasson cannula is
inserted into the
abdomen.

formed smoothly. The requirement of excessive force to
place a trocar indicates that an improper technique is
being used. Excessive resistance should cause the surgeon
to examine the skin incision for adequacy and to check the
trocar to be certain that it is properly loaded in a way that
allows the sharp tip to be exposed. Placement of sec-
ondary trocars should be done using a “J-maneuver.” This
technique involves placing the trocar under direct visual-
ization at a 90° angle to the abdominal wall. The trocar is
advanced until the trocar tip penetrates the peritoneum.
The hand controlling the trocar is then lowered so that the
tip of the trocar is elevated and the cannula is advanced in
a direction parallel to the peritoneal surface of the abdomi-
nal wall. Adherence to this technique can be expected to
minimize visceral or retroperitoneal injury.

Optimal spacing and positioning of the cannulae is
important for the successful completion of laparoscopic

FIGURE I-7.

The stay sutures are
used to secure the
cannula to the fascia.
The insufflator tubing
is attached to the
cannula.

FIGURE |-8.

The laparoscope is inserted and a 360° evaluation of the peritoneal cavity is
performed.
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FIGURE 1-9.
A secondary trocar/cannula is inserted under laparoscopic visualization.



procedures. Cannulae should be spaced 7 to 10 cm apart
(or one hand’s breadth apart). Trocars should be triangulat-
ed away from yet directed toward the target organ. This
allows the surgeon to work using two hands along the
same axis as the laparoscope. One should avoid trocar place-
ment that will require the surgeon or assistant to work
directly against the visual axis of the laparoscope.

Jrrigation/ Aspiration

A wide variety of irrigation systems are currently available,
ranging from manually pumped systems to pressurized irri-
gation systems that provide a high flow irrigation and aspi-
ration. High flow systems are essential for advanced laparo-
scopic procedures where one needs to rapidly clear blood
that is obscuring the field. Flow rates are dependent on sev-
eral factors such as the pressure placed on the bag of fluid,
the resistance within the tubing, and the diameter of the
irrigation/aspiration wand. High flow insufflation devices
(15 to 16 L/min) should be in place when utilizing an
advanced irrigation/aspiration system because the suction
will deflate the pneumoperitoneum rapidly.

Several systems include fluid warmers to maintain home-
ostatic patient temperatures. Other recent advances in irri-
gation/aspiration device design include the ability to place
instrumentation such as cautery, graspers, and scissors
through the suction irrigation port.

It is important that bleeding be rapidly controlled dur-
ing laparoscopic procedures. A small amount of blood
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within the peritoneal cavity can absorb a great deal of
light, thus making visualization suboptimal. This blood
can also obscure tissue planes. The authors use 8000 units
of heparin in each bag of irrigation in an attempt to pre-
vent pooled blood from clotting. This dose of heparin
within the peritoneal cavity does not cause systemic anti-
coagulation. Additionally, changing the position of the
operating table allows one to collect pooled fluids and to
assess the color of the irrigant for the presence of ongoing
hemorrhage.

Jnstruments

Forceps .
A variety of instruments used to grasp tissue are available,
many of which have been designed to mimic standard
surgical instrumentation. Graspers can be divided into
those that are atraumatic or those that contain teeth on the
tissue handling surface (Figure 1-10). The authors prefer
to utilize atraumatic graspers in virtually all circumstances
with the exception of the removal of a specimen from the
abdominal cavity.

Endoscopic scissors are also produced with a variety of
tips. The most commonly used scissors are those with
curved tips analogous to Metzenbaum scissors (Figure 1-
11). Other types of scissors have been designed for specific
purposes such as hook scissors or micro-scissors for use on
the cystic duct (Figure 1-12). Most endoscopic scissors may

FIGURE I-10.
Photograph of graspers, atraumatic and those that contain teeth.

FIGURE I-11.

A, Photograph of Endo Shears™ endoscopic scissors (US Surgical Corporation,
Norwalk, CT). B, Close-up view of same scissors.



be attached to the electrosurgical unit for simultaneous cut-
ting and cautery.

Several types of instrumentation have been developed
that are unique to endoscopic surgery. The endoscopic
hook cautery is frequently used to divide the peritoneal
attachments between the gallbladder and the liver (Figure
1-13). As in open procedures, exposure is crucial for the
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safe performance of an operation. Endoscopic retractors
such as the Endo Retract™ (US Surgical, Norwalk, CT) have
been designed with a variety of shapes and sizes (Figure 1-

'14). The endoscopic knot pusher is essential for the place-
'ment of extracorporeal tied sutures (Figure 1-15). Single-use

laparoscopic sutures are available with an attached knot
pusher (Figure 1-16). The Endo StitchTM (US Surgical,

FIGURE I-12.
Photograph of three types of endoscopic scissors showing the variety of tips.

FIGURE I|-14.

A, Photograph of the Endo Retract™ endoscopic retractor (US Surgical
Corporation, Norwalk, CT). B, Close-up view of the same retractor.

Laparoscopic Instrumentation and Basic Techniques

FIGURE I-13.

A, Photograph of an endoscopic hook cautery. B, Close-up view of the

hook cautery.
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Norwalk, CT) represents a significant innovation in laparo-
scopic instrumentation. This device greatly facilitates
laparoscopic suturing (Figure 1-17). Conventional sutures

may be used for endoscopic purposes when placed using

an endoscopic needle driver (Figure 1-18).

Endoscopic stapling devices are expensive instruments
that facilitate the performance of laparoscopic procedures
in a time-efficient manner. The endoscopic hernia stapler
is considered essential by most laparoscopic surgeons
for the placement of mesh during an endoscopic hernia
repair (Figure 1-19). The endoscopic clip applier is one
of the most frequently used laparoscopic instruments.
This device plays a significant role in the rapid acceptance
of laparoscopic cholecystectomy due to the ease with
which the surgeon can control the cystic duct and vessels
with surgical clips. Endoscopic stapling devices such
as the Endo GIA and Endo TA (US Surgical, Norwalk, CT)
are applied to tissues and used in a manner analogous to
their conventional counterparts (Figure 1-20). Endoscopic
atraumatic bowel clamps are used by surgeons wishing
to perform anastomosis via laparoscopic techniques
(Figure 1-21).

FIGURE I-16.

Training and Creclenﬁa”ing

Laparoscopic surgery requires a knowledge base and spe-
cific skills in addition to one’s general surgical training.
Laparoscopic procedures should be performed only by
those capable of performing the same procedures in an
open manner. However, technical expertise in conventional
operations does not translate into technical competency in
laparoscopic procedures. An increasing effort is currently
underway to integrate laparoscopic surgery as an essential
component of residency training. However, there remains a
tremendous need for the training of practicing surgeons in
these techniques, as well as the ongoing need for the intro-
duction of evolving techniques and technology.

There currently exists no nationally accepted standards
for the credentialling of surgeons in laparoscopic surgery.
The Society of American Gastrointestinal and Endoscopic
Surgeons (SAGES) has published recommendations for the
training and credentialling of surgeons in laparoscopic
surgery. However, the medical/legal burden of creden-
tialling surgeons rests at the level of the individual hospital.

The essential components of training in order to meet cre-
dentialling standards for most institutions include the atten-

FIGURE I-I5.
A, Photograph of an endoscopic knot pusher. B, Close-up view of knot pusher.

A, Photograph of a single-use laparoscopic suture with an attached knot pusher (US Surgical Corp., Norwalk, CT).

B, Close-up view of suture and pusher.
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dance by the surgeon at a laparoscopic training course that
includes didactics and hands-on laboratory training. The sur-
geon must participate as an observer or as an assistant in a
specified number of cases. The surgeon must then perform a
specified number of cases in the presence of a preceptor, an
individual previously credentialled for this same procedure
who serves as a teacher or mentor. The surgeon must then
perform a specified number of cases in the presence of and
be approved by a proctor. A proctor is an unbiased individ-
ual who observes the surgeon performing laparoscopic pro-
cedures without intervening or instructing during the opera-
tion. The proctor then makes a recommendation to the hos-
pital regarding the surgeon’s competency to perform this
type of operation. The final stage of credentialling is the
review and approval by the hospital credentialling commit-
tee. The number of cases required at each stage varies great-
ly between institutions. SAGES will provide guidelines for
training and credentialling of surgeons in laparoscopic
surgery upon request; their address is as follows: Suite 3000,
2716 Ocean Park Boulevard, Santa Monica, California, 90405.

Laparoscopic Instrumentation and Basic Tecl'\niques

FIGURE I-17.

Photograph of the Endo
Stitch™ (US Surgical
Corporation, Norwalk,
CT) device for lapar-
oscopic suturing.

FIGURE I-18.

A, Photograph of an endoscopic needle driver (Snowden-Pencer, Tucker, GA).
B, Close-up view of the needle driver.

FIGURE I-19.

A, Photograph of an endoscopic hemia stapler (Autosuture Universal 65™;
US Surgical Corporation, Norwalk, CT). B, Close-up view of the stapler.
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FIGURE 1-20.

A, Photograph of the Autosuture Endo GIA 30™ endoscopic stapler (US
Surgical Corporation, Norwalk, CT). B, Close-up view of the stapler.

FIGURE I-21.

A, Photograph of an endoscopic bowel clamp (Snowden Pencer, Tucker, GA).
B, Close-up view of the clamp.
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he term gastroesopbageal reflux disease (GERD) has

been introduced to represent a wide spectrum of
damage to the oropharynx, larynx, respiratory tissue, and
esophagus clinically recognized by heartburn.

In 1951, Allison [1] coined the term reflux esophagitis.
He also described the relationship of hiatal hernia and
reflux esophagitis. In 1956, Rudolph Nissen introduced
the fundoplication as a simple operative correction of
reflux esophagitis [2]. The operation was performed over
a large esophageal bougie through a left subcostal inci-
sion or a lower left thoracotomy (Figures 2-1 through
2-3.) Nissen’s technique was to mobilize the abdominal
segment of the esophagus and the lesser curvature of the
stomach by division of the gastrohepatic ligament.
Almost at the same time as Nissen’s introduction of an
antireflux procedure, the Belsey Mark IV and Hill gas-
tropexy were described (Figures 2-4 through 2-8). The
Belsey Mark IV repair is performed through a left sixth
interspace thoracotomy to create a 240° fundic wrap [3].
The technical objectives of the Hill procedure [4] involve
utilization of the anterior and posterior phrenoe-
sophageal bundles to anchor the gastroesophageal junc-
tion posteriorly to the preaortic fascia and the median
arcuate ligament (posterior gastropexy). In 1963, Toupet [5]
modified the Nissen fundoplication such that he created a
posterior 270° fundic wrap (Figure 2-9).

In 1991, Geagea [6] carried out the first Nissen fundo-
plication using a solely laparoscopic technique in a 43-

year-old woman with severe reflux esophagitis. The
important part of the operation was the creation of the
360° fundus wrap by laparoscopic technique. Seromus-
cular gastric silk sutures were used to secure the wrap.
The vagi nerves were preserved and ordinarily included
with the fundic wrap.

Bittner and coworkers [7] reported a patient series who
underwent the Nissen fundoplication with the innovative
technique and under laparoscopic guidance for GERD.
This technique essentially mimicked the traditional open
Nissen procedure, and a success rate of greater than 90%
was achieved.

Nissen fundoplication under laparoscopic guidance offers
an alternative form of surgical therapy for patients with
GERD. The laparoscopic technique avoids many of the dis-
advantages of the traditional approach such as a large
abdominal incision, associated postoperative discomfort,
and prolonged recovery periods.

Anatomy

The esophagus comprises the cervical, thoracic, and
abdominal segments. The point of origin corresponds to
the caudal border of the cricoid cartilage and the lower
margin of the cricopharyngeus muscle at the level of the
sixth cervical vertebral body. The esophagus extends
downward through the superior and posterior mediastina
of the thorax. It passes through the esophageal hiatus of
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FIGURE 2-1.

Technique of Nissen fundoplication. Through a left subcostal laparotomy or a
lower thoracotomy, the lower esophagus and upper portion of the stomach
have been mobilized. The anterior fundic wall is brought around the esopha-
gus. The short gastric vessels are not usually divided.
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FIGURE 2-2.

Construction of the Nissen fundoplication. A number 60-French bougie is passed
across the gastroesophageal junction. Seromuscular heavy nonabsorbable
sutures are used to approximate the adjacent layers of gastric fundus and
incorporating the anterior wall of the esophagus. Pledgets at each tissue inter-
face, buttressed with a horizontal mattress suture, hold the wrap. Interrupted
sutures can also be used for the construction.
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FIGURE 2-3.

Completed 360° Nissen fundoplication. Fundoplication should be 2 cm in
length and loose enough that one finger can easily be inserted between the
plication and the esophagus with a bougie in place (“floppy Nissen"). Anterior
and posterior vagus nerves are included in the wrap. Two interrupted heavy
silk sutures are in place to stabilize the fundoplication.

First row of

Esophagus
mattress sutures g

Gastroesophageal
junction
Diaphragm

FIGURE 2-5.

Belsey Mark IV operation. After completion of the first row of mattress
sutures, a second row of three mattress sutures is placed through the
diaphragm, fundus, and esophagus. In this illustration, the first suture is
in place.
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FIGURE 24.

Belsey Mark IV operation. Through a left sixth interspace posterolateral thora-
cotomy, the lower part of the esophagus and the hiatus are exposed. The
esophagus is completely mobilized to the level of the lung root and the cardia.
The upper part of the stomach is mobilized and brought through the hiatus
into the left chest. The sutures in the crus posteriorly have been placed and
tied to close the hiatus. The construction of a 240° partial fundoplication is
started by placing the first row of three mattress sutures between the fundus
of the stomach and esophagus, 2 cm above the gastroesophageal junction.

Second row of

mattress sutures Esophagus

Diaphragm
fundus

Gastroesophageal Closed hiatus

junction

FIGURE 2-6.

Completed Belsey Mark IV operation. Sagittal section of repair. The second
row of mattress sutures joining diaphragm, stomach, and esophagus are tied
after the reconstruction has been placed beneath the diaphragm.
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the diaphragm to join the cardia of the stomach about the
level of the tenth thoracic vertebra. The accompanying
structures on its course through the hiatus are the anterior
and posterior vagal trunks (Figure 2-10). In its short
abdominal portion (25 to 30 cm in length), the esophagus
lies upon the diaphragm with the esophageal impression

of the left lobe of the liver applied to its anterior aspect.
The length of the intra-abdominal segment in the normal
state averages 1.5 to 2 cm.

The lower esophagus segment is subdivided into the
supradiaphragmatic portion, inferior esophageal con-
striction, vestibule, and cardia. This segment is supplied

Esophageal hiatus
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FIGURE 2-7.
Median arcuate ligament repair or Hill procedure.
The initial dissection should clearly define the

Gastroesophageal median arcuate ligament and the celiac axis. Crural
junction approximation and hiatus closure is performed
. first after mobilization of the distal esophagus.
Hiatus Interrupted sutures anchor the gastroesophageal
closure junction posteriorly to its primary attachment, the
preaortic fascia (posterior gastropexy). The gas-
tropexy reduces the esophageal circumference and
Median bunches tissue into its lumen. The procedure has
arcuave to be done under manometric control.
ligament
Abdominal :
aorta } Angled
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FIGURE 2-8.

Completion of the Hill procedure (posterior gastropexy). The gastroesophageal
junction is attached to the median arcuate ligament. The principle of the Hill
repair is plication of the lower esophagus and maintenance of an intra-abdomi-
nal length of the esophagus.
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FIGURE 2-9.

The technique of the 270° Toupet fundoplication. The wrap is fixed to the
crura posteriorly and anchored with seromuscular interrupted sutures anteri-
orly to the esophagus.



by an ascending branch of the left gastric artery.
Venous drainage of that segment enters the coronary
vein and paracaridal venous plexus below the diaphragm.
Preganglionic fibers of the vagus nerve synapse with
ganglion cells in the myenteric plexus of the esophagus.
Sympathetic innervation occurs from the thoracic ganglia.

The anatomy and physiology of the gastroesophageal
junction and of the esophageal hiatus is essential to the
understanding of reflux mechanisms and antireflux proce-
dures. The muscle fibers surrounding the esophagus and
creating the hiatus are mainly from the right crus of the
diaphragm (Figure 2-10). In addition, several layers that
separate the thoracic and the abdominal cavity support
the esophageal hiatus. The most important structure is the
phrenoesophageal membrane, a condensation of endoab-
dominal and endothoracic fascia (Figure 2-11). This mem-
brane anchors the esophagus within the hiatus. In most
individuals this membrane inserts 3.3 cm above the junc-
tion of the tubular esophagus with the stomach. Part of
the problem of defining the gastroesophageal junction is
the fact that the internal junction does not coincide with
the external junction. Gahagan [8] describes this region as
follows: “the external junction the termination of the
tube, the esophagus and the beginning of a pouch, the
stomach lies 1 cm below the internal junction, the mucos-
al boundary.”

Pathophysiology, Presentation, and
Differential Diagnosis

It is now recognized that although there is no anatomical
lower esophageal sphincter in humans, a physiologic
sphincter mechanism exists and extends over the terminal
1 to 4 cm of the esophagus. Manometrically, this specialized
segment represents a zone of high pressure referred to as
the lower esophageal sphincter (LES). In the resting state,
the LES is contracted and its mean pressure is 13 mm of
mercury. The overall length of the LES is 3.6 cm on average,
2 cm as the intra-abdominal portion and the remainder in
the thoracic cavity. The control of gastroesophageal reflux
is achieved by the following mechanisms: intrinsic muscle
tone of the LES, intra-abdominal esophageal segment,
abrupt opening of the narrowing swallowing tube into
dilated gastric pouch (La Place law), and normal gastric
emptying. The functional state of the LES determines the
development of GERD. Patients with an LES pressure of
less than 5 mm of mercury or an abdominal portion smaller
than 1 cm present with GERD in 90% of cases [9].

Hiebert and Belsey’s [10] observations clearly showed
that pathologic reflux and hiatal hernia were separate
entities. Approximately 80% of patients with GERD have
a radiographically demonstrable axial hernia. When radi-
ographic maneuvers are applied to diagnose a hiatal her-
nia, approximately only 5% of such individuals have
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FIGURE 2-10.

Anatomy of the diaphragmatic hiatus and the abdominal segment of the
esophagus. The diaphragmatic hiatus is a sling of muscle fibers that arises from
the night crus of the diaphragm in the majority of individuals.
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FIGURE 2-11.

Anatomy of the lower esophagus and the esophagogastric junction. The pre-
cise location of the gastroesophageal junction is difficut to define since the
internal junction, the mucosal boundary (Z-line), does not coincide with the
external junction.
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pathologic gastroesophageal reflux. Presumably, this is Although delayed gastric emptying has a strong correla-
because the phrenoesophageal membrane insertion still tion with severe reflux and esophagitis, it is not known
leaves an adequate segment of distal esophagus exposed whether the gastric emptying delay proceeds the pathologic
to abdominal pressure. Reflux is prevented when there is reflux or whether esophageal inflammation from reflux
a 10-cm water column abdominothoracic pressure differ- esophagitis causes vagal nerve dysfunction and inhibits gas-

ence [11]. tric emptying [12].

Reflux-induced
respiratory disorders:

Cough
. i Bronchitis
High-grade Recurrent pneumonia
e59phagltls Asthma/wheeze
with ulcer Aspiration
Paraesophageal
hernia
Sliding
hiatal hernia

with esophagitis

Significant
functional
disorder

of the stomach

Stricture

FIGURE 2-12.

Diagrammatic representation of the manifestations of gastroesophageal reflux
disease and indications for surgery.
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Twenty-four-hour intraesophageal pH monitoring docu-
ments that normal individuals have physiological reflux
after meals. Seven percent experience heartburn every day
and 36% of healthy individuals experience heartburn once
a month. Pathologic degrees of reflux are diagnosed when
reflux becomes prolonged or occurs throughout the day
or at night. Esophagitis as a complication of reflux devel-
ops when gastric acid or pancreaticobiliary secretions
reach the esophagus with increased frequency and a fail-
ure of protective esophageal mechanisms occurs. An
important aspect in the protection against the noxious
effects of gastroesophageal reflux is coordinated peristaltic
clearing and secondary peristalsis of the esophagus that is

triggered by distention or irritation of the mucosa of the
distal esophagus. When abnormal reflux occurs, the dam-
age to the esophageal mucosa may range from none to
the development of a severe peptic stricture (Figure 2-12).
The degree of damage to the esophagus is graded as I
(erythema of the mucosa without ulcerations), II (ulcera-
tions), III (chronic ulcerations with fibrosis), and IV (stric-
ture) [13]). Table 2-1 summarizes the symptoms and com-
plications in patients who present with symptomatic
GERD. The most common differential diagnoses, such as
cholelithiasis, peptic ulcer disease, gastritis, esophageal
motor disease, and angina pectoris are demonstrated in
Figure 2-13.

Table 2-1. Symptoms and complications in patients with
symptomatic gastroesophageal reflux disease*

Symptoms or complications n, %
Heartbum 85
Dysphagia 37
Stricture 19
Regurgitation 23
Nausea or vomiting 21
Cough 47
Bronchitis 35
Pneumonitis 16
Asthma or wheeze 16
Hemoptysis 13
Aspiration 8

grade esophagitis, stricture, and Barrett's esophagus.

*This table demonstrates the incidence and chinical features of reflux disease drawn from reports of 2178 patients [20,21]
Heartbum. dysphagia, and regurgitation are the classic esophageal symptoms. The complications of reflux disease are high-

Angina pectoris and

coronary artery disease

/ Esophageal motor disease

Cholelithiasis

Gastritis

Peptic ulcer
disease

FIGURE 2-13.

This diagram demonstrates the most important altemative diagnoses in patients with gastroesophageal

reflux disease.
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Diagnostic studies to define GERD and to evaluate
patients for laparoscopic Nissen fundoplication include
manometery of the esophagus, 24-hour pH monitoring, and
esophagogastroduodenoscopy with biopsies (Figure 2-14).
A mechanical sphincter defect is defined by a resting pres-
sure less than 6 mm Hg or less than 2 cm in length [14].

The indications for laparoscopic Nissen fundoplication
are identical to the open antireflux procedures. Primary
indications for surgery are medical management failure,
need for long-term omeprazole treatment, or complica-
tions of GERD like high-grade esophagitis, stricture, or
Barrett’s esophagus (Figures 2-12 and 2-15).

Contrast studies
/ Radlology

Endoscopy

Upper gastrointestinal
series

Esophagogastroduodenoscopy

Barium swallow

Functional studies

Manometry

Gastric
emptying studies

Gastric pH monitoring

Esophageal 24-hour
pH monitoring

FIGURE 2-14.
Diagnostic studies in patients with gastroesophageal reflux disease.
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Symptoms of GERD
I Treatment for 12 weeks l Return of symptoms
Y If"mc < | (life-style corrections, H, blocker) I > after therapy
Intermittent therapy Symptoms
as required during therapy
g | EGD with biopsies § 1
Stricture Barrett's esophagus Esophagitis/normal Rule out other pathology
{} {} appearing esophagus iL
Dilatation Atypia Omeprazole x 3 months {} Lt oAt :
Rlockar Omeprazole x 3 months ASEric outiet. o oD
H {} {} Esophageal shortening
Omeprazole / M Short esophagus
{B EGD F/U EGD with biopsy PO Achalasia
with Symptom free s & g Neoplasm
pH manometry biopsies {} b 4 Prior gastric surgery
Dilatation Nissen fundoplication
s I op Y 4
fundoplication Atypia 24-hour pH manometry
malignancy Ls// M
{} Positive Negative
Esophagus {} {}
fasschon Nissen Diagnostic studies
fundoplication to rule out other
pathology
Gastric emptying study
Upper gastrointestinal
Computed tomography
Negative Positive
Nissen Gastric
fundoplication drainage
procedure
FIGURE 2-15.

Algorithm for the approach to patients with gastroesophageal reflux disease.
Patients who initially present with dysphagia in their symptom complex should
undergo upper endoscopy immediately to evaluate the obstructive cause.
Every patient who is considered for Nissen fundoplication should undergo

Laparoscopic ;An‘rireflux Procedures 2.9

24-hour pH study and manometry to exclude esophageal motility disorder.
Diabetic patients should also be studied by gastric emptying studies to evaluate
the gastric motility. EGD—esophagogastroduodenoscopy; F/U—follow-up;
pH—24 hour pH study; R‘O—rule out.




Surgical Technique

The Nissen fundoplication, which is done laparoscopically, is
identical to the one via the open technique (Figures 2-16 to
2-21). For the laparoscopic construction of the fundoplica-
tion, pledgets can be used between the esophagus and
stomach as described by DeMeester and coworkers [5] in
1986. A “floppy Nissen” wrap of approximately 2 to 3 cm is
created over a 58- to 60-French bougie to parallel the open

technique as close as possible (Figures 2-22 to 2-28; Figures
2-29 and 2-30 illustrate an alternative procedure). The short
gastric vessels are not ligated or divided for the mobilization
of the gastric fundus. Crural repair or approximation is not
undertaken. Anterior and posterior vagus nerves are includ-
ed in the wrap. The Hasson cannula is used in all patients

with a history of previous abdominal surgery.

Set-up

Anesthesiologist

£

Head
e First
surgeon ;
assistant
. Camera
operator
Feet
— | Mayo
stand
Camera
operator
Instrument
tray

FIGURE 2-16.

Operative set-up for laparoscopic Nissen fundoplication. Foley and nasogastric
catheters are placed after induction of general anesthesia. The patient is then
placed in the 30° Trendelenburg position with the arms tucked at the sides. A
pneumoperitoneum is established with a Veress needle inserted into the-peni-
toneal cavity through a |-cm infraumbilical incision. In patients with previous
abdominal surgery the open technique is used and an approximately 2.5-cm
incision made for the introduction of the Hasson cannula. A 10-mm sheath is
used for the insertion of the video camera.
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Gastroesophageal

junction
Costal
margin Stomach
l Umbilicus
FIGURE 2-17.

Trocar placement for laparoscopic Nissen fundoplication. The pneumoperi-
toneum is maintained at |15 mm Hg. In patients with a large abdomen or a
long distance between umbilicus and xiphoid process, a supraumbilical incision
is made for the insertion of the video camera. Five more trocars are intro-
duced under visual control. A 10-mm trocar in the left upper quadrant is nec-
essary for placement of an endoscopic Babcock clamp. A |0-mm trocar is
placed at the upper midline for a fan retractor. A trocar is placed in the far
right lateral aspect of the costal margin for placement of a second endoscopic
Babcock clamp. The triangle describes the trocar placement for the surgeon
operating two handed at the base of the triangle. The trocars should be placed
as high as possible to allow them to reach the hiatus. The apex of the triangle
faces the gastroesophageal junction.



Procedure

_Fan retractor
_Left lobe

W 4 of liver
Falciform \ = Hepatogastric

ligament )
Gallbladder ’/
“'».._. £ @"L

[ #Fundus of
stomach
Spleen

— Greater omentum

FIGURE 2-18.

This illustration demonstrates the view as seen from the 10-mm trocar at the
umbilicus. The fan retractor elevates the left lobe of the liver. The hepatogastric

ligament is sharply dissected for the mobilization of the gastroesophageal junction.

Left crus
of diaphragm

Abdominal
esophagus

Fundus of
stomach

Left lobe
of liver

Anterior vagus
nerve

/ \\ \ A

p

dissectors

FIGURE 2-19.

The hepatogastric ligament is opened. The right crus of the diaphragm is then
mobilized from the gastroesophageal junction. Care is taken to accurately distinguish
the crus from the esophagus. Moving the nasogastric tube in the esophagus
while the gastroesophageal junction is viewed helps to define the anatomy.

FIGURE 2-20.

With the esophagus retracted to the patient's right, the left diaphragmatic crus is
dissected, and the space between this side of the esophagus and crura is opened
bluntly. With the esophagus retracted upward, the retroesophageal space is
dissected under direct vision. Care is taken not to enter the pleural space.
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Procedure
R

Endoscopic

FIGURE 2-21. FIGURE 2-22.

An endoscopic Babcock clamp is placed from the most lateral right trocarandis ~ The right endoscopic Babcock clamp is gently pulling the fundus of the stomach
passed behind the gastroesophageal junction. The placement of instruments in this  across the back of the gastroesophageal junction. With the same segment of
area is done under direct vision. The fundus of the stomach is grasped with a stomach that was being passed around the back of the esophagus, the 360°

second Babcock clamp from the left side and passed behind the gastroesophageal ~ wrap is created.
junction. The nasogastric tube is replaced with a 58- or 60-French bougie.

Fundus
of stomach

FIGURE 2-23. FIGURE 2-24.

Pledgets are then passed into the abdomen. Pledgets are used at each inter- Four pledgets are used. At first the superior suture is placed, usually from the
face of stomach and esophagus to support a zero nonabsorbable suture. The left side to the right side. Seromuscular stitches are performed.
anterior and posterior vagus nerves are included in the wrap. =
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Procedure

FIGURE 2-25.

The suture is passed from the left side through pledget, stomach, pledget,
esophagus, pledget, stomach, and pledget.

g
P

R

——

-

FIGURE 2-27.

A second suture is placed inferior to the previous one, approximately | to .5 cm
apart, using an identical technique.
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FIGURE 2-26.

The suture is then brought out through the same |10-mm trocar through
which it was introduced. An extracorporal knot is tied, which is introduced
into the peritoneal cavity and slid down with a pusher bar.

Anterior

vagus
nerve

i | /&

/2__

." il
4/

FIGURE 2-28.

The complete 360° wrap is demonstrated. The length of the wrap is approxi-
mately 2 cm, and as demonstrated above, created over a large bougie to
create a loose “floppy Nissen.” Trocars are then removed, the pneumoperi-
toneum released, the incisions closed with interrupted number | polyglactin
sutures, and incision dressings are applied.
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Alternative Set-up

Xiphoid
process

Umbilicus

FIGURE 2-29.

Alternative set-up. The surgeon is positioned between the legs of the patient.
The patient is in lithotomy and reverse (20° to 30°). Trendelenburg position.
Five trocars are placed high in the epigastrium. The video camera is introduced
through the left upper quadrant trocar.

Alternative Procedure

Diaphragm

Liver

Gastroesophageal
junction
Round ligament

ch

Falciform

ligament

with round
ligament

&
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FIGURE 2-30.

Alternative laparoscopic antireflux procedure: laparoscopic ligamentum teres
(round ligament) cardiopexy. The procedure consists of three sequential parts:
mobilization of the teres ligament with preservation of its blood supply, mobi-
lization of the abdominal esophagus, and cardiopexy with the teres ligament

sling [17].



Results

Dallemagne and coworkers [16] reported on the first series
of 12 patients who underwent laparoscopic Nissen fundo-
plication. Three of the 12 patients required conversion to
open laparotomy for equipment failure or bleeding encoun-
tered during dissection of the short gastric vessels. The
remaining nine patients reported complete relief of symp-
toms. Laparoscopic reduction, crural repair, and fundoplica-
tion of a large hiatal hernia was performed by Cuschieri
and coworkers [18] in eight patients. Crural repair and fun-
doplication was done by continuous suture technique. The
average operating time was 3 hours. The postoperative
complications were cervical emphysema (three patients),
left pneumothorax (one patient), and transient dysphagia
(one patient). All had no symptoms and absence of acid
reflux 3 months postoperatively.

Bittner and coworkers [7] in 1993 laparoscopically
explored 35 patients for Nissen fundoplication. There was
a 0% mortality rate and the total hospital morbidity rate
was 25.7% (nine of 35 patients). Five patients required
conversion to open Nissen fundoplication, three due to
hemodynamic instability secondary to presumed pneu-
mothorax, a transverse colotomy in one patient, and a dis-
tal esophageal perforation in another patient. The total

surgical time of laparoscopic Nissen fundoplication was
109 minutes on average. The majority of the patients were
discharged on postoperative day 2 or 3. Three patients
developed severe dysphagia due to a tight wrap, whereby
two patients required dilatation for resolution of their
symptoms, and the other patient’s symptoms resolved
spontaneously. Overall, 26 of the 30 patients who under-
went the laparoscopic Nissen fundoplication (87%)
described the outcome of the operation as “excellent” and
“good.” All patients returned to baseline activities and full
employment within 14 days after the operation. The clini-
cal assessment and satisfaction scores of the 30 patients
who successfully underwent laparoscopic Nissen fundopli-
cation are shown in Table 2-2.

In conclusion, laparascopic Nissen fundoplication can be
performed safely and is an effective antireflux procedure. It
has the same good results as standard Nissen fundoplica-
tion. The best results are obtained in carefully selected
patients who present predominantly with regurgitation and
heartburn. As in many other laparoscopic procedures, a
shorter hospital stay and an earlier return to baseline activi-
ties is recognized. Total costs are less compared with the
standard technique due to a decreased when hospital stay
and an earlier return to work [19].

Table 2-2. Clinical assessment of operative results*

Assessment %
Mortality 0
Conversion to open 14
Complications 13
Reflux control 96
Severe dysphagia 10
Moderate dysphagia 24
Inability to belch 50
Pulmonary improvement 50
Overall results

Excellent 67
Good 20
Fair 0
Poor 13

postoperative day 3.

*In-hospital. 30-day, and follow-up outcome (3-6 months) of the 35 patients with symptomatic gastroesophageal reflux
disease who were explored laparoscopically for Nissen Fundoplication. Total surgical time of laparoscopic Nissen
fundoplication was 109 minutes on average. The majonty of the patients were discharged home after the operation on

Laparoscopic Antireflux Procedures 2.15
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peptic ulcer disease is primarily an affliction of the 20th
century, although it was first identified in 1799 [1]. As
the disease became widespread in the early to mid 1900s,
antiulcer operations were developed and refined. Truncal
vagotomy was introduced by Dragstedt and Owens in 1943

[2], and when paired with a drainage procedure, quickly
superseded more extensive operations to become the main-
stay of surgical therapy for peptic ulcer disease (Table 3-1).
This and other procedures (Figure 3-1) soon made up a
large proportion of elective abdominal surgery.

(used with vagotomy) Finney
Heineke-Mikulicz

D

Jaboulay

Partial gastrectomy
Billroth | Billroth 1l

P &

Table 3-1. Major events in the history of peptic ulcer disease

Year Study Event

167 BC  Cheng[8] Described the first evidence of ulcer disease in a Chinese man who died of a perforated ulcer

1688 Lenepneau [9] First described duodenal ulcer

1793 Baillie [10] Established gastric ulcer as a disease entity

1881 Wolfler [11] First successful pylorectomy (for cancer of the distal stomach)

1881 Rydygier [12] First gastric resection for peptic ulceration

1881 Fronmiiller [13] First performed gastric resection with gastroenterostomy

1885 von Hacker [14] First performed pyloroplasty

1890 Paviov [15] Description of the physiologic effects of vagotomy

1922 Wertheimer [16] and Latarjet [17] First selective vagotomy in a human subject

1943 Dragstedt and Owens [2] Reintroduced truncal vagotomy for widespread clinical use

1956 Weinberg and coworkers [18] Popular modification of Heineke-Mikulicz pyloroplasty

1957 Griffith and Harkins [19] Highly selective vagotomy introduced

1977 H; blockers available for clinical use

1989 Dubois [20] First laparoscopic vagotomy in humans

1991 Omeprazole available for short-term therapy of active duodenal ulcer
Pyloroplasty Gastroenterostomy FIGURE 3-1.

Other procedures comprising a large portion of
elective abdominal surgery, some used with
vagotomy.

(used with vagotomy)

Total gastrectomy
with Roux-en-y gastrojejunostomy

b
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Over the past few decades, however, the discovery of
effective medical therapy coupled with the decreasing
incidence of peptic ulceration has had a profound effect
on the management of peptic ulcer disease. Indications
for surgery are now largely composed of ulcer complica-
tions such as bleeding, perforation, and obstruction
(Figure 3-2). Elective surgery is confined to patients with
intractable ulcer pain and noncompliance with medical
therapy. The high cost of lifetime medical therapy is
becoming another important consideration in the man-
agement of ulcer diathesis.

Laparoscopic vagotomy is a recent innovation, one of
the newest in a growing armamentarium of laparoscopic
procedures. Preceding laparoscopic operations have been

singularly well tolerated and are now widely available
due to patient demand and quality instrumentation. For
these reasons, techniques for laparoscopic vagotomy pre-
sent viable options for the active younger patient with
resistant peptic ulcer disease. They may also serve the
growing proportion of older patients requiring surgical
management of ulcer disease.

Anatomy

The right and left vagus nerves provide parasympathetic
input to the stomach and the remaining gastrointestinal
tract (Figure 3-3). Closely approximating the outer wall
of the esophagus near the diaphragmatic hiatus, the right

Bleeding

Obstruction

FIGURE 3-2.

Indications for surgical intervention in peptic ulcer
disease.

Celiac branch _
e

Hepatic branch

Pyloris

Anterior and posterior

“Crow's foot” nerves of Latarjet

Criminal nerve of
Grassi (posterior)

FIGURE 3-3.

Anatomy showing the right and left vagus nerves
providing parasympathetic input to the stomach,
liver, and celiac plexus.
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and left trunks follow the direction of embryonic foregut
rotation. Accordingly, the right vagus rotates to a posteri-
or position while the left vagus curves anteriorly. Before
reaching the gastroesophageal junction, the posterior
trunk bifurcates, sending a branch to the celiac plexus.
The anterior trunk also splits, forming a division that
supplies the liver. The posterior and anterior gastric
branches (nerves of Latarjet) then follow the lesser gas-
tric curvature, where smaller branches enter the gastric
wall. The primary nerves terminate in a “crow’s foot,”
which innervates the pylorus and approximately 6 cm of
distal stomach. Here, the vagus primarily affects gastric

emptying.

Pathophysiology, Presentation, and
Diﬁ:erenfial Diagnosis

The exact pathophysiologic mechanism of peptic ulcer
formation is unknown, although there are a number of
closely associated factors (Figure 3-4). The normal physi-
ology of gastric acid secretion is illustrated in Figure 3-5.
Production of gastric acid by the parietal cell is affected by
acetylcholine, histamine, and gastrin. Increased gastric
acid and pepsin secretion are often present in patients
with peptic ulcer disease. The markedly high acid levels
are thought to be due to abnormal proliferation of oxyntic
glands [3]. It has become evident, however, that impairment
of mucosal resistance may be just as important [4].

Na'-K' ATPase

Ulcerogenic factors

Elevated acid secretion
Increased pepsin concentration
Helicobacter pylori infection

Trauma
Ischemia
NSAIDs

U

=

Protective factors

Prostaglandin E,
Mucosal blood flow
HCO, production
Growth factors
Mucous secretion
Increased cell turnover
Emptying

H'

O & &

Histamine Gastrin Acetylcholine

FIGURE 3-4.

Pathogenesis of peptic ulcer formation. NSAID—nonsteroidal anti-inflammatory drug.
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FIGURE 3-5.

Normal physiology of gastric acid secretion. Three
separate pathways, mediated by histamine, gastrin,
and acetylcholine, stimulate the parietal cell Na*-K*
ATPase to produce gastric acid



Alterations in blood flow, growth factor concentrations,
bicarbonate production, mucus secretion, and prosta-
glandin synthesis can all damage the mucosal barrier.
Nonsteroidal anti-inflammatory drugs (NSAIDs) may com-
promise mucosal defenses by inhibiting the synthesis of
protective prostaglandins [S]. Table 3-2 outlines pharmaco-
logic and other agents that are associated with peptic
ulcer formation. The subject of recent investigation, the
gram-negative bacterium Helicobacter pylori, initiates an
inflammatory gastritis and is implicated in the pathogene-
sis of peptic ulcers [6]. Other factors including altered gas-
tric motility, genetic disposition, glucocorticoid use, ciga-
rette smoking, and psychologic stress have undetermined
roles in the pathogenesis of peptic ulcer disease [7]. In
addition, interactions among ulcerogenic factors are highly
complex and may vary between individuals.

Peptic ulcer disease commonly presents with pain,
often described as a burning, gnawing, aching, or even
hungry sensation. Pain will occur 1 to 3 hours after
meals and may awaken the patient at night. Food and

antacids will bring relief to many patients, thus encour-
aging the practice of “feeding the ulcer.” However, the
classic pattern of epigastric pain relieved by meals or
antacids may not always be present. Also, some patients
without pain have upper gastrointestinal endoscopy or
radiologic contrast studies that reveal persistent ulcera-
tion of the duodenal bulb. Currently, candidates for
laparoscopic vagotomy are patients with persistent pain
or documented ulceration refractory to medical therapy.
These conditions may be due either to severe ulcer
diathesis or noncompliance with medication.

The differential diagnosis for chronic epigastric pain in
lieu of proven peptic ulcer disease includes gastric ulcera-
tion, gastritis, Zollinger-Ellison syndrome, pancreatitis,
carcinoma of the stomach or pancreas, esophageal dis-
ease, symptomatic cholelithiasis, chronic cholecystitis,
abdominal wall disorders, and angina from myocardial
ischemia or pericarditis. Many other conditions cause
abdominal symptoms that can mimic ulcer disease or its
complications (Table 3-3).

Table 3-2. Ulcerogenic drugs and other associated factors

Ulcerogenic drugs Other associated factors
NSAIDs: Chronic gastritis

Diclofenac Meclofenamic acid Cigarette smoking

Etodolac Nabumetone Coffee

Fenoprofen Naproxen Ethanol

Flurbiprofen Phenylbutazone Glucocorticoids

Ibuprofen Piroxicam Lewis phenotype

Indomethacin Sulindac Male sex

Ketoprofen Tenoxicam Psychologic stress

Ketorolac Tolmetin Prior localized radiation therapy

NSAIDs—nonsteroidal anti-inflammatory drugs.

Table 3-3. Differential diagnosis of peptic ulcer disease

Gallbladder disease

Upper gastrointestinal tract Other intra-abdominal Other

Esophagitis Colonic carcinoma Pneumonia

Gastric ulcer Benign colonic diseases Pleuritic pain

Gastritis Mesenteric ischemia Pulmonary embolus

Zollinger-Ellison syndrome Infarction of liver or spleen Costochondritis

Carcinoma of the stomach, pancreas, or Bowel obstruction Myocardial ischemia
esophagus Meckel's diverticulitis Pericarditis

Pancreatitis

Sickle cell crisis
Abdominal wall disorders
Renal pain

Factitious abdominal pain
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Surgical Teclr\nique

Figures 3-6 through 3-27 depict the surgical technique for
laparoscopic vagotomy.

Set-up

FIGURE 3-6.

Operative set-up for laparoscopic vagotomy.
Antibiotics are administered at the time of induction
of general anesthesia. Foley and nasogastric
catheters are placed. The abdomen is prepared

in the usual fashion.

FIGURE 3-7.

The patient is first placed in the Trendelenburg position. A Veress needle or
Hasson trocar is used to enter the peritoneal cavity for carbon dioxide insuffla-
tion to 12 to 15 mm Hg. The laparoscope is inserted through the |0-mm
sheath placed above or below the umbilicus and the abdominal contents are
examined. In individuals with long abdomens, a better view of the hiatus is

: obtained with supraumbilical camera placement. The patient is then placed

L 2 s’. \ in reversed Trendelenburg position and the liver, gallbladder, small bowel,

{ J er\k\"@:%g omentum, and stomach are identified.
AN\

)
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Set-up
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FIGURE 3-8.

Four additional trocars are placed in the upper abdomen under direct laparo-
scopic vision. A |0-mm trocar is placed in the upper midline near the xyphoid
process and to the left of the falciform ligament. Through it, a retracting instru-
ment is introduced for holding the liver away from the hiatus. The surgeon oper-
ates from two ports, a 5-mm and |0-mm port placed a few centimeters to the
right of the midline. The first assistant operates from the left side through a
10-mm trocar placed in the left midclavicular line near the costal margin.

FIGURE 3-9.

This diagram demon-
strates the position of the
primary surgeon’s oper-
ating trocars. The 5- and
|0-mm ports are locat-
ed at the basal comers
of an isosceles triangle.
This hiatus represents
the apex of the triangle.
This set-up allows the
surgeon to use both
hands simultaneously.

Procedure

Esophageal hiatus
of diaphragm

Stomach

FIGURE 3-10.

The intemal anatomy of the hiatal area is shown. A fan retractor is used to hold
the left lobe of the liver away from the gastroesophageal junction. The assistant
may use an endoscopic Babcock to pull the stomach inferiorly.

Stomach

FIGURE 3-11.

Exposure of the hiatus. Endoscopic scissors or a small blunt grasper with elec-
trocautery is used by the surgeon to divide the lesser omentum. The edges
are retracted away, exposing the diaphragmatic hiatus.
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Procedure

FIGURE 3-12. FIGURE 3-13.
Exposure of the posterior vagus is illustrated. After creation of a plane between ~ The posterior vagus is grasped with endoscopic forceps and clipped superiorly
the right crus of the diaphragm and the esophagus, the surgeon retracts the and inferiorly with endoscopic clips. It should be clipped as high as possible in

esophagus to the left with a blunt dissector. The posterior vagus is identified on ~  the hiatus to ensure division of the criminal nerve of Grassi.
the posterior surface of the esophagus at the inferior border of the hiatus. With

the hook dissector in the other hand, the surgeon dissects and lifts the nerve

away from surrounding structures.

FIGURE 3-14.

Endoscopic scissors are used to remove the section between clips for patho-
logic confirmation. Before proceeding, the posterior esophagus is examined
for any remaining vagal fibers. -
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Procedure

FIGURE 3-15.

Following posterior truncal vagotomy, anterior
highly selective vagotomy is performed. Dissection
of the branches of the anterior nerve of Latarjet is
begun 6 cm from the pylorus, sparing the “crow's
foot” innervation to the pylorus. This distance may
be measured by placing |-cm markings on an
endoscopic suction/imgation device prior to insertion
into the abdomen. The 6-cm distance may then be
measured and superficially marked on the stomach
wall with the electrocautery.

FIGURE 3-16. FIGURE 3-17.

Dissection of the anterior vagal branches is illustrated. The alligator forceps are  Each neurovascular bundle along the line of dissection is doubly clipped.
used to dissect and isolate each anterior neurovascular bundle along the lesser (A total of four clips are placed in each bundle.)

curvature as shown. Dissection is limited to areas on the stomach wall. Special

care is taken to include the anterior fibers at the base of the esophagus.
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Procedure

FIGURE 3-18. FIGURE 3-19.

Nerve branch, artery, and vein are sharply divided between clips. The completed posterior truncal vagotomy and anterior highly selective vago-
tomy are illustrated.

Alternative Procedure

FIGURE 3-20. FIGURE 3-21.

When technically feasible, anterior and posterior highly selective vagotomy isa  As with the anterior highly selective vagotomy, dissection is initiated 6 cm
desirable altemnative to posterior truncal vagotomy and anterior highly selective from the pylorus. Nerve branch, artery, and vein are isolated, clipped, and
vagotomy. Retraction of the lesser curvature by the assistant gives the surgeon  divided.

access to the posterior wall of the stomach.
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Alternative Procedure

FIGURE 3-22.

Anterior lesser curvature seromyotomy is an alternative to anterior highly
selective vagotomy. A hook electrocautery dissector or laser probe is used to
perform a seromyotomy 1.5 cm from the lesser curvature, beginning at the
gastroesophageal junction and ending 6 cm from the pylorus, Close range
direct laparoscopic vision is required.

Gastrohepatic
ligament

FIGURE 3-24. -
Anterior highly selective vagotomy may altematively be performed with a stapling
device. After insertion of a bougie dilator through the gastroesophageal junction,
the endoscopic stapling device is placed across a double full thickness of the
anterior gastric wall.

FIGURE 3-23.

Homeostasis is facilitated by oversewing using running suture technique or by
application of fibrin glue or other procoagulant matenals. Intragastric methylene
blue dye confirms the absence of perforation.

Laparoscopic Vagofomy 3.11



Anterior branch of
vagus nerve

Posterior trunk of

vagus nerve
(cut and stapled)

Angular notch

3.12 Atlas of Laparoscopic Surgery

Alternative Procedure

FIGURE 3-25.

Serial end-to-end stapling along the lesser curvature
Cardiac notch is used to complete the procedure.

FIGURE 3-26.

Anterior and posterior truncal vagotomy with drainage is preferred for patients
with obstruction. The anterior vagal trunk is dissected, clipped supenorly and
inferiorly, and the interposing segment is removed for histologic section. The
posterior truncal vagotomy is performed as previously described.



Summary of Procedures

FIGURE 3-27.

A, Anterior and posterior highly selective vagotomy. This physiologically optimal
procedure is technically best performed in thin patients. B, Posterior truncal
and anterior highly selective vagotomy. Technically easier to perform than
the antenior and posterior highly selective vagotomy, this operation may benefit
normal weight to mildly obese patients. C, Posterior truncal vagotomy and
anterior seromyotomy may be considered for patients whose morbid obesity
precludes highly selective vagotomy. D, Anterior and posterior truncal vago-
tomy and gastrojejunostomy is indicated for patients with evidence of gastric
outlet obstruction. E, Posterior truncal vagotomy with staple-assisted anterior
highly selective vagotomy is another altemative.
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Results

At present, there are few reported cases of laparoscopic
vagotomy. Table 3-4 outlines series and case reports to
date with short-term results. There have been no reported
operative mortalities and few operative morbidities. In all
cases, the procedure was well tolerated and associated
with a brief in-hospital postoperative recovery.

Currently, highly selective vagotomy is the traditional
operation of choice for uncomplicated intractable peptic
ulcer disease. Compared with other procedures, it is asso-
ciated with a lower incidence of side effects such as dump-
ing syndrome. Ulceration recurs in up to 30% of patients
but is usually amenable to medical therapy. Truncal vago-
tomy and antrectomy have much lower recurrence rates;
however, the incidence of diarrhea and dumping is high.
Table 3-S5 summarizes the results of traditional modes of
surgery for peptic ulcer disease. Refinement of the laparo-

scopic alternative for highly selective vagotomy may
increase the use of this operation for intractable ulcers.

Despite early optimistic reports, the different techniques
of laparoscopic vagotomy and the relative indications pro-
posed have yet to be refined. Comparative studies of
laparoscopic vagotomy with traditional medical and surgi-
cal therapies, especially highly selective vagotomy, will aid
in defining the role of this newly evolving technique.
Finally, as a relatively advanced laparoscopic procedure,
guidelines for practice and training in laparoscopic vago-
tomy are advised but not established.

In summary, laparoscopic vagotomy is a new and promis-
ing adjunct to more established therapy for peptic ulcer dis-
ease. With careful patient selection, the procedure is techni-
cally feasible for experienced laparoscopic surgeons.
Although the potential benefits are significant, comparisons
of cost, safety, and efficacy have yet to be completed.

Table 3-4. Reported laparoscopic vagotomy cases
Decrease Complete
Total, inacid Postoperative ulcer Compli-

Study Year n PTAHS PTASM TBDP Thor TG] T secretion in-hospital days healing cations
Kum and Goh [21] 1992 12 6 2 3 — — == 12 4 NR |t
Bailey and

coworkers [22] 1991 | * | — — — I — NR 2 | 0
Mouiel and

Katkhouda [23] 1993 36 — 34 2 — —_ = 36 3-5 33 4%
Laws and :

coworkers [24] 1992 4 — — —_ —_— - NR -3 NR 0
Chisholm and

coworkers [25] 1992 I — — — — NR 3 I 0
Murphy and

McDermott [26] 1991 4 — — — — — 4 NR NR NR 0
Nottle [27] 1991 | | — — — —_ - NR 3 | 0
*Performed with laparoscopic cholecystectomy.
tPoor gastric emptying requiring endoscopic dilatation.
#Two cases of delayed gastric emptying, one case of severe reflux, and one case of recurrent duodenal spasm.
NR—not reported.
PTAHS—posterior truncal and anterior highly selective vagotomy.
PTASM—posterior truncal vagotomy and antenor lesser curvature seromyotomy.
T-—-truncal vagotomy without drainage.
TBODP—truncal vagotomy with balloon dilatation of the pylorus.
TGJ—truncal vagotomy and gastrojejunostomy.
Thor—thoracoscopic vagotomy.
Table 3-5. Results of conventional operations for peptic ulcer disease

Mortality Recurrence Morbidity

Procedure rate, % rate, % rate, %
Highly selective vagotomy 0.1-03 5-30 5
Truncal vagotomy and

antrectomy 0.6-1.8 <2 1040
Truncal vagotomy and

pyloroplasty 05-14 10-15 [1-25
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he provision of access for prolonged feeding modali-

ties in the debilitated patient remains a significant clin-
ical challenge. It is important to minimize morbidity and
cost while enhancing quality of life. While oral feeding is
optimal, the presence of an altered mental status of dyspha-
gia often requires that artificial access be established into
either the stomach or jejunum. If such an access can be
placed, enteral feeding has been shown to be effective,
inexpensive, and relatively simple to care for in the hospi-
tal, nursing care facility, or home.

The history of enteral feeding, summarized in Table 4-1,
dates back to William Beaumont’s well-documented obser-
vations regarding his patient, Alexis St. Martin, who devel-
oped a gastrocutaneous fistula after being wounded with a
musket. Beaumont introduced a variety of substances
through the fistula and documented some basic properties
of gastric physiology. The first to propose creation of a gas-
trostomy as a therapeutic procedure was Egeberg, a
Norwegian, who thought feeding via gastrostomy would
prolong the survival of patients with esophageal carcinoma
[1). Although Egeberg considered a gastrostomy, there is no
record of him actually performing one. The first to perform
a surgical gastrostomy was Sedillot [2] of Strasbourg, placing
three gastrostomies over a 9-year period. All three patients

succumbed to peritonitis in this pre-Listerian era [2]. In 1858,
Busch [3] reported intrajejunal supplementation through a
jejunal fistula in a female patient gored in the abdomen by a
bull. This patient reportedly gained 19 pounds over a 21-
week period.

With improvement in antisepsis and operative technique,
Surmay [4] constructed a successful jejunostomy for feeding
purposes in 1878. Subsequently, many investigators pub-
lished variations of both gastrostomies and jejunostomies
including Witzel [5), Maydl [6], Stamm [7], and Janeway [8,9].
By the beginning of the 20th century, access for enteral
nutrition was fairly well developed. Unfortunately, feeding
access procedures did not achieve popularity due to fre-
quent complications. During the period between 1920 and
1933, Barber [10] reported 20 cases of jejunostomy tube
placement for enteral supplementation at Bellevue Hospital.
He used the “method of Witzel” most frequently, introduc-
ing an 18- to 25-French catheter approximately 20 to 30
centimeters from the ligament of Treitz. Ten of these
patients died less than 2 weeks postoperatively from com-
plications related to the tube. Due to the tube-related com-
plications, he proposed disposing of the tube entirely, leav-
ing a jejunostomy stoma on the abdominal wall through
which nutrients are introduced [10].

Table 4-1. Historical milestones in the development of enteral feeding access

Year Investigator Commentary

1833 Beaumont Classic observations reported concerning Alexis St. Martin's gastric fistula

1837 Egeberg First to propose the construction of a gastrostomy for nutritional supplementation
1846 Sédillot Conceptualized and performed first surgical gastrostomy

1858 Busch First report of direct enteral feeding (via jejunal fistula)

1878 Surmay First surgical jejunostomy created for enteral feeding

1891 Witzel Described serosal imbrication over a catheter as applied to gastrostomy tube placement
1892 Maydl Described technigue of continent jejunostomy

1894 Stamm Classic description of gastrostomy tube placement

1895 Eiselberg [ 16] First to perform a “Witzel” feeding jejunostomy

1896 Fontan Reported construction of a continent gastrostomy

1905 Hofmeister [17] First description of “"Stamm”™ jejunostomy

1913 Janeway Constructed a continent seromuscular tube gastrostomy

1926 Heyd [18] First reported adjuvant jejunostomy

1954 McDonald First needle catheter jejunostomy performed

1981 Gauderer and Ponsky First report of percutaneous endoscopic gastrostomy tube placement

1990 O'Regan and Scarrow [ 9] Initial report of laparoscopic jejunostomy

1991 Edelman and coworkers [20]  First report descnibing laparoscopic gastrostomy
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The next significant advancement occurred in 1954 when
McDonald [11] introduced the needle catheter jejunostomy
as an adjunct to gastric surgery. This technique proved to be
a relatively safe access for short-term enteral feeding com-
plementing major abdominal procedures. Complications
were quoted to be less than 2%. Limitations of this proce-
dure included catheter dislodgement and obstruction.
Commercial Kits for this technique became available in 1973
[12], and needle catheter jejunostomy became a popular
route of short-term, postoperative enteral feeding.

Patients requiring a long-term feeding access continued to
require laparotomy for gastrostomy or jejunostomy tube
placement, until Gauderer, Ponsky, and Izant [13] reported
on a new method for gastrostomy tube placement, percuta-
neous endoscopic gastrostomy (PEG), in 1980. This tech-
nique was revolutionary as it did not require general anes-
thesia or a laparotomy. The percutaneous endoscopic gas-
trostomy has since become the method of choice for long-
term feeding access with reported major complications of
2.8% and minor complications of 6.0% [14]. If jejunal access
was required, a feeding tube could be advanced through the
gastrostomy tube. Unfortunately, patients with obstructing
esophageal lesions are not candidates for the percutaneous
endoscopic gastrostomy. Fluoroscopically placed percuta-
neous gastrostomy and gastrojejunostomy tubes have been
developed by radiologists as an alternative to laparotomy,
but the small tube size limits this technique to a select group
of patients [15]). With the advent of laparoscopic surgery in
the late 1980s, placement of gastrostomy and jejunostomy
tubes by this methodology now offers an ideal alternative
when a PEG cannot or should not be done.

;Ana+omy

The stomach is the largest dilatation of the foregut which
comes to lie in the left upper quadrant anteriorly. It is

generally divided into five regions: the cardia, fundus,
corpus, antrum, and pylorus. The proximal margin of the
stomach is the functional lower esophageal sphincter,
whereas the anatomic pyloric sphincter separates the
stomach from the duodenum. The small intestine extends
from the pylorus to the cecum and consists of the duode-
num (20 cm), jejunum (100 to 110 cm), and ileum (150 to
160 cm). The proximal margin of the jejunum is at the lig-
ament of Treitz.

There are several issues to consider when choosing an
anatomic site for long-term feeding access. Indications for
instituting long-term enteral feedings are summarized in
Table 4-2. Since the stomach serves as a reservoir for
masticated food, dilutes hypertonic fluids, provides a
predigestive role in the initial breakdown of gastric con-
tents, and regulates efflux of food into the proximal duo-
denum, gastric feeding is advantageous relative to jejunal
feeding. Gastrostomy tube placement allows bolus feed-
ing, is more economical since it usually requires less
equipment, and allows for easy and safe administration of
nearly all required medications. The jejunal route should
only be considered for long-term feeding in the presence
of gastroparesis, in patients with small gastric remnants,
and when there is a risk of aspiration, although aspiration
with jejunostomy tube feedings has also been reported
[21]. When jejunal feeding is indicated, steady infusion
using an infusion pump is preferable over bolus feeding
to prevent diarrhea secondary to “dumping” that occurs
when hyperosmolar, carbohydrate-rich formulas are
administered too rapidly into the small bowel. Feedings
can usually be done cyclically over 12 to 14 hours per
day. Great care must be exercised when medications are
given directly into the jejunum to prevent clogging of the
tube, to avoid diarrhea from hyperosmolality, and to
assure absorption of the drug. Complications of enteral
feeding are summarized in Table 4-3.

Table 4-2. Indications for enteral feeding

Dysfunctional swallow/recurrent aspiration
Head and neck neoplasia

Benign and malignant esophageal obstruction
Severe facial trauma

Nutritional supplementation (anorexia)
Gastroparesis

Altered mental status

Table 4-3. Complications of enteral feeding

Aspiration

Diarrhea/cramps/bloating

Tube occlusion/dislodgement/leakage
Wound infection

Perforated viscus
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Surgical Technique

Laparoscopic placement of a gastrostomy or jejunostomy
tube is usually performed under general anesthesia. As
the abdominal insufflation need only be 8 to 10 mm Hg,
use of local anesthesia with intravenous sedation is
acceptable in selected patients. Patients are placed supine
on the operating table, and positioning the table in
reverse Trendelenburg is helpful. The open Hasson tech-

nique for placement of the initial infraumbilical trocar
should be used liberally in patients with a history of prior
abdominal surgery to avoid inadvertent perforation of
adjacent viscera or major vascular structures. The remain-
ing technical aspects of the procedure are summarized in
the figures below.

Figures 4-1 through 4-4 depict the relevant anatomy and
operative set-up for laparoscopic jejunostomy or gastrostomy.

Set-up

)

Anesthesiologist

4

Video screen
and camera,

light source

Insufflator

Surgeon

First
assistan

Camera
operator

Instrument table
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FIGURE 4-1.

Anatomy relevant to laparoscopic jejunostomy or
gastrostomy tube placement. Identification of the
ligament of Treitz for |-tube placement is essential,
and the antrum adjacent to the pylorus should be
avoided for G-tube placement.

Stomach

Gastrocolic ligament

Ligament of Treitz

Jejunum

FIGURE 4-2.

Operative set-up for laparoscopic feeding tube placement. Foley and nasogastric
catheters are routinely placed prior to initial trocar placement. Video monitors
are oriented directly across from the surgeon and first assistant as illustrated.



\ FIGURE 4-3.
; 5 o Trocar positioning for jejunostomy (left) and

L0 PR - gastrostomy (right) tube placement. Initially, the
A e patient is placed in the Trendelenburg position,

i Sy a 10-mm port is placed infraumbilically using an

e A open Hasson technique, the abdomen is insufflated

S * N to |0 mm Hg, and exploratory laparoscopy is
e el performed with adhesiolysis as necessary. One
or two additional 5-mm ports are then placed

T Ut *  Tube site
PR L ® 5.mm trocar

.. 10-mm trocar

® * under direct vision in the labeled positions.
g Optional — A 4
[
e / !
\ - / - / !
FIGURE 4-4. )
_ After insertion of the laparoscope, the inferior
Falsiform aspect of the stomach, greater omentum, gastro-
ligament colic ligament, and transverse colon are visualized.
The anterior wall of the stomach is easily accessible
with retraction inferiorly by the first assistant.
Access to the proximal small bowel requires
cephalad-anterior retraction of the greater omen-
tum and transverse colon.
Stomach
Greater
omentum

Figures 4-5 through 4-16 depict the surgical technique for laparoscopic jejunostomy.

Procedure

Stomach

Ligament
of Treitz

— Jejunum

FIGURE 4-5.

Laparoscopic J-tube placement is initiated by running the bowel proximally

to locate the ligament of Treitz. Positioning the patient in the reverse
Trendelenburg position will facilitate this step. The site for tube placement is
generally 10 to 20 cm from the ligament of Treitz. The loop of jejunum should
approximate to the anterior abdominal wall in a tension-free manner. Extrinsic ~ FIGURE 4-6.

compression of the anterior abdominal wall in the left upper quadrant by the ~ Once the jejunostomy site is determined, the loop is held adjacent to the
first assistant (arrow) is helpful in selecting the site for the tube tract. abdominal wall and a 3-0 silk on a Keith needle is placed transabdominally.
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Procedure
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FIGURE 4-7. FIGURE 4-8. FIGURE 4-9.
This suture is mattressed through the seromuscular A second seromuscular suture is placed in a similar ~ The third and fourth seromuscular sutures are
manner. The tails of these sutures are temporally placed square to the others.

layers of the jejunal loop, and brought back
through the abdominal wall. tagged with Crile hemostats.

FIGURE 4-10. FIGURE 4-11.

A 16-G needle from an introducer kit is placed A guidewire is then passed through the needle
through the abdominal wall into the lumen of the (Seldinger technique) and directed into the distal
jejunal loop within the boundaries of the seromus-  bowel for a distance of 10to I5 cm.

cular sutures.
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Procedure

Peel-away
introducer

Dilator

— Guidewire

FIGURE 4-13.

The guidewire and dilator are removed leaving the
peel-away introducer in place for subsequent
jejunostomy tube placement.

FIGURE 4-12.

A 14-French dilator and peel-away introducer are placed over the guidewire
and passed distally into the small bowel over the wire under direct vision.
The jejunal loop may require traction by an assistant to facilitate this step.

by

]
"oy "y

My
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my

v/

)i FIGURE 4-16.
’ The jejunal loop is approximated to the abdominal
FIGURE 4-14. FIGURE 4-15. wall by the seromuscular sutures, and these sutures
A 12-French rubber Robinson catheter is passed The peel-away introducer is split and discarded are secured over rubber bolsters at the skin level.
through the peel-away introducer into the distal leaving the jejunostomy tube correctly positioned.  An additional 3-0 nylon suture is placed to secure
limb of the jejunostomy. the jejunostomy tube to the skin.
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Figures 4-17 through 4-25 depict the alternative method employing
a commercial T-fastener kit.

Alternative Procedure

FIGURE 4-17. FIGURE 4-18.

After locating a suitable site for tube placementas  The remaining T-fasteners are placed in a similar
above, a T-fastener applier is introduced through manner forming a square through which the
the abdominal wall into the bowel lumen and fired.  jejunostomy tube will be placed.

FIGURE 4-20.

Placement of a dilator
and peel-away introduc-
er over the guidewire
follows, as above.

4.8 Atlas of Laparoscopic Surgery

A 16-G needle from an introducer kit is placed
through the abdominal wall into the lumen of the
jejunal loop within the boundaries of the T-fasteners,
and a guidewire is passed distally through this needle.

FIGURE 4-21.
Continued placement
of a dilator and peel-
away introducer.



Alternative Procedure

2
S
=
N
FIGURE 4-22.
The guidewire and dilator are withdrawn leaving
the peel-away introducer in place for jejunostomy  FIGURE 4-23. FIGURE 4-24.
tube placement. A |2-French red rubber Robinson catheter is The peel-away introducer is split and discarded
passed through the peel-away introducer into the leaving the jejunostomy tube correctly positioned.
distal limb of the jejunostomy.
FIGURE 4-25.
Lead anchor The jejunal loop is approximated to the abdominal wall by placing lead anchors
over plastic disks and cotton bolsters on the T-fasteners, following which
Plastic disk - the lead anchors are crimped. The extra length of the T-fasteners is cut back to

the lead anchors. An additional 3-0 nylon suture is placed to secure the jejunosto-
Cotton my tube to the skin.

bolster
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Figures 4-26 through 4-32 depict the surgical technique for laparoscopic gastrostomy.

Procedure

/

Vs
=

__ Falsiform
ligament

Anterior
gastric
wall

FIGURE 4-26.

Following initial laparoscopic exploration, air is insufflated into the stomach, if
possible, to slightly distend it. A convenient area of the anterior gastric wall is
chosen as the gastrostomy site and held in place with a grasper. A surtable skin
exit site is located with the aid of blunt digital palpation (arrow) such that the
gastrostomy site will not be under tension.

FIGURE 4-28.

A total of four gastric seromuscular sutures are placed oriented square to each
other, and a |6-G needle from an introducer kit is placed into the gastric lumen,

4.10 Aias of Laparoscopic Surgery

FIGURE 4-27.

Once the gastrostomy site is determined, a 3-0 silk suture on a Keith needle is
placed transabdominally adjacent to the predetermined stoma site at the skin
level. This suture is mattressed through the seromuscular layers of the gastric
wall and brought back through the abdominal wall in a similar manner as the
jejunostomy seromuscular sutures described previously.

FIGURE 4-29.

A guidewire is placed through this needle into the gastric lumen, and the nee-
dle is withdrawn over the guidewire.



Procedure

FIGURE 4-30. FIGURE 4-31.

An |8-French dilator and peel-away introducer are then placed over the guidewire A | 6-French Foley urologic catheter is placed through the dilator into the
into the gastric lumen dilating the tract to allow for subsequent tube placement. ft gastric lumen,

may be necessary to incise the skin adjacent to the guidewire to facilitate placement.

FIGURE 4-32.

The catheter balloon is inflated and the serosa is approximated to the abdomi-
nal wall by placing traction on the previously placed sutures and Foley catheter.
The sutures are secured over cotton bolsters at the skin level. An additional 3-0
nylon suture is placed to secure the gastrostomy tube to the skin.
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Figures 4-33 through 4-37 depict the alternative T-fastener method.

Alternative Procedure

FIGURE 4-33.

After locating a suitable site for tube placement as above and insufflating air
into the stomach if possible, a T-fastener applier is introduced through the
abdominal wall into the gastric lumen and fired. The antrum adjacent to the
pylorus should be avoided to decrease the incidence of both distal tube
migration and gastric outlet obstruction.

i xh ey ' FIGURE 4-35.

The needle is withdrawn over the guidewire, and placement of a dilator and
FIGURE 4-34. peel-away introducer follows, as above.

The remaining T-fasteners are placed in a similar manner forming a square through
which the gastrostomy tube will be placed. A 16-G needle from a Hickman intro-
ducer kit is placed through the abdominal wall into the gastric lumen within the
boundaries of the T-fasteners, and a guidewire is passed distally through this needle.
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FIGURE 4-36.

The guidewire and dilator are withdrawn, and a | 6-French Foley catheter is passed
through the peel-away introducer into the gastric lumen. The Foley balloon is
inflated with 10 mL of saline, and the peel-away introducer is split and discarded
leaving the gastrostomy tube comrectly positioned.

Results

At the time of this writing, results of laparoscopically placed
feeding tubes are limited to anecdotal case reports. In our
experience, there has been a minimal learning curve as tube
placement does not require additional laparoscopic skills. This
is particularly true when T-fasteners are used. In general, the
patients requiring long-term enteral feeding have a limited life
expectancy, and the least invasive procedures to provide
these patients with a reasonable quality of life is the goal of
therapy. When percutaneous endoscopic feeding tubes cannot
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FIGURE 4-37.

The gastric serosa is approximated to the abdominal wall by placing lead anchors over
plastic disks and cotton bolsters on the T-fasteners, following which the lead anchors
are cimped. The extra length of the T-fasteners is cut back to the lead anchors.
An additional 3-0 nylon suture is placed to secure the gastrostomy tube to the skin,
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astrojejunostomy is the term used to describe anasto-

mosis of the stomach to the jejunum. This operation
is usually used in combination with other procedures in the
treatment of a variety of surgical conditions ranging from
peptic ulcer disease to pancreatic carcinoma [1-3]. The first
gastrojejunostomy was performed in 1881 by Anton Wolfler
for the treatment of pyloric obstruction in a patient with
carcinoma (Figure 5-1) [4,5]. In 1883, Curvoisier modified
Wolfler’s technique by placing the gastrojejunostomy on the
posterior aspect of the stomach instead of the anterior wall
[6]. Despite the fundamental contributions of these individu-
als to the development of the gastrojejunostomy, the sur-
geon most often associated with this procedure is Theodor
Billroth. In 1885, while operating on a patient with gastric
outlet obstruction secondary to a pyloric tumor, Billroth
performed a gastric resection and then restored gastroin-
testinal tract continuity with a side-to-side gastrojejunosto-
my [7]. This procedure is now referred to as the Billroth II.

Billroth I, on the other hand, involves end-to-end anasto-
mosis of the stomach to the duodenum following distal gas-
tric resection.

Sporadic reports of laparoscopic gastrojejunostomy have
appeared in the literature over the past couple of years;
however, it is difficult to determine when the first proce-
dure was performed. In 1992, Brune and Schénleben
reported their results of laparoscopic gastrojejunostomy in
two patients with gastric outlet obstruction due to carcino-
ma of the pancreatic head [8]. Goh and coworkers [9] per-
formed a laparoscopic subtotal gastrectomy with Billroth II
reconstruction for the treatment of chronic gastric ulcer in
an elderly patient. As has been demonstrated with laparo-
scopic cholecystectomy and appendectomy, advocates of
laparoscopic gastrojejunostomy have maintained that ben-
efits such as decreased postoperative discomfort and
shorter hospitalizations warrant wider application of this
technique. Although it has not been extensively studied,

FIGURE 5-1.
This figure depicts the
Esophagus first gastrojejunostomy
performed by Wolfler
in 1881. This procedure
simply involves anasto-
Seomaih mosis of the stomach
to the jejunum so that
proximal obstruction of
the gastrointestinal tract
Duodenum may be bypassed.
AN
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surgeons have reported more rapid return of bowel func-
tion as measured by bowel sounds, flatus, and bowel
movements following laparoscopic intestinal surgery com-
pared with open procedures. This certainly argues in favor
of employing laparoscopy to perform gastrojejunostomy in
patients undergoing palliative procedures, thereby mini-
mizing the duration of hospitalization.

Improvements in preoperative patient preparation, anes-
thetic management, and postoperative care have led to
decreased operative morbidity and mortality in patients
undergoing open gastrojejunostomy. Nonetheless, it is diffi-
cult to state an overall operative morbidity and mortality for
open gastrojejunostomy because of the variety of disorders,
both benign and malignant, that are treated with this proce-
dure. For example, operative mortality can range from less
than 1% to 40%, depending on the preoperative state of
health of the patient [1-3]. Although it is unlikely that
laparoscopic gastrojejunostomy will result in improved
patient mortality when compared with the open procedure,
it will conceivably become the method of choice in specific
clinical situations. For example, a patient with duodenal
and/or biliary obstruction secondary to an inoperative
tumor located in the head of the pancreas may be a candi-
date for laparoscopic double bypass (gastrojejunostomy and
cholecystojejunostomy).

Anatomy
Disease processes that require formation of a gastroje-
junostomy usually involve organs in the region of the

stomach and jejunum; therefore, an understanding of the
regional anatomy is essential. The stomach and jejunum
are intraperitoneal components of the upper gastrointesti-
nal tract that are separated by the duodenum.
Anatomically, the stomach is divided into five regions: car-
dia, fundus, corpus, antrum, and pylorus (Figure 5-2).
These areas aid the surgeon in planning and executing
gastric resections; however, with the exception of the
pylorus, they do not correspond to functional regions. The
stomach receives its blood-supply via an extensive net-
work of blood vessels. The major vessels include the left
and right gastric arteries that supply the lesser curvature,
the left and right gastroepiploic arteries that supply the
greater curvature, the short gastric arteries that supply the
fundus, and the gastroduodenal artery that supplies the
pyloric region (Figure 5-3). Venous drainage of the stom-
ach is parallel to the arterial system. The parasympathetic
nervous system is responsible for both gastric motility and
acid secretion and innervates the stomach via the vagus
nerves.

The duodenum is a retroperitoneal portion of the upper
gastrointestinal tract that begins immediately distal to the
pylorus and extends to the ligament of Treitz. It assumes a
characteristic C loop configuration in situ and is divided
into four segments: first portion (superior or bulb), second
portion (descending), third portion (transverse), and fourth
portion (ascending). The head of the pancreas is situated
within the C loop of the duodenum, and the confluence of
the common bile and pancreatic ducts enters the intestinal
tract in the second portion of the duodenum (Figure 5-4).
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FIGURE 5-2.
The five regions of the
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The ligament of Treitz is the anatomic landmark that
denotes the end of the duodenum and the beginning of
the jejunum. Although there is no structure to indicate the
terminus of the jejunum, it is generally accepted that it
spans two fifths of the distance from the ligament of Treitz
to the ileocecal valve. The jejunum receives its blood sup-
ply via mesenteric vessels that originate from the superior
mesenteric artery. The primary function of the jejunum is
the absorption of nutrients generated by the digestive
actions of the stomach, duodenum, pancreatic secretory
products, and bile. Gastrojejunostomy is a feasible option
because in most instances proximal gastrointestinal tract
orientation, although redirected, is fairly well preserved.

The transverse colon deserves special mention in this
section because of its proximity to the stomach and
jejunum (Figure 5-5). One method of classifying a gastroje-
junostomy is by its relation to the transverse colon. An
antecolic gastrojejunostomy is situated anterior to the trans-
verse colon and involves anastomosis of the jejunum to the
anterior gastric wall. Conversely, the jejunum is anasto-
mosed to the posterior gastric wall in a retrocolic gastroje-
junostomy. The retrocolic approach requires the surgeon to

traverse the transverse mesocolon in order to perform the
anastomosis. Although retrocolic gastrojejunostomy pro-
vides better drainage of the stomach due to its location in
the dependent portion of the stomach, it would be a chal-
lenging procedure to perform laparoscopically.

pa’rl'\opl'\ysiology, Presentation,
and Differen+ia| Diagnosis

Treatment regimens of a number of clinical conditions
involve the surgical formation of a gastrojejunostomy. A
detailed discussion of each of these is beyond the scope
of this chapter; however, two disease processes for which
gastrojejunostomy is indicated have been selected for dis-
cussion: unresectable pancreatic cancer and peptic ulcer
disease.

Pancreatic Adenocarcinoma
Adenocarcinoma of the pancreas is presently the fifth lead-

ing cause of cancer death in the United States [3,10].
Although no definite risk factors have been identified, ciga-

Left
gastric
artery

Left
Right hepatic hepatic
artery
Cystic Celiac
artery Right axis
gastric
artery

Common hepatic
artery

Gastroduodenal
artery

Right gastroepiploic
artery

Short gastric
arteries

e
e mm—
-

Splenic artery

Left gastroepiploic
artery

FIGURE 5-3.

The stomach is an extremely well-vascularized organ. The majority of arterial
blood is supplied by four vessels: the right and left gastric arteries and the nght
and left gastroepiploic arteries. Simuftaneous ligation of any three of these
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vessels usually does not affect gastric viability. The short gastric arteries also
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rette smoking, alcohol abuse, and diabetes mellitus have
been implicated [11]. There also appears to be an associa-
tion between previous gastric surgery and an increased inci-
dence of pancreatic neoplasia that is thought to be related
to duodenogastric reflux [12,14]. The prognosis for pancre-
atic cancer remains dismal, with an overall 5-year survival
that approaches 1% [15]. Once the diagnosis is confirmed,
only 10% to 25% of patients are candidates for curative
resection [3,16]. Despite seemingly “complete” surgical extir-
pation, only 5% of these patients are alive after 5 years [3].
The poor survival statistics associated with pancreatic can-
cer are at least threefold: the biology of the disease, the vir-
tuak absence of symptoms until the tumor has spread to
contiguous structures or metastasized, and the failure of
standard pancreaticoduodenectomy to eliminate unrecog-
nized gross and microscopic disease. At present, adjuvant
therapy is in the developmental stages and has not had a
significant effect on survival.

Signs and symptoms of pancreatic adenocarcinoma are
dependent on the location of the primary tumor.
Approximately 65% occur in the head of the gland, where-
as the body and tail are affected in only 15% and 10% of
patients, respectively [3]. The remaining pancreatic carci-
nomas are diffuse in nature. Patients with tumors of the

pancreatic head usually present earlier in the course of
their disease due to the proximity of vital structures. For
example, jaundice due to compression of the extrahepatic
biliary tree is evident on presentation in 87% of patients
with tumors in the pancreatic head but only 13% of those
with body or tail tumors [17]. Signs and symptoms that are
not associated with the site of the primary tumor include
weight loss (92%-100%), pain (72%-87%), and nausea and
vomiting (37%—-45%) [17]. Serum laboratory studies that are
usually associated with pancreatic carcinoma include ele-
vated conjugated bilirubin and alkaline phosphatase lev-
els. The diagnosis is frequently made on the basis of clini-
cal presentation; however, confirmation with computed
tomography is usually necessary and often provides the
surgeon with a noninvasive indication of resectability.
Although there are reports of unresected pancreatic can-
cer patients surviving for 5 years or more, most surgeons
believe complete resection offers the only chance for cure.
The Whipple procedure is most widely used and involves
removal of the head of the pancreas and the duodenum
(pancreaticoduodenectomy) [18]. As has already been stat-
ed, however, the vast majority of patients are not candi-
dates for curative surgical resection. The largest role for
surgery in this disease process is for the palliative treatment

Common bile
duct

Ampulla of
Vater

Wirsung's duct

FIGURE 5-4.

The duodenal C loop contains the head of the pancreas. Although ductal anatomy
varies among individuals, the common bile duct usually merges with the major
pancreatic duct (Wirsung's duct), prior to entering the duodenum in the second

segment. This diagram depicts the proximity of the pancreas to both the duo-
denum and common bile duct, thus making it easy to envision extrinsic com-
pression of either of these structures by a tumor in the head of the pancreas.
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of symptoms, most notably jaundice and nausea and vomit-
ing [19,23]. These symptoms are secondary to compression
of the extrahepatic biliary tree and duodenum, respectively.
Jaundice associated with pancreatic cancer should be treat-
ed if it is symptomatic (Ze, significant hepatic dysfunction or
pruritus due to biliary stasis). Percutaneous, endoscopic,
and surgical techniques are currently employed [24].
Surgical prophylactic biliary bypass is routinely performed if
a patient is found to have unresectable disease at laparoto-
my and is usually accomplished by cholecystojejunostomy
(see Chapter 10). Vomiting associated with duodenal
obstruction is customarily treated by bypassing the obstruc-
tion with a gastrojejunostomy. There is some debate in the
literature as to the necessity of performing prophylactic gas-
trojejunostomy in patients undergoing surgical biliary diver-
sion without evidence of duodenal obstruction [19,22].
Approximately 20% of patients treated for biliary obstruc-
tion eventually develop duodenal obstruction in the course
of the disease [3].

In the treatment of pancreatic disease, laparoscopic
surgery will impact most significantly on the palliative
treatment of pancreatic cancer. Treatment options are now

available to clinicians so that the quality of life of these
patients is maximized. These include laparoscopic gastro-
jejunostomy in conjunction with laparoscopic cholecysto-
jejunostomy. Laparoscopic procedures are associated with
decreased hospital stay and hastened recovery, thus
enabling these terminally-ill patients to spend quality time
at home. Although laparoscopic gastrojejunostomy usually
relieves duodenal obstruction in patients with pancreatic
cancer, the majority of patients with biliary obstruction are
not candidates for laparoscopic cholecystojejunostomy.
Drainage of bile via a cholecystojejunostomy is usually
inadequate if a pancreatic mass compresses the common
bile duct within 1 centimeter of the junction of the com-
mon hepatic and cystic ducts (PB Cotton, Personal com-
munication).

pep’ric WUlcer Disease

Peptic ulcer disease remains a major public health concern
despite the wide application of endoscopy and effective
anti-ulcer agents such as histamine type 2 (H-2) receptor
antagonists (ranitidine, cimetidine) and proton pump
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FIGURE 5-5.

The transverse colon overlies the region where a gastrojejunostomy is per-
formed. An antecolic gastrojejunostomy is placed anterior to the transverse
colon and involves the anterior wall of the stomach. A retrocolic gastroje-
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junostomy is placed through the transverse mesocolon and anastomosed to
the posterior gastric wall.



blockers (omeprazole). The most common indications for
hospitalization in order of incidence are hemorrhage,
intensive treatment of uncomplicated peptic ulcer, and
perforation [25]. A medical regimen is most often
employed in the routine management of peptic ulcer dis-
ease; however, surgical therapy is frequently necessary to
treat complications of the disease.

A detailed discussion of gastrointestinal physiology is
beyond the scope of this chapter; however, a few concepts
deserve mention. The pathogenesis of peptic ulcer disease
consists of multiple factors including an increase in the
ability to secrete gastric acid and pepsin and a decrease in
the appropriate mucosal defense mechanisms. The primary
functions of the stomach are to mix ingested food with
gastric secretions so that the digestion can occur and to
propel gastric contents to the small intestine. Important
digestive components produced by the stomach include
hydrochloric acid and pepsin. Regulation of gastric acid
secretion requires a complex interaction of the central ner-
vous system, the gastrointestinal tract, and a variety of hor-
mones and peptides. Ingestion of food stimulates the
release of gastrin, which in turn stimulates the release of
hydrochloric acid. When gastric pH decreases below 5,
pepsin is released from the zymogen pepsinogen, and pro-
tein digestion is then initiated [26].

There are several protective mechanisms that act to pre-
vent stomach and proximal small intestinal damage from
the actions of gastric acid and pepsin. Mucus is secreted by
cells located within the gastric epithelial layer and serves as
a physical barrier that separates the gastric mucosa from the
acidic contents of the stomach. Bicarbonate is also secreted
by gastric epithelial cells and maintains a neutral pH at the
level of the mucosal cells despite the presence of acidic
gastric contents above the layer mucus [1]. Several mecha-
nisms are involved in the inhibition of gastric acid secre-
tion. One of the most significant is the negative feedback
loop initiated by the fall in gastric pH associated with the
digestion of food in the stomach. The result is an inhibition
of gastrin release which, in turn, eliminates a substantial
stimulus of gastric acid secretion [20].

The first portion of the duodenum is the site most fre-
quently affected by peptic ulcer disease, whereas the
pyloric channel, prepylorus, distal gastric body, and distal
segments of the duodenum are less often involved [1,2]. As
has been previously stated, the etiology of peptic ulcer dis-
ease is multifactorial. An association between gastric acid
hypersecretion and peptic ulcer disease has been demon-
strated [1,2,27). In fact, when compared with healthy indi-
viduals, patients with duodenal ulcers tend to have
increased basal acid levels, greater acid release in response
to meals, and increased acid response to intravenous hista-
mine challenge [2]. Other factors theorized to be associated
with peptic ulcer disease include cigarette smoking, nons-
teroidal antiinflammatory agent use, and intestinal
Helicobacter pylori infection [1,2].

The symptom that provokes peptic ulcer patients to seek
medical attention most often is pain. It is usually located in
the epigastric area and is episodic in nature. The character
of the pain varies between patients and can range from a
dull ache to a stabbing sensation. It is usually relieved by
ingesting food or antacids. Physical examination of patients
with uncomplicated peptic ulcer disease is usually unre-
markable, and routine laboratory studies generally do not
reveal any abnormalities. Endoscopic and radiologic evalu-
ations are invaluable components of the diagnostic
process. Uncomplicated cases are usually treated with H-2
blockers or other oral agents with excellent results.

The use of surgical therapy in the treatment of peptic ulcer
disease is reserved for complications of the disease. These
include unresponsiveness to medical therapy, obstruction,
perforation, and hemorrhage. Laparoscopic surgery will likely
be used in the treatment of intractable ulcer disease and
ulcers producing gastrointestinal tract obstruction. Perforation
and massive hemorrhage are surgical emergencies that are
most effectively treated by exploratory laparotomy; therefore,
these complications will not be discussed further.

Ulcers that are refractory to medical therapy are consid-
ered intractable. Characteristics of intractability include the
following: ulcers that persist for at least 3 months despite
medical therapy, recurrence within 1 year of healing despite
maintenance therapy, and recurrent or persistent ulcer dis-
ease without significant remissions [28]. It is generally
accepted that surgical procedures for intractability should be
simple so that operative mortality is minimized [2]. The
operative goal is to reduce the acid secreting ability of the
stomach. Procedures that are effective in accomplishing this
objective include truncal vagotomy/pyloroplasty and truncal
vagotomy/antrectomy. Either of these procedures can be
performed laparoscopically; however, vagotomy/antrectomy
is pertinent to this discussion because the gastrointestinal
tract may be reconstructed with a Billroth II anastomosis.
Vagotomy/antrectomy is particularly effective because vago-
tomy reduces cholinergic stimulation of gastric acid secre-
tion and antrectomy removes gastrin-producing cells.

Occasionally, peptic ulcers of the pyloric channel pro-
duce such significant inflammation and edema that gastric
outflow tract obstruction occurs. In the acute stages of this
syndrome, bowel rest, nasogastric suctioning, intravenous
hydration, and intravenous H-2 blockers are indicated.
Conservative therapy usually results in resolution of the
obstruction. Scarring of the pylorus may result in chronic
obstruction and even malnutrition. In the case of malnutri-
tion, the therapeutic measures used for acute obstruction
should be augmented with intravenous hyperalimentation.
If obstruction persists despite aggressive supportive thera-
py, surgery is indicated. Adequate operative intervention
includes a procedure that effectively addresses peptic
ulcer disease and eliminates the obstruction. Laparoscopic
truncal vagotomy and antrectomy with a Billroth II recon-
struction is one option.
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Surgical Teclr\r\ique

Reports of laparoscopic gastrojejunostomy are beginning to outline two techniques of laparoscopic gastrojejunostomy that
appear in the literature [8,9]. At present there is no uniform may be used in the treatment of a variety of conditions such
method of performing the operation. Figures 5-6 through 5-15 as those described above.

Set-up
FIGURE 5-6.
Proper performance of laparoscopic procedures
requires adequate preoperative planning so that
Anestheiia each member of the operating team knows his or
machine her function. Proper positioning of personnel and

equipment is essential if the procedures are to be

performed efficiently. This diagram depicts the loca-
Anesthesiologist tion of each operating team member and major
equipment. The surgeon and scrub nurse are to the
right of the patient and the first assistant and camera
operator are to the patient’s left. Note that video

Video - = Video monitors are placed on both sides of the operating

monitor monitor table so that all members of the operating team
have an unobstructed view of the operation.

First
assistant
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Set-up

Costal margin

12-mm port
5-mm port

10-mm
umbilical port

FIGURE 5-7.

An effective scheme for laparoscopic gastrojejunostomy trocar placement is
depicted in this figure. A nasogastric tube and Foley catheter are placed after
general anesthesia is induced so as to minimize the chance of stomach and
bladder injury during trocar placement. The camera port is |0 mm and may
be placed supra-, intra-, or infraumbilically. This port is placed using either the
Hasson (open) method or the percutaneous (Veress needle) approach. The
peritoneal cavity is insufflated with CO,, and the camera is inserted when the
pesatoneal pressure is |5 mm Hg. Exploratory laparoscopy is then performed.
Some surgeons elect to use exploratory laparoscopy prior to anticipated
Whipple procedures. Laparoscopy permits biopsy of peritoneal implants or
hepatic metastases not seen on computed tomography (CT) scan that may
prove unresectability of disease. If a Whipple procedure is not indicated,
laparoscopic gastrojejunostomy may then be performed. After adequate
exploration of the peritoneal cavity is completed, the remaining trocars are
placed under direct vision, Twelve-mm and 5-mm ports are placed in the right
upper quadrant in such a manner that they form an isosceles triangle with the
anticipated area of gastrojejunostomy serving as the vertex. A second 5-mm
port is placed in the left upper quadrant for the first assistant.

Procedure

A

FIGURE 5-8.
A, Locate the ligament of Treitz and proceed distally along the jejunum until

without tension. B, Care must be taken to properly orient the jejunum so that

an adequate segment can be mobilized to the anterior surface of the stomach  the mesentery is not twisted.
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Procedure

FIGURE 5-9.

A, After selecting a segment of jejunum for anastomosis, the orientation of
jejunum and stomach is maintained by silk sutures that are passed through
the abdominal wall with straight needles under direct vision. The straight nee-
dle is grasped with an endoscopic grasper or needle driver, passed through
the seromuscular layers of the stomach and jejunum, and then driven out of

5.10 Aifas of Laparoscopic Surgery

the peritoneal cavity through the abdominal wall. B, These tagging sutures
should be placed at least 6 cm apart so that a generous gastrojejunostomy
is formed. Appropriate pressure is then applied to these sutures so that the
stomach and jejunum are tented and the boundaries of the gastrojejunosto-
my are delineated.



Procedure

FIGURE 5-10. FIGURE 5-11.
Electrocautery is used to make a gastrotomy and a jejunotomy just large A 30-mm endoscopic stapler is passed through the |2-mm port and one limb
enough to accommodate the limbs of the endoscopic stapling device. is fed through the gastrotomy and the other through the jejunotomy. The

device is fired two or three times to make an anastomosis 60 to 90 mm in
length. The endoscopic stapler is probably superior to staples used for open
procedures because it places six rows of staples instead of four.

FIGURE 5-12.
The enterotomy that remains may be closed with either an endoscopic stapler (panel A) or silk sutures (panel B).
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Alternative Procedure

FIGURE 5-13. FIGURE 5-14.

An alternate method for laparoscopic gastrojejunostomy is a sewn anastomo-  Full-thickness, interrupted sutures are placed along the posterior wall of the
sis. Tenting of the stomach and jejunum is performed with straight needles as  anastomosis. Intra- or extracorporeal knot-tying techniques may be used.
outlined in Figure 5-9. A long gastrotomy and corresponding jejunotomy are

made between the tagging sutures.

FIGURE 5-15.
The anastomosis is completed by placing interrupted sutures along the anteri-
or edge of the anastomosis.
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Postoperative Management

The nasogastric tube should be left in place in the early
postoperative period to protect the anastomosis from gas-
tric dilatation. It may be removed with evidence of intesti-
nal function (bowel sound, flatus, bowel movement) and
then a clear liquid diet may be initiated and advanced as
tolerated. Pain following laparoscopic gastrojejunostomy is
usually limited; therefore, multiple doses of intravenous or
intramuscular narcotics are not necessary.

Results

Experience in laparoscopic gastrojejunostomy remains lim-
ited; therefore, it would be premature to judge early results
and compare it with the open technique. Based on prelimi-
nary reports, it is clear that this technique can be per-
formed safely and does produce a functional anastomosis.
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Ithough gallstones were first described in the fifth cen-
Atury by the Greek physician Alexander Trallianus,
therapy for gallstone disease was delayed until 1867 when
John Stough Bobbs performed the first cholecystotomy with
removal of gallstones in the case of a 32-year-old woman
with hydrops of the gallbladder [1]. This was followed in
1882 by the first cholecystectomy by Langenbuch in Berlin.
His patient was discharged from the hospital 7 weeks fol-
lowing the new procedure. During the first half of the 20th
century, the most significant advances in the field pertained
primarily to improved diagnosis. The surgical treatment of
gallbladder disease remained largely unchanged until the
introduction of laparoscopic techniques for cholecystectomy.
With some debate in the literature on who deserves credit for
this advancement, several investigators are listed in Table 6-1.

Anato my

The gallbladder is from 7 to 10 cm in length, with a maxi-
mal width of 2.5 to 3 cm at the fundus, and a typical vol-
ume of approximately 30 cc, although in marked distension
the gallbladder can contain as much as 300 cc. It is bound
to the gallbladder fossa between the right and left hepatic
lobes on the undersurface of the liver. The attachment can
vary from an intrahepatic location to a true mesentery.
Blood supply comes via the cystic artery that arises from
the right hepatic artery in 95% of cases, but it can occasion-
ally be derived from the left hepatic, common hepatic, gas-
troduodenal, or superior mesenteric arteries. Double cystic
arteries are found in 8% and accessory cystic arteries in 12%
of patients.

The cystic duct is from 2.5 to 4 cm in length. It passes
very close to the free right margin of the gastrohepatic liga-
ment, usually joining the main hepatic duct at an acute
angle. Within it are a number of spiral folds known as the
valves of Heister that can make catheter passage difficult in
intraoperative cholangiography. Occasionally, the cystic
duct can take a longer course posterior to the main hepatic
duct and empty into it posteriorly.

paﬂf\opl'\ysio'ogy, Peresentation, and
Diffev‘en’rial 'Diagnosis

Cholecystectomy is indicated for the treatment of sympto-
matic gallstone disease, acalculous cholecystitis, and, in
very specific instances (eg, porcelain gallbladder or
immunosuppression), asymptomatic patients. Occasionally
it may be indicated with documented biliary dyskinesia or
“crystal disease.”

Chronic cholecystitis is characterized by recurrent bouts
of right upper quadrant or epigastric pain that usually fol-
lows meals and can radiate through to the back. Frequently,
the pain is accompanied by nausea, vomiting, and a feeling
of abdominal fullness or bloating. Attacks typically last from
30 minutes to 24 hours. The discomfort of chronic cholecys-
titis is believed to represent biliary colic and not inflamma-
tion. A complex of symptoms that does not include pain is
unlikely due to chronic cholecystitis even if gallstones are
demonstrated.

Acute cholecystitis is characterized by acute bacterial
inflammation of the gallbladder, usually resulting from
cystic duct obstruction secondary to calculous (95% of

Table 6-1. Milestones in the diagnosis and treatment of gallbladder disease

Year Investigator Location Procedure

1867 John Stough Bobbs USA First cholecystostomy

1882 Carl Langenbuch Berlin First cholecystectomy

1890 Ludwig Courvoisier Basel First choledocholithotomy

1924 Evarts Graham and Warren Cole USA First cholecystogram in humans

1953 Eric Yuhl USA First cholescintigram

1987 Phillipe Mouret France First laparoscopic cholecystectomy

1988 Eddie Reddick and Douglas Olsen USA First laparoscopic cholecystectomy in USA

Table 6-2. Differential diagnosis of cholecystitis

Acute appendicitis
Duodenal ulcer

Fitz-Hugh-Curtis syndrome
Pyelonephritis

Gastric ulcer Gastroesophageal reflux
Acute pancreatitis Radicular pain
Hepatitis Coronary artery disease

Right heart failure

6.2 Atlas of Laparoscopic Surgery

Table 6-3. Advantages and disadvantages of the
laparoscopic versus open approach

Advantages Disadvantages

Smaller incisions

Less pain

Rapid retum to full activity
Briefer hospital stay
Decreased total cost
Fewer pulmonary effects

Equipment requirements

More difficult to control bleeding

Possibly increased incidence of bile duct injury
Difficult to explore common bile duct

Restricted application due to adhesions
and inflammation




cases). Persistent pain and tenderness in the right upper
quadrant are present in almost every case. Nausea and
vomiting occur in two thirds of patients and are thought
to be secondary to the rapid rise in gallbladder pres-
sure. Fever is present in 80% of patients. Signs of peri-
toneal irritation, such as Murphy’s sign, become more
common as the disease progresses. The white blood
cell count is elevated in 85% of cases. Common
processes mimicking acute cholecystitis are summarized
in Table 6-2.

Although the laparoscopic approach to cholecystectomy
has significantly decreased the recovery time, it should not

be viewed as expanding the indications for cholecystecto-
my. The first decision is whether or not a cholecystectomy
is indicated and the second decision is whether a laparo-
scopic or open approach is more appropriate. Although
there are many advantages to the laparoscopic approach
(Table 6-3), there are still patients in whom an open
cholecystectomy is indicated.

Surgical Technique

Figures 6-1 through 6-12 depict the surgical technique for
laparoscopic cholecystectomy.

Set-up

First
assistant

FIGURE é-1.

Operative set-up for laparoscopic cholecystectomy.
The use of a separate camera operator is optional
as many surgeons prefer to operate the camera with
the left hand and use the right hand for instrument
manipulation. A preoperative dose of antibiotic, usu-
ally a first-generation cephalosporin, is administered
prior to induction. Foley and nasogastric catheters
are placed after induction of general anesthesia.

Insufflator

A

Camera
operator
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Set-up

FIGURE 6-2.
The patient is placed in a 30° Trendelenburg position with arms extended.

s~ 3 Access to the peritoneal cavity is gained infraumbilically using a 10-mm sheath
S via a closed (Veress needle) or open (Hasson trocar) technique. Following
"‘* insufflation with carbon dioxide to |5 mm Hg, the laparoscope is inserted and

the peritoneal cavity inspected. The patient is then shifted to a reverse
Trendelenburg position and rolled toward the left to allow better visualization
of the gallbladder and surrounding structures. Two right subcostal 5-mm tro-
cars and an epigastric |0-mm trocar are then placed under laparoscopic direc-
tion. Occasionally, a fifth trocar is placed in the left subcostal position for
retraction allowing better visualization of hilar structures.

& < IR— 4

Procedure

FIGURE 6-4.

Once the cystic duct has been dissected and identi-
FIGURE 6-3. fied with confidence, it is occluded with a clip at the

With traction on the fundus of the gallbladder in a cephalad direction and on the 8 o
infundibulum inferolaterally to the nght, the cystic duct is placed on tension at a

right angle to the common bile duct, minimizing the chance of confusing the two.

The dissection is then begun in a nght to left direction and the cystic duct identi-

fied and dissected thoroughly enough to be positive about its identity.

6.4 Atilas of Laparoscopic Surgery



Procedure

Cystic artery is ligated
with clips then divided

Line of

incision in
cystic duct
Common bile duct

FIGURE 6-5. FIGURE 6-6.

At this point a cholangiogram is performed if indicat-  Once the cystic duct has been divided the dissection is continued toward the
ed. Two clips are then placed on the common duct  left, and the cystic artery is identified. This is divided between three clips in

end of the cystic duct and it is divided with scissors.  similar fashion.

Division of left
peritoneal reflection

Division of
right reflection

Gallbladder with "lef twist"

retracted to the
right and anteriorly,

FIGURE 6-7. FIGURE 6-8.

The neck of the gallbladder is then rolled to the In similar fashion, the right peritoneal reflection is
right to place the peritoneal reflection along the divided by using the "left twist” maneuver to place
left margin of the gallbladder on tension. Anterior it under adequate tension. Great care must be

tension also greatly assists in this portion of the exercised during this dissection to identify the
dissection. The peritoneal reflection is then divided posterior branch of the cystic artery which occa-
using a hook cautery instrument. sionally branches off.the cystic artery below the

site of division. Should this be encountered it is
doubly clipped and divided.

/-

7

FIGURE 6-9.

With the peritoneal reflections incised, the gallblad-
der is separated from the liver bed using the cautery,
being careful to note any accessory bile ducts en-
tering the gallbladder directly from the liver bed. Any
bleeding points are controlled with electrocautery.
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Procedure

FIGURE 6-10. FIGURE 6é-11.

After thoroughly imgating the subhepatic and perheptic spaces, the gallblad- The neck of the gallbladder is then retracted

der is suspended by the fundus and the patient retumed to a flat position. The  through the abdominal wall, simultaneously remov-

laparoscope is shifted to the subxiphoid port and the neck of the gallbladder ing the umbilical port. The laparoscope is directed

grasped with the extractor inserted via the umbilical port. to the umbilical site to be certain there is no
intraperitoneal spillage during the extraction proce-
dure. The gallbladder neck is then incised and bil-
ious contents suctioned.

Alternative Procedure

FIGURE 6-12.

Should the gallbladder prove too bulky to extract via the umbilical incision, it is
evacuated of calculi. If the thickened gallbladder is still too large the fascial
defect is enlarged to allow for its removal.

6.6 Atlas of Laparoscopic Surgery



Results

Death is rare following laparoscopic cholecystectomy and is
usually secondary to unrelated events (Table 6-4). The rates
of conversion to an open procedure range from 1.8% to
8.5% and generally decrease with increasing operator expe-
rience. Major complications such as bile duct injury or
injury to other abdominal viscera have been relatively rare
and also appear to relate to the experience of the operating
surgeon.

The conclusion of the National Institute of Diabetes and
Digestive and Kidney Diseases Consensus Development
Conference was that laparoscopic cholecystectomy has
become the treatment of choice for many patients, provid-
ing the advantages of decreased pain and disability and,
potentially, substantially reduced cost. It has been estimated
that approximately 85% of the more than 500,000 patients
undergoing cholecystectomy annually are appropriate can-
didates for laparoscopic technique.

Table 6-4. Results of laparoscopic cholecystectomy

Author and study Number Open, %  Mortality, %  Major complications, % Bile duct injury, %
The Southem Surgeons Club [2] 1518 47 007 15 05
Cuschen and coworkers 3] 1236 36 0.00 1.6 03
Soper and coworkers [4) 618 29 000 1.6 0.2
Spaw and coworkers [5] 500 1.8 0.00 1.0 0.0
Wolfe and coworkers [6] 381 30 050 34 0.0
Bailey and coworkers [7) 375 50 0.30 0.6 03
Graves and coworkers [8) 304 6.9 0.00 0.7 03
Peters and coworkers [9] 283 28 0.00 2.1 04
Schirmer and coworkers [10] 152 85 0.00 40 0.7
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allstones were first described by Alexander Trallianus,
aa Greek physician in the fifth century [1]. It was not
until the early 1600s that their pathologic significance
became known when Francis Glisson related from personal
experience the symptoms of biliary colic followed by
icterus, and provided accounts of the expulsion of stones
through the intestinal tract. The first surgical treatment
described was in 1676 when Joenisius extracted gallstones
from a biliary fistula of the abdominal wall following spon-
taneous drainage of an abscess. In the mid 1700s, Jean
Louis Petit advocated percutaneous cholecystostomy in
cases where the gallbladder had become adherent to the
abdominal wall. But it was John Bobbs of Indianapolis in
1867 who performed the first elective open cholecystostomy
on a patient who, during exploration for an abdominal mass,
was found to have hydrops of the gallbladder [2]. In 1882 Carl
Langenbuch (3] of Berlin performed the first human chole-
cystectomy in a 43-year-old patient with a 16-year history of
biliary colic. Langenbuch advocated the procedure for those
cases of cholelithiasis and cholecystitis “in which both the
patient and the physician have reached the end of their
patience” [3]. The practical foundation for the development
of operative cholangiography (Table 7-1) was provided in
1882 and 1890 by Von Winiwarter and Ludwig Courvosier
who successfully treated common duct obstructions via a
cholecystenterostomy and choledochotomy, respectively [1].
Twenty-six years after the discovery of radiographs in
1895, the first radiographic imaging study of the biliary tree
was performed. The first successful attempt at visualization

Table 7-1. Milestones in laparoscopic
intraoperative cholangiography

Year Investigator Contribution

1882 Carl Langenbuch First cholecystectomy

1890 Ludwig Courvosier Removal of common duct stone

Treatise on common bile duct

obstruction

1895 Roentgen Discovery of radiographs

1901 Kelling First laparoscopic abdominal
exploration

1911 Jacobaeus First human laparoscopy series

1918 Reich First cholangiogram wia cutaneous
biliary fistula

1921 Burckhardt and Muller  Percutaneous cholecystochol-
angiography

1931 Pablo Minzzi Intraoperative cholangiography

1987 Mouret First human laparoscopic
cholecystectomy

1991 Spaw and coworkers First published descrption of
laparoscopic cholangiogram

1.2 Atlas of Laparoscopic Surgery

of the biliary tract was accomplished by Burkhardt and
Muller in 1921 by percutaneously injecting an iodinated
compound into the gallbladder [2]. At the third Argentine
congress of surgery in Buenos Aires in 1931, Pablo Mirizzi
[4] introduced the technique and value of intraoperative
cholangiography. Mirizzi described injection through the
gallbladder, cystic duct, and common bile duct as a means
of not only identifying unsuspected stones, but avoiding
and recognizing injuries to the ductal system.

The introduction of laparoscopic cholecystectomy by
Mouret, a gynecologist from France, and its subsequent
popularization by Dubois [5] in Europe and Reddick and
Olsen [6] in the United States presented unique challenges
and further controversy in the management of choledo-
cholithiasis. The question of when to perform intraoperative
cholangiography during laparoscopic cholecystectomy has
been addressed by a number of authors [7-22]. Although
controversial prior to the era of laparoscopic cholecystecto-
my [23-39], the increased incidence of ductal injuries during
laparoscopic cholecystectomy and refinement of laparo-
scopic cholangiographic techniques has prompted many to
advocate a nonselective approach. The first published
description of laparoscopic-guided cholangiography was by
Spaw and coworkers [(40] in 1991. Successful laparoscopic
management of common duct calculi has been subsequent-
ly demonstrated by a number of investigators [41—44],
reducing the need for endoscopic retrograde cholangiopan-
creatography in the identification and clearance of these
stones.

Right hepatic duct

Right hepatic artery
: Left hepatic duct

Common hepatic artery

"\ Gastroduodenal artery

Cystic artery

Ampulla of
vater -

Pancreatico-
duodenal
vessels

FIGURE 7-1.
Normal anatomy of the biliary system.



Anatomy

Knowledge of the anatomy and common anomolies of the
biliary tree and its blood supply is prerequisite in the surgi-
cal management of gallstone disease and in the perfor-
mance of operative cholangiography (Figure 7-1). During
the fifth week of gestation, the anlage of the liver, extrahep-
atic biliary ducts, gallbladder, and ventral part of the pan-
creas become evident as a ventral diverticulum from the
caudal foregut [45). The cranial sacculation of the diverticu-
lum migrates superiorly and ventrally into the primitive sep-
tum transversum (Figure 7-2). This bud eventually forms
the left and right lobes of the liver, and its growth superiorly

is the mechanism for the formation of the hepatic, common
hepatic, and common bile ducts. The caudal sacculation
gives rise to the gallbladder and cystic duct. Vacuolization
of the solid entodermal cords begins in the seventh week,
forming the lumen of these ducts and the gallbladder. At
the 7-mm stage, concurrent rotation of both the duodenum
and the ventral pancreatic bud occurs with a consequent
rotation of the proximal extrahepatic duct leading to the
posteromedial insertion of the common bile duct into the
duodenum.

The gallbladder is divided into four parts, fundus, body,
infundibulum, and neck. Uncommon anomalies (Table 7-2)

Common
duct

Foregut
Septum transversum :
Ventral \

mesogastrium :
- Midgut

S i : pancreas %
" 7 Hindgue Gallbladder

Cranial bud = Dorsal
Caudal bud
Ventral pancr;eas

Hepatic ducts

Liver
Cystic
duct

Ventral
pancreas

Dorsal pancreas

7 rr;r'.n)

FIGURE 7-2.

Development of the extrahapatic biliary tract in the
embryo. (Adabted from Lindner and Green [45];

Dorsal with permission.)

__— mesogastrium

Table 7-2. Anomalies of the extrahepatic biliary tree and vessels of
significance during laparoscopic cholecystectomy

Structure Anomaly

Gallbladder Agenesis

Double gallbladder
Phrygian cap
Intrahepatic gallbladder
Floating gallbladder

Cystic duct Posterior common duct junction

Long parallel course

Spiral course (anterior or posterior)

Drainage into right hepatic duct

Hepatic ducts
Accessory ducts

Accessory cystic artery

Origin from left hepatic artery
Origin from gastroduodenal artery
Origin medial to common ducts
Short cystic artery

Replaced right hepatic artery
Accessory right hepatic arteries

Cystic artery

Right hepatic artery

Drainage of right hepatic duct into the cystic duct/galibladder neck
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of the gallbladder encountered include agenesis, double
gallbladder, and indentation of the fundus giving rise to the
Phrygian cap anomaly. The cystic duct leads from the neck
of the gallbladder to the common hepatic duct, their conflu-
ence forming the common bile duct. The mode of junction
of the cystic duct with the common hepatic duct is fre-
quently anomolous [45]). The cystic duct in the majority of
cases enters the lateral aspect of the common duct at an
acute angle. Recognized variations include entry of the cys-
tic duct into the posterior aspect of the common duct, a
parallel junction of varying distance, entry into the right
hepatic duct, and spiraling of the duct anterior or posterior
to the common duct with a medial insertion (Figure 7-3).
The common bile duct is divided into supraduodenal, retro-
duodenal, pancreatic, and intraduodenal segments for
descriptive purposes and varies in length from 5 to 10 cm
with an average diameter of 5 mm. The supraduodenal seg-
ment runs in the right free border of the hepatoduodenal
ligament along with the common hepatic artery to the left
and the portal vein dorsally. The pancreatic segment may
be entirely retropancreatic or within the parenchyma of the
pancreatic head. The intraduodenal common bile duct
enters posteromedially into the second portion of the duo-

denum, emptying via the ampulla of Vater into the duode-
nal lumen. The right and left hepatic ducts are formed with-
in the liver parenchyma and join just inferior to the porta
hepatis to form the common hepatic duct. Anomalies of the
hepatic ducts are rare and of two types: 1) drainage of the
right hepatic duct, and 2) drainage of both hepatic ducts
into the neck of the gallbladder [46]. More commonly found
are accessory bile ducts, with an estimated incidence of
10% to 28% [46,47). These are aberrant ducts draining indi-
vidual segments of liver and are likely the only route of
drainage for their respective segments (Figure 7-4).

The cystic artery arises from the right hepatic artery in
over 90% of individuals [48,49]. In 15%, an accessory cystic
artery will be present, usually arising from the right hepatic
artery. Other points of origin for the cystic artery include
the left hepatic and gastroduodenal arteries. Variations in
the relation of the cystic artery to the cystic and common
ducts are common. In 75% of cases the cystic artery
branches from the right hepatic artery in the angle
between the common hepatic duct and the cystic duct
[50,51]. When arising to the left of the bile ducts, it will in
most cases cross anteriorly. In 10% to 15% of cases the cys-
tic artery leaves the right hepatic artery just before that ves-

FIGURE 7-3.

Common variations in the anatomy of the cystic
duct. A, Normal junction of cystic and common
ducts. B, Posterior junction. €, Parallel junction.
D, Drainage into the right hepatic duct. E, Spiral
junction crossing anteriorly. F, Spiral junction
crossing posteriorly.
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sel enters the right lobe of the liver. In this instance, the
cystic artery is very short and the right hepatic artery may
be mistaken for the cystic artery. The right hepatic artery
arises from the main hepatic trunk in 80% of cases [49],
passing behind the common hepatic duct in the majority of
individuals (Figure 7-5). A replaced right hepatic artery is
found in 15% to 20% of cases [50]. In all instances reported
by Daseler and coworkers [50], the replaced right hepatic
arteries were noted to pass posterior to the common bile
duct. Accessory right hepatic arteries are present in 5%,
most commonly with one artery arising from the hepatic
trunk and the other from the superior mesenteric artery. In
one third of cases, the accessory right hepatic arteries both
arise from the hepatic trunk.

Pathophysiology, Presentation, and
Differential Diagnosis

Cholodocholithiasis is present in 8% to 15% of individuals
with cholelithiasis. Those stones that form de novo within
the common ducts are termed primary common duct
stones and are usually composed of calcium bilirubinate.
Stasis within the duct promotes colonization with enteric
bacteria that secrete beta-glucuronidase, an enzyme that
deconjugates soluble bilirubin-diglucuronide to form the
less soluble compound, bilirubin. This situation may arise
with posttraumatic biliary strictures, sclerosing cholangitis,
oriental cholangiohepatitis, parasitic infestation, the pres-
ence of foreign bodies, and anomalies of the intrahepatic
and extrahepatic ducts associated with dilatation. Hemo-
lytic anemias are associated with primary stones, thought
to be the result of an increased load of bilirubin presented
to the liver. Stones discovered within the common ducts
more than 2 years following cholecystectomy are arbitrari-
ly classified as primary duct stones. Secondary stones form
within the gallbladder and pass through the cystic duct or
a cholecystocholedochal fistula into the choledochus.
They are of cholesterol or mixed composition.

The clinical manifestations and therefore presentations
of common duct stones are quite variable. Common duct
stones may be asymptomatic as is indicated by the inci-
dental finding of stones in 5% to 10% of patients undergo-
ing routine cholangiography during cholecystectomy.
Asymptomatic stones are also detected during selective
intraoperative cholangiography performed in response to
mild liver function elevations and common duct dilatation
on preoperative ultrasound. Symptoms, when present, are
the result of obstruction and include biliary colic, jaundice,
and manifestations of cholangitis. With partial or intermit-
tent obstruction, pruritis, intermittent jaundice, and
episodic abdominal pain may be present. With greater
degrees of obstruction, the patient experiences biliary
colic and jaundice, and if infection occurs, fever and
chills. Evidence of septic shock indicates the presence of
infected bile under pressure within the ducts. Laboratory
studies in patients with cholangitis include an elevated
leukocyte count and increased alkaline phosphatase and
bilirubin levels.

Diagnosis and JIndications for
Intraoperative Cholangiography

Cholangiography in the diagnosis or confirmation of a com-
mon duct stone can be performed intraoperatively, endo-
scopically, and percutaneously via a transhepatic approach.
Techniques for the removal of stones identified are also
available with each modality. The indications for intraopera-
tive laparoscopic cholangiography (Table 7-3) are controver-
sial. Many advocate routine performance of operative
cholangiography citing the increased incidence of bile duct
injuries during laparoscopic cholecystectomy and the loss of
tactile perception in assessing the ducts [8,9,11,13,17,
18,20,22,52). This approach allows for the identification of
unsuspected stones and the delineation of the anatomy prior
to dissection. We and others [7,12,14,15,21] prefer a selective
approach toward laparoscopic cholangiography. These
studies have shown that laparoscopic cholecystectomy can
be performed safely without performing routine cholangiog-
raphy. The available literature and our experience do not

FIGURE 74.
A through ), Types of accessory hepatic ducts.
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support the argument that routine cholangiography leads to
a reduction in the clinical syndrome of retained common
duct stones. Flowers and coworkers [8], in a review of 364
laparoscopic cholecystectomies, reported retained stones in
two of 199 (1.0%) patients in whom cholangiography was
not attempted, and in one of 165 (0.6%) patients undergo-
ing attempted cholangiography. A review by the authors of
the Duke experience with selective cholangiography dur-
ing laparoscopic cholangiography has noted retained
stones in 2.1% of patients (Unpublished data). In a
prospective study by Clair and coworkers [7], of 514
patients undergoing laparoscopic cholecystectomy,
retained stones were noted in four of 453 (0.9%) patients
deemed low risk for choledocholithiasis in whom cholan-
giography was not performed. The avoidance of bile duct
injuries through the use of routine cholangiography during
laparoscopic cholecystectomy is unsupported by the litera-
ture as well. Large reviews suggest that the main contribut-

ing factor leading to bile duct injuries is inexperience of
the operating surgeon [53]. In studies addressing the role of
cholangiography, the incidence of bile duct injuries in
patients undergoing laparoscopic cholecystectomy using a
selective approach toward chlolangiography ranges from
0% to 0.5% [7,12,14). Thus, it is apparent that selective
cholangiography can be performed with no clear increase
in retained stones or bile duct injuries.

Described in the following section is the technique of
transcystic cholangiography. In addition, the technique of
cholecystocholangiography is detailed as an alternative.
The reported advantages of this method include simplicity,
speed, and the delineation of the anatomy prior to dissec-
tion of the cystic duct [22,54,55]). Arguments against this
technique including the potential to force stones out of
the gallbladder and into the common bile duct and
decreased reliability are not supported by the relatively
small body of literature currently available.
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Left
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hepatic
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13.1%

Cystic artery 2.1%

2.6%
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FIGURE 7-5.

Variations in the origin and course of the cystic artery. (Adapted from
Anderson [51]; with permission.)

Table 7-3. Indications for cholangiography

Routine

Uncertain anatomy

Abnormal liver function tests
Dilated common bile duct
Jaundice

Multiple small stones in gallbladder

Radiographic evidence of common duct stones
Dilated cystic duct

Pancreatitis

Cholangitis

Single faceted stones (dunng open cholecystectomy)
Maintenance of surgical skills
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sel enters the right lobe of the liver. In this instance, the
cystic artery is very short and the right hepatic artery may
be mistaken for the cystic artery. The right hepatic artery
arises from the main hepatic trunk in 80% of cases (49],
passing behind the common hepatic duct in the majority of
individuals (Figure 7-5). A replaced right hepatic artery is
found in 15% to 20% of cases [S0]. In all instances reported
by Daseler and coworkers [50], the replaced right hepatic
arteries were noted to pass posterior to the common bile
duct. Accessory right hepatic arteries are present in 5%,
most commonly with one artery arising from the hepatic
trunk and the other from the superior mesenteric artery. In
one third of cases, the accessory right hepatic arteries both
arise from the hepatic trunk.

Pathophysiology, Presentation, and
Diﬁerenﬁcﬂ Diagnosis

Cholodocholithiasis is present in 8% to 15% of individuals
with cholelithiasis. Those stones that form de novo within
the common ducts are termed primary common duct
stones and are usually composed of calcium bilirubinate.
Stasis within the duct promotes colonization with enteric
bacteria that secrete beta-glucuronidase, an enzyme that
deconjugates soluble bilirubin-diglucuronide to form the
less soluble compound, bilirubin. This situation may arise
with posttraumatic biliary strictures, sclerosing cholangitis,
oriental cholangiohepatitis, parasitic infestation, the pres-
ence of foreign bodies, and anomalies of the intrahepatic
and extrahepatic ducts associated with dilatation. Hemo-
lytic anemias are associated with primary stones, thought
to be the result of an increased load of bilirubin presented
to the liver. Stones discovered within the common ducts
more than 2 years following cholecystectomy are arbitrari-
ly classified as primary duct stones. Secondary stones form
within the gallbladder and pass through the cystic duct or
a cholecystocholedochal fistula into the choledochus.
They are of cholesterol or mixed composition.

The clinical manifestations and therefore presentations
of common duct stones are quite variable. Common duct
stones may be asymptomatic as is indicated by the inci-
dental finding of stones in 5% to 10% of patients undergo-
ing routine cholangiography during cholecystectomy.
Asymptomatic stones are also detected during selective
intraoperative cholangiography performed in response to
mild liver function elevations and common duct dilatation
on preoperative ultrasound. Symptoms, when present, are
the result of obstruction and include biliary colic, jaundice,
and manifestations of cholangitis. With partial or intermit-
tent obstruction, pruritis, intermittent jaundice, and
episodic abdominal pain may be present. With greater
degrees of obstruction, the patient experiences biliary
colic and jaundice, and if infection occurs, fever and
chills. Evidence of septic shock indicates the presence of
infected bile under pressure within the ducts. Laboratory
studies in patients with cholangitis include an elevated
leukocyte count and increased alkaline phosphatase and
bilirubin levels.

Diagnosis and Indications for
Intraoperative Cholangiography

Cholangiography in the diagnosis or confirmation of a com-
mon duct stone can be performed intraoperatively, endo-
scopically, and percutaneously via a transhepatic approach.
Techniques for the removal of stones identified are also
available with each modality. The indications for intraopera-
tive laparoscopic cholangiography (Table 7-3) are controver-
sial. Many advocate routine performance of operative
cholangiography citing the increased incidence of bile duct
injuries during laparoscopic cholecystectomy and the loss of
tactile perception in assessing the ducts [8,9,11,13,17,
18,20,22,52). This approach allows for the identification of
unsuspected stones and the delineation of the anatomy prior
to dissection. We and others [7,12,14,15,21] prefer a selective
approach toward laparoscopic cholangiography. These
studies have shown that laparoscopic cholecystectomy can
be performed safely without performing routine cholangiog-
raphy. The available literature and our experience do not

FIGURE 7-4.
A through ), Types of accessory hepatic ducts.
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support the argument that routine cholangiography leads to
a reduction in the clinical syndrome of retained common
duct stones. Flowers and coworkers [8], in a review of 364
laparoscopic cholecystectomies, reported retained stones in
two of 199 (1.0%) patients in whom cholangiography was
not attempted, and in one of 165 (0.6%) patients undergo-
ing attempted cholangiography. A review by the authors of
the Duke experience with selective cholangiography dur-
ing laparoscopic cholangiography has noted retained
stones in 2.1% of patients (Unpublished data). In a
prospective study by Clair and coworkers (7], of 514
patients undergoing laparoscopic cholecystectomy,
retained stones were noted in four of 453 (0.9%) patients
deemed low risk for choledocholithiasis in whom cholan-
giography was not performed. The avoidance of bile duct
injuries through the use of routine cholangiography during
laparoscopic cholecystectomy is unsupported by the litera-
ture as well. Large reviews suggest that the main contribut-

ing factor leading to bile duct injuries is inexperience of
the operating surgeon [53]. In studies addressing the role of
cholangiography, the incidence of bile duct injuries in
patients undergoing laparoscopic cholecystectomy using a
selective approach toward chlolangiography ranges from
0% to 0.5% [7,12,14]. Thus, it is apparent that selective
cholangiography can be performed with no clear increase
in retained stones or bile duct injuries.

Described in the following section is the technique of
transcystic cholangiography. In addition, the technique of
cholecystocholangiography is detailed as an alternative.
The reported advantages of this method include simplicity,
speed, and the delineation of the anatomy prior to dissec-
tion of the cystic duct [22,54,55). Arguments against this
technique including the potential to force stones out of
the gallbladder and into the common bile duct and
decreased reliability are not supported by the relatively
small body of literature currently available.
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FIGURE 7-5.

Variations in the origin and course of the cystic artery. (Adapted from
Anderson [517]; with permission.)

Table 7-3. Indications for cholangiography

Routine

Uncertain anatomy

Abnormal liver function tests
Dilated common bile duct
Jaundice

Multiple small stones in gallbladder

Radiographic evidence of common duct stones
Dilated cystic duct

Pancreatitis

Cholangitis

Single faceted stones (during open cholecystectomy)
Maintenance of surgical skills
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Surgical Tecl'\nique

Figures 7-6 through 7-15 depict the surgical technique for

transcystic laparoscopic cholangiography.

Anesthesia

' ké\& - Primary

N

Set-up

surgeon

Camera
operator

FIGURE 7-6.

The patient is placed supine on the operating table
with care taken to remove objects that might
obscure visualization of the ducts during cholangio-
graphy, including water mattresses. The radiology
technician is alerted prior to the beginning of the
procedure. As in laparoscopic cholecystectomy,

a pneumoperitoneum is established with carbon
dioxide insufflation through an infraumbilically
placed Veress needle (or alternatively a Hasson
trocar if open).
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Set-up

FIGURE 7-7.

Following creation of a pneumoperitoneum, a |0-mm sheath is placed
infraumbilically and the laparoscope is inserted. Five-millimeter sheaths are
placed in the right upper quadrant as follows: anterior axillary line inferior to
the liver edge, and midclavicular between the axillary sheath and xiphoid
process. A 10-mm sheath is placed midiine approximately 5 cm below the
xiphoid process.

Procedure

FIGURE 7-8.

Traction of the gallbladder fundus is applied in the cephalad direction with a
grasper placed through the midclavicular port. The cystic duct is identified and
dissected free. To minimize the nsk of common duct injury, the dissection of
the cystic duct should always begin at the junction of the infundibulum of the
gallbladder and the cystic duct.



Procedure

Clip placed _
proximally —
on cystic ==
duct

Line of incision in
cystic duct

X Common
= bile duct

FIGURE 7-9. FIGURE 7-10.
The endoscopic clip applier is then passed through the |0-mm epigastric Endoscopic scissors
sheath and a single clip placed acro
spillage of g: domen. If the anatomy is unclear placed titanium c

at this point, the surgeon may omit the placement of this clip.

s the proximal cystic duct to prevent

libladder contents into the

FIGURE 7-12.
Photograph showing the Taut and

balloon-tip cholangiocathete
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Procedure

FIGURE 7-13.

The balloon-tip cholangio-
catheter is placed through the
hollow core of the cholangio-
graphy clamp and passed
through the epigastric or mid-
clavicular port into the pen-
toneal cavity. In situations
where the retraction provided
by forceps in these ports is
necessary for adequate
exposure, a fith cannula may
be inserted or the cholangio-
catheter passed through a
percutaneously placed angio-
catheter obviating the need
for another port.

French balloontip
cholangiocatheter

Balloon
inflated in
cystic duct

Ca-theter in

cystic duct ' \) ';.ﬁ
FIGURE 7-14. FIGURE 7-15.
The catheter is guided into the partially transected proximal cystic duct. When  The balloon is then inflated to secure the positioning of the
not using the cholangiogram clamp, the endoscopic grasper may be used in catheter and prevent extravasation of contrast when in-
maneuvering the catheter. If difficulty is encountered in passing the catheter jected. Prior to infusion of contrast, the laparoscope is
into the duct, a guidewire passed through the cholangiocatheter into the duct  removed from the abdomen and care taken to ensure that
may facilitate this step. The catheter is inserted 4 to 5 mm. all radioopaque objects are removed from the radiographic

field. Ten cc of half-strength Renografin (Sanofi-Winthrop,
New York, NY) are then infused via the catheter and the
radiograph obtained during infusion. Care must be taken
to ensure that the tip does not migrate into the common
bile duct, which will produce a cholangiogram with no
retrograde flow. In the case of a cystic duct that is tightly
adherent to the common bile duct, inflation of the balloon

& within the cystic duct may cause an indentation in the wall
of the common duct, giving the false impression of a stone.
Many institutions advocate the use of digital fluoroscopy in
place of standard radiography.
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Alternative Technique

Figures 7-16 through 7-28 depict the alternative technique of
cholecystocholangiography.

Alternative Procedure

FIGURE 7-16.
Alternative number
one. A standard nonbal-
loon-tip catheter may be
used altematively in con-
junction with the cholan-
giography clamp.

Grasper guiding
catheter into duct

FIGURE 7-17.

Alternative number one,
The catheter is guided
into the cystic duct and
its position is then
secured with the clamp
and the contrast infused
as outlined in Figure 7-15.

Catheter N .\3 W
through incision 0\ N .
in cystic duct and AN N _Comrnondlz:g

held with clamp \! )

FIGURE 7-18.

Alternative number two. The standard-tip catheter is passed percutaneously
through the anterior abdominal wall into the peritoneal cavity and guided
toward the cystic duct using the endoscopic graspers. The catheter is inserted
into the partially transected proximal cystic duct and secured into place by the
application of a dlip onto the cystic duct. The contrast is infused and the radi-
ograph obtained as outlined in Figure 7-15.

Laparoscopic Cholangiography T.11



Alternative Procedure

FIGURE 7-19.

Photograph of properly performed cystic duct
cholangiogram.

FIGURE 7-20. FIGURE 7-21.
Photograph of inadequate cystic duct cholangiogram.  Photograph of cystic duct cholangiogram with stones.

FIGURE 7-23.

The needle is with-
drawn leaving the
sheath intraluminal
and the contents of the
gallbladder aspirated.

Angiocatheter
over needle

Contents
removed

FIGURE 7-22.

An altemative to transcystic cholangiography is cholecystocholangiography
Following insufflation and insertion of the sheaths, the fundus is retracted
anteriorly to the abdominal wall by an endoscopic grasper placed through
the midclavicular sheath. A |4-gauge, 6-inch angiocatheter is then placed
percutaneously into the gallbladder fundus under direct visualization.
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Alternative Procedure

| // ’
‘ 3 _f//
W/ Gallbladder Leaka:
¥/, . ge
/"'f-. ) g':e"defarn 2\ stopped with
with Renografi grasper
\
\
\. | A
| .
— & 3 = _
. / N—
QA
AN .
FIGURE 7-24. FIGURE 7-25. FIGURE 7-26.
Full-strength Renografin is then placed into the gall-  The catheter is then withdrawn and its insertion Photograph of normal cholecystocholangiogram.
bladder via the angiocatheter with a total volume site in the fundus grasped with an endoscopic

equal to the volume of contents aspirated plus 30 cc.  grasper placed via the axillary sheath to prevent
spillage of contrast. Cephalad retraction with this
grasper is maintained and the radiograph obtained.

FIGURE 7-27. FIGURE 7-28.
Photograph of inadequate cholecystocholangiogram Photograph of cholecystocholangiogram with stones.
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Results

Table 7-4 describes the laparoscopic cholangiography
experience in the recent literature. Technical success,
defined as the ability to obtain a cholangiogram of suffi-
cient quality to allow interpretation, appears to be over
90% in most hands.” Although the follow-up was not com-
plete in most studies, the percentage of patients experienc-
ing the clinical syndrome of retained stones was less than
1% in the selective approach. These studies incorporated
preoperative endoscopic retrograde cholangiopancreotog-
raphy (ERCP) in those individuals with a high risk for com-
mon bile duct stones. Abnormal anatomy, most commonly
a short cystic duct, was present in 5% to 10%, although the
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Ithough the first cholecystectomy was performed by

Langenbuch in 1882 [1], the common bile duct was
not explored until 1890 [2—4]. For nearly 80 years, surgical
common bile duct exploration was the treatment of choice
for choledocholithiasis. The era of nonoperative or mini-
mally invasive treatrmnent of common duct stones was ush-
ered in by the introduction of interventional radiologic
methods for stone extraction in 1964 (5], followed by the
development of retrograde endoscopic techniques first
introduced in 1974 [6,7].

Since the advent of laparoscopic cholecystectomy in
1987 [8,9], gallbladder surgery has been irrevocably
changed. Large series documenting the safety, efficacy,
and patient acceptance of this less invasive procedure
have been reported [10-14]. Although it was initially
believed that laparoscopic exploration of the bile duct was
not feasible, it is now clear that successful transcystic or
supraduodenal bile duct exploration is possible and tech-
nical success can be expected in the majority of patients
[11,13-38]. The aim of this chapter is to describe the indi-
cations and technique of laparoscopic transcystic common
bile duct exploration for the surgeon currently performing
laparoscopic cholecystectomy.

Anatomy and Pathophysiology

The common bile duct (choledochus) is contained within
the porta hepatis along with the portal vein and common
hepatic artery (Figure 8-1). It is formed by the confluence
of the common hepatic duct and the cystic duct within the
hepatoduodenal ligament and courses through the pancreas
and into the medial side of the second portion of the duo-
denum. There it usually forms a short common channel
with the pancreatic duct (the ampulla), which ends in the
papilla of Vater opening into the lumen of the duodenum.
The length of the common bile duct is inconstant because
of the variable insertions of the cystic duct and length of
the intraduodenal segment.

It is especially important to understand the tenuous
blood supply of the choledochus because its sacrifice may
lead to ischemic stricture. All three of the gastroduodenal,
common hepatic, and right hepatic arteries contribute to a
network of small axial branches, the most prominent being
located on the sides of the bile duct. These are usually
called the “three o'clock” and the “nine o’clock” arteries,
signifying their position relative to the bile duct’s cross sec-
tion (Figure 8-1). Because of their location, circumferential
dissection of the bile duct should be avoided.

Right hepatic duct Right hepatic artery

“9 o'clock™”
and

“3 o'clock”

arteries of

the commonZ

bile duct

Gallbladder.

Ampulla

Papilla of Vater

Pancreaticoduodenal
vessels

Left hepatic duct

Left hepatic artery

Portal vein

= Common hepatic
artery

2z Cystic duct —

Gastroduodenal

Stone in ampulla
artery

of Vater

FIGURE 8-2.

\ Choledocholithiasis. In this case, a cholesterol
N\ gallstone has traveled down the cystic duct into
the common bile duct and lodged at the ampuilla

of Vater.

FIGURE 8-1.

The biliary system. Note the blood supply of the common bile duct arising
from the gastroduodenal, common hepatic, and right hepatic arteries.
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Choledocholithiasis is defined as the presence of stones
in any portion of the common bile duct, although the most
frequent location is at its most narrow portion at the papilla
(Figure 8-2). Stones in the common hepatic duct comprise
only about 5% of all stones in the biliary system [39].
Approximately 8% to 15% of patients under 60 years of age,
and as many as 15% to 60% of patients over the age of 60
years undergoing cholecystectomy have common duct
stones [40]. The most common type are secondary common
bile duct stones, which arise from the gallbladder and gain
access to the common bile duct via the cystic duct.
Retained common duct stones are defined as stones discov-
ered up to 2 years following cholecystectomy with the pre-
sumption that choledocholithiasis was present at the time of
operation. Finally, primary common duct stones are stones
that develop de novo in the common bile duct. Somewhat
arbitrarily, common duct stones discovered more than 2
years following cholecystectomy are classified as primary.

Clinical Presentation

When calculi become lodged in the common bile duct they
cause obstruction to bile flow, increased pressure within
the duct, and subsequent distention of the proximal biliary
system. The classic presentation of choledocholithiasis,
therefore, consists of 1) acute right upper quadrant pain
(biliary colic) caused by increased pressure within the bil-
iary tract; and 2) jaundice as a result of the obstruction to
bile flow. However, the presence of clinically detectable
symptoms is directly related to the degree of obstruction
and it is well known that many common bile duct stones
allow some bile flow to continue. In order to make the
diagnosis of choledocholithiasis, therefore, a high index of
suspicion must be maintained for all patients with gall-
stones. A large number of clinical criteria have been estab-
lished in an attempt to predict which patients with
cholelithiasis are at risk for common bile duct stones (Table
8-1). In general, preoperative clinical, laboratory, and radio-
logic data are reliable in predicting the absence of choledo-
cholithiasis in greater than 95% of cases [41,42]. Because of
the large number of patients with gallstones, however, this
still leaves a significant number of cases in which common
bile duct stones found at the time of surgery were entirely
unsuspected [43).

Management of Choledocholithiasis

In the present era of minimally invasive surgery, endoscop-
ic retrograde cholangiopancreatography (ERCP), and
sophisticated interventional radiology, many patients with
choledocholithiasis can be safely and successfully managed
without the need for a right upper quadrant incision and
open common bile duct exploration. Notable exceptions
include patients with cholangitis, gallbladder perforation,
pancreatitis, suspicion of carcinoma, or large impacted
stones in which time consuming minimally invasive tech-
niques must often be relinquished for standard and proven
medical and surgical therapy.

Patients with uncomplicated choledocholithiasis, however,
are excellent candidates for minimally invasive techniques. For
the purposes of the laparoscopic surgeon, these patients gen-
erally fall into two categories: 1) patients with cholelithiasis
who are suspected to have choledocholithiasis as a result of
their preoperative evaluation; and 2) patients who are under-
going laparoscopic cholecystectomy and are found to have
choledocholithiasis intraoperatively. The management strate-
gies for these two groups of patients are slightly different.

For patients suspected of having choledocholithiasis pre-
operatively, the decision must be made whether to obtain a
preoperative ERCP for the purpose of retrieving the stones
from the common duct. This has been termed clearing the
duct. The reported success rate of ERCP for the removal of
common bile duct stones preoperatively approaches 95%
[13,38,44—48], although this level of success may not be
achieved in centers with limited ERCP experience. Also,
since the positive predictive value of clinical parameters for
choledocholithiasis is at best about 50% [12,41,42,49,50), use
of routine preoperative ERCP will subject many patients to
unnecessary examination [50-53]. The relative indications
for clearing the duct preoperatively are given in Table 8-2
and suggest a strategy for selective preoperative ERCP.

A particularly noteworthy indication for preoperative
ERCP is the presence of choledocholithiasis in an elderly
patient. This has the advantage of making the subsequent
laparoscopic cholecystectomy more expeditious since
cholangiogram or duct exploration will not be required.
Furthermore, some investigators have questioned whether
these patients even need a subsequent cholecystectomy
since the risk of recurrent biliary tract problems following
endoscopic stone removal in elderly patients (roughly 10%

Table 8-1. Clinical, laboratory, radiologic, and
intraoperative criteria for possible
choledocholithiasis

Clinical presentation

Jaundice (present, recent, or recurrent)

Light colored feces (stools devoid of bile pigment or “acholic” stools)
Dark urine (containing bilirubin)

Fever (present or recent)

Laboratory values

Serum biirubin > 1.2 mg/dL
Serum alkalne phosphatase > 250 UL

Radiologic studies

Multiple small gallstones
Common ble duct diameter > 6 mm
Common bile duct calculi

Intraoperative findings

Mutltiple small galistones
Common bile duct diameter > [0 mm
Cystic duct dameter > 5 mm
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in 5 years) compares favorably with the risk of cholecystec-
tomy [51,54-58]. Thus, not all patients with choledocholithi-
asis must have a cholecystectomy.

If both the laparoscopic surgeon and the endoscopist are
experienced in stone removal and the patient is a good
operative candidate, preoperative ERCP is not necessary,
and patients may be taken directly to laparoscopic chole-
cystectomy with plans for retrieval of stones via a laparo-
scopic approach or postoperatively via an endoscopic
approach. Also, regardless of the extensiveness of the pre-
operative evaluation, some cases of choledocholithiasis will
be discovered intraoperatively following cholangiography.
It is in these two scenarios that there is a role for laparo-
scopic treatment of common bile duct stones.

Surgical Technique

Figures 8-3 through 8-12 depict the surgical technique for
laparoscopic transcystic common bile duct exploration.

Table 8-2. Indications for preoperative
ERCP in patients suspected of
choledocholithiasis

Clinical suspicion of choledocholithiasis and:
Presence of multiple stones

Small cystic duct and/or common bile duct (may preclude safe
transcystic exploration)

Eldery patient
High operative nsk

Endoscopist with limited experience in stone retrieval (if eventually
required postoperatively)

Surgeon with limited experience in laparoscopic treatment of
choledocholithiasis

Wishes of the patient (strong desire to avoid open procedure)

ERCP—endoscopic retrograde cholangiopancreatography.

Procedure

Clips on
stic artery

Z‘ -\'

Line of incision in
cystic duct

Common bile
duct

FIGURE 8-3.

The procedure is performed at the time of laparoscopic cholecystectomy fol-
lowing intraoperative cholangiogram. The cystic artery is identified and doubly
clipped. The cystic duct is identified and clipped on the gallbladder side to pre-
vent bile and stone spillage. The cholangiocatheter is removed. If the cholan-
giogram has been obtained via the cystic duct. then the cystic duct incision is
used for transcystic cholangioscopy. If no cystic duct incision has been made (as
in the figure), then the gallbladder is retracted superomedially placing traction
on the cystic duct, and the duct is incised one half its full diameter, approxi-
mately 1.5 to 2.0 cm proximal to its junction with the common hepatic duct.

8.4 Ailas of Laparoscopic Surgery

Insertion of
flexible endoscope
into cystic duct
with blunt grasper

Cholangioscope

FIGURE 8-4.

A 2.7- to 3.3-mm outer diameter flexible endoscope is passed through the
right upper quadrant trocar and advanced into the cystic duct. Obviously, the
smaller the diameter of the endoscope, the easier passage will be. Many small
scopes are available (ACMI-Circon, Olympus, Intramed Laboratories, Karl
Storz Endoscopy), although they may have been onginally designed as uretero-
scopes or choledochoscopes. Care should be taken to grasp the scope with
noncrushing forceps only. Some authors advocate the use of a hydrophilic
guidewire to facilitate ductal access [21,23,28,32,59].



FIGURE 8-5.

If the smallest available scope cannot be advanced
through the cystic duct, the cystic duct may be
gently dilated with either mechanical tapered dilators
or an angioplasty balloon system. Cystic duct dilata-
tion can be safely performed up to 4 mm; dilatation

beyond 8 mm is not recommended [32]. Obviously,

rigorous dilatation of a tight cystic duct should be
avoided and the procedure abandoned if the
cholangioscope does not pass entirely. If the cystic
duct-common duct junction is disrupted by forcible
dilatation, open exploration may be required for
repair. The administration of glucagon 2 mg intra-
venously may also be of benefit by providing
smooth muscle relaxation of the cystic duct.

Stone pushed
through ampulla
with endoscope

Procedure

Endoscopic view
of stone in

P ampulla of

Vater

Stone in
ampulla

FIGURE 8-6.

Once the cholangioscope is in the common bile duct, the video camera
should be removed from the laparoscope and placed on the cholangioscope
for maximum resolution. The cholangioscope is gently advanced distally in the
common duct until stones are visualized (inset). The common hepatic duct can
sometimes be visualized by gently twisting the cholangioscope superiorly to
negotiate the acute angle of the junction of cystic and common hepatic ducts.
Excessive effort, however, may cause tearing of the ductal system and should
be avoided.

Stone forced through
ampulla with fluid
from catheter

FIGURE 8-7.

When stones are encountered they may often be
made to pass through to the duodenum just by
gently pushing with the cholangioscope.

FIGURE 8-8.

If the stones do not pass with gentle scope manip-
ulation, a number of maneuvers may be attempted.
A red rubber catheter or similar device may be
passed into the cystic duct for flushing of the
common duct.

FIGURE 8-9.

If the cholangioscope has a sufficiently large operat-
ing channel (I-1.5 mm), then a stone basket may
be used for retrieval.
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Stone retrieved
with balloon
catheter

FIGURE 8-10.

Lastly, a 3-French Fogarty embolectomy catheter
may be used to retrieve the stone. This may be dif-
ficult as the stone may be withdrawn into the com-
mon hepatic duct and rendered irretrievable.

Completion

cholangiogram \
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Procedure

Endoscopic view of
“cleared duct”

FIGURE 8-11.

When the stones have been removed, the cholangioscope is again inserted
and the ampulla visualized.

FIGURE 8-12.

A completion cholangiogram is then performed to confirm ductal clearance.
Cystic duct control following extensive dilatation and manipulation is critical.
Although simple endoscopic clips may be routinely employed after cholecys-
tectomy alone, single or double endoscopic loop sutures are preferable after
transcystic exploration. A subhepatic Jackson-Pratt closed-system drain is
placed prior to closure.



Results

The reported experience for laparoscopic treatment of
choledocholithiasis is given in Table 8-3. Although this
chapter describes the most popular method of transcystic
bile duct exploration, a variety of other methods for stone
identification and extraction have been suggested, including
the use of the pulsed dye laser or electrohydraulic lithotrip-
sy [13,23,24,27,28,32,34,59], transcystic placement of a T-
tube for laser use [20,28,30,32], placement of common bile
duct introducer sheaths for multiple stones [32], bile duct
exploration under fluoroscopic control [23,32,33), balloon-
catheter-assisted antegrade stone advancement [26], intra-
operative ultrasound or ERCP [60], laparoscopic sphincter
dilatation [26,28], and supraduodenal laparoscopic common
bile duct exploration [11,18,20,23,25,28-30,32,37,59,61].

Regardless of the method employed, traditional surgical
principles must be adhered to as well as the useful adage of
“do no harm.” As with open bile duct exploration [62-65],
there are potential risks of common duct complications, espe-
cially duct ischemia, stricture formation, and biliary sepsis.
Whether endoscopic sphincterotomy is preferable to open
common bile duct exploration continues to be debated
[66-71], and its comparison with laparoscopic duct explo-
ration has not been definitively studied. However, as the
reported success of endoscopic duct clearance following
laparoscopic cholecystectomy is excellent [12,15,38,45,46}, and
in view of the well-documented evidence that most stones
less than 3.0 mm in diameter may pass spontaneously with-
out symptoms [72], persisting with the laparoscopic approach
in a difficult common bile duct is probably not warranted.

Table 8-3. Results of laparoscopic treatment of choledocholithiasis compiled from various studies
Postoperative
Cases of Successful Supraduo- Unsuccessful Post- lithotripsy/
choledocho- laparoscopic Transcystic denal laparoscopic No further Open  operative radiologic Comp-
Study lithiasis, n  extraction, n approach, n approach, n extraction, n therapy,n CBDE,n ERCP,n extraction,n lcations
Appel and coworkers [26] 8 7 7 | |
Bagnato and coworkers [16] 16 | 5 5
Sackier and coworkers [21,22), 69 52 52 17 17
Shapiro and coworkers
[23], Cuschieni and Berci
[28], Hunter and Soper
(32]
Cuschieni and coworkers [10], 25 25 12 16 7 I 6
Cuschieri and Berci [28]
Dion and coworkers [29] 5 5 3 2
Cuschieri and Berci [28] 27 27 0 27
Gelin [30] 58 26 25 1 32 21 10 | 3*
Cuschien and Berci [28], 26 22 18 4 4 4 5t
Hunter and Soper [32],
Ido and coworkers [34]
Ido and coworkers [34] 13 I 1 2 I I
Jacobs and coworkers [ 18] 8 7 8 | [
Ko and Airan [1 1], Cuschieri 25 20 16 4 5 4 2
and Berci [28]
Larson and coworkers [13], 50 20 20 30 26 4
Vitale and coworkers [38]
Newman and coworkers [35] I | I
Petelin {19], Cuschieri and 65 62 60 2 3 I 2
Berci [28]
Carrol and coworkers [27], 66 59 56 3 7 4 3 4z
Cuschieri and Berci [28]
Quattlebaum and 15 5 3 2 10 3 6 |
Flanders [20]
Reddick and coworkers [15], 29 7 22 3 3 16
Spaw and coworkers [24],
Reddick and coworkers [59]
Smith and coworkers [36] | I I 5
Stoker and coworkers [25] 5 5 5
Swanstrom and Sangster [37] 28 26 7L | 2 2 48
Totals 540 399
*Death at 2 months (1), transient bilary leak (1), subphrenic abscess ().
fTransient hypermylasemia or hyperbilirubinemia (4), subhepatic abscess (1).
#Transient hypermylasernia (2), minor wound infection (1), pneumothorax (1).
§Persistent bile drainage (1), perforation of duct with no clinical sequelae (1), ampullary laceration (1), retained stone (1).
CBDE—common bile duct exploration; ERCP—endoscopic retrograde cholangiopancreatography.
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Laparoscopic cholecystectomy has been documented
to be a safe and effective procedure in the treatment
of symptomatic gallbladder disease. Widespread satisfac-
tion among patients and surgeons has led to its position as
the current treatment of choice for symptomatic gallstones.
As the popularity of laparoscopic cholecystectomy grew, it
became clear that there was a learning curve associated
with the procedure during which there was a higher than
expected rate of complications, especially major biliary
ductal complications. This was related largely to unfamil-
iarity with new instruments and technology and the con-
version from a three-dimensional, hands-on technique to a
two-dimensional, video-assisted technique.

The early prospective study by the Southern Surgeons
Club documented a low overall complication rate of less
than 5% and a bile duct complication rate of 0.5% [1].
Series were reported, however, with bile duct complica-
tion rates as high as 3%, a sixfold increase from the
expected rate of open cholecystectomy [2]. The follow-up
study of over 9000 cholecystectomies revealed that the
risk of bile duct injury in any one surgeon’s experience
was increased during a learning curve that lasted primarily
the first 15 cases and reached nadir at 50 cases [3].

A review of the intraoperative video tapes that accom-
pany many injuries reveals that nearly all biliary complica-
tions associated with laparoscopic cholecystectomy are
preventable (Table 9-1). Moreover, major complications
not associated with the biliary tract are also preventable if
a set of simple principles is applied. Errors in the identifi-
cation of ductal or arterial anatomy lead to the most dire
complications, and adequate visualization of the cystic
duct entering the gallbladder is the goal in every laparo-
scopic cholecystectomy.

Anatomy

A detailed knowledge of normal and anomalous hepato-
biliary anatomy is necessary to avoid complications.
Common anomalies of the hepatic arterial and biliary duc-
tal anatomy occur that may increase the hazards of laparo-
scopic cholecystectomy (Fig. 9-1). The gallbladder usually
lies to the right of the common bile duct with the cystic
duct—common duct union lying just above the first portion

of the unmobilized duodenum. This junction may occur
anywhere in the extrahepatic biliary tract, however, from
the hepatic ducts above the bifurcation to the intrapancre-
atic common bile duct, and may occur anywhere around
its circumference. In addition, there are anomalous acces-
sory ducts that may join the common or cystic duct direct-
ly from the hepatic parenchyma. These anomalous con-
nections or ductal structures occur in 10% to 15% of
patients. While an anomalous insertion of the cystic duct
may make the dissection more tedious and identification
of the anatomy difficult, if the gallbladder cystic duct junc-
tion is identified correctly, major complications should not
ensue. However, identification of accessory ducts and
their avoidance is critical to safe completion of laparo-
scopic cholecystectomy. )

Aberrant anatomy of the hepatic artery, especially the
right hepatic artery, is present in 15% to 20% of cases.
Commonly seen patterns of the branching of the right
hepatic artery include a medial right hepatic artery that
runs posterior to the common duct (60%), a medial right
hepatic artery that runs anterior to the common duct
(25%), and an aberrant right hepatic artery arising from
the superior mesenteric artery and running posterior to the
common duct in 15% to 20% of the cases. The posterior or
aberrant right hepatic artery is in danger in any dissection
low on the cystic duct or when the common duct is
misidentified as the cystic duct and dissected free in the
portahepatis. The artery may be injured by cautery, clip-
ping, laser, or traction.

Biliary Complications

Common patterns of injury have been recognized (Table
9-2). The classic injury and its variants are the most com-
mon and devastating injuries, while burn injuries, bile
leaks, and retained stones are also encountered.

The Classic Injury

The classic laparoscopic biliary injury results when the
common bile duct or common hepatic duct is misidenti-
fied as the cystic duct during the initial dissection phase of
the cholecystectomy (Fig. 9-2).

Table 9-1. Factors contributing to intraoperative injury

Table 9-2. Patterns of injury

Problem Result

Classic injury: resection of extrahepatic

Inexpenience with equipment
Inadequate training, proctoring

Inability to perform cholangiography
Misunderstanding of electrosurgical
principles

Thermal injury

Poor visualization, exposure

Overconfidence, misidentification of anatomy,
failure to convert prior to injury

Misidentification of anatomy

biliary tree
Cystic duct—common duct injury
Cystic duct-nght hepatic duct injury
Right hepatic duct clip/transection
Lateral common bile duct tear/laceration
Bum-induced stricture
Cystic duct leak
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Variations of the classic injury

A common variation of the classic injury occurs when
appropriately placed clips are applied to the proximal
cystic duct, but because of inappropriate dissection and
traction with tenting of the common bile duct, the dis-
tal clips are placed on the common duct. The cystic

duct is then divided near the common duct junction
leading to total proximal biliary leakage and obstruc-
tion of the common bile duct. Patients with short or
nonexistent cystic ducts are particularly prone to this
injury. Figure 9-3 depicts a variation of the classic

injury.

Right hepatic
duct

Right hepatic
artery,

Left hepatic

Left

Common hepatic hepatic artery

duct
Cystic artery
Common

Cystic duct hepatic artery

0

FIGURE 9-I.

Common anomalies of the hepatic artenial and biliary ductal anatomy that may
increase the hazards of laparoscopic cholecystectomy. A, Conventional arterial
and ductal anatomy. B, Right hepatic arterial branch posterior to the common

hepatic duct. €, Replaced right hepatic artery arising from the superior mesen-
teric artery. D through 1, Vaniants of cystic and accessory duct insertion into
the extrahepatic biliary tree.

Complications of Laparoscopic Cholecystectomy 9.3



Classic Injury

FIGURE 9-2.

A small vessel that accompanies or approaches the
common duct is misidentified as the cystic artery
and is clipped and divided. The major ductal struc-
ture is then dissected free from surrounding portal
structures, clipped, divided, and removed with the
gallbladder. This leads not only to common duct
injury but resection of a segment of the major
extrahepatic biliary tree. The injury is often associ-
ated with right hepatic arterial injury because of its
proximity as the ductal structures are dissected
free from what is thought to be the gallbladder
bed. The proximal duct structures are transected
anywhere from just below to well above the bifur-
cation of the hepatic duct.

Thermal Injury
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