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Preface

The specialty of general surgery has recently undergone
arevolution. The application of video-guided surgery to
cholecystectomy led to the greatest postgraduate train-
ing effort in the history of general surgery. Just several
years since the first successful case in 1987, laparoscopic
cholecystectomy has become the preferred technique for
cholecystectomy throughout the world. Many surgeons
felt that this revolution was patient driven, and most
were forced reluctantly to learn the technique. Now, vir-
tually every intra-abdominal procedure can be accom-
plished using laparoscopic guidance. These “advanced”
procedures are being performed by ever-increasing
numbers of surgeons who have embraced the techniques
of laparoscopy not only because of the benefits to their
patients, but also because of the finesse and artful skill
required in the technique. No longer are laparoscopic
operations limited to those requested by patients. They
are being developed and perfected by laparoscopic sur-
geons throughout the world.

Operations such as laparoscopic procedures for chol-
ecystectomy, antireflux surgery, adrenalectomy, splenec-
tomy, gastrostomy, appendectomy in women, liver biop-
sy, and gynecologic procedures have been accepted as
clearly better than their “open” counterparts. Laparos-
copic appendectomy in men, hernioplasty, colectomy,
gastrectomy, and pancreatectomy are being performed
but remain controversial. This surgical atlas is not meant
to debate the controversies. Nor is it a textbook in the
sense that the physiologic origins and histopathology of
the diseases being treated by operation are not (with a
few exceptions) discussed.

This is an atlas of laparoscopic strategies. It is meant
to provide surgeons and surgeons-in-training who are
performing and assisting in these procedures with a
proven step-by-step technique employed successfully by
the experts in the field. The chapters are brief so that in
five minutes or less a resident may review a procedure
preoperatively. This atlas contains black and white line
drawings to facilitate quick recognition of detail. This at-
las should be used in the operating room, the operating
room lounge, and in the residents’ library.

The views and surgical strategies expressed are those
of the authors. In most cases there is more than one way
to accomplish the operation detailed. We make no at-
tempt to discuss or even show some of the other ap-

proaches, not because they are inferior, but because time
and space do not allow. Again, our goal is to show the
techniques successfully employed by the authors.

The nature and purpose of this book makes it essen-
tial that it be well illustrated. The principal illustrator is
Gino Hasler. Without his talents the book could not have
been produced, and the editors are grateful to him for his
patience and understanding. He had to perform count-
less revisions of seemingly insignificant detail to satisfy
our perfectionism. The editors are also grateful to Mary
Semski, who typed the manuscript. We also must thank
Springer-Verlag for supporting this project.

Finally, the editors would like to thank all of the au-
thors. Without exception they are incredibly busy. All
have ambitious operating schedules, teaching respon-
sibilities, and projects of their own. We appreciate the
sacrifices that they and their significant others have
made in taking the time to contribute to this book. We
know their contributions were made in the name of
friendship and their love for the growing field of lapar-
oscopic surgery.

EDWARD H.PHILLIPS
RAULJ.ROSENTHAL
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SECTION 1



1 Basic Instrumentation and Troubleshooting

M. PAz-PARTLOW

Introduction

Since its introduction in 1987 laparoscopic cholecystec-
tomy has irrevocably changed general surgery. New
techniques have been introduced into the operating
room which all surgeons today are expected to know. It
is imperative that surgeons in training thoroughly com-
prehend laparoscopic procedures, equipment, and in-
strumentation so that they may resolve incipient intra-
operative problems in a timely fashion (see Table 1).

Preliminary Preparation

Perioperative Measures

Preliminary preparation begins with review of the pro-
cedure and surgeon’s preference card. Availability of all
essential equipment and instrumentation is assured, in-
cluding the basic set as well as any special ancillary or
consumable instrumentation required. Spares of critical
instrumentation should be readily available, ranging
from a backup video camera to spare washers and
adapters for trocars. Since the patient is often reposi-
tioned after the procedure has begun, he should be se-
cured to the operating table with safety straps, adding
shoulder braces and footboards if necessary.

Room Layout

Video monitors are positioned to provide convenient
viewing in accordance with the surgeon’s sight line. A
line from the surgeon’s eyes through his hands and the
operative site intersects with the ideal monitor position.
The monitor position must be adjusted for appendecto-
my, colon resection, or other procedures. All equipment
is arranged around the operating table and checked
prior to the patient’s entry.

Basics

Regardless of the procedure, certain basic instruments
are always employed in laparoscopic surgery. These in-
clude the Veress needle, trocars, telescope, graspers, and
cautery electrodes that can also irrigate and aspirate and
an electronic insufflator.

Veress Needle

Although there are now alternative methods, such as the
various “laparo-lifts” with which to create a space in
which to work, most surgeons begin by introducing a
Veress needle into the abdominal cavity through which
CO, may be infused. The needle consists of a sharp out-
er sheath and a blunt spring-loaded obturator designed
to guard against organ injury upon penetration.
Disposable needles are based on the same design, their
advantage being a sharper tip and visible introduction
mechanisms.

Insufflation

Creation and maintenance of an adequate pneumoperi-
toneum is essential for performing safe and successful
laparoscopic procedures. The scrub nurse confirms pa-
tency of the Veress insufflation needle by attaching a 10-
cc Luer-Lok syringe and injecting saline through the
needle. On electronic insufflators the main power must
be turned on. The CO, tank is opened with a valve
wrench, and adequate tank pressure is verified by the
circulating nurse. The initial pressure setting and flow
rate are dialed in. Volume reading is reset to zero prior to
patient insufflation. To begin gas flow the insufflation
“on” button is pressed. Pressure and flow rates can be in-
dicators of problems and should be monitored through-
out the procedure. High pressure accompanied by low
flow rate may indicate obstruction or occlusion. During
initial insufflation this condition may be caused by
Veress needle aperture blocking against tissue, and this
requires repositioning. If it persists, the CO, tubing
should be checked for kinking, and all stopcocks, includ-
ing the trocar inflow, should be opened. Low or no pres-



Table 1. Troubleshooting guide

Section 1 M. PAzZ-PARTLOW

Symptom

Cause

Solution

1. Pneumoperitoneum

loss/poor insufflation

2. Pressure readings too high

3. Dim image/poor lighting

4. Overly bright image

5. No monitor image(s)

CO, tank empty
Open accessory port stopcock(s)
Trocar seal leak or stopcock leak

Too much suctioning

Insufflator tubing; loose connections at unit
or port

Loose Hasson stay sutures
Veress needle not in peritoneal space

Tubing blocked (kinked, cart wheel,
too small)

Stopcock closed
“Light” anesthesia

Cable not well connected at port
and/or scope

Unit on lowest setting
Burn-out bulb

Light cable broken
Scope light fibers broken

Camera auto-iris compensating for
overbright reflection

Brightness on monitor misadjust
to minimum

“Gain” on camera control unit is set on high
Light source’s “boost” is on

Brightness on monitor misadjust
to maximum

Monitor, camera control, or other electronic
accessory in cart not switched on

Coaxial cable connections to monitor from
camera control unit or last electronic item
in chain not coupled correctly

Coaxial cable between first and second cart
monitors not connected

Wrong “input” selection made on monitor

Change tank; have spare in room
Check all trocars; close open stopcocks
Exchange for new one

Stop suction; wait for reinsufflation
of abdomen

Tighten connections

Refasten Sutures
Reinsert needle

Check all tubing

Open stopcock
More muscle relaxant

Tighten connections

Increase to maximum
Replace
Replace
Replace

Switch to “manual” iris or move scope

Push “reset” button for factory settings.
Cover fine tuning buttons

Set to normal
Turn off “boost”

Pusch “reset” button for factory settings
Check all power cords. Turn on all units

Run coaxial cable “video out” from camera
or last item in sequence (i.e., VCR, printer)
to “video in” on monitor

Run cable “video out” from
cart 1 monitor to “video in” on
cart 2 monitor

Choose the right “input” button on
monitor’s front
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Table 1. (continued)

Symptom Cause

Solution

6. Inferior monitor image
abdominal cavity

Lens tip smeared with fluids

Intermittend electrical inter- Broken coaxical cable

ference, flashes, flickering

unit or light source

Wet connecting plug on camera cable

Fuzzy image Camera out of focus

Internal condensation on scope, damaged

cover glass

7. Insufficient irrigation/suction

Suction/irrigation tip blocked, valves stuck

Suction tubing not connected to wall

or canister

Pressure not dialed in; CO, or nitrogen

valves not open

8. Inappropriate/no cautery Insecure grounding pad

current

Electrosurgical cable partly disconnected

to unit or handswitch

Scope fogs when introduced into

Inadequate shielding on camera control

Tubing blocked (kinked, tissue, clots)

Pre-heat scope in warm saline. Keep
antifogging solution on sponge in field

Clean tip
Replace cable

Isolate electrosurgical unit on separate
circuit

Blow dry with compressed air
Adjust focus ring

Check lens and camera; exchange

Check complete length; flush
Flush with syringe; replace

Double check and tighten all connections
Check gas source for correct settings
Secure pad to patient, ensuring good

contact

Anchor the contacts

sure with normal flow rates often signifies a leak. Tight
connection of gas tubing Luer-Loks at all points along
the line should be confirmed. Verify that all trocar seals
are of appropriate diameter and are firmly seated.

Irrigation Aspiration

Irrigation and aspiration are critically important during
laparoscopic procedures, particularly for maintenance
of clear visual fields and hemostasis. Variable speed per-
istaltic irrigation pumps are available with gas steriliz-
able cartridges. It is important to assure that these car-
tridges are securely inserted and rotated to the locked
position. Irrigation flow is controlled via a foot pedal.
Nitrogen gas pumped irrigation systems are also avail-
able. After the tank regulator has been appropriately set,
irrigation flow is controlled by means of a trumpet valve
or stopcock on the irrigation cannula. Many manufac-
turers incorporate irrigation and aspiration into a single
dual-control instrument. These eliminate switching of
tubing or instruments and can reduce the number of
trocar sites required in some situations.

Trocars

With trocars we create pathways into the abdominal cav-
ity through which to perform surgery. Cannula sleeve di-
ameters are usually 1 mm larger than the instruments to
be introduced through them. Two 11-mm and two 5-mm
trocars with pyramidal obturators are usually employed
for laparoscopic cholecystectomy. The stylets on reus-
able trocars should be sharpened regularly. Disposable
trocars offer sharp stylets and tip shields that may help
avoid organ injury. These, however, are not foolproof
and do not supplant proper insertion techniques. The
newest single-use trocars incorporate anti-splashback
features and universal valves that allow instruments
ranging from 5 to 11 mm to be introduced without at-
taching converters. If the patient has had previous sur-
gery, and difficulties are encountered in achieving the
pneumoperitoneum, an open laparoscopy may be at-
tempted, using a Hasson cannula. A direct cutdown is
made into the abdominal cavity, followed by stay sutures
placed in the fascia. The cannula is placed in the abdo-
men and secured in place with the stay sutures. CO, tub-
ing is then attached, and insufflation commences
through the Hasson cannula.
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Optics/Light Carriers

A 0° telescope is most commonly used for gynecological
procedures, while a 30° fore oblique telescope is most of-
ten employed in the upper abdomen. By rotating the 30°
slowly around the peritoneal cavity, one can peer into
gutters and over organs in a manner not possible with
the 0°. The main telescope is 10 mm in diameter, al-
though a 5-mm laparoscope is also kept on hand should
it be needed due to adhesions or abdominal trauma.

Introducing the telescope “cold” into the abdomen
causes it to fog due to higher internal temperature and
humidity. To prevent this the telescope is placed in a
stainless steel warmer filled with sterile water at body
temperature. A sponge soaked with an alcohol-based
antifogging solution is attached to the drapes near the
scrub nurse to facilitate tip cleaning during the proce-
dure.

Visual clarity is essential for successful laparoscopic
intervention. Deficiencies in either the telescope’s opti-
cal resolution or illumination can be a deciding factor
between proceeding laparoscopically or opening the pa-
tient. The scrub nurse should visually inspect the tele-
scope for clarity, taking care not to contaminate the eye-
piece. One should reexamine it for fogging. The distal
cover glass should be free of any chipping or scratches.
The scope should be examined visually for dents and
also felt for dents. The scope is held to admit light
through the cable input, and the distal tip is inspected
for fiber bundle transmission. Fiber damage of 25% or
greater is unacceptable; the scope must be replaced. Of
equal importance is the light carrier, which may be ei-
ther a fluid or a glass fiber light cable. The quartz rod tips
of fluid cables are particularly susceptible to fracture
and must be handled with care. Gas sterilization causes
the fluid bundle to yellow, resulting in color distortion
and light loss. The fluid cable should be inspected for
sharp bends and cracks in the plastic sheath.

Glass fiberoptic cables are comprised of tiny glass fi-
bers which can be broken from mishandling. One end of
the cable is held to the light, and the distal end is exam-
ined for adequate transmission. Significant light loss
through broken fibers decreases the illumination to un-
acceptable levels, and the cable must be replaced. Fiber
cables yellow with age and gas sterilization. When this
process reaches a level which alters color and transmis-
sion, the cable should be removed from service. Tears or
cracks in the protective outer sheathing of glass fiber
bundles can accelerate this process and should be re-
paired when possible or the bundle discarded.

Cleanliness is extremely important to continued light
cable efficiency. Any contaminate, including water on ei-
ther end, can cause uneven heat distribution of the high-
intensity light and damage the cable.
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Dissectors

There is a bewildering variety of accessories available
for sharp and for blunt dissection. Serrated, atraumatic
graspers in several different weights should be part of
the basic set. A 5-mm locking grasper with 1-in. atrau-
matic jaws is most useful for suspending the gallbladder
over the liver. Many surgeons prefer a curved “Mary-
land” dissector to define the cystic duct and artery, gent-
ly separating them. This is available in both 5- and 10-
mm sizes. 5- and 10-mm “Kocher” type graspers can be
used to pull out the dissected gallblader from the abdo-
men.

Scissors

Scissors are often used as dissection tools. Blades must
be sharp; therefore reusable scissors must be monitored
closely and sharpened regularly. Many disposable mod-
els are available and are extremely popular with most
surgeons since their single use guarantees sharpness,
even when doing repeated monopolar coagulation.
Blades can be straight, curved, or hooked. Hooked scis-
sors are especially useful when cutting tubular struc-
tures such as the cystic duct, for one can lift the duct in
the partly closed jaws to ensure the cut’s precision.
Microhooked scissors are designed specifically to create
an opening in the cystic duct prior to cholangiography.

Electrocautery

While almost all graspers and scissors are insulated and
can be connected to a cautery generator via cables,
electrodes have been designed with assorted tips for
monopolar coagulation and sharp dissection. The most
useful are the hook, either J or L shaped, and the spatu-
la. The hook is used to define structures in Calot’s trian-
gle and to separate the gallbladder from the liver bed,
while the spatula can be used to control bleeding and
gentle dissection. Reusable versions incorporate suction
and irrigation, but the cautery must be activated by foot-
switch. Their insulation must be carefully inspected af-
ter each use to identify possible breaks. Single-use hand
switches/electrodes allow the surgeon to perform suc-
tion, irrigation, and coagulation all with one hand.

Staplers and Clip Appliers
Although there are times when, for example, a surgeon

ligates the cystic duct with an endoloop for added safe-
ty, the vast majority of closures are performed with clip



7

1 BASIC INSTRUMENTATION AND TROUBLESHOOTING

appliers. Reusable clip appliers deliver one clip at a time
(size varies approximately from 7 to 9 mm) and must
then be taken out and reloaded. When clip appliers are
used in pairs, the scrub nurse always has one loaded,
ready to exchange for the empty one which the surgeon
withdraws. It is cost effective and causes minimal delay.
Disposable clip appliers come loaded with 20 clips per
unit, which can be applied in rapid succession without
removing the instrument from the abdominal cavity.
Regardless of their cost, 12-mm disposable staplers with
either 30- or 60-mm jaws that apply two triple rows of
staples and then divide the structure within their jaws
have proved invaluable in advanced laparoscopic proce-
dures, such as colon resections and splenectomies. The
alternative in these instances would be hand-suturing,
time-consuming, difficult techniques which most sur-
geons have not mastered. Research into various gluing
methods, including laser welding, although promising,
has not yet come to fruition.

Video Endoscopy/Documentation

The typical video endoscopy setup consists of two video
carts. The primary cart includes a monitor, camera con-
troller, character generator, and video cassette recorder.
It may also house a still video printer, automatic high-in-
tensity light source, or other equipment. The secondary
cart holds the assistant’s monitor, perhaps also incorpo-
rating the insufflator and other equipment. All elements
of this system must be interconnected with coaxial
cables to transmit the video image from the camera to
each component of the video chain.

To simplify troubleshooting video system problems it
is wise to label all coaxial cables with their respective
point of equipment connection. It is also advisable to
have a schematic diagram of system connections at-
tached to the video cart door. A brief video procedure
outlining operative steps for training and reference is
also useful. Coaxial cables fail occasionally. A supply of
replacement cables easily accessible from the operating
room should be available. There are many coaxial plug
configurations, the most common being the BNC and
RCA phone plug connectors. Since the type of connector
may vary from one video device to the next, it is wise to
have an assortment of adapters to interchange the vari-
ous configurations.

The primary video cart may contain six or more com-
ponents, each with its own AC power cord. It is useful to
consolidate these plugs into a UL 544 approved, appro-
priately rated isolation transformer with multiple recep-
tacles installed on the cart so that only one main power
cord need be plugged into the wall.

Basic Video Setup

After the two video carts have been appropriately posi-
tioned for the intended procedure, a setup and system
check must be performed:

1. Connect the appropriate coaxial cable from cart one
to the monitor line input on cart two.

2. Plug in the main power cord.

3. Turn on main power to all system components.

Even if one device, perhaps a video cassette recorder, is
not used during the procedure, failure to turn it on may
prevent the video signal from reaching the monitors.

VCR

Video cassette recorders from certain manufacturers do
not transmit the image to the monitors unless the red
record button is pressed. If a 0.75-in. recorder is being
used, check that the tape cassette has a red recording
plug inserted on the bottom. Cassettes of 0.5 in. must
have an unbroken protection tab on the front left to
record. If this has been broken, cover it with cellophane
tape to enable recording.

A supply of spare unrecorded video cassettes for the
system should be kept on hand. Previously recorded
tapes should be reviewed to ensure against erasure of
prior procedures. If numbers have been logged on the
tape, these may be used to find the appropriate location;
however, the counters on most machines are not accu-
rate, and a visual search must be conducted to locate the
actual end of the previously recorded case.

Some professional VCRs use real-time counters
measured in hours, minutes, seconds, and even frames.
Because this method of counting is based on the control
code laid down on the tape during recording, the num-
bers advance only when there is recorded information
on the tape. When the numbers stop advancing, the re-
corded portion is over. A brief visual search can locate
the precise end point.

The remote control input connector on many video
cassette recorders can be wired to accept a momentary
switch foot pedal which activates the pause control re-
motely on the VCR. This enables the surgeon or assistant
to control the videotaping during surgery. Once the cir-
culating nurse has started the recording mode, whichev-
er method is employed, responsibility for the recording
should be established to avoid failure to document im-
portant findings.
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Character Generator

Many video chains incorporate a character generator
which enables superimposition on the video image of
the patient’s name, ID number, date, surgeon’s name, and
other identification data. The information may be stored
and retrieved in a memory page.

Automatic Light Source

Many light sources contain an automatic feature which
varies the light intensity by monitoring the strength of
the video signal. A coaxial cable labeled “light” from the
video stack is connected to the video input of the light
source, and the automatic feature is selected. Light inten-
sity is adjusted to a suitable range, using care so that
light transmitted through a disconnected cable does not
cause a fire or patient burn. The current standard is an
automatic xenon high-intensity light source. This light
unit with its 300-W lamp is still the brightest, most de-
pendable unit available for use with rigid endoscopes.
Xenon short-arc technology linked with special ceram-
ic-to-metal sealing techniques comprises the lamp core.
Its prealigned internal reflector effects a large collection
angle around the arc, maximizing output efficiency.
Moreover, it has excellent transmission from the ultravi-
olet to the infrared. As has been previously described,
this unit dispenses automatic light control for video
while functioning as a flash generator adequate for still
photography.

Monitor

Most manufacturers provide several video monitors to
accommodate a variety of video signals from several
sources. These inputs are selectable on the front of the
monitor. Additional input might be used for signals
from other devices, such as a still video printer.

Be certain that the button for the live camera input is
selected, usually “line A” If all other steps in the basic
checkout have been correctly performed, a live camera
image should appear on the monitor. If no camera is
connected to the camera control unit, a character gener-
ator image is still produced, confirming the appropriate
video connections. Newer cameras generate color bars
which also allow you to confirm the connection.

Camera

The silicon charge couple device is the basis of most cur-
rent endoscopic camera systems. To be most useful, the
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camera must be sturdy, easy to operate, sterilizable (ETO
or soaking), and possess excellent optics and light sensi-
tivity at a reasonable price. For general surgery a came-
ra with a built-in zoom lens is most versatile because one
can adjust the image size according to the varying tele-
scope diameters.

Cameras, when connected to telescopes, are the eyes
of the entire surgical team, and every effort must be
made to ensure their proper function. If a sterile camera
is to be used, the scrub nurse should check that there are
no signs of moisture or condensation behind the sealed
connections. Failure to assure tight connections at either
end of the light cable can cause light loss severe enough
to degrade the video image.

The scrub nurse then attaches the camera endocou-
pler to the telescope eyepiece. The light source is turned
on, and the scrub nurse aims the telescope at a 4 x 4
X-ray sponge. While the video monitor is watched, the
light intensity is adjusted, either with the light source in-
tensity control or by moving the telescope back until
“bloom” in the highlights is eliminated. The circulating
nurse presses the white balance button on the camera
control unit, balancing the camera for the light source
color temperature. Still pointing the telescope with cam-
era at the 4 x 4, the scrub nurse adjusts the zoom and fo-
cus to optimal size and sharpness.

Still Video Printer

While operative procedures on videotape are invaluable
for teaching purposes, videotapes have two practical
drawbacks as a record-keeping medium for the practic-
ing physician: real-time review and storage. For the pur-
pose of capturing important findings for patient records
and consultation, many are turning to the still video re-
corder/printer, which produces a hard-copy color print
of multiple images in 60 s. The circulating nurse con-
firms that the still video printer recorder power is on,
and that the correct monitor input is selected. Image
storage and printing are effected from the remote con-
trol unit.
To summarize, the basic video cart components are:

+ Primary cart

- 19-in. high-resolution monitor (700 lines)

- (Two) CCD video camera systems (re: laparoscop-
ic common bile duct exploration, LCBDE)

- Image enhancement unit

- Switcher (runs both cameras)

- S-VHS recorder; foot switch and microphone op-
tional

- High-intensity xenon light source: 300-W lamp

- High-flow insufflator
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+ Second cart
- Irrigation system
- 150-W xenon light source (re: LCBDE)
- Sterile flexible choledochoscope (re: LCBDE)
- Peel-packed spare graspers, needle holders, light
cables, suction tips, etc.
- Still video printer

This is but a cursory overview of the many components
on which one depends when performing laparoscopic
surgery. For surgeons in training and for operating room
personnel flexibility, life-long learning, and innovative
thinking are essential skills in this increasingly complex
technological environment.
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2 Preoperative and Postoperative Care in Patients Undergoing

Laparoscopic Surgery

S.A. CUNNEEN and D.R. MARGULIES

Introduction

The selection criteria for patients who are eligible for la-
paroscopic procedures is dynamic, and as skills and
technologies improve, fewer patients are found to have
absolute exclusion criteria. Examples of relative exclu-
sion criteria include: the inability to tolerate general an-
esthesia, an uncorrected coagulopathy, morbid obesity,
previous upper abdominal surgery, portal hypertension,
severe obstructive lung disease, and pregnancy. There
are even arguments that some high-risk patients may be
better served with a laparoscopic procedure. For exam-
ple, in patients with a severe coagulopathy and ascites, a
laparoscopic liver biopsy under direct visualization
where bleeding can be controlled directly may be less
dangerous than one under computed tomography guid-
ance alone. In patients with severe cardiac disease, lapar-
oscopic cholecystectomy has been shown to be as safe as
or safer than open cholecystectomy when hemodynam-
ics are monitored carefully.

Preoperative Care

History and Physical Examination

As in the basic tenets of traditional surgery, a careful his-
tory and physical examination is performed to define
diseases which require surgical intervention and to
identify comorbid conditions which may complicate the
intraoperative and postoperative course for the patient.
A careful history alone results in an accurate diagnosis
in approximately 60% of patients presenting for elective
surgery. The review of systems should include inquiries
into cardiac, respiratory, renal, endocrine, nutritional
status, and social habits. Abnormalities in any of these
systems may require further laboratory or radiographic
studies to define their status.

The physical examination serves further to define the
extent of any pathology in each system as well as to iden-
tify any physical condition which may complicate or ex-
clude the laparoscopic approach. Examples of such in-
clude: murmurs or shortness of breath indicative of
valvular heart disease or pulmonary compromise, di-

abetic changes, obesity or cachexia, evidence of prior
surgery suggesting adhesion formation, or abdominal
wall hernias. In combination with the history, the physi-
cal examination is diagnostic in 75%-90% of patients.

Laboratory and Radiologic Assessments

Routine Screening. The routine screening examination
is similar for patients undergoing the equivalent opera-
tion in the traditional fashion. The usual panel includes
a complete blood count and urinalysis in all patients.
Serum chemistries may be added if the case is major, or
if the history suggests the likelihood of an abnormality.
A chest X-ray may be added for patients over 40 years of
age (yield approximately 20%), and for those who have
known cardiac or pulmonary disease. An ECG may be
justified in men aged over 40 years of age and in women
over the age of 55 years. A clotting profile is indicated
when one has elicited a personal history of bleeding, a
family history of bleeding, or a history of previous med-
ications that interfere with clotting. In patients with de-
ficiencies of clotting factors or platelets, the appropriate
blood products should be administered preoperatively.
Drugs which interfere with clotting, for example, hepar-
in, warfarin, and nonsteroidals, should also be stopped at
an appropriate interval. If one anticipates significant
blood loss during the procedure, preoperative typing of
blood should be carried out.

Selective Screening. For cardiac assessment, as with
open cases, in patients that give a history of having or are
suspected of having valvular heart disease or dysrhyth-
mia, an echocardiogram should be obtained. When a pa-
tient is suspected to have coronary artery disease, an ex-
ercise tolerance test or a thallium-201 exercise test
should be performed. When confirmed, plans should be
made for intraoperative hemodynamic monitoring. For
pulmonary assessment, in patients with a history of
chronic obstructive pulmonary disease, spirometry
should be performed. Reports have demonstrated that
the use of a carbon dioxide pneumoperitoneum necessi-
tates a 30% increase in minute ventilation to eliminate
the increased carbon dioxide blood levels. This might
lead to converting the case to an open procedure if the
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need should arise. In cases in which an open procedure
would not be tolerated, the patient should also be in-
formed that the laparoscopic approach will be aban-
doned if the procedure proves technically unsafe or im-
possible.

Postoperative Care

A significant difference exists between the physical state
of the patient following a laparoscopic procedure and
that after similar open procedures. There is substantial-
ly less pain, improved respiratory function, and de-
creased postoperative bowel dysfunction. The postoper-
ative management reflects these differences.

Feeding Schedule

After nonintestinal surgery it is generally unnecessary
to continue gastric suctioning following the procedure.
We therefore generally remove the orogastric tube in the
operating room upon the completion of the procedure.
In biliary procedures a liquid diet can usually be started
upon recovery from anesthesia. Exceptions naturally in-
clude those possessing prolonged nausea and those with
motility disorders. Decreased incidence of this anesthet-
ic side effect has been noted using droperidol or trans-
dermal scopolamine during the operative and perioper-
ative period. In general, most patients tolerate a diet by
the first postoperative day. Early feeding is generally well
tolerated in cases involving resection of intestine. A nas-
ogastric rather than an orogastric tube is placed intraop-
eratively, but generally this can be removed by the end of
the case in most distal intestinal surgeries. Postoperative
ileus is decreased primarily by the nature of the proce-
dure and secondarily by lessened need for postoperative
narcotics. In colorectal resection most patients tolerate a
diet on the first or second postoperative day, begun with-
out waiting for flatus. Careful attention should be paid to
signs and symptoms of dysmotility, such as gastric dis-
tention or eructation, to detect those exceptions in
which rapid feeding or the lack of nasogastric decom-
pression could be detrimental.

Analgesic Regimen

Postoperative pain is usually minimal and limited to the
trocar insertion sites. Some patients note mild shoulder
discomfort for up to 1 week following the procedure.
This is believed to result from the diaphragmatic
stretching during the period of insufflation and/or irri-

tation from intraperitoneal blood or CO,. Minimizing
the rate and peak of insufflation pressures and removing
most intraperitoneal blood during the procedure de-
creases this problem. In the majority of cases the postop-
erative pain is easily controlled with oral narcotic anal-
gesics. Trocar site pain can be reduced by the local
injection of bupivacaine (0.5%) into the fascia and der-
mis prior to site closure. This can greatly reduce the need
for postoperative analgesics.

Discharge Schedule

In general the length of stay has been found to be signif-
icantly shorter than in open procedures. In laparoscopic
cholecystectomy rates of discharge greater than 90% at
24 h have been reported. In most cases the additional
hospital stay was usually necessitated by prolonged nau-
sea and vomiting. Outpatient laparoscopic cholecystec-
tomy has been reported, but early detection of complica-
tions may be missed with this approach. Vague
symptoms generally begin on the first postoperative day.
A high index of suspicion should be adopted in these
cases, and a bowel injury should be suspected in any pa-
tient experiencing increasing pain after laparoscopy.
Aggressive early investigation lowers morbidity. For in-
stance, early detection of colon injuries may eliminate
the need for a colostomy and lessen the physiologic com-
plications of sepsis. Consequently, outpatient proce-
dures scheduled in proximity of the weekend are ill-ad-
vised. In more advanced procedures the length of stay is
dictated by the return of bowel function.

Activities of Daily Living

In general patients are encouraged to assume moderate
activity after the first 48-72 h. Additionally, most pa-
tients should be able to resume normal activity, includ-
ing a return to work, after the first week. Results have
been variable, but some have reported that 80% of pa-
tients were able to tolerate a liquid diet on the first post-
operative day, and 70% were discharged by the fourth
day, with a complication rate of 15%.
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3 Pneumoperitoneum

G.BERCI

Introduction

Establishing the optimal pneumoperitoneum is the first
and most important step of any laparoscopic procedure.
There is a definite need to create a protective cushion to
facilitate the safe introduction of the trocar and to pro-
vide good visibility for the examination and subsequent
procedures. The majority of complications in this first
phase are the result of inadequate pneumoperitoneum
or poor technique. The complications can largely be
avoided by adequate training and attention to details.

Technique

Pneumo Needle

This was invented almost seven decades ago by Veress, a
thoracic surgeon, for the creation of a pneumothorax to
treat a certain type of tuberculosis. It consisted of an
outside needle with a spring-loaded blunt stylet which
has a side hole. When the needle is passed through the
abdominal wall, the blunt stylet is pushed back into the
sleeve due to resistance. As soon as the sharp needle tip
enters an area without resistance, for instance, the ab-
dominal cavity (but it can be also the lumen of an intes-
tine), the spring pushes the blunt stylet from the sheath
into the outside area creating a safer (blunt) tip for fur-
ther manipulation.

Veress Needle Insertion

It is advisable that before the needle is inserted (one of
the most predilected sites is just below the umbilical
fold), a small skin incision is made with a scalpel just
penetrating the skin (not the underlying muscular
layer). Holding the needle with two fingers (Fig. 1),an as-
sistant and the operator with one hand can elevate the
abdominal wall by hand or with a towel clip. The needle
should be directed toward the pelvic area in the middle
(toward the bifurcation of the aorta) and not to either
side. The abdominal wall elevation is maintained during
the various tests. The scrub nurse and the operator

should check the patency of the needle before inserting
it. It is essential that as soon as this needle is introduced
anywhere the following tests are performed:

Aspiration Test. A 10-cc syringe filled with saline is at-
tached, and slight aspirations are adminstered, followed
by the injection of a small amount of saline. This maneu-
ver must be repeated twice. The reason for this test is as
follows. If blood is aspirated, the needle positioning
must be changed. If during the second attempt the test is
negative, a pneumoperitoneum can be completed, but as
soon as the telescope is introduced, close attention
should be paid to this area to ensure that the previous
puncture holes are not severe, and that no significant
pooling of blood is observed. The reason for its being
performed twice is that in case of aspiration omentum
can be sucked to the tip of the needle. This can be re-
moved by repeated injection of saline. Many injuries
(e.g., emboli) can be avoided if this important step is in-
stituted.

Drop Test. A drop of saline is placed into the tip of the
Luer lock. If it disappears during the inspiratory phase,
the pressure inside the organ is negative. The needle is
probably in the proper position.

Hydrostatic Test. A 10-cc syringe is filled with saline,
the plunger is removed, and the syringe is attached. The
saline should run in with hydrostatic pressure and vary
with respiration.

Insufflating Agent. When this procedure was intro-
duced around the turn of the century, the pneumoperi-
toneum was performed using room air. Later a filter was
added. Although air is abundant, it can support combus-
tion when electrocautery is used.

In the earliest stages of diagnostic laparoscopic pro-
cedures CO, was introduced because it is inexpensive,
nonflammable and does not support combustion. At-
tention must be paid to a drop in pH and an increase in
PCO, to avoid significant hypercarbia. The majority of
operative procedures are performed under general an-
esthesia, and the anesthesiologist is well aware of this
phenomenon. Nevertheless, significant metabolic
changes may occur which are difficult to correct with
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hyperventilation. In this case the insufflation should be
stopped and the abdomen desufflated. Cardiac arrhyth-
mias can occur, especially vasovagal reactions to insuf-
flation. All these disadvantages do not outweigh the ad-
vantages. CO, also has the advantage that it can be
absorbed in small amounts from the blood stream if it is
injected inadvertently, thus avoiding major sequelae.

N,O has been used by a few operators because it is
nonflammable, although it allegedly supports combus-
tion. It is less painful, and cardiac arrhythmias are less
common than with CO,. In general practice CO, is fa-
vored as the type of gas. Recently helium was proposed
by some investigators. Still others recommend gasless la-
paroscopy using mechanical abdominal lifters. These
techniques are in an early stage, and further investiga-
tions are required to assess the efficiency, safety, and
cost/benefit ratio.

Insufflator

The apparatus should be checked before the patient is
put to sleep. This is a notorious oversight and can be
frustrating especially if the CO, cylinder is almost emp-
ty (or empty) and in the middle of the procedure no
more gas is available. Costly time is wasted until another
cylinder is located and attached. There should always be
a spare CO, cylinder at hand.

The early insufflating units were very simple. They
consisted of a number of gauges and dials displaying the
intra-abdominal pressure, the insufflated volume, and
the cylinder (remaining) pressure. A flow meter indicat-
ed continuous flow. These units had a tank inside, of up
to 10 1, which was filled before the procedure started to
measure the used volume. If this inside tank ran out, it
was refilled during the procedure. The maximum flow
was 3 |, which was inadequate for operative procedures
because if the operating time is prolonged, and several
trocars are employed, there is an enormous amount of
leakage beside the trocars or during the exchange of in-
struments. Therefore a refill volume of 3 1/min is not suf-
ficient. The present insufflators employ a flow of 101/min
or more to satisfy the new requirements of therapeutic
laparoscopy.

The more complex operative procedures require a
larger volume of CO, and consequently a change from a
mechanical insufflator to an electronically controlled
one. Today’s insufflators display the intra-abdominal
pressure, preset intra-abdominal pressure, and the actu-
al flow and the preset maximum flow. If the preset max-
imum flow is obtained, the unit shuts off automatically
and reopens the flow if the intra-abdominal pressure
drops below the preset one. A large variety of these units
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are available, with warning signals or audio alarms as
well as electronic display of the intra-abdominal pres-
sures on a TV monitor, which is of great help to the op-
erator.

Closed Technique

The selection of the insertion site of the pneumoperi-
toneum needle and selection of technique is very impor-
tant, especially in such cases as the operated abdomen, in
obese patients, and in those with an umbilical or inci-
sional hernia. In the normal, nonoperated person, there
is a choice of several safe sites (Fig. 2). The most com-
mon one is the midline, just below the umbilical fold.
The skin of the already prepared and draped abdominal
wall is slightly incised. The abdominal wall is lifted by
the operator and assistant. The pneumo needle is in-
serted (Fig. 1) and connected to the insufflator after the
previously described tests are performed. If it is a diag-
nostic procedure which should not last longer than
15-20 min, in certain cases it can be performed with IV
sedation and local anesthesia. The area of the pneumo
needle or trocar insertion is infiltrated with 1% xylo-
caine without adrenaline. If the pneumo needle is held
by its serrated handle, an audible click is heard as the
spring-loaded blunt stylet jumps into position as soon as
it penetrates the abdominal wall. In the diagnostic case
the flow should not exceed 1.5 I/min because if it is per-
formed under local and IV sedation, it should be intro-
duced slowly to provide some time for (hemodynamic
and respiratory) adaptation. The same applies for the
operative procedure in general anesthesia. It is strongly
advised that during the initial phase of the pneumoper-
itoneum, the operator should first use a low flow insuf-
flation (e.g., 1-1.5 1/min), and only if several trocars are
inserted, should the circulating nurse change it to the
higher desired flow.

If arrhythmias occur during insufflation, the insuffla-
tion should be stopped immediately and the abdomen
desufflated. In the case of a pneumo needle the spring-
loaded inlet stylet should be removed. If a trocar is al-
ready inserted, a valve is opened, and a certain amount
of time should be spent in close communication with the
anesthesiologist to reintroduce the pneumoperitoneum
with a lower flow. If hypertension occurs, the same pro-
cedure should be followed, and close observation of the
patient’s hemodynamic and general conditions are re-
quired, again, with close communication with the an-
esthesiologist. If sudden severe hypotension occurs dur-
ing the trocar insertion, the operator should suspect a
major vessel injury (e.g., aorta), and time should not be
wasted in assessing etiology, but immediate exploration
should be considered.
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If a patient has had certain previous operations, for
example, lower midline scar (not uncommon in females
after a history of hysterectomy) or upper midline scars,
the umbilicus or an optional site can be used for a safe
pneumo needle insertion and pneumoperitoneum
introduction, or the left subcostal area beside the lateral
edge of the rectus muscle can also be employed
(Fig. 3 a, b). In the latter case, make sure that the patient
does not have splenomegaly.

When the pneumoperitoneum is obtained, a 5-mm
trocar can be penetrated into the abdominal cavity and
a 5-mm telescope introduced. The abdominal cavity is
then observed to select adhesion-free sites for the larger
trocar insertion.

Management of Abnormal Veress Needle
Aspiration: Results

Blood. When blood is aspirated from the Veress needle,
the needle should be withdrawn immediately and rein-
serted, and if successful pneumoperitoneum can be ob-
tained, the area underneath the needle insertion should
be carefully inspected. If there is a small hematoma in
the mesentery of the bowel, this can be observed for
increase in size without exploration, but if there is a cen-
tral or pelvic retroperitoneal hematoma, it should be ex-
plored. If no evidence of blood is present at the conclu-
sion of the procedure, the underside of the abdominal
wall where the trocar was inserted should be inspected.

Yellow Fluid. Aspiration of yellow fluid could indicate a
puncture of the lumen of the intestine or bladder. An al-
ternative site should be chosen for insufflation and then
trocar insertion and subsequent inspection. Usually a
Veress needle puncture of the intestine does not need
suture closure. The same is true for the bladder, but in-
sertion of Foley catheter can prevent leakage and secure
the healing of the puncture site.

Subcutaneous Emphysema. Leakage of the gas into
the subcutaneous tissues is indicated by subcutaneous
emphysema. In male patients, in the case of an existing
inguinal indirect hernia, the scrotum can be filled with
gas and distended as a balloon. In these cases a tempo-
rary truss prior to surgery is recommended. An umbili-
cal hernia in an ascitic patient is not a contraindication.
If the subcutaneous emphysema is severe because of the
prolonged procedure performed in general anesthesia,
again, close collaboration with the anesthesiologist is re-
quired. It is not rare that the patient’s face is involved.
These patients should be observed with controlled air-
ways in the recovery area until the picture recedes and
spontaneous respiration is guaranteed.

Open Technique

This is an excellent technique to obtain a safe approach
for pneumoperitoneum in the difficult or operated ab-
domen. However, it can be problematic in an obese pa-
tient. An incision of 1.5-2 in. incision is made at the se-
lected site down to the peritoneum, usually at the
umbilicus (Fig. 4). The posterior sheath of the rectus
muscle is lifted up, as is the peritoneum. A careful, small
incision is made into the peritoneum, which is slightly
enlarged to the opening of the skin incision (Figs. 5-8).
A finger is inserted into the abdominal cavity to ensure
that there are no adhered intestinal loops. Two retainer
stitches are placed on both sides through the fascia. A
Hasson cannula with a blunt stylet and a sliding cone on
the sleeve is placed into the hole. The cannula is affixed
with these two retainer stitches on both sides (Fig. 9).
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Fig. 1. Technique of Veress needle introduction

a

Fig. 2. Trocar sites

Fig. 3 a, b. Alternative trocar sites
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Fig. 4. Hasson technique Fig. 7. Hasson technique: peritoneal incision
Fig. 5. Hasson technique: skin incision Fig. 8. Hasson technique: stay sutures
Fig. 6. Hasson technique: incision of the fascia Fig. 9. Hasson technique: trocar fixed to abdominal wall with

stay sutures
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Comments

The creation of pneumoperitoneum is the first, and one
of the most important, steps to create a protective cush-
ion for the insertion of the trocar. Needle injuries can be
avoided with appropriate technique. If aspiration is em-
ployed routinely, penetration of a blood vessel can be
diagnosed immediately and further complications
avoided. In the operated abdomen alternate site needle
insertion or open laparoscopy as described previously
should be the method of choice.

G. BERCI
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4 Laparoscopy in Trauma and Emergency Surgery
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Introduction

Determining the presence of organ injury requiring
laparotomy is one of the principal tasks in the manage-
ment of abdominal trauma. For the patient with blunt
injury diagnostic peritoneal lavage has been the gold
standard because of its sensitivity in identifying intra-
peritoneal bleeding. However, limitations include the
small risk of iatrogenic injury, the possibility of false-
negative results with trauma to the retroperitoneum,
diaphragm, or intestine, and the failure of the test to
identify the specific source of bleeding. Computed to-
mography has become popular in some centers in recent
years because of its ability to demonstrate the site of
bleeding and to provide information about the retroper-
itoneum. Computed tomography has distinct limita-
tions, including the absolute need for hemodynamic
stability, removal of the patient from the trauma room,
limited sensitivity for hollow visceral injuries, and cost.

In penetrating trauma the approach has been some-
what different. Because of the high frequency of perito-
neal penetration and abdominal organ injury, most pa-
tients with gunshot wounds have received laparotomy.
Knife wounds penetrate peritoneum less often and even
then may produce no injuries. Management strategies in
patients with knife wounds include routine exploration
in those with known peritoneal penetration and various
protocols for selective observation, sometimes com-
bined with other tests (usually diagnostic peritoneal lav-
age for anterior wounds and computed tomography for
posterior and flank wounds).

The emergence of laparoscopic cholecystectomy and
other laparoscopic procedures has stimulated a new
interest in laparoscopic approaches to trauma, particu-
larly in patients with penetrating trauma. In blunt trau-
ma laparoscopy may allow direct visualization of the
presence of organ injury, the specific organ injured, and
the rate of ongoing hemorrhage. In penetrating trauma
diagnostic laparoscopy can identify whether the perito-
neum has been violated and can provide information
about organ injury and allow for therapeutic hemostasis
and repair. When results of laparoscopy are negative,
hospitalization which might otherwise be required for
expectant observation may be shortened and the cost
lowered.

In emergency general surgery laparoscopy has a log-
ical application in the diagnosis of abdominal disease in
complex clinical situations. Intensive care patients with
abdominal pain and equivocal findings who are poor
candidates for laparotomy may benefit from an expedi-
tious procedure, preferably using local anesthesia, to
confirm or exclude the presence of peritonitis. All in all,
the range of situations in which diagnostic laparoscopy
may play a role is expanding as surgeons’ facility with
the technique increases.

Positioning of the Patient and Team

The patient is positioned supine and draped for all po-
tential procedures at the outset (chest and abdomen in
most instances; see Fig. 1).

Technique

The technique for creating pneumoperitoneum is at the
discretion of the operator. The Veress needle is inserted
in the midline, either infraumbilically or supraumbili-
cally (Fig. 2). The supraumbilical site is used when a pel-
vic fracture is present to avoid entering a pelvic hemato-
ma. If aspiration returns 10 ml free blood or fluid
containing intestinal contents, laparotomy should be
performed. The Hasson (open) method may be used in
patients with prior abdominal incisions. The telescope is
introduced through either a 5- or a 10-mm trocar. A sec-
ond 5-mm trocar is placed in the right or left subcostal
region to allow manipulation of organs with an atrau-
matic grasper and use of suction and electrocautery
(Fig. 3). The upper abdomen is explored in a systematic
fashion (Fig. 4). The operating table should be placed in
a steep reverse Trendelenburg position to expose the
upper abdomen (Fig. 1A). Blind spots are located on the
lower aspects of the diaphragm and lateral to the right
lobe of the liver. A fan retractor placed through a 5-mm
port may be used to retract the liver (Fig. 3). An atrau-
matic grasper is used to elevate the right and left lobes of
the liver, facilitating exposure of undersurfaces, gall-



20

Section 1

bladder, caudate lobe, and porta hepatis. If injury to the
biliary tract is suspected, a needle cholangiogram may
be performed via the gallbladder. Small liver lacerations
may be treated with cautery or hemostatic agents.

The exposure of the spleen is facilitated by turning
the operating table to the right lateral position, allowing
the splenic flexure of the colon and the omentum to fall
away from the spleen. Splenic injury should be consid-
ered if blood is observed near the spleen or under the
omentum. The pancreas is exposed by opening the gas-
trocolic omentum in an avascular area. Using atraumat-
ic graspers, the small bowel may be run from the ileoce-
cal valve to the ligament of Treitz. The pelvic organs
(Fig. 5), including the bladder, are inspected using
Trendelenburg positioning (Fig. 1 B). An additional 5-
mm trocar in the suprapubic site may be needed to eval-
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uate the bowel and pelvic organs. A nonexpanding pel-
vic hematoma following blunt trauma is usually left un-
disturbed.

The operative approach to nontrauma patients is
similar. Initial aspiration, or subsequent visualization, of
fluid which is bloody, turbulent, or frankly purulent may
be sufficient to proceed to open exploration or lead one
to the offending organ. Immediate Gram’s stain of the
fluid for white blood cells and bacteria may be per-
formed, and cultures should always be taken.

When laparoscopy has been completed, the surgeon
should classify the findings as negative, positive, or
equivocal. The two latter categories require the surgeon
to determine the need for laparotomy. All 10-mm trocar
sites should be closed.

Fig. 1 A, B. Positioning of the patient and team. Patient in su-
pine position. ANS, Anesthetist; S, surgeon; A, assistant; N,
nurse; M, monitor
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Fig. 2. Trocar sites Fig. 3. Trocar sites and instrumentation

Fig. 4. Exploration sites of the upper abdomen Fig. 5. Exploration sites of the lower abdomen
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Comments

Laparoscopy has an increasing role in trauma and emer-
gency surgery. The primary goal of the procedure is di-
agnostic, allowing the surgeon to identify or exclude the
need for laparotomy. At times specific organ injuries
may also be treated through the laparoscope. If nonop-
erative observation is selected, there should be a clear
protocol for monitoring and subsequent evaluation.
Growing experience and careful analysis of results
should allow even wider application of minimally inva-
sive techniques to these patient populations.

M. CHANDRA and J.R. HIATT
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5 Laparoscopic Intraoperative Cholangiography

D.O. OLSEN

Introduction

Since its introduction by Mirizzi in 1932 intraoperative
cholangiography has come to play an integral role in the
surgical management of cholelithiasis and choledochol-
ithiasis. The technique not only allows the surgeon a
means of evaluating the common duct prior to explora-
tion but also provides an objective means of identifying
the ductal anatomy. This should lead to a safer dissection
and an accurate placement of clips on the cystic duct. It
also allows for immediate identification of ductal inju-
ries when they can best be managed. Although the rou-
tine use of intraoperative cholangiography has been ad-
vocated, many argue that routine cholangiography is not
cost-effective. Every surgeon, however, would agree that
cholangiography does play a role in the operative man-
agement of gallbladder disease. It is therefore a tech-
nique that every biliary tract surgeon needs to be able to
perform effectively.

Technique

Cystic Duct Cholangiography

The most versatile of techniques is cystic duct cholan-
giography. Because the study is performed through the
cystic duct, it is useful even with cystic duct obstruction.
Since the dissection of the cystic duct has already been
completed when the procedure is performed, the cho-
langiogram serves as an objective study for demonstrat-
ing not only the positive identification of the anatomy
but also the lack of any ductal injury.

Positioning of the patient and team is shown in Fig. 1
The technique of cystic duct cholangiography begins
with isolation of a length of cystic duct high on the neck
of the gallbladder. Actual mobilization of the infundibu-
lum and neck of the gallbladder is desired to minimize
the problem of inadvertent cannulization of the com-
mon bile duct. The serosal attachments of the neck of the
gallbladder are first released laterally (Fig. 3). This
avoids unnecessary dissection and potential bleeding in
the triangle of Calot until the cystic duct is clearly iden-
tified. To further mobilize the neck the medial serosal at-

tachments are released, taking care to avoid injury of the
cystic artery as it courses along the neck of the gallblad-
der. Only the thin serosal attachments are divided,
avoiding injury to any of the ductal structures if the dis-
section has been initiated in the wrong location.

With the infundibulum and the neck of the gallblad-
der completely mobilized, a clip is placed across the neck
to prevent any stones from passing down into the cystic
duct with further manipulation of the tissues. (If the cys-
tic duct is markedly shortened, the cholangiogram
should be shot through the gallbladder itself.) It is im-
portant to stress the need to dissect completely the neck
and underside of the gallbladder in a continuous cir-
cumferential manner to avoid the possibility of missing
aright hepatic or common hepatic duct pulled up on the
underside of the gallbladder (Fig. 3).

Traction and exposure is maintained on the gallblad-
der with one grasper on the fundus and one on Hart-
mann’s pouch (see Fig. 4). If an Olsen Cholangiogram
Clamp is available (Karl Storz Endoscopy, Culver City,
CA; Fig. 4), the approach to the cystic duct is made
through one of the lateral ports (Fig. 2). The Olsen
Clamp is designed to allow a catheter to be passed down
the middle of the clamp, so that once introduced into the
duct, the clamp can secure the catheter in place. Expo-
sure is maintained with graspers placed through the epi-
gastric port and the remaining lateral port. A scissor is
introduced through the same port that will be used to
introduce the cholangiogram clamp, and a small inci-
sion is made in the cystic duct as close to the gallbladder
as possible.

After making the incision in the cystic duct, the clamp
is introduced into the abdomen, with the preloaded cho-
langiogram catheter. With the clamp introduced into the
peritoneal cavity, the catheter is advanced just beyond
the end of the clamp and intubated into the small inci-
sion that has already been placed in the duct (Fig. 5).

Approaching the duct initially at a perpendicular an-
gle makes the initial introduction of the catheter easier.
With the tip of the catheter in the duct, more of the cath-
eter is advanced beyond the clamp, and a slight bend is
placed in the catheter, allowing the catheter to come in
alignment with the duct. This allows the catheter to be
advanced into the duct. The clamp is then advanced over
the catheter and the jaws are “clamped” over the cystic
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duct in a perpendicular fashion. This secures the cathe-
ter in the duct and prevents any leakage of contrast.

The cholangiogram is performed in the usual fashion
using fluoroscopic technique or a static film technique, if
fluoroscopy is not available. The new digital fluoroscopy
units yield high-quality films with the advantage of a dy-
namic study.

Since identification of the ductal anatomy is one of
the advantages of cholangiography, it is important to at-
tempt to fill the common hepatic duct along with the
intrahepatic ducts. A forceful injection of contrast usu-
ally fills the intrahepatic ducts with little difficulty.

When using a static film technique, a two-shot cho-
langiogram is preferred. The first injection is given us-
ing approximately 5 cc full-strength contrast, followed
by a second injection of 10 cc 25% (full-strength)
contrast. The first injection should give a faint visualiza-
tion of the distal common duct, allowing visualization of
any small stones that may be present. The second injec-
tion should fill out the ductal anatomy, allowing identifi-
cation of not only the ductal anatomy but any filling de-
fects in the upper system. The use of radiolucent
disposable trocars in the midclavicular and epigastric
positions minimizes the problem of obscuring underly-
ing anatomy with overlying hardware.

Percutaneous Technique

If a cholangiogram clamp is not available, a percutane-
ous technique can be used. This entails passing the cath-
eter through a needle sheath as a separate puncture, a
“fifth” access site (Fig. 2). Since this is made with a 14-
gauge needle, the trauma to the patient is minimal. The
needle is placed in such a way that the catheter enters the
abdominal cavity along the same axis as the cystic duct,
facilitating passage of the catheter down the cystic duct
(Fig. 6). With the catheter passed through the needle
sheath into the abdominal cavity, a scissor is introduced
into the abdominal cavity through the epigastric or lat-
eral trocar and used to make a small incision in the cys-
tic duct. Once again, the cystic duct is isolated high on
the neck of the gallbladder to eliminate the chance of
mistaking the common duct for the cystic duct. One of
the advantages of this technique is that a grasper can be
used to direct the tip of the catheter into the cystic duct
incision and advance the catheter down the duct (Fig.6).
The catheter is secured with a clip, taking care not to
overcrimp the clip. This is accomplished by having the
assistant inject saline through the catheter as the clip is
closed (Fig. 7). The crimp on the clip is halted just as re-
sistance to flow is felt. The injection sequence is the same
as described above. The clip is easily removed by grasp-
ing the hub of the clip and pulling backwards. Once the
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clip and catheter have been removed, the laparoscopic
cholecystectomy is carried out in the usual fashion.

A number of catheters have become available to facil-
itate laparoscopic cholangiography. Ureteral catheters
work well, but only end-hole catheters should be used so
that the catheter does not have to be passed down into
the cystic duct far enough to occlude the side holes. The
balloon catheter is one which was modified from a vas-
cular irrigation catheter. Because the balloon catheter
relies on the cystic duct to secure the catheter when the
balloon is distended, the catheter has its limitations
when the catheter cannot be fully passed down the duct,
or when there is a short cystic duct. The mushroom cath-
eters need only to be wedged into the hole in the cystic
duct and held in place with either the clamp or a clip.
With their rigid nature, the available metal catheters are
easier to manipulate, but they do not conform easily to
the slight variations that often occur with trocar place-
ment or differences seen in the anatomy. This, along with
their rigidity, can increase the potential risk of trauma to
the cystic duct and common duct.

Gallbladder Cholangiography

Intraoperative cholangiography has been described uti-
lizing either of two basic approaches. The direct ap-
proach is to perform the cholangiogram directly
through the gallbladder (Fig. 8). Drawbacks of this tech-
nique include the inability to easily control the amount
of contrast infusion and the limitations of obtaining an
adequate study if there is cystic duct obstruction.
Gallbladder cholangiography is not possible in as many
as 20%-30% of cases because of cystic duct occlusion
(acute cholecystitis and hydrops of the gallbladder).
Without the ability to control the infusion of contrast,
poor filling of the intrahepatic bile ducts can be a prob-
lem. Furthermore, the cholangiogram is performed be-
fore any dissection of the cystic duct has occurred, lim-
iting the ability of this technique to aid in the
identification and verification of the ductal anatomy.
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Fig. 1. Positioning of the patient and team. Patient in supine po-
sition. ANS, Anesthetist; S, surgeon; A, assistant; N, nurse; M,
monitor; F, fluoroscopic equipment; SC, lead screen

Fig. 2. Trocar sites and instrumentation
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Fig. 3. Dissection of posterior sheath of the hepatoduodenal Fig.4. Complete circular dissection of cystic duct
ligament

Fig. 5. Cystic duct incision for cholangiography Fig. 6. Accessory port for insertion of cholangiography cathe-
ter
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Fig. 7. Cholangiography catheter in place and secured with a
clip

Fig. 8. Puncture of gallbladder fundus for cholecystography

Comments

When considering the indications for cholangiography,
we are confronted with the issue of a routine vs. selective
approach. There are advocates for both views, and the is-
sues have been argued ever since the first description of
operative cholangiography. There are both absolute in-
dications and relative indications for the performance of
intraoperative cholangiography. These indications are
independent of the issue of routine vs. a selective ap-
proach.

Cholangiography will always play a role in cholecys-
tectomy, and it is mandatory that the surgeon become
proficient in the technique. The selective cholangiogra-
pher looks for indications to perform the procedure,
while the routine cholangiographer attempts to perform
one in all cases. In either respect, the ability to perform
cholangiography is a must!
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6 Laparoscopic Cholecystectomy: The French Technique

E DuBoIs

Introduction

The laparoscopic technique for cholecystectomy, first
performed by Phillipe Mouret in Lyon, France, in 1987,
was the beginning of a revolution which has spread
among general surgeons all over the world. However, it
was not until 1989 that several centers in Europe and the
United States began clinical work. This simultaneous be-
ginning on both sides of the Atlantic explains why the
technique used by the Europeans (French technique)
differs in some points from the American one.

Positioning of the Patient and Team

For positioning of the patient and team, see Fig. 1. The
so-called French technique, with the patient in the li-
thotomy position (or double-access position) and the
surgeon standing between the legs of the patient, is that
most favored one in Europe. The legs of the patient,
which are horizontally oriented, are spread out as much
as possible to avoid any kind of vein compression. An
anti-Trendelenburg position of 15°-20° and a slight ro-
tation on the left facilitate the exposition of Calot’s trian-
gle especially in obese patients.

The surgeon is seated between the legs of the patient,
allowing him to work in a strictly frontal angle and giv-
ing him a better orientation and coordination of his
movements (Fig. 1). One assistant standing on the left
side of the patient holds the camera and retracting the
liver with the lateroxiphoidian port; a second should be
positioned on the patient’s right side. The surgeon, with
the video monitor facing him and above the patient’s
head, is able to work with both hands as in open surgery.
This position is commonly used for all laparoscopic pro-
cedures in the upper abdomen.

Technique

Four trocars, two 5 mm and two 10 mm in diameter, are
usually used (Fig. 2). The first 10-mm trocar should be
inserted in the upper part of the umbilicus in an oblique

direction (45° right to avoid a secondary dehiscence) af-
ter the pneumoperitoneum is established. The laparo-
scope is then inserted, and after thorough exploration of
the abdomen the other trocars are inserted under view.
The two 5-mm trocars are placed 1 cm under the right
costal margin as far as possible from each other. The lat-
eroxiphoidian trocar is used for retraction, aspiration,
and irrigation, and the most lateral one for grasping in-
struments. The fourth trocar (10 mm) is placed under
view in the left hypochondrium, taking as an orientation
point the features of the round ligament. This trocar site
is used for the introduction of scissors, hook, clip appli-
ers, etc. It should be emphasized that the ideal position-
ing of the trocars is in a lozenge shape, so that an instru-
ment does not disturb the others during its movements.
Of course, the positioning of the trocars should be
changed regarding previous surgeries, or in obese pa-
tients. In the latter all the trocars are placed in the right
upper quadrant of the abdomen.

Once the perivesicular adhesions are freed, the neck
of the gallbladder is grasped with a forceps and pulled
away from the biliary pedicle to unfold and expose the
triangle of Calot. This maneuver is essential to separate
as much as possible the cystic elements from the hepat-
ic duct and artery. The dissection begins with the poste-
rior aspect of the triangle. The neck of the gallbladder is
pulled upward and to the right, and the retractor applied
on the biliary pedicle, pushing leftward to expose the
posterior aspect of the triangle (Fig. 3).

The peritoneum is opened with scissors or the hook
(Fig. 4), and the posterior wall of the gallbladder neck is
completely dissected to recognize the junction with the
cystic duct. Then the neck of the gallbladder is pushed
downward and right, and the probe retracts the liver up-
ward to expose the anterior aspect of the triangle
(Fig.5). The cystic duct and artery are dissected after the
anterior sheet of the peritoneum. This dissection should
be carried out with smooth instruments very gently
from left to right using monopolar electrocautery.
Special precautions when using electrocautery in this
area are: isolation of the instruments as close as possible
to the tip and intermittent use of electrocautery only in
tissues elevated by the hook. No monopolar coagulation
should be used when working close to the common bile
duct.
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Fig. 1. Positioning of the patient and team. Patient in lithotomy
position. ANS, Anesthetist; S, surgeon; A, assistant; N, nurse; M,
monitor

Fig. 2. Trocar sites and instrumentation
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Fig. 3. Incision of hepatoduodenal ligament Fig. 4. Dissection of the posterior sheath of the hepatoduoden-
al ligament

Fig. 5. Dissection of the cystic duct Fig. 6. Closure of cystic duct and artery with clips
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Fig. 7. Transection of tubular structures (cystic duct and ar-
tery)

Fig. 8. Excision of the gallbladder from the liver bed

The clamping (Fig. 6) and transection (Fig. 7) of the
cystic duct and cystic artery are carried out after the
neck of the gallbladder and its junction with the cystic
duct are dissected.

The rest of the cholecystectomy is performed as in the
American technique (Fig. 8). Cholangiography is per-
formed following selective criteria.
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Introduction

Laparoscopic cholecystectomy has become the standard
treatment for symptomatic cholelithiasis since its intro-
duction in March 1987 by Mouret in France. Currently
there are no absolute contraindications for laparoscopic
cholecystectomy, but there are some relative contraindi-
cations, the determination of which depends on the
operator’s experience. These include generalized perito-
nitis, septic shock from cholangitis, shock from severe
acute pancreatitis, cirrhosis with portal hypertension,
severe coagulopathies, cancer of the gallbladder, and
third-trimester pregnancy.

All patients must be evaluated for history of prior
jaundice, pancreatitis, and suspicion of common bile
duct stones. Patients should undergo preoperative ultra-
sound examination of the upper abdomen and blood
tests of liver function. In patients with acute cholangitis
or septic shock due to suspected common duct stones
preoperative endoscopic retrograde cholangiopancrea-
tography should be considered, especially in those over
65 years of age. Intraoperative cholangiography should
be performed on all patients to eliminate the need for
preoperative diagnostic ERCP and to allow for intraop-
erative treatment of common duct stones by laparoscop-
ic techniques or by postoperative sphincterotomy. If rou-
tine intraoperative cholangiography is not practiced, a
very liberal approach to selective cholangiography is in-
dicated: any abnormal liver function test, abnormal am-
ylase, acute cholecystitis, dilated bile duct, or unclear
anatomy.

Positioning of the Patient and Team

The patient is positioned in the supine position, with se-
quential compression devices placed on both legs (see
Fig.1).

Technique

In patients who have had no prior abdominal surgery a
Veress needle is placed into the peritoneal cavity in the
midline just below the umbilicus. The abdomen is then
insufflated with CO, to a pressure of approximately
15 mmHg. A 10- to 11-mm trocar is inserted below the
umbilicus, and the abdomen is inspected using a 30° an-
gle 10-mm laparoscope (Fig. 2). It is important to inspect
immediately below the site of insertion of the Veress
needle and the initial trocar since both of these inser-
tions are blind and may cause injury to viscera or blood
vessels. All the remaining trocars are placed in the abdo-
men under direct visualization. A second 10- to 11-mm
trocar is inserted immediately below the xiphoid pro-
cess. The trocar should be guided into the abdomen to
the right of the falciform ligament and at the lower edge
of the liver. A 5-mm trocar is inserted inferior to the 12th
rib as far lateral as possible based on the position of the
right colon. A large strong grasper is used to grasp the
dome of the gallbladder and elevate it over the liver, ex-
posing the hilum (Fig. 3). This grasper is then affixed to
the abdominal wall using a towel clamp so that it re-
mains stable throughout the dissection. A second 5-mm
grasper is placed just medial to the first trocar, as lateral
as possible and as close to the costal margin as possible.
Positioning of this trocar is crucial for parallel insertion
of the cholangiogram catheter into the cystic duct.
Dissection of the hilum should start at the gallbladder
- cystic duct junction to avoid dissection near the com-
mon duct until there is adequate identification of the
anatomy (Fig. 4). If the junction is not visible the dissec-
tion should start high upon the gallbladder. The overly-
ing fat should be grasped and pulled out and downward
until the cystic duct is seen. Meticulous dissection close
to the junction of the cystic duct and the gallbladder is
safer than early dissection at the junction of the cystic
duct and common duct. Once the cystic duct is clearly
identified, dissection of the cystic artery can be per-
formed, again close to the cystic duct - gallbladder junc-
tion. One clip is placed on the cystic artery (sentinel clip;
Fig. 5) and one clip is placed on the cystic duct close to
the gallbladder (Fig. 6). A small incision is made in the
cystic duct as proximal to the clip as possible (Fig.7). A
no. 4 end hole ureteral catheter is inserted into the cystic
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duct and is held in place with the cholangioclamp
(Fig. 8).

Cholangiography is then performed. The clips on the
cystic duct and artery should be identified on the cho-
langiogram (Fig.9). Additionally, the length of the cystic
duct should be evaluated and the cystic duct - common
duct junction confirmed. Visualization of dye flowing
into the duodenum is mandatory, as is visualization of
the right and left hepatic ducts (see Chap. 5). After the
cholangiogram is completed and reviewed, two clips are
placed on the “staying” side of the cystic duct, and the
cystic duct is divided sharply, not with cautery. Two ad-
ditional clips are placed on the cystic artery. No specific
attempt is made to identify the cystic duct - common
duct junction unless a transcystic duct common duct ex-
ploration is to be performed.

The gallbladder is grasped at Hartmann’s pouch and
elevated as it is being withdrawn inferiorly from the liv-
er. Electrocautery is used to separate the gallbladder
from the liver bed, and hemostasis is meticulously main-
tained with electrocautery or small clips (Fig. 10). Once
the gallbladder is freed from the liver, the gallbladder is
placed into a plastic pouch, and the liver bed and the
clips on the duct and artery are reinspected. The abdo-
men is irrigated with saline solution, and all clots and

debris are suctioned from under the right lobe of the liv-
er. All trocar sites are then injected with bupivacaine for
postoperative pain relief. The laparoscope is then repo-
sitioned in the subxiphoid trocar, and the gallbladder is
pulled through the subumbilical trocar site. The open
end of the endopouch is exteriorized and the gallbladder
is grasped through the open end of the pouch and pulled
through the fascia. The gallbladder and gallstones may
need to be morcellated and/or the fascial incision ex-
tended. After removal of the gallbladder, all trocar sites
are inspected for abdominal wall bleeding, and all the
10-mm fascial incisions are closed with Vicryl sutures.
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Fig. 1. Positioning of the patient and team. Patient in supine po-
sition. ANS, Anesthetist; S, surgeon; A1, A2, assistants; N, nurse;
M, monitor
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Fig. 2. Trocar sites and instrumentation

Fig. 3. The gallbaldder is grasped at the fundus and the liver re-  Fig. 4. Blunt dissection of the hepatoduodenal ligament
tracted cranially
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Fig. 5. A sentinel clip is placed on the cystic artery Fig. 6. The cystic duct is closed with a clip

Fig. 7. The cystic duct is incised for the cholangiogram Fig. 8. A cholangiography catheter is introduced in the cystic
duct
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Fig. 9. This figure represents a cholangiogram. Once the senti-  Fig. 10. The tubular structures are transected
nel clip has been identified, an imaginary line should be repre-

sented along this clip. When dissecting the gallbladder from the

liver bed, surgeons should always stay laterally from this line in

order to avoid CBD injuries.



8 Laparoscopic Intraoperative Ultrasonography
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Introduction

Minimally invasive surgery has progressed to applica-
tion in complex hepatico-pancreatico-biliary problems
as well as to other organ systems. Although indirect pal-
pation can be performed with probes and other instru-
ments during laparoscopy, the sensitive tactile feedback
of the surgeon’s hands is lost. Common bile duct (CBD)
stones, lymph nodes, liver and pancreatic masses cannot
be felt or characterized. This greatly limits the diagnos-
tic and therapeutic capabilities of the laparoscopic ap-
proach. Laparoscopic ultrasound (LUS) promises to
overcome these limitations and may perhaps exceed the
sensitivities of manual palpation used with open sur-
gery. Indeed, LUS is not a new technique but an exten-
sion of intraoperative ultrasound, which has been dem-
onstrated to be superior to palpation and preoperative
imaging techniques in detecting liver masses, finding in-
sulinomas, characterizing tumors, etc. It has also been
shown to be as sensitive and accurate as static intraoper-
ative cholangiograms for finding CBD stones.

With the adjunctive use of LUS the surgeon is able to
extend his capabilities in advanced laparoscopic proce-
dures. In fact, without ultrasound accurate staging of tu-
mors and optimal management of many disease pro-
cesses cannot be accomplished. As obstetricians,
gynecologists, urologists, vascular surgeons, gastroente-
rologists, and European and Japanese surgeons have
adopted the use of ultrasound, so should general sur-
geons in the United States take example from this prece-
dent. Ultrasound has been appropriately described as
the “surgeon’s stethoscope.” It is the surgeon performing
his own ultrasound who can best use the information
obtained, and who can obtain immediate clinical corre-
lation of the findings.

This chapter presents the basic information neces-
sary to understand the principles of ultrasound, anato-
my of the liver, biliary tree, and pancreas, and pathology
of these systems.

Ultrasound Basics

Ultrasound is based on piezoelectric theory. When sub-
jected to an electrical charge, some crystals change
shape. This creates sound waves. Similarly, when sound
waves are directed toward these crystals, electrical cur-
rents are generated. Lead zirconate is the most common-
ly used crystal in the formation of sound waves for ultra-
sound.

Different tissues have inherent densities, which are a
function of the number of molecules per cubic unit.
These different densities allow sound waves to pass
through them at different speeds. This is referred to as
the acoustic impedance of the tissue. Solids allow easier
transmission of sound waves due to increased density,
thereby having a higher acoustic impedance and return-
ing a stronger signal to the crystal. Gases do not echo
sound waves well due to the greater dispersion of mole-
cules and therefore do not transmit sound waves well.

There are three basic modes of imaging using ultra-
sound. A-mode (amplitude modulation) uses a single
beam to determine distance. This form of imaging is
rarely used. B-mode imaging (brightness modulation),
which is the basis of static and real-time imaging, con-
verts multiple A-mode beams into dots of varying inten-
sity depending on the strength of the signal. This allows
creation of an image depending on the varying densities
of the tissues. M-mode is a variant of the B-mode which
plots the B-mode image in a linear fashion with respect
to time. This allows a continuum of imaging which al-
lows the motion of an object to be viewed.

Sound waves are measured in cycles per second. A
frequency of one cycle per second is the equivalent of
one vibration of the crystal in 1 s and is represented as
1 Hz. Sound waves used in ultrasound are generally in
the range of 1-30 MHz, whereas audible sound waves are
in the range of 20-20000 Hz. Standard ultrasound
probes vary in frequency. The more common probes are
2.3,3.5, 5, and 7.5 MHz. Increasing frequency improves
the visualization by having greater resolution, but has
the drawback of having a more shallow depth of pene-
tration.

Transducers are the devices that convert the electrical
current to sound waves, and vice versa. There are many
different types of transducers, but they can be separated
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into two fundamental groups, mechanical and electri-
cally steered systems. The more common types of me-
chanically steered transducers include the rotary wheel
and oscillating types. These create arc- or pie-shaped
images through the movement of the crystal inside the
transducer housing. The electronically steered systems,
or arrays, are based on the placement of multiple trans-
ducers in sequence and pulse sequencing these to create
ultrasound fields. The pattern of arrangement of the
transducers determines the shape of the field created.

Biliary Tree

The anatomy of the gallbladder and the extrahepatic bil-
iary system is subject to several anomalies. From the
point of view of LUS, the anatomy of the extrahepatic
biliary system can be considered at the porta hepatis, su-
prapancreatic, and intrapancreatic portions. The porta
is a fat-filled space separating the anteroinferior margin
of the caudate lobe from the medial segment of the left
lobe. This space contains the hepatoduodenal ligament,
which is composed of loose fibrous tissue, the portal
vein, bile duct, hepatic artery, and lymph nodes. The
upper border of the porta is formed by the confluence of
the right and left hepatic duct to form the common he-
patic duct. The lower border of the porta is more vari-
able and is defined by the junction of the cystic duct and
the common hepatic duct. Within the porta the common
hepatic duct or right hepatic duct arches anteriorly over
the hepatic artery and to the right portal vein.
Sonographically at this level the artery is seen in trans-
verse cross-section between longitudinal views of the
duct anteriorly and portal vein posteriorly (Fig.1 a, b).

In the hepatoduodenal ligament (suprapancreatic
common duct) the portal vein is the most posterior and
is the point of orientation. The CBD and the common he-
patic duct are ventral and to the right of the portal vein.
At the distal end of the ligament the bile duct veers pos-
teriorly as it traverses the pancreas and forms an impor-
tant landmark for the posterolateral margin of the pan-
creatic head. The gastroduodenal artery lies anterior to
the bile duct and is a landmark for the anterolateral mar-
gin of the pancreatic head.

The intraduodenal termination of the bile duct (am-
pulla of Vater) is approximately 1-2 cm in length and is
the most difficult area to visualize sonographically. It is
often surrounded by a relatively hypolucent oval area as
it courses into the duodenum (Fig. 2).

With current LUS probes the biliary tract may be
scanned through a 10-mm port from either the subxi-
phoid, right subcostal, or the umbilical port. First, a few
caveats in the examination are helpful. The bile duct ex-
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amination is a contact process, requiring good apposi-
tion with the transducer. If necessary, irrigation with sa-
line can provide a coupling medium. The portal vein
represents an important landmark for identifying the
common duct at all levels. Better acoustic contact and a
more convenient angle for the examination can some-
times be obtained by partial reduction of the pneumo-
peritoneum. This serves to decrease the angle of contact
from the umbilical port and allows a more parallel con-
tact on the CBD. Lastly, saline irrigation through a cho-
langiogram catheter in the cystic duct can aid in iden-
tifying the intrapancreatic portion of the CBD by
creating distention of an otherwise collapsed duct.

The examination begins with the placing of the trans-
ducer on the anterior surface of the liver to the right of
the falciform ligament. Using the liver as an acoustic
window, the portal vein is identified in the porta. The
bile duct is then identified anterior to the longitudinal
image of the portal vein and the transverse image of the
hepatic artery (Fig. 1 a). The best screening maneuvers
involve a slow withdrawal of the transducer along its
long axis combined with a slight left and right rotation
of the transducer along its transverse axis. When the
edge of the liver is reached, the transducer is then in-
serted underneath to the liver to its hilum (porta) as
high as possible (Fig. 1 b). Using the same combination
of movements (outward, toward the access port and with
slight rotation in transverse axis if needed), the common
duct is kept continuously in view as it is followed distal-
ly, remembering that the bile duct veers laterally and
posteriorly as it enters the pancreas. Gentle pressure is
applied so as not to collapse the bile duct with the trans-
ducer.

Visualization of the intrapancreatic and in particular
the intraduodenal segment of the bile duct is the Achilles
heel of LUS. This part of the examination is best accom-
plished looking from a lateral to medial direction by
placing and compressing the transducer medially
against the lateral wall of the duodenum. One useful tip
in this area is finding the confluence of the pancreatic
and CBD (Fig. 2). Sonographically the ampulla of Vater is
seen as an oval hypolucent area. In our experience, gen-
tle distention of the bile duct with saline injected
through the cholangiogram catheter is a useful maneu-
ver in visualizing the distal common duct and the am-
pulla of Vater.

Gallstones and ductal stones are the predominant pa-
thology identified by routine LUS during laparoscopic
cholecystectomy. They are identified by standard ultra-
sound criteria: echogenic mobile foci, which cast an
acoustic shadow (Fig. 3). Unlike laparoscopic intraoper-
ative cholangiography (IOCG), LUS of the biliary tree
can be performed in all patients, including during preg-
nancy. While LUS can always visualize the intrahepatic
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and the suprapancreatic biliary tree, the intrapancreatic
CBD and the ampulla of Vater are very difficult to image
in patients with significant intra-abdominal fat or in the
presence of pancreatitis. Also, following interventions
such as ERCP and sphincterotomy, LUS imaging may be
inferior to IOCG for evaluation of the biliary tree be-
cause of the acoustic impedance to the transmission of
ultrasound waves caused by air in the biliary tree. Sludge
in the CBD is better seen with LUS (Fig. 2).

Debris and cholesterolosis in the gallbladder and
sludge in the bile duct are seen as echogenic foci 1 mm
or less in diameter without acoustic shadows. The exact
significance of these two findings is unclear and present-
ly under investigation. Similarly, gallbladder polyps are
seen as immobile, echogenic polypoid lesions without
acoustic shadowing, identified on the luminal surface of
the gallbladder.

The surgeon should always be alert in finding unsus-
pected gallbladder and bile duct pathology. While LUS
diagnosis and staging of gallbladder tumors may prove
to be easier, identifying CBD tumors is difficult. This
may be suspected when a space-occupying lesion is seen
within the lumen of the biliary tree with variable or
complex internal echoes making its differentiation from
ductal stones relatively straightforward (Fig. 4).
Cholangiocarcinoma may show nonspecific ductal wall
thickening. In such cases one should then proceed with
intraoperative staging by scanning the liver and the
draining lymph basin and obtaining biopsies of suspi-
cious lymph nodes. Malignant lymph nodes are typical-
ly round and hypoechoic, whereas inflammatory nodes
are more oval-shaped with internal echoes. LUS staging,
in our experience, is very useful in planning definitive
curative operation by providing additional information
not obtained by preoperative workup. In tumor staging,
remember that negative information by LUS is equally
important in the planning of definitive surgery.

Liver

While a detailed description of gross liver anatomy is be-
yond the scope of this chapter, important anatomical
concepts pertaining to ultrasound of the liver need to be
addressed. The normal liver parenchyma is uniform,
containing fine, homogeneous echoes, and is either
minimally hyperechoic or isoechoic compared to the
normal renal cortex. The liver is hypoechoic compared
with the spleen. In scanning the liver one should be fa-
miliar with Couinaud’s description of segmental anato-
my. Understanding the vascular anatomy of the liver is
the key in identifying the hepatic segments. Two funda-
mental points are worth remembering. First, the major

hepatic veins course between the lobes and segments
(interlobar and intersegmental) while portal veins run
centrally within the segments (intrasegmental), with the
important exception of the ascending portion of the left
portal vein. The ascending portion of the left portal vein
runs in the left intersegmental fissure, which separates
the medial segment of the left lobe from the lateral seg-
ment. Second, the portal vein is always surrounded by
Glisson’s capsule, which gives the portal vein an echo-
genic wall and allows for its distinction from the hepat-
ic veins, which have an almost imperceptible wall. One
other anatomical caveat is that the left portal vein
courses anterior to the caudate lobe.

Identification of the portal vein at the porta hepatis is
the key to finding the extrahepatic biliary system. The
bile duct is anterior to the portal vein, and its size does
not fluctuate during respiration. From the porta the bile
ducts can be easily followed through the liver parenchy-
ma, remembering that the bile ducts are a part of the
portal triad and hence have echogenic walls. Intra-
hepatic biliary radicals are often poorly seen unless di-
lated (Fig. 1).

With these important principles in mind, liver scan-
ning can be standardized. A few helpful tips may be use-
ful initially. First, approach the patient from their right
side, facing cephalad. Second, all preoperative imaging
studies should be available in the operating room for re-
view. Third, dividing the frequency of an ultrasound de-
vice into 40 results in a rough guideline to the depth of
tissue penetration in centimeters (e.g., 40/10 gives 4 cm
tissue penetration for a 10 MHz probe).

LUS can be applied directly to a visible mass to delin-
eate the pathology, or it can be used to scan the liver for
occult lesions. To scan the right lobe the transducer is
placed as high as possible and close to the diaphragm,
and scanning is performed in several parts starting from
lateral to medial, and then from medial toward lateral,
each time withdrawing the length of the scanning sur-
face mounted upon the probe (usually 3 cm). Depending
on the frequency of the probe used and the thickness of
the liver examined, it may be necessary to screen from
both the anterior and posterior aspects of the liver to en-
sure complete examination. The left lobe is usually thin-
ner and can often be examined from the anterior aspect
alone. The liver should also be scanned craniocaudally,
remembering that the major hepatic veins course
between the lobes and segments. They are ideal segmen-
tal boundaries but are visualized only when scanning
the superior aspect of the liver. The middle hepatic vein
separates the anterior segment of the right lobe from the
medial segment of the left. The right hepatic vein separ-
ates the right lobe into anterior and posterior segments.
In more caudal sections of the liver, however, the right
hepatic vein is not identified. Therefore, in more caudal
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sections of the right lobe, the boundaries between the
anterior and posterior segments become an ill-defined
division of the right portal vein into anterior and poste-
rior branches.

In general, sonographic findings of different abnor-
malities are fairly typical and can be easily recognized
with some practice. Liver lesions may be classified as dif-
fuse or discrete based on ultrasound characteristics.
Discrete lesions may further be classified broadly as cys-
tic or solid, single or multiple. Benign liver cysts are an-
echoic or hypoechoic, with a well-demarcated thin wall.
Posterior acoustic enhancement is a cyst quality and is
due to increased transmission of sound waves through
cyst and is seen only when sound waves pass close to the
center of the cyst. This sign is seen as bright echoes im-
mediately deep to the cyst wall. Cysts are generally
rounded or oval, have sharp walls, have no internal
echoes or have fine echoes that are hypoechoic and
homogeneous (Fig. 5). The ultrasound features of ab-
scesses are varied. Depending on its stage of evolution,
they may appear cystic or solid and echogenic. A few
helpful findings include thick walls, fluid interfaces,
internal septations, and debris.

The sonographic findings of hepatic adenomas and
focal nodular hyperplasia are similar and nonspecific.
They may be isoechoic, hypoechoic or hyperechoic
(Fig. 6). A central fibrous scar, when seen, is suggestive of
focal nodular hyperplasia. A hemangioma is typically
well defined, homogeneous, and hyperechoic. Larger le-
sions may be heterogeneous with central hypoechoic
foci. A hemangioma may appear hypoechoic within the
background of a fatty infiltrated liver.

Most small (<5 cm) hepatocellular carcinomas are
hypoechoic, corresponding to a solid tumor without ne-
crosis (Fig. 7). Larger lesions are complex or echogenic.
Similarly, metastatic lesions may appear echogenic,
hypoechoic, target, calcified, cystic, and diffuse. In gen-
eral, more vascular tumors, such as from renal cell carci-
noma, carcinoid, choriocarcinoma, and islet cell carci-
noma, tend to be hyperechoic. Similarly, metastases
from the gastrointestinal tract tend to be echogenic.
Hypoechoic metastases are generally hypovascular.
More unusual patterns of metastasis include a bull’s eye
(target) pattern, cystic pattern, or calcified metastasis.
Ultrasound can define the relationship of these lesions
to the vascular anatomy of the liver and may delineate
satellite nodules, tumor thrombus, and direct vascular
invasion (Fig. 7).

Diffuse liver disease is more difficult to identify, since
findings are more subtle and often subjective. Increased
echogenicity and coarse echo structure are frequent but
subjective observations in cirrhosis. Regenerating nod-
ules tend to be hypoechoic and have a thin echogenic
border that corresponds to fibrofatty connective tissue.
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Fatty infiltration leads to an increase in liver echogenic-
ity and attenuation of the ultrasound beam. It is impor-
tant that the inexperienced surgeon not adjust the time-
gain compensation settings and power to make the fatty
liver appear normal. Moderate to severe fatty infiltration
is identified by a slight to marked decrease in visualiza-
tion of the intrahepatic vessels. In severe cases there may
be poor penetration of the posterior segment of the
right lobe of the liver.

Pancreas

Due to the similar acoustic impedance of pancreatic tis-
sue with the surrounding fat, it is sometimes difficult to
obtain good ultrasound images. With LUS the use of
higher frequency probes allows one to view the pancreas
in much finer detail than could be seen otherwise. The
acoustic impedance of the pancreas is slightly lower than
that of fat, thereby giving it a slightly darker signal than
the surrounding retroperitoneal fat. With age the pan-
creas may naturally become infiltrated with fat, giving it
a slightly higher echogenicity.

Placement of the ultrasound probe in the umbilical
port during laparoscopy allows easy access to visualize
the entire pancreas. Initially the probe should be placed
on the anterior surface of the liver to evaluate the intra-
hepatic bile ducts, but the best view of the pancreatic
head and uncinate process is obtained by placing the
probe directly over the gland. The head can easily be
viewed in this fashion. The body and tail of the pancreas
should be initially evaluated by placing the probe on the
anterior wall of the stomach and viewing the structure
through the gastric wall. Compression on the stomach
should displace the gas (Figure 8). An alternative route is
by opening the gastrohepatic or gastrocolic omentum
and placing the probe directly on the gland.

The pancreatic duct can be seen throughout the en-
tire gland as a dark echo. The normal size of the major
duct is less than 2 mm (Figs. 2, 8). An excellent view of
the intrahepatic portion of the CBD and ampulla of
Vater can be seen by placing the probe lateral to the du-
odenum and compressing it medially.

Important peripancreatic structures that should be
viewed when ultrasounding the pancreas include the
distal CBD, portal vein, superior mesenteric artery, and
celiac axis. The portal vein can be seen running oblique-
ly behind the body of the pancreas and can be distin-
guished from the CBD in that the former passes com-
pletely through the gland, whereas the CBD tapers and
enters the duodenum. The superior mesenteric artery
can be seen running longitudinally behind the midbody
of the pancreas. Its origin with the aorta should easily be
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visualized, as is the celiac axis, which is immediately
cephalad to it.

Acute pancreatitis can be seen as a decreased signal
secondary to the increased tissue water from edema.
Along with this there is an increase in the anteroposter-
ior dimension of the gland (greater than 3 cm). Often the
surrounding tissues are also edematous, thereby making
the gland more difficult to see. Chronic pancreatitis, in
contrast, is demonstrated as a hypoechogenic gland due
to the replacement of the normal gland with fibrous tis-
sue. The gland tends to be more irregular. Ductal calculi
or tissue calcifications may be seen, as well as a dilated
duct (greater than 2 mm).

Cysts of the pancreas are not common but appear
similar to cysts in other parts of the body, being well
circumscribed and hypoechoic and having good
through transmission. The most common cystic lesion
of the pancreas are pseudocysts. These may be difficult
to differentiate from simple cysts by ultrasound criteria
alone but can usually be differentiated from cystadeno-
mas or cystadenocarcinomas in that the latter are usual-
ly complex cystic structures (Fig. 9). Some pseudocysts
may demonstrate internal echoes signifying early for-
mation with intracystic debris but should alert the phy-
sician to the possibility of internal hemorrhage or infec-
tion.

Pancreatic tumors present as discrete masses in the
substance of the gland. Carcinomas are usually hypo-
echoic with irregular borders (Fig. 10). The pancreatic
and/or bile ducts may also be dilated secondary to com-
pression. In contrast, islet cell tumors are well circum-
scribed and hypoechoic compared to the surrounding
parenchyma (Fig. 11). Biopsies of isoechoic nodules in-
variably show normal pancreatic tissue.

Peripancreatic adenopathy is not an uncommon find-
ing. Normal lymph nodes, which may be found either
surrounding or even in the substance of the gland, are
characterized by an isoechoic area surrounded by a rim
of hypoechoic tissue. Pathologic lymph nodes may not
be as well circumscribed, have lost the rim of hypo-
echogenicity, may be more hyperechogenic, and tend to
be more round than oval.

Fig. 1 a, b. Portal triad. Note transverse view of the hepatic ar-
tery between longitudinal views of CBD (top) and portal vein
(below). a The probe is directly on portal structures.
b Transhepatic view with the probe on the liver
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Fig. 2. With the probe directly on the pancreatic head, the dis-  Fig. 3. CBD duct stone. Note shadowing behind the stone. The
tal CBD (left) and pancreatic duct (right) are seen going  dilated CBD is 15 mm

through the pancreas. Sludge is seen in the slightly dilated

ducts. The vena cava is seen posterior

Fig. 4. Villous adenoma of the distal CBD. Note there is no dis-  Fig. 5. The liver parenchyma replaced by cysts in a patient with
tal shadowing. This tumor recurred after 15 years polycystic liver disease
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Fig. 6. Focal nodular hyperplasia in the caudate lobe of the liv-  Fig. 7. Hepatic metastasis of a colorectal carcinoma. Note the
er. A thin rim of hypoechoic tissue delineates the margins.Note ~ proximity to the branches of the portal vein. A segment IV re-
the mixed hyper/hypoechogenic nonhomogeneous internal  section was performed with ultrasound guidance

structure

Fig. 8. Longitudinal view of the body of the pancreas seen  Fig.9. Benign microcystic adenoma of the head of the pancreas
through the stomach. The portal vein is posterior and the he-
patic artery is to the left
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Fig. 10. Adenocarcinoma of the head of the pancreas. Note the
complex hypoechoic mass (33 mm) with irregular margins

Fig. 11. Longitudinal view of an insulinoma at the junction of
the head and body of the pancreas. The mass is hypoechoic
with internal septations

M.E. WEGENER et al.

Comments

Endoscopic ultrasound is useful as an adjuvant to trans-
abdominal and laparoscopic ultrasound. Endoscopic
ultrasound probes are available in linear array and sec-
tor scanning. They allow an excellent view of the perilu-
minal anatomy. No controlled studies are available at
this time comparing laparoscopic and endoscopic ultra-
sound. Endoscopic ultrasound is being used in the pre-
operative staging for resectability of periampullary, pan-
creatic, gastric, and esophageal tumors.

A new technique has recently been introduced in
which extremely high frequency probes are used within
the ductal system. Intraductal ultrasound, introduced in
Japan, uses a 30-MHz probe to create a real-time image.
Excellent wall anatomy can be seen, but there is the se-
vere limitation of a small depth of penetration. The tech-
nology exists that also allows for three-dimensional re-
construction of these ultrasound images.
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Introduction

Most transcystic duct techniques of common bile duct
(CBD) exploration involve dilation of the cystic duct
with balloon dilators or sequential graduated bougies to
access the CBD. Biliary flexible endoscopy is our primary
approach to the CBD. Nevertheless, balloon trolling of
the CBD, fluoroscopically guided wire basket stone re-
trieval, ampullary balloon dilation with lavage, and
transcystic endoscopically assisted sphincterotomy are
all techniques that can be employed laparoscopically via
the cystic duct without the need for dilation.

Flexible biliary endoscopy with wire basket retrieval
of calculi is the preferred technique. It appears to be the
safest technique because stone capture and manipula-
tion are performed under direct vision without manipu-
lation of the ampullae. This technique is feasible in
80%-90% of cases. One limitation is that the endoscope
can be passed into the proximal bile ducts in approxi-
mately only 10% of cases. Multiple stones, small fragile
cystic ducts, and stones proximal to the cystic duct -
common duct junction usually must be dealt with by
choledochotomy, endoscopic sphincteromy, or ampul-
lary balloon dilation. Luckily, these more difficult situa-
tions occur infrequently.

Positioning of the Patient and Team

The patient is placed on the operating table in the supine
position. The operating team is positioned in the same
way as for laparoscopic cholecystectomy (Fig. 1).

Technique

After review of the intraoperative cholangiogram, a
strategy for treatment of choledocholithiasis should take
into account the number of stones and their location. If
the location of the stones and the patient’s condition
permit, the cystic duct should be dissected bluntly down
close to its junction with the common duct. It is often
necessary to make an incision in the larger portion of

the cystic duct closer to the common duct so that less
duct requires dilation. The location of the incision
should allow an adequate length of cystic duct stump for
closure with an endoloop (Ethicon, Cincinnati, OH) at
the end of the procedure. This maneuver increases the
success of the procedure. A no. 5 phantom balloon dilat-
ing catheter (Insurg, Watertown, MA), which has a bal-
loon that is 4 cm long and 6 mm in outer diameter, is pre-
loaded with a 0.35-in., 150-cm-long hydrophilic guide
wire. The assemblage is inserted via a 5-mm trocar in the
right anterior axillary line just under the costal margin
(Fig.2). Depending on the laparoscopic cholecystectomy
technique employed, it may be necessary to add an addi-
tional 5-mm trocar in a better location to intubate the
cystic duct.

After X-ray or fluoroscopic confirmation of the guide
wire location the balloon dilating catheter or sequential
bougies are inserted over the guide wire (Fig. 3). Two-
thirds of the balloon should be inserted. The balloon is
then inflated slowly with a LeVeen syringe attached to a
pressure gauge (Fig. 4). The balloon and cystic duct are
observed laparoscopically as the assistant or nurse slow-
ly inflates the balloon as the pressures are read aloud.
The balloon should be inflated to the insufflation pres-
sure recommended by the manufacturer (usually 12
atm) and held there for 3 min. If the cystic duct begins to
tear, stop the inflation and wait for a minute before at-
tempting further inflation. With patience most cystic
ducts can be dilated to 7 mm, but they should never be
dilated larger than the inner diameter of the CBD. When
exploring a small CBD, care must be taken to choose the
proper diameter dilating balloon based on the intraop-
erative cholangiogram.

The cystic duct must be dilated to the size of the larg-
est CBD stone so that the stone entrapped in the wire
basket does not become impacted on removal. Stones
larger than 1 cm must usually be fragmented with a dye
pulse laser or electrohydraulic lithotripsy or be removed
via choledochotomy, which is our usual approach. After
the cystic duct is dilated, the balloon catheter is deflated
and withdrawn.

The endoscope can be inserted over a guide wire if it
is 150 cm long, or the endoscope can be inserted free-
hand or gently guided with an atraumatic grasping in-
strument (Fig. 5). The working channel of some endo-
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scopes is eccentric to their cross-section, making inser-
tion over the guide wire difficult.

The endoscope should have bi-directional deflection
and a working channel of at least 1.2 mm. An outer di-
ameter of 2.7-3.2 mm is ideal. Smaller scopes compro-
mise the working channel, and larger scopes are more
difficult to pass. A camera should be attached to the
endoscope, and the image should be projected on a mon-
itor with an A-V mixer (picture in picture), or it should
be projected on its own monitor. It is best and most con-
venient to set up a mobile cart with a monitor, light
source, camera box, video recorder, endoscope, wire bas-
kets, balloon dilating catheters, and other instruments
needed for a laparoscopic CBD exploration. This cart
can function as an emergency laparoscopic cart and/or a
backup cart for other laparoscopic procedures. Having
all the required instruments in one place decreases the
frustration and delays when common duct calculi are
encountered.

Once the endoscope is in the cystic duct, irrigation
with warm saline should be initiated. Attention must be
paid to the temperature of the irrigant, as hypothermia
can occur from instillation of cold fluid. The operating
surgeon manipulates the scope, inserting and torquing
with the left hand while deflecting the end of the scope
with the right hand on the deflecting lever.

Once a stone is seen, irrigation is turned off or de-
creased. Always entrap the stone closest to the scope,and
do not bypass any, as they may be irrigated up into the
liver. A straight four-wire basket (2.4 F) is preferable. The
closed basket should be advanced beyond the stone,
opened, and then pulled back to entrap it (Fig. 5). The
basket should be closed gently, and the basket and stone
should be pulled up lightly against the end of the endo-
scope so that they can be withdrawn in unison (Fig. 6).
This process is repeated until all the stones are removed.
A completion cholangiogram is essential. At this point a
decision regarding cystic duct tube drainage must be
made. Elderly or inmunosuppressed patients with cho-
langitis should have a latex (not silicone) tube placed for
postoperative decompression of their biliary system. In
patients who are likely to be harboring a retained stone,
one should be placed for postoperative cholangiography
and, if necessary, percutaneous tube tract stone extrac-
tion. If the preexploration intraoperative cholangiogram
shows a different number of common duct stones than
that found on endoscopy, a tube should be placed. The
cystic duct stump must be closed with endoloops as clips
may slip off the thinned duct.

Fluoroscopic Wire Basket Stone Retrieval.
Fluoroscopic wire basket stone retrieval is feasible if
fluoroscopy is available. Special spiral wire baskets with
flexible leaders must be used to avoid injuring the CBD.

E.H.PHILLIPS and R.J. ROSENTHAL

The basket is placed into the common duct via the cystic
duct. It is advanced with fluoroscopic guidance into the
distal common duct and opened. Hypaque 25% is in-
jected through the wire basket. It is then pulled back un-
til the stone is captured. The advantage of not having to
dilate the cystic duct is offset by the problem of extract-
ing the wire basket with the captured stone through the
nondilated cystic duct. In our experience, this technique
is not as successful as other transcystic duct techniques,
and it can lead to an impacted basket and stone that re-
quires choledochotomy for its removal. Nevertheless, it
can be an easy and successful technique in selected pa-
tients — those with relatively few common duct calculi
whose size is close to the inner diameter of the cystic
duct.

Biliary Balloon Catheter Stone Retrieval. Especially
in cases with a dilated cystic duct, biliary balloon cathe-
ter stone retrieval is occasionally helpful. A biliary bal-
loon catheter can be passed blindly or under fluoroscop-
ic control via the cystic duct into the distal common duct
or the duodenum. The balloon is inflated gently, and the
catheter is then withdrawn, modulating the pressure on
the balloon. This is often successful via choledochotomy
but has the potential to pull the stone into the common
hepatic duct out of reach of an endoscope when used via
the cystic duct.
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Fig. 1. Positioning of the patient and team. Patient in supine po-
sition. ANS, Anesthetist; S, surgeon; Al, A2, assistants; N, nurse;
M, monitor

Fig. 2. Trocar sites and instrumentation
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Fig. 3. Positioning of guide wire in preparation of advancing  Fig. 5. Advancing wire basket through choledochoscope for
balloon dilating catheter for cystic duct dilation stone entrapment

Fig. 6. Retrieval of choledochoscope simultaneously with stone

Fig. 4. Balloon catheter attached to LeVeen syringe during dila-
tion of cystic duct
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Introduction

In an effort to enhance our ability to lavage small stones
and debris from the common bile duct (CBD) and to rid
the CBD of small stones when an endoscope cannot be
inserted into a small fragile cystic duct, we applied the
technique of balloon dilation of the sphincter of Oddi
(LTBDS) via the cystic duct. Although our series is small,
initial results indicate that LTBDS is a useful adjunct to
laparoscopic CBD exploration techniques. However, it
should be used when the only alternative to LTBDS is
endoscopic sphincterotomy.

Positioning of the Patient and Team

The patient is placed on the operating table in supine po-
sition. The operating team is positioned in the same way
as for a laparoscopic cholecystectomy (Fig. 1).

Technique

When CBD duct stones are discovered at fluorocholan-
giography during laparoscopic cholecystectomy, our
first choice is to approach them with a flexible endo-
scope via the cystic duct. In those patients with stones
and/or debris less than 4 mm in diameter that cannot be
extracted by endoscopic wire basket or lavage, LTBDS
can be performed. This is especially useful in a patient
with a small fragile cystic duct.

A 6-mm-diameter balloon dilating catheter, no. 5
phantom (Microvasive, Watertown, MA) is inserted via
the right subcostal trocar (Fig. 2) over a floppy-tipped
0.035-inch hydrophilic guide wire (Guidewire; Micro-
vasive). The wire is advanced through the incision in the
cystic duct. The wire is gently passed into the CBD and
then the duodenum, under fluoroscopic control. The
balloon catheter is advanced over the guide wire
through the cystic duct into the CBD and passed through
the sphincter of Oddi. Radiopaque markers on the bal-
loon catheter identify its position spanning the sphinc-
ter (Fig.2).

Care is taken to avoid repeated in-and-out manipula-
tions through the sphincter. Using a LeVeen syringe, the
balloon is dilated slowly under fluoroscopic view with
50% Hypaque only to the diameter of the largest stone in
the CBD, and never larger than the inner diameter of the
CBD (Fig. 3). After 3 min (using a pressure not greater
than 12 atm) the balloon is deflated. Forceful irrigation
through the cystic duct is then performed with warm sa-
line solution (Fig. 4),and completion cholangiography is
obtained. The cystic duct is then ligated with an endo-
loop, and a drain is placed in Morison’s pouch. Place-
ment of a cystic duct tube should be considered in cases
in which percutaneous access or follow-up cholangio-
graphy might be required.

Fig. 1. Positioning of the patient and team. Patient in supine po-
sition. ANS, Anesthetist; S, surgeon; A, assistant; N, nurse; M,
monitor
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Fig. 2. Trocar sites and instrumentation

Fig. 3. Balloon dilation of the papilla
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Fig. 4. Flushing of the CBD

10 LAPAROSCOPIC TRANSCYSTIC AMPULLARY BALLOON DILATION

Comments

Any manipulations of the papilla of Vater can produce
hyperamylasemia and/or clinical pancreatitis. In our ex-
perience, 17 of 20 patients (85%) had successful LTBDS
with clearance of stones from the CBD. Hyperamy-
lasemia occurred in 15% of cases, and clinical mild pan-
creatitis occurred in three patients. Though LTBDS ap-
pears to have a lower rate of clinical pancreatitis than
endoscopic retrograde methods of sphincter dilation,
surgeons should take this risk into consideration when
employing this technique.
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Introduction

The management of common bile duct (CBD) stones in
the era of laparoscopic surgery, especially in individuals
with complex choledocholithiasis, often presents a chal-
lenge. Currently employed techniques of laparoscopic
guided transcystic common bile duct exploration or
even direct attempts via a choledochostomy may be un-
successful in patients with multiple extra- and intrahe-
patic calculi, or if one or more stones are impacted at the
ampulla. In these circumstances surgeons have often felt
compelled to convert to an open laparotomy or depend
on the success of postoperative endoscopic retrograde
cholangiography and sphincterotomy.

In an attempt to extend the benefits of minimally in-
vasive surgery to individuals with complex biliary tract
disease, an innovative physician from Brazil, A.L. De
Paula, has described a technique which combines the
modalities of laparoscopic common bile duct explora-
tion and endoscopic sphincterotomy.

For antegrade sphincterotomy additional equipment
includes a side-viewing duodenoscope, a desired selec-
tion of endoscopic sphincterotomes, an appropriately
sized guide wire, and a cautery cable compatible with the
sphincterotome. This equipment is rarely kept in the op-
erating room, and we therefore arrange for a portable
endoscopy cart to be kept available in the gastrointesti-
nal suite which contains the above equipment.

Indications for performing laparoscopic antegrade
sphincterotomy vary from surgeon to surgeon. De Paula
recommends this procedure in any patient with multiple
bile duct stones, a greatly enlarged CBD (e.g., >20 mm),
ampullary dyskinesia, or any evidence of impaired bile
duct emptying. In our institution we perform antegrade
sphincterotomy only in those patients with complex
choledocholithiasis in whom we have failed to clear the
bile ducts using fluoroscopic or choledochoscopic
(transcystic or via a separate choledochostomy) means
of CBD exploration. In the last 400 patients undergoing
laparoscopic biliary tract surgery at the University of
New Mexico Medical Center we have performed ante-
grade sphincterotomy in only 13 (3%).

Positioning of the Patient and Team

The patient is place in supine position (Fig. 1).

Technique

Antegrade sphincterotomy is usually performed after an
attempt has been made at laparoscopic CBD explora-
tion. When attempting laparoscopic CBD exploration we
usually insert a fifth cannula (5.0 mm) high in the right
upper quadrant to facilitate passage of the catheters,
choledochoscope, etc. (Fig. 2). The transcystic approach
is our preferred means of exploring the ducts, although
if necessary we make a separate opening along the ante-
rior aspect of the CBD. Either method of accessing the
CBD, however, can also be used for introducing the de-
vices required for performing antegrade sphincteroto-
my.

The first step attempts to pass the sphincterotome di-
rectly into the distal CBD and across the ampulla.
Several different types of endoscopic sphincterotomes
are commercially available; however, we have found that
a 30-mm short-nose sphincterotome (Microvasive,
Watertown, MA) works in nearly every case. De Paula
prefers a Classen-Demling type sphincterotome de-
signed originally for intubating the ampulla following a
Billroth II gastrectomy.

The sphincterotome is introduced through the right
upper quadrant (the fifth) port using a suture introduc-
er to minimize CO, leakage (Fig. 3). A grasping forceps is
inserted through the subxiphoid sheath and then used to
guide the sphincterotome into the lumen of the cystic
duct or through the anterior choledochostomy. While
the sphincterotome is being maneuvered into the biliary
tree,a second member of the team passes a side-viewing
duodenoscope through the mouth and into the esopha-
gus (a video endoscope is preferred so that the surgeon
manipulating the sphincterotome can also see the view
afforded by the duodenoscope). Any nasogastric or oro-
gastric tubes, esophageal stethoscopes, or temperature
probes must be first removed and care taken to avoid
dislodging the endotracheal tube while inserting this
large flexible endoscope.
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Occasionally it is necessary to elevate the jaw of the
patient with one hand while introducing the duodeno-
scope. This maneuver opens the pharynx allowing the
endoscope easier passage into the esophagus. The scope
is then guided into the stomach, through the pylorus,
and into the duodenum. At this point glucagon should be
administered (0.5-1.0 mg IV) to minimize duodenal
peristalsis. The duodenoscope is then positioned direct-
ly across from the ampulla (Fig. 4). Often it is difficult to
distend the duodenum with air (via the insufflation
channel of the scope) because the muscle relaxation of
the general anesthetic encourages free reflux of air back
into the stomach and out the esophagus. To counter this
we have found gentle compression of the neck to seal the
proximal esophagus around the duodenoscope helpful.

As the sphincterotome passes through the ampulla its
movement should be readily visible by the endoscopist.
The surgeon then withdraws and manipulates the
sphincterotome (usually by twisting it) until the cutting
wire is bowed at the 12 o’clock position (Fig. 5). A blend
of cutting and coagulation current is applied until the
sphincter and overlying mucosa are divided up to the
first transverse fold of the duodenum. A gush of bile
and/or stones usually signifies a successful sphincterot-
omy. The sphincterotome is then removed and a red rub-
ber catheter guided into the CBD. The ducts are then
flushed copiously with saline to wash out any remaining
stones or debris. If desired, the choledochoscope can be
reinserted to explore the ducts, and on occasion we have
used this device to flush the duct (by irrigating through
the working channel) and even push stones out through
the widened ampulla.

If one or more stones are impacted in the distal CBD
or ampulla, it may prove difficult to pass the sphinctero-
tome antegrade into the duodenum. In these cases we
advance the choledochoscope as far distal as possible
and then maneuver a much smaller guide wire through
the working channel and across the ampulla (Fig. 6). The
choledochoscope is then removed and the sphinctero-
tome passed over the guide wire and into the duodenum.
The guide wire is pulled back and the sphincterotome
bowed to expose the cutting wire which is maneuvered
into position as described earlier.

If sphincterotomy is successful, we do not routinely
insert a T-tube for postoperative biliary decompression.
Bile should flow very easily across the widened ampulla
even if there has been extensive instrumentation of the
biliary tree. Often a small amount of bleeding is ob-
served from the site of sphincterotomy. In most cases
this bleeding stops spontaneously, but on occasion the
endoscopist must inject epinephrine or coagulate small-
er vessels.

Fig. 1. Positioning of the patient and team. Patient in supine po-
sition. ANS, Anesthetist; S, surgeon; A, assistant; N, nurse; M,
monitor
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Fig. 2. Trocar sites and instrumentation. A fifth cannula
(5.0 mm) may be placed in the right upper quadrant to facili-
tate introduction of the choledochoscope, sphincterotome, etc.

Fig. 3. A standard endoscopic sphincterotome is inserted
through the right upper quadrant 5.0-mm cannula using a su-
ture introducer to minimize gas leakage
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Fig. 4. The side-viewing duodenoscope is positioned directly  Fig.5. The sphincterotome is bowed, which exposes the cutting
opposite the ampulla so that the sphincterotome may be  wire, and maneuvered until it is at the 12 o’clock position
guided into proper position under direct vision

Fig. 6. a A guide wire may be used to facilitate passage of the  and cutting current is used to divide the sphincter up to the
sphincterotome across the ampulla. b A blend of coagulation first transverse fold of the duodenum
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Comments

Laparoscopic antegrade sphincterotomy has a number
of advantages over conventional methods of endoscopic
sphincterotomy. First, the sphincterotome is passed
antegrade rather than retrograde so that the device
passes quickly through the bile ducts and across the am-
pulla. De Paula reported a mean time of 17 min to per-
form this procedure, and in our series we were able to
complete antegrade sphincterotomy in just over 25 min
(excluding the time spent at attempted CBD explora-
tion). Inadvertent cannulation of the pancreatic duct is
also eliminated, and other complications associated with
endoscopic retrograde cholangiography such as the
creation of false passages, perforation of the bile duct or
duodenum and the so-called “trapped basket or sphinc-
terotome” should be dramatically reduced.

Another important aspect is patient expectation.
Individuals prefer complete management of all of their
biliary tract problems at one setting (preferably with la-
paroscopic surgery) rather than multiple procedures
before or after cholecystectomy. Antegrade sphincterot-
omy is, however, associated with a number of disadvan-
tages as well. Operative and anesthesia time is pro-
longed, although with experience this should be less
than 25 min, as mentioned above. Surgeons who are al-
ready skilled at laparoscopic CBD exploration become
adept at this technique very quickly. Antegrade sphinc-
terotomy does require additional equipment, in what is
often already a crowded operating room, and an experi-
enced individual is required to operate the endoscope. In
our institution many of the surgeons are experienced
endoscopists and are qualified to perform endoscopic
retrograde cholangiography and sphincterotomy but in
most institutions a gastroenterologist is required for this
function. Despite some disadvantages we believe that la-
paroscopic antegrade sphincterotomy will have an in-
creasingly important role in the surgical management of
complex choledocholithiasis.

K.A.ZuckeRr and M.]. CURET
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Introduction

For many years calculus disease of the common duct has
been the purview of the general surgeon. Only in recent
years, with the advent of laparoscopic surgery and the
advances in ERCP, has this disease process been ap-
proached by the gastroenterologist as a primary proce-
dure. The reasons for this are multiple: the reluctance of
the general surgeon to approach this disease laparoscop-
ically, a lack of equipment, a lack of skills to perform the
surgery, a feeling by most general surgeons that this is no
longer their territory or is required of them. It is the feel-
ing of the author that choledocholithiasis and indeed
many diseases of the common bile duct should be ap-
proached by the general surgeon and treated with a sin-
gle procedure rather than subjecting the patient to
multiple procedures. Additionally, cholangiography is
an integral part of laparoscopic cholecystectomy - not
only to identify unsuspected common bile duct stones
but also to identify the anatomy and aid in avoiding or at
least identifying common bile duct injuries.

The methods for common bile duct exploration once
a diagnosis of common bile duct stones has been made
are varied, and the present discussion does not dwell
upon the pluses and minuses of the transcystic approach
versus the choledochotomy approach but rather de-
scribes the technique which has been improved for more
than 100 years and is now applied to laparoscopic chole-
cystectomy, e.g., a choledochotomy approach to the
common bile duct.

Contraindications for common bile duct exploration
performed via choledochotomy at the time of laparosco-
py are primarily those related to the size of the common
bile duct and skill of the individual surgeon. We have
used 6 mm as the lower limits of the duct size for an ap-
proach via choledochotomy. Patients with extremely
small stones and extremely small ducts are those in
whom a transcystic duct approach or a postoperative
endoscopic sphincterotomy is perhaps the best ap-
proach.

Positioning of the Patient and Team

Patient positioning is essentially the same as that for la-
paroscopic cholecystectomy (Fig. 1). The patient should
be securely strapped to the operative table to allow for
safe positioning in multiple directions (e.g., severe
Trendelenburg and reverse Trendelenburg as well as
right and left tilt).

An operating table which allows fluoroscopy is ex-
tremely advantageous in laparoscopic cholecystectomy,
not only for intraoperative cholangiography but also for
intraoperative manipulation of the choledochoscope
and direct visualization of stones should a choledocho-
scope not be available. It allows for fluoroscopic wire
basket extraction of common duct calculi in selected ca-
ses.

A third monitor is helpful unless one has a light and
image switching system or an electronic system which
allows the picture to be placed on either monitor. It is the
opinion of the author that a monitor needs to be avail-
able not only for the choledochoscope but also for view
of the abdominal cavity in order to direct equipment
into the common bile duct after the choledochotomy is
made.

Technique

The equipment needed for laparoscopic choledocho-
tomy is essentially the same as that for a laparoscopic
cholecystectomy with the exception that special allow-
ance must be made for a choledochoscope. Many com-
mon bile duct explorations, particularly for solitary
large stones, can be performed without a choledocho-
scope if milking of the common bile duct stone into the
choledochotomy can be performed. However, this tech-
nique cannot be relied upon accurately to locate and/or
remove all stones on a consistent basis. Therefore we rec-
ommend use of a 10.5-F (3.3-mm) choledochoscope
which can be flexed in two directions with greater than
30° flexing capability and a 1.2 mm working channel.
Special equipment for a choledochotomy is really not
necessary. A laparoscopic knife and/or microscissors
should be readily available in all biliary laparoscopic
sets.



60

Section 2

The anesthesiologist should be alerted that the proce-
dure may take somewhat longer, and that the patient’s
temperature may drop. Attempts must be made to warm
all irrigating fluids as well as to carefully monitor not
only end expired CO, levels but also the patient’s tem-
perature to prevent complications of these two prob-
lems.

Cannula positioning is virtually the same as that for
a standard laparoscopic cholecystectomy, and it is the
rare patient who requires an additional cannula (Fig. 2).
If so, the additional cannulae should be placed in the
left upper quadrant in the midclavicular line, midway
between the umbilicus and xiphoid for retraction of a
large duodenum or prominent retroperitoneum.

Laparoscopic choledochotomy should not be per-
formed without first performing an intraoperative cho-
langiogram.

After completion of the cholangiogram and ascer-
taining the exact location and number of common bile
duct stones a choledochotomy can be made at the point
most desirable for extraction of the stones. The choled-
ochotomy is placed in the anterior aspect of the common
bile duct preferably below the junction of the cystic duct
into the common bile duct. This seems to allow the
greatest maneuverability and has in our experience not
compromised the lumen of the duct when the choledo-
chotomy is closed.

As the dissection is carried out to expose the common
bile duct, it is important to look for the inevitable vein or
artery that crosses the common bile duct and avoid inju-
ry to these structures if at all possible. If there is doubt as
to the location of the common bile duct, meticulous dis-
section following the cystic duct down to the common
bile duct is indicated. If the common bile duct still can-
not be found, or if the patient has had a previous chole-
cystectomy, needle aspiration can indeed be performed
with an intraperitoneally placed needle. Intraoperative
ultrasound is an additional method which can be excep-
tionally helpful in identifying the duct and locating
stones. After location of the common bile duct a vertical
choledochotomy should be made. If a bypass is antici-
pated, the choledochotomy should be as low as possible,
preferably near the duodenum. If a choledochojejunos-
tomy is the surgeon’s choice of bypass procedure, the
choledochotomy can obviously be made almost any-
where along the anterior surface of the common bile
duct. It must be emphasized that the gallbladder should
be left intact during the common bile duct exploration,
as this is the primary method of upward traction upon
the common bile duct. If the gallbladder is absent, the
edge of the common bile duct and the adventitial layer
can act as a traction site as well with placement of stay
sutures in the common duct. We do not, however, rou-
tinely use stay sutures as we have found them to be un-
necessary and time consuming.
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The length of the choledochotomy should be just
greater than the diameter of the largest stone. However,
we prefer initially to make a very small incision (approx-
imately 3.5-4 mm in length) to afford a tight fit around
the choledochoscope as this prevents undue loss of irri-
gation fluid during the procedure and allows better dis-
tention of the common bile duct. A larger choledochoto-
my can always be made at any time to accommodate the
removal of a larger stone.

Prior to the introduction of the choledochoscope via
the subxyphoid trocar it is advisable to have all accesso-
ries available and checked. The irrigation fluid should be
attached to the working channel of the scope prior to
introduction of the choledochoscope to ensure a more
expeditious exploration of the common bile duct. Great
care should be taken upon introduction of the choledo-
choscope through an access cannula. We strongly rec-
ommend using a pretied loop passer or other shield to
protect the choledochoscope during its ingress and
egress through the trocar. Inmediately after entering the
abdominal cavity the choledochoscope should be visual-
ized. Upon entering the abdominal cavity the choledo-
choscope should be oriented so that flexion is in a verti-
cal manner, as this expedites the passage through the
choledochotomy (Fig. 3). The common bile duct should
be entered at a right angle and the scope turned after en-
tering the common bile duct. Explore the proximal com-
mon bile duct initially. It must be remembered that
many times this segment of the duct is extremely short.
After checking the right and left hepatic ducts the scope
is slowly withdrawn to the choledochotomy site and
flexed in the opposite direction for distal common bile
duct visualization. The vast majority of stones are in the
distal common bile duct; however, it is an error to as-
sume that stones are only in this location despite their
localization here on the cholangiogram. Stones in the
distal bile duct may float into the common hepatic duct
during manipulation.

Stones which are very near the choledochotomy may
result in extreme frustration as an inadequate amount of
scope can be introduced to expeditiously place a basket
around a given stone. These stones should be milked to
the choledochotomy and plucked from the common bile
duct with a grasper. After removal of several of the most
proximal stones the choledochoscope can be reintro-
duced and the basket used to capture the remaining
stones. The sphincter should be visualized with the cho-
ledochoscope after all stones have been removed, and in
the case of a prior sphincterotomy and/or a very large
sphincter opening the choledochoscope frequently falls
into the duodenum. The stones do not need to be re-
moved individually from the abdominal cavity at the
time of the common bile duct exploration but perhaps
placed in a sterile bag, such as a condom or a commer-
cially available bag, for subsequent removal as a group.
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After clearing all stones and debris in the distal com-
mon bile duct, the proximal duct should be viewed
again, and a second cholangiogram should then be tak-
en through the choledochoscope or a T-tube. This can be
facilitated quite easily through the working port of the
scope with the use of the C-arm and ascertains the clear-
ance of the common bile duct prior to withdrawal of the
choledochoscope. Care must be taken to remove the cho-
ledochoscope through the protective shield in order to
avoid “instrument” injury from trocar valves.

After removal of the choledochoscope, preparations
are made for T-tube placement. We frequently use an 8-
or 10-F T-tube which has been tailored with a long and
short end. The entire T-tube is brought into the abdom-
inal cavity, and the long tail is allowed to extend over the
top of the liver. The long end of the cut T-tube is intro-
duced into the distal aspect of the common bile duct and
the short end into the proximal end. After the T-tube is
well situated in the common bile duct, the T-tube is
pushed cephalad to lessen the chances of inadvertent
dislodgement of the tube during the suturing process
(Fig. 4). We uniformly use interrupted sutures not only
with open but with laparoscopic common bile duct ex-
ploration and currently favor use of an absorbable su-
ture such as Vicryl or Polysorb. An RB 1 needle seems to
be quite appropriate, and we prefer to straighten this
needle to some extent for the placement of the initial su-
ture. A pretied loop is very advantageous (Fig. 5a) for the
first suture, which is placed immediately below the neck
of the T-tube as the T-tube is being pushed cephalad.
This results in trapping the T-tube and lessening the
chance of subsequent dislodgement. The sequence for
suture placement after T-tube insertion is outlined in
Fig.5 b-d.

Care must be taken to ensure as close to a watertight
seal as is possible without causing ischemia to the seg-
ment of the duct. It is better to have a small leak than to
have an ischemic duct, and thus we have avoided using
running sutures except in the instance of an extremely
long choledochotomy. We routinely take a cholangio-
gram after T-tube insertion by exteriorizing the long
limb of the T-tube through the subcostal port and ob-
taining a final cholangiogram (Fig. 4). The T-tube is then
brought back into the abdominal cavity again, placed on
top of the liver, and the cholecystectomy is completed.
After complete hemostasis is achieved, the choledochot-
omy site is reinspected, the cystic duct is reinspected to
assure a lack of leaks, and a 10-mm closed suction drain
is placed and brought out through the lateral umbilical
port after the gallbladder has been placed in an extrac-
tion bag. The T-tube is brought out through the subcos-
tal port and all 10-mm trocar sites are closed with
through-and-through 0 Vicryl/Polysorb suture.
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Fig. 1. Positioning of the patient and team. Patient in supine
position. ANS, Anesthetist; S, surgeon; Al, A2, assistants; N,
nurse; M, monitor

Fig. 2. Trocar sites and instrumentation
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Fig. 5 a-d. The T-tube is sutured in place



13 Avoiding and Classifying Common Bile Duct Injuries
During Laparoscopic Cholecystectomy

N.J. SoPER and S.M. STRASBERG

Introduction

Injuries to the bile duct are a serious problem and are
potentially life threatening. They can cause major mor-
bidity, prolong hospitalization, increase cost, and lead to
litigation. Compared with open cholecystectomy, the in-
cidence of injuries to the bile duct seems to be increased
in laparoscopic cholecystectomy (LC). However, ductal
injuries are highest during the learning curve.

During open cholecystectomy the risk of bile duct in-
jury is low, with an incidence of approximately 0.125%.
In an exhaustive review of common bile duct injuries oc-
curring during LC we reported the risk of bile duct inju-
ry with LC to be some three to four times greater than
with open cholecystectomy, although it is difficult to ar-
rive at a precise figure, and the injuries associated with
LC occur early in the surgeon’s experience. However, as
the overall risk is still less than 1%, bile duct injury re-
mains infrequent in each individual surgeon’s practice.
This demonstrates the vigilance required in every LC
over prolonged periods of surgical practice to reduce the
injury rate to acceptable levels.

The most widely used system to classify bile duct in-
juries during open cholecystectomy is the Bismuth clas-
sification of major injuries to the bile duct. This classifi-
cation is based primarily on the length of remaining bile
duct and does not include bile leaks from the cystic duct
stump or the liver bed; it also neglects lateral injuries to
the bile duct and isolated occlusion of the right hepatic
duct. These injuries have all been reported following LC,
and we have therefore proposed a new classification for
bile duct injury during LC.

Classification of Bile Duct Injuries
During Laparoscopic Cholecystectomy

Type A Injury: Bile Leak from a Minor Duct Still in
Continuity with the Common Bile Duct. In most cases the
leaks occur from the cystic duct or from the liver bed.
The two injuries are combined because their presenta-
tion and management are almost identical. They may be
thought of as lateral injuries to the biliary tract in which
biliary communication between hepatic parenchyma

and the major bile ducts and duodenum remains intact
(Fig.1).

Type B Injury: Occlusion of Part of Biliary Tree. This in-
jury is almost always the result of an injury to an aber-
rant right hepatic duct (Fig. 1). In about 2% of patients
the cystic duct enters the right hepatic duct rather than
the common bile duct - common hepatic duct junction.
The right duct then joins the main ductal system. Such
an aberrant duct has a similar appearance to a cystic
duct at the point where it joins the main duct and is in
danger of being mistaken for the cystic duct or cystic ar-
tery and divided.

Type C Injury: Bile Leak from Duct Not in Commun-
ication with the Common Bile Duct. This injury is almost
always the result of transection of an aberrant right he-
patic duct with drainage of bile into the peritoneal cav-
ity. Usually it is thought to be an artery. It is clipped near
the common hepatic duct and cut off flush with the liver
bed. Both type B and type C injuries, as opposed to type
A injuries, result in disconnection of a part of the hepat-
ic parenchyma from the main biliary tree. Type C inju-
ries are usually diagnosed in the early postoperative pe-
riod due to bile accumulation with a biloma (Fig. 1).

Type D Injury: Lateral Injury to Extrahepatic Bile Ducts.
As with type A injuries, all hepatic parenchyma remains
in communication with the distal end of the biliary tree
and duodenum (Fig. 1). The separate classification is jus-
tified because the consequences of type D injuries are
potentially greater than type A injuries. Type D injuries
often require repair and may result in stenosis of the bile
duct.

Type E Injury: Circumferential Injury of Major Bile
Ducts (Bismuth Classes I-V). These injuries involve
circumferential injury of one or more main bile ducts as
described by Bismuth and illustrated in Fig. 1. Subclass-
ification in the first four Bismuth classes relates to the
upper level of injury, while class V is a combined injury
to the common hepatic duct and an aberrant right duct.
Type E injuries cause “separation” of hepatic parenchy-
ma from the lower ducts and duodenum. This separa-
tion is usually the result of resection or ablation with
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cautery. This is the most serious type of bile duct injury
and is associated with the greatest morbidity and mor-
tality.

Risk Factors for Biliary Injury

Training and Experience. An early case series of over
1500 LCs suggested that the high rate of ductal injury
(0.5%) is mainly a result of the “learning curve” effect. In
that study most injuries occurred within the first 13 pro-
cedures performed by a surgeon. It is too early to deter-
mine whether the biliary injury rate subsides to accept-
able levels once the learning period has passed, but it
seems wise to take all measures to eradicate the problem.

Local Operative Risk Factors. As laparoscopic opera-
tions depend upon the transmitted video image with lit-
tle tactile feedback to the surgeon, anything interfering
with clear visualization may increase the risk of bile duct
injuries. These include acute inflammation, chronic in-
flammation with dense scarring, operative bleeding ob-
scuring the field, and fat in the portal area.

Aberrant Anatomy. Aberrant anatomy is a common
and well-recognized danger in biliary operations. The
biliary anomaly most likely to be involved in ductal inju-
ry is variants of the right hepatic duct, previously re-
ferred to in type B and C injuries.

Exposure of the Operative Field. It is also likely that
use of the gallbladder itself to give cephalad retraction to
the liver and expose the porta hepatis may align the cys-
tic duct with the common bile duct, leading to the illu-
sion that the common bile duct is the cystic duct.

Direct Causes of Laparoscopic Biliary
Injuries

The immediate causes of biliary injuries may be clas-
sified as either misidentification of an anatomic struc-
ture or technical. Misidentification of the bile duct as the
cystic duct results in type D or E injuries. Misident-
ification may also occur when there is an aberrant right
duct, leading to type B and C injuries. The exact events
that occur after misidentification of the common duct
are variable. At least one clip is placed on the common
duct, in the belief that it is being placed on the distal end
of the cystic duct. The clip that the surgeon believes is
being applied to the proximal end of the cystic duct may
also be placed on the misidentified common duct or on

N.J. SoPER and S.M. STRASBERG

the cystic duct. In a common scenario described by
Davidoff and coworkers as the “classical” injury, the
common duct is mistaken to be the cystic duct, receives
all three clips (one proximal and two distal), and is di-
vided (Fig. 2). Then, to excise the gallbladder, the com-
mon hepatic duct must be divided. This is often associat-
ed with injury to the right hepatic artery. The common
hepatic duct may be either clipped or divided, which re-
sults in complete obstruction or bile leak. Often the sec-
ond transection point is above the bifurcation and is de-
scribed in the operative note as encountering a “second
cystic duct” or “accessory duct.” Other contributing fac-
tors to misidentification are a short cystic duct, “tether-
ing” of the infundibulum of the gallbladder to the com-
mon bile duct by inflammatory bands (Fig. 3), and a
large stone contained in Hartmann’s pouch. The small
caliber common bile duct is also in danger of being mis-
identified; bile ducts may normally be as narrow as
3 mm in the adult.

Technical errors may also cause biliary injury. The
most frequent technical causes of ductal injuries in the
laparoscopic era seem to be failure to occlude the cystic
duct securely, too deep a plane of dissection of the gall-
bladder off the liver bed, and thermal injuries to the bile
duct.

Prevention of Biliary Injuries

Laparoscopic cholecystectomy should be performed
only by trained surgeons who have received adequate in-
struction and are operating with appropriate equip-
ment. Difficult cases should be avoided early in one’s ex-
perience, and conversion to “open” surgery should be
considered good judgment and not a failure.

Avoidance of Misidentification
of Ducts

Many guidelines have been suggested to avoid misiden-
tification of ducts, including instructions for directing
traction on the gallbladder, use of operative cholangio-
graphy, and the need to identify or not to identify the
common bile duct-cystic duct junction. The key issue is
that misidentification is a result of failure conclusively to
identify the tubular structures before clipping or divi-
sion. Injuries should be avoidable by adhering to certain
principles.

Because the cystic duct and artery are the structures
to be divided, it is these structures that must be conclu-
sively identified in every LC. Accordingly, the cystic duct
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and artery should not be clipped or cut until conclusive-
ly identified. To achieve conclusive identification the he-
patocystic triangle must be dissected at the lower end of
the gallbladder (Fig. 4). At the completed dissection only
two structures should be seen to be entering the gall-
bladder, and the bottom of the liver bed should be vis-
ible. It is not necessary to see the common duct. It is
helpful to view the hepatocystic triangle both from its
traditional ventral aspect by applying traction on the
gallbladder infundibulum in a lateral direction (to bring
the cystic duct out of alignment with the common bile
duct) and to view the dorsal aspect of the triangle by ap-
plying traction to the infundibulum in a superior and
medial direction (Fig. 5 A, B). When the neck of the gall-
bladder has been freed from the surrounding tissue, and
the cystic structures are clearly seen arising from the
gallbladder wall itself, the critical view of safety has been
achieved, and the cystic structures may be occluded be-
cause they have been conclusively identified.

These principles are similar in rationale to those
enunciated for years by expert biliary surgeons for open
cholecystectomy. The surgeon should be proficient in a
variety of dissection techniques, including pulling tech-
niques, gentle spreading with forceps, and blunt dissec-
tion with a nonactivated spatula cautery tip or anchored
pledgets. The plane of dissection should always be main-
tained on the gallbladder wall or the cystic duct. Staying
on or close to the gallbladder during clearance of the he-
patocystic triangle is a key feature of safe dissection.

Routine operative cholangiography has been recom-
mended to avoid ductal injury. However, even when a
cholangiogram is obtained, misinterpretation can occur
prior to major bile duct injuries. The usual misinterpre-
tation of normal is that only the lower part of the biliary
tree is visualized, without filling of the hepatic ducts.
This often means that the common bile duct has been
cannulated, and that a clip has been placed across it that
so contrast cannot flow proximally into the hepatic
ducts. When only the lower part of the duct is seen, one
may reposition the catheter or administer morphine to
increase sphincter of Oddi tone and allow cholangio-
graphic visualization of the intrahepatic bile ducts.
Failure to fill the proximal ducts must be interpreted as
abnormal until proven otherwise and is a reason to con-
vert to an open procedure. Routine cholangiography
prevents conversion of a type D injury (due to catheter-
ization of the common bile duct with a cholangiocathet-
er) to the far more serious type E injury of resection of a
portion of the common bile duct when it is noted that
the common bile duct has been cannulated.

Presentation of Bile Duct Injuries
Following Laparoscopic
Cholecystectomy

There are important differences in the presentation of
type A and type E injuries. Type A injuries almost always
present in the first postoperative week, although they
have been reported as late as 2-3 weeks postoperatively.
There are two common modes of presentation for type A
injuries. About two-thirds of patients present with a
symptom complex of abdominal pain coupled with fever
and abdominal tenderness caused by bile collecting lo-
cally or generally in the peritoneal cavity. About one-
third of patients present with bile leaking externally
through an incision. However, a few patients present
only with vague symptoms, such as anorexia or failure to
thrive. It is important to be aware of this third mode of
presentation because such patients may be ignored or
misdiagnosed. An important matter differentiating type
A from type E injuries is that jaundice occurs quite un-
commonly in type A injuries, although mild hyperbiliru-
binemia is frequent, as is an elevated alkaline phospha-
tase level.

Type E injuries are more likely to be appreciated dur-
ing operation, as is carried out in approximately 25% of
cases. Intraoperative recognition occurs either because
of observation of bile in the operative field, indicating a
cut bile duct, or secondary to abnormalities seen on cho-
langiography. As with type A injuries, most type E inju-
ries are discovered within 30 days of operation.
However, unlike type A injuries, about 5% of type E in-
juries present one or more months postoperatively.
About 50% of cases present with a combination of jaun-
dice and pain. About 25% of patients present with pain-
less jaundice, which is the sole manifestation in the very
late presentations. Some patients present with pain, fe-
ver, and sepsis, while a few present with an external bile
leak.

Type B injuries (in which a portion of the biliary tree
is occluded) may present long after operation with pain
or cholangitis in the occluded segment or remain
asymptomatic with liver atrophy involving the occluded
segment. Type C and D injuries are less well character-
ized, but when patients with these injuries are not diag-
nosed by intraoperative bile leak, they present much as
type A injuries.

Investigation of a Biliary Injury in the Postoperative
Period (see Table 1). In general when the patient
presents with pain, fever, and sepsis, but not jaundice
(likely a type A injury with bile in the peritoneal cavity),
the presence or absence of a bile collection should be es-
tablished by ultrasound or computerized axial tomogra-



68

Section2  N.J.SopPER and S.M. STRASBERG

Table 1. Comparison of diagnostic techniques for investigating laparoscopic biliary injuries

Test Major functions Characteristics Negative outcomes  Cost
Hepatobiliary Detect bile leak Can be used with low levels of Non-invasive Low
scintigraphy jaundice. Poor localization of
site of leakage. Good screening
test
Ultrasound Detect biloma, Localizes bile collections well. Non-invasive Low
detect dilated bile ducts Bowel gas interferes. Some user
dependency. Good screening
test when injury suspected. Can
be combined with percutaneous
aspiration
Fistulagram Detect site of leak and Very useful when established Non-invasive Low
presence of biloma external fistula exists
CT scan Detect biloma, Can be combined with percut- Non-invasive Moderate
detect dilated bile dutcts aneous aspiration
ERCP Detect exact site of leak or Can be combined with sphinc- Invasive Expensive
obstruction terotomy and drainage to treat
Type A and D injuries.
Important planning step for
many operative procedures
Percutaneous Detect exact site of leak and =~ Decompresses ducts, can be Invasive Expensive
transhepatic obstruction. Demonstrates used for some Type A and D
cholangiography intrahepatic biliary ana- injuries and E injuries with

tomy

stricture. Important planning
step for surgery and for treat-

ment of cholangitis. Catheders
guide operative dissection

phy with percutaneous aspiration if a collection is
present. When this occurs, catheter drainage should be
instituted unless the collection is simply serous fluid. If
bile is found, hepatobiliary scintigraphy can determine
whether the bile leak is active. If an active leak is found,
ERCP is used to demonstrate the site and type of prob-
lem. If it is a type A injury, sphincterotomy and intuba-
tion can be performed at the same time. If it is a more se-
rious injury, the choice is between stenting or operation,
depending on the type of injury.

Management of Biliary Injuries

Injuries Recognized at the Initial Operation

Management depends on the type of injury and the time
of diagnosis. The usual injury discovered at an operation
is to the main bile ducts, type C, D, or E. Early repair of
these injuries is desirable, but the repair is often difficult
and may require dissection and suturing techniques that

are not commonly used by many surgeons who perform
cholecystectomies. The keys to successful repair are the
ability to dissect hepatic ducts up to and above the bifur-
cation and into the hepatic parenchyma, if necessary,
and the ability to perform a mucosa-to-mucosa anas-
tomosis without tension between a defunctioned loop of
jejunum and one or several hepatic ducts, sometimes of
small caliber, while maintaining intact blood supply.
Direct duct-to-duct repair should be reserved for clean
transections with little or no loss of ductal tissue, an un-
common event in laparoscopic injuries, and duct-to-du-
odenal anastomoses should be avoided. If a laparoscop-
ic biliary injury is created and recognized at the time of
operation by a surgeon not expert at the repair required,
drainage of the right upper quadrant with referral to a
hepatobiliary unit is preferable to attempting a complex
biliary repair. When the injury is discovered in the post-
operative period, it is increasingly advisable to refer the
patient, as it is essential that the first repair be technical-
ly perfect.
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Biliary Injuries Found
in the Postoperative Period

Management depends on the type of injury, the type of
initial management and its result, and the time elapsed
since the initial operation or repair.

Type A Injuries. The treatment is to drain the intraper-
itoneal bile collection, and if bile leakage is continuing,
intrabiliary pressure is reduced by endoscopic tech-
niques, such as ERCP and placement of a stent. The vast
majority of patients may be successfully managed with-
out laparotomy in this fashion.

Type B Injuries. These injuries may remain asympto-
matic or present as late as 10 or more years after the in-
itial injury with pain or cholangitis. Patients who are
symptomatic require treatment, usually hepaticojeju-
nostomy and, more rarely, segmental hepatic resection
when biliary enteric anastomosis is not possible.

Type C Injuries. In the case of type C injuries to major
ducts drainage of the bile collection is required and ei-
ther biliary-enteric anastomosis or ligation of the tran-
sected duct. If the duct is very small (< 2 mm), the biliary
enteric anastomosis is unlikely to be unsuccessful, and
ligation may be preferable.

Type D Injuries. Most injuries have been repaired at the
time of the initial operation or shortly thereafter by su-
ture of the duct over a T-tube. Whether the T-tube
should be brought out through the injury or via separate
incision in the duct depends on the exact nature of the
injury. When its location and length are similar to an in-
tended choledochotomy, and the injury is fresh, there is
no reason to make a second opening in the duct.
However, in most cases, a second stab opening for the T-
tube is recommended. Some cases of type D injuries in
which the cut in the bile duct is very small might be
managed by external drainage and biliary intubation or
by suture closure alone.

Type E Injuries. Short strictures, and occasionally clip
occlusions, may be treated primarily by nonoperative
means, including balloon dilatation and stents placed ei-
ther by ERCP or percutaneously through the liver.
Operation is required for failure of stent therapy and
when there is ductal discontinuity.

The optimal timing of reconstruction is variable.
Operation can be performed immediately if the patient
is stable. If the duct is stented or drained, and bile collec-
tions are drained, there is no rush to repair the injury. It
is best to wait until the inflammation can be expected to
have subsided. Another reason for waiting is that with

cauterization or devascularization injuries the process
may progress over several months. It is best to wait for
definitive reconstruction until stabilization of the injury
has occurred.
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Fig. 1. Proposed classification of laparoscopic injuries to the
biliary tract; type E injuries are subdivided according to the
Bismuth classification. (From Strasberg et al. 1993)
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Fig. 2 A-F. Patterns of biliary injury. A “Classical” type E inju-
ry in which the common duct is divided between clips (X). The
ductal system is divided again later to remove the gallbladder
(Y1, E1 and E2 injuries; Y2, E3 or E4 injuries). B, C Variants of

the injury may occur. D, E, F Represent variants of injury to
aberrant right hepatic duct, producing type B and C injuries.
(From Strasberg et al. 1993)
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Fig. 3. Area of common duct frequently mistaken for cystic ~ Fig. 4. Critical view of safety during laparoscopic cholecystec-

duct when the infundibulum is “tethered” to hepatic duct by ~ tomy. The hepatocystic triangle is dissected free of all tissue ex-

adhesions or inflammation. (From Brunt and Soper 1993) cept for the cystic duct and artery, and the base of the liver bed
is exposed. (From Strasberg 1995)

Fig. 5 A, B. Exposure of hepatocystic triangle during laparos-  dus. B Dorsal aspect exposed by superomedial traction on in-
copic cholecystectomy. A “Classical” ventral aspect exposed by ~ fundibulum and lateral traction on fundus. (From Soper 1991)
lateral traction on infundibulum and superior traction on fun-
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Introduction

The recent introduction of laparoscopic surgical tech-
niques has challenged the surgeon with a totally new ap-
proach to the “problem hernia”: through a laparoscope
the hernia is no longer viewed actually as a protrusion
from the abdominal wall but rather the extrusion of a
viscus from the peritoneal cavity. The layers that consti-
tute the inguinal region and the lower anterior abdomi-
nal wall are dissected according to a reversed order and
seen from an opposite viewpoint. Indeed, as early as1945
Lytle wrote: “The operating surgeon knows little of the
posterior wall of the inguinal canal, so well it is hidden
from his view.” For a safe approach to laparoscopic her-
niorrhaphy, it would seem appropriate to reverse the ha-
bitual order and visualize the anatomy from the inner
layers, since laparoscopy provides an optimal panoram-
ic view of the posterior surface of the abdominal wall.

Peritoneal Folds and Fossae

The deep surface of the abdominal wall above the iliopu-
bic tract is covered by peritoneum (Fig. 1). Five perito-
neal folds are visible below the umbilicus. The median
umbilical ligament, which represents the obliterated
remnant of the embryonic urachus, lies in the midline
and extends from the fundus of the bladder to the um-
bilicus. The medial umbilical ligament consists of a fold
of peritoneum covering the distal portion of the umbili-
cal artery. This is usually obliterated, atrophic, and cord-
like in the adult, but it is normally patent proximally. The
lateral umbilical ligament consists of a fold of peritone-
um around the inferior epigastric vessels together with a
variable amount of fatty tissue. On either side of the
midline the medial and lateral umbilical ligaments de-
lineate three shallow fossae. The lateral fossa lies lateral
to the inferior epigastric vessels. It is the site where indi-
rect hernias pass through the internal inguinal ring. The
medial fossa is defined as the space between the lateral
and the medial umbilical ligament and corresponds to
the site of development of direct inguinal hernias.
Finally, the supravesical fossa lies between the medial
and the median umbilical ligaments. The rectus abdom-

inis muscle and its sheath confer greater strength to this
area, making supravesical hernias rare. The umbilical
fossae have been previously considered of no surgical
importance in regard to either the etiology or the repair
of groin hernias. However, a consistent relationship
between inguinal herniation and the umbilical fossae
has been routinely observed laparoscopically, and they
are now considered important landmarks for orienta-
tion.

Preperitoneal Space

The preperitoneal space is delimited posteriorly by the
peritoneum and anteriorly by the transversalis fascia
(Fig. 2). It contains a variable amount of connective tis-
sue, together with many vascular and neurological
structures.

The transversalis fascia is the portion of the endoab-
dominal fascia that covers the internal surface of the
transversus abdominis muscle. Some appendices and
thicknesses of the transversalis fascia (transversalis fas-
cia analogues) are important landmarks for the laparos-
copic surgeon. The internal inguinal ring is the internal
opening of the inguinal canal and is located in the later-
al fossa about 1.25 cm above and slightly lateral to the
middle of the inguinal ligament. It allows passage of the
vas deferens, the testicular vessels and normally the gen-
ital branch of the genitofemoral nerve. It appears nearly
closed when viewed laparoscopically. The transversalis
fascia sling is another important analogue; it consists of
a thickness of the medial border of the internal inguinal
ring and has superior and inferior extensions known as
the superior and inferior crura, which tend to approxi-
mate during straining, thus reinforcing the weak area of
the ring. The iliopubic tract is a fascial condensation
connected laterally with the iliac crest and the anterior
superior iliac spine. It runs parallel to the inguinal liga-
ment, but in a plane posterior to it, crosses the femoral
vessels anteriorly while bordering the deep inguinal ring
inferiorly, and finally fans out to attach to the medial
portion of Cooper’s ligament.

Cooper’s ligament has often been modified.
Regardless of its origin or exact makeup, for practical
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purposes the ligament is the shiny, fibrous structure cov-
ering the superior pubic ramus. The iliopectineal arch is
a condensation of the transversalis fascia on the medial
side of the iliac fascia. It is attached laterally to the ante-
rior superior iliac spine and medially with the iliopecti-
neal eminence. The iliopectineal arch is an important
landmark because it divides the medial vascular com-
partment (lacuna vasorum) and the femoral canal from
the lateral muscular compartment (lacuna musculor-
um).

The lower fibers of the transversus abdominis muscle
fuse with the transversalis fascia and cross downward
and medially to form an aponeurotic arch. This bridges
over the superior margin of the internal inguinal ring
before inserting at the pubic tubercle and the medial
side of Cooper’s ligament. It is responsible for a physio-
logical system known as the shutter mechanism which
functions in the prevention of direct and indirect herni-
ation. It is activated when the internal oblique and the
transversus abdominis muscle contract simultaneously
during straining and approximate the transversus apon-
eurotic arch to the iliopubic tract and the inguinal liga-
ment, thus reinforcing the posterior wall of the inguinal
canal. In approximately 25% of individuals, however, the
arch cannot descend enough to reach the inguinal liga-
ment; it may be located too superiorly or simply remain
poorly developed.

Hesselbach’s Triangle

The inguinal triangle (Hesselbach’s triangle) is another
weak area of the groin. According to the original de-
scription, its boundaries were described as the inferior
epigastric vessels superolaterally, the rectus sheath me-
dially, and Cooper’s ligament inferiorly. These borders
have subsequently been modified with the substitution
of the inguinal ligament for Cooper’s ligament to allow
an easier identification of the area by surgeons who use
the traditional anterior approach for herniorrhaphy. For
the laparoscopic procedure, however, it seems more ap-
propriate to return to Hesselbach’s original description
since the inguinal ligament is not visible laparoscopical-
ly. The inferior portion of the triangle includes the weak
area seen in the medial umbilical fossa where direct her-
nias develop; its boundaries are the aponeurotic arch
superijorly and the iliopubic tract inferiorly.

R.ANNIBALI and R.]. FITZGIBBONS

Vessels of the Retroperitoneal
and Preperitoneal Space

The vascular structures of the preperitoneal space
(Fig. 2) are easily damaged during surgical dissection or
while applying staples or sutures, often resulting in the
formation of a hematoma or worse. The external iliac
vessels run on the medial aspect of the psoas muscle
over its investing fascia before passing under the iliopu-
bic tract and the inguinal ligament to become the femo-
ral vessels. The inferior epigastric vessels normally orig-
inate from the external iliacs; they run superiorly and
medially toward the umbilicus from a point midway
between the anterior superior iliac spine and the sym-
physis pubis, ascend obliquely along the medial margin
of the internal inguinal ring between the transversalis
fascia and the peritoneum, and finally pierce the trans-
versalis fascia to enter the sheath of the rectus muscle.
The inferior epigastric arteries usually give rise to two
branches in the inguinal region: the external spermatic
(cremasteric) artery and the anastomotic pubic branch.
The former runs upward from its origin along the medi-
al aspect of the internal inguinal ring and pierces the
transversalis fascia to join the spermatic cord. The pubic
branch courses inferiorly toward the obturator foramen,
where it anastomoses with the obturator artery and
sometimes gives rise to an inconstant small branch,
called the anterior pubic branch, along the superior ra-
mis of the pubis. This anastomotic ring of arteries, to-
gether with their corresponding veins, is also known as
the corona mortis (“crown of death”) because of the
bleeding which occurs if it is injured while suturing or
applying staples to Cooper’s ligament. An obturator ar-
tery originating from the inferior epigastric or external
iliac has been observed in approximately 30% of the
specimens studied. The deep circumflex iliac artery and
vein also originate from the external iliac vessels, then
course laterally between the iliopubic tract and the ilio-
pectineal arch to reach the space between the transver-
sus abdominis and the internal oblique muscles, where
they finally anastomose with the iliolumbar vessels.

It is important to become familiar with the deep in-
guinal venous circulation. The iliopubic vein courses
deep to the iliopubic tract and accompanies the anterior
pubic branch when this is present. It either empties di-
rectly into the inferior epigastric vein or joins the venous
anastomotic pubic branch to form a common trunk that
drains into the inferior epigastric vein. Another tribu-
tary of the inferior epigastric vein, the rectusial vein,
runs along or embedded within the lower lateral fibers of
the rectus muscle. Finally,a small collateral branch of the
anastomotic pubic vein is commonly observed on the
lower posterior aspect of the pubic ramus, beneath
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Cooper’s ligament, and has been called the retropubic
vein.

Innervation

Five major nerves responsible for the innervation of the
lower abdominal wall, the inguinal and genital region,
the thigh and the leg are found in the preperitoneal and
extraperitoneal space (Figs. 3, 4). The iliohypogastric
nerve appears at the lateral margin of the psoas muscle
and crosses obliquely on the quadratus lumborum,
passes beneath the inferior pole of the kidney to pierce
the transversus abdominis muscle, and then divides into
two branches. The most important one is the hypogas-
tric, which lies between the external and the internal
oblique muscle at the level of the anterior superior iliac
spine and reaches the suprapubic skin by piercing the
muscular layers. It innervates the skin of the anterior ab-
dominal wall above the pubis. The ilioinguinal nerve fol-
lows a course similar to that of the iliohypogastric but
more inferior. It crosses the quadratus lumborum and
the iliacus muscles before piercing the transversus ab-
dominis and the internal oblique; it continues along the
inguinal canal, over the cremasteric muscle, and finally
exits through the external inguinal ring to innervate the
skin of the superomedial portion of the thigh, root of the
penis, pubic region,and scrotum or labium majorus. The
genitofemoral nerve emerges from the fibers of the
psoas muscle at the level of the lower lumbar vertebrae
and crosses behind the ureter to divide into the genital
and femoral branches. The genital branch is medial, tra-
verses the iliac vessels to reach the internal inguinal ring
and runs along the inguinal canal together with the sper-
matic cord. The genital branch of the genitofemoral
nerve provides motor innervation to the cremaster mus-
cle and sensory innervation to the skin of the penis and
scrotum. The femoral branch lies usually on the lateral
edge of the psoas muscle, beneath the psoas fascia, and
may bifurcate before crossing the deep circumflex iliac
artery to pass under the iliopubic tract. In the femoral
sheath it lies lateral to the femoral artery to reach the fe-
moral triangle and provide sensory innervation to the
anteromedial surface of the upper thigh. The lateral fe-
moral cutaneous nerve emerges from the lateral margin
of the psoas muscle and crosses the iliacus muscle
obliquely toward the anterior superior iliac spine.
Medial to the latter, it passes below the iliopubic tract to
reach the thigh. The innervated area extends from the
greater trochanter to the midcalf level. The femoral
nerve is the largest nerve originating from the lumbar
plexus. It emerges from the inferior aspect of the psoas
muscle, passes along the lateral border, and then runs

between the iliacus and pectineus muscles, covered by a
layer of fascia. It passes below the iliopubic tract and
reaches the femoral triangle within the lacuna muscul-
orum. Its branches innervate the skin of the lower ante-
romedial thigh, the medial aspect of the leg and the great
toe. It also contains muscular branches that provide mo-
tor innervation to the pectineus, sartorius and quadri-
ceps.
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Fig. 1. The anatomy of the internal surface of the lower abdom- Lateral fossa; FC, Femoral canal; FR, Femoral ring; AA,
inal wall, inguinal region and lower trunk according to the la- Abdominal aorta; IVC, Inferior vena cava; IIA, Internial iliac
paroscopic perspective. Left, the peritoneum has been left in-  artery; IHN, Iliohypogastric nerve; GFN, Genitofemoral nerve;
tact; right, it has been removed to show the underlying  IIN,Ilioinguinal nerve; LFCN, Lateral femoral cutaneous nerve;
structures. MUL, Medial umbilical ligament; LUL, Lateral um- VD, Vas deferens; IPT, Iliopubic tract; IEV, Inferior epigastric
bilical ligament; SUF, Supravesical fossa; MF, Medial fossa; LF,  vessels; U, Urachus. (From Annibali et al. 1993)
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Fig. 2. Panoramic view of the deep surface of the anterior ab-
dominal wall in a cadaver preparation to demonstrate the ves-
sels of the preperitoneal space. RM, Lateral border of the rectus
abdominis muscle; LS, linea semicircularis (of Douglas); IE, in-
ferior epigastric vessels; ES, external spermatic vessels; RV, rec-
tusial vein; CL, Cooper’s ligament; IP, iliopubic tract; UA, um-
bilical arteries; HL, falx inguinalis (or Henle’s ligament); AA,

aponeurotic arch of the transversus abdominis muscle; VD, vas
deferens; IS, internal spermatic vessels; PB, anastomotic pubic
branch; AP, anterior pubic branch and iliopubic vein; RP,
retropubic vein; AO, anomalous obturator artery; GB, genital
branch of the genitofemoral nerve; FB, femoral branch of the
genitofemoral nerve; TS, transversalis fascia sling. (From
Annibali et al. 1994b)
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Fig. 3. Mesh positioned in the cadaver preparation to demon-
strate the relationships of mesh and staples with the neurolog-
ic and vascular structures. All the six staples in the lower row,
lateral to the epigastric vessels, possibly injuring to the under-
lying nerves though placed above the iliopubic tract. VD, Vas
deferens; IS, internal spermatic (testicular) vessels; IV, external
iliac vein; IA, external iliac artery; IP, iliopubic tract; IE, inferi-
or epigastric vessels; RM, rectus abdominis muscle; PB, anasto-

R.ANNIBALI and R.]. FITZGIBBONS

motic pubic branch; AP, anterior pubic branch; IPA, iliopecti-
neal arch; CL, Cooper’s pectineal ligament; DC, deep circumflex
iliac vessels; GN, genitofemoral nerve; GB, genital branch of the
genitofemoral nerve; FB, femoral branch of the genitofemoral
nerve; FN, femoral nerve; LC, lateral femoral cutaneous nerve;
U, ureter; B, bladder (reflected posteriorly). (From Annibali et
al. 1993)
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Fig. 4. Drawing showing the two critical areas for avoiding sta-
ple placement during laparoscopic hernia repair in the groin.
A, Triangle of doom; B, triangle of pain

Comments

Two triangular anatomical areas within the groin have
considerable importance for laparoscopic hernia repair.
The first triangular area lies between the vas deferens
medially and spermatic vessels laterally and is often re-
ferred to as the “triangle of doom.” The external iliac ves-
sels lie in its floor, usually hidden by the peritoneum and
the transversalis fascia. Initially, to avoid injury to these
important structures, it had been strongly recom-
mended that suturing or stapling be carried out only
medial to the vas deferens or lateral to the spermatic ves-
sels.

We subsequently started some thorough anatomical
studies to explain the unexpectedly high incidence of
neuralgias initially reported by several authors follow-
ing laparoscopic hernia repairs. The results of our inves-
tigations led us to the belief that the borders of the “dan-
gerous area” should be extended. For laparoscopic
inguinal hernia repair, in fact, the iliopubic tract is an-
other extremely important landmark to observe if sta-

ples are to be safely applied. Lateral to the spermatic ves-
sels and immediately below (or, in some instances, di-
rectly through) the fibers of the iliopubic tract are the
genital and femoral branches of the genitofemoral
nerve, the femoral nerve and the lateral femoral cutane-
ous nerve. Consequently, staples placed caudal to the ili-
opubic tract and lateral to the internal spermatic vessels
can result in transient or permanent neuralgias involv-
ing one or more of the above-mentioned nerves or
branches.

Also, pain in the groin or lower abdomen can be ob-
served if the ilioinguinal or the iliohypogastric nerve is
injured. Although injury of these latter nerves is less fre-
quent during laparoscopic hernia repair than with con-
ventional anterior inguinal herniorrhaphy (they lie in a
plane superficial to the preperitoneal space), on occa-
sion they can be compromised by staples placed deeply,
especially if a vigorous bimanual technique is used to
apply them. The genital branch of the genitofemoral
nerve is not commonly encountered in the area in which
staples are applied.
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The femoral branch of the genitofemoral nerve and
the lateral femoral cutaneous, on the other hand, are at
higher risk of being injured during laparoscopic hernia
repair since they are more superficial (they lie on the
anterior surface of the psoas and iliacus muscle, respec-
tively) and in the area where staples are usually applied
to tack the inferolateral border of the mesh. The femoral
nerve is medial and in a relatively deeper position; al-
though less vulnerable, it may be injured by staples
placed medially and close to the iliopectineal arch, with
consequent possible sensory and/or functional conse-
quences.

Accordingly, it seems appropriate to introduce the
concept of a second dangerous triangular zone and in-
clude it beside (lateral to) the triangle of doom. This oth-
er dangerous area, which we have named “triangle of
pain” for its connections with possible nerve injuries, is
included between the internal spermatic vessels infero-
medially and the iliopubic tract superolaterally. Staples
or sutures should not be applied in the triangle of pain
or the triangle of doom.

In conclusion, to prevent damage to the vessels and
nerves we recommend that, lateral to the vas deferens,
staples be placed only above and parallel to the iliopubic
tract.

R. ANNIBALI and R.]. FITZGIBBONS
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Introduction

Transabdominal hernia repair is not a new concept.
Many surgeons advocate the repair of hernias found in-
cidentally during laparotomy for other conditions.
Marcy (1887) and LaRoque (1932) proposed the intra-
abdominal approach as a primary method for hernior-
rhaphy. In fact, LaRoque performed more than 1700 pro-
cedures using this technique. However, most surgeons
feel that the morbidity associated with a laparotomy is
too significant for repair of a primary inguinal hernia.
The advent of laparoscopy has changed this, as access to
the intra-abdominal space (see Chap. 14) can be accom-
plished with a marked decrease in perioperative discom-
fort.

Positioning of the Patient and Team

Figure 1 illustrates the operating set-up most common-
ly employed for the laparoscopic herniorrhaphy proce-
dure. The surgeon usually stands on the opposite side of
the table from the hernia, because this provides the most
appropriate angle for dissection and staple placement.
After inducting general anesthesia a Foley catheter is
placed to ensure continuous decompression of the blad-
der. Although diagnostic laparoscopy is possible under
local anesthesia, the considerable dissection involved in
this procedure precludes its use.

Technique

Cannulae placement is depicted in Fig. 2. The initial can-
nula is placed in the umbilicus, which allows generalized
exploration of the abdomen. The patient is then placed
in the Trendelenburg position to allow the bowel to fall
away from the pelvis and to allow good access to the in-
guinal area. Two additional cannulae are placed lateral to
the rectus sheath on either side at the level of the umbil-
icus. All three are large cannulae (10-12 mm) as this al-
lows free movement of the laparoscope and the stapler
to any position, depending upon the patient’s anatomy.

After the first (umbilical) cannula is inserted, the in-
guinal regions are inspected to confirm the pathology
and to check the contralateral side (Fig 3). Two addition-
al cannulae are then inserted under direct vision. The
medial umbilical ligament is identified and divided if it
appears to compromise exposure. Bleeding from small
vessels is controlled using electrocautery. The peritoneal
flap is then created by extending this incision at a dis-
tance of 2 cm above the myopectineal defect to the ante-
rior superior iliac spine (Fig. 4). The flap is mobilized
downward using sharp and blunt dissection. The inferi-
or epigastric vessels, symphysis pubis, transversalis fas-
cia, and cord structures are exposed. For direct hernias
the sac and preperitoneal fat are reduced from the her-
nia orifice using gentle traction. The thinned-out trans-
versalis fascia (the so-called pseudosac) lining the defect
is left behind, if necessary separating it by sharp dissec-
tion (Fig. 5). As dissection continues inferiorly, Cooper’s
ligament and the iliopubic tract laterally are exposed
(Fig. 6). The dissection is completed by mobilizing the
cord structures away from the peritoneal flap. Indirect
hernias are clearly more difficult to deal with. If the sac
is small, it can be mobilized from the cord structures and
reduced back into the abdomen. However, if it is large or
extending into the scrotum, complete mobilization of
the sac may result in an increased incidence of spermat-
ic cord or testicular complications. In this situation the
hernia is best treated by dividing the sac at the internal
ring, leaving the distal sac in situ and with dissection of
the proximal sac away from the cord structures.

After completely dissecting the preperitoneal space
and identification of the critical anatomical structures,
the repair commences. A decision must be made wheth-
er the cord structures are to be encircled with the pros-
thetic material or simply covered. If a direct inguinal
hernia defect is quite large, extending to the internal
ring, or if an indirect inguinal hernia has caused de-
struction of the internal ring (Nyhus type 3), we prefer to
place a slit in the mesh to accommodate the cord struc-
tures. This requires additional mobilization of the cord
structures posteriorly to accommodate the mesh. In oth-
er cases the mesh is simply laid over the cord structures
avoiding this dissection. Most surgeons prefer the latter
as this avoids dissection, which increases the incidence
of cord or testicular problems. However, proponents of
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the former argue that this maneuver adds stability to the
prosthesis and in effect creates a new internal ring. The
controversy will not be settled until longer follow-up
data are obtained.

Polypropylene mesh is currently the most popular
mesh, but other materials are occasionally used. The size
of the prosthesis used is important as many of the earli-
er recurrences with laparoscopic herniorrhaphy have
been thought to be due to inadequate coverage of all of
the potential sites of recurrent groin herniation. As an
absolute minimum it is important that the size of the
prosthesis be no less than 10 x 5 cm. The mesh must be
sufficiently large to cover the defect and provide an ex-
tensive overlap. This allows the intra-abdominal pres-
sure to act on an area of the patch overlying strong
healthy tissue, thus tending to keep the patch in position
rather than encouraging it to herniate through the de-
fect.

The next step is to staple the prosthesis (Fig. 7). Some
surgeons actually suture the prosthesis in place, but they
appear to be in the minority as suturing in this area is
quite difficult. Stapling is begun along the upper border
of the posterior rectus sheath and transversalis fascia at
least 2 cm above the defect. If a slit has been placed in the
prosthesis, it is repaired around the cord. The inferior
edge is stapled to the symphysis pubis and Cooper’s lig-
ament medially, and the iliopubic tract laterally. When
stapling the inferior edge, care must be taken not to
place staples below the level of the iliopubic tract when
lateral to the internal spermatic vessels, for an inordi-
nately high incidence of neuralgias involving the lateral
cutaneous nerve of the thigh or the femoral branch of
the genitofemoral nerve is then observed. A helpful ma-
neuver in this situation is to use a bimanual technique:
Staples are not placed without being able to palpate the
head of the stapler through the abdominal wall with the
left hand; this ensures that the surgeon is above the ilio-
pubic tract.

Finally, the lateral edge is stapled at a point approxi-
mately 1 cm medial to the anterior superior iliac spine.
During the course of staple placement, excess mesh is
trimmed in situ so that the prosthesis is perfectly tail-
ored to the preperitoneal space. The final step is to close
the peritoneum with staples, thus isolating the prosthet-
ic patch from the abdominal contents (Fig. 8). It is im-
portant not to leave gaps between the staples because
bowel has been reported to slip between these gaps
causing obstruction. Peritoneal closure is facilitated by
reducing the pneumoperitoneum to 6 mmHg. A long-
acting local anesthetic can be injected into the preperit-
oneal space at this stage to reduce postoperative discom-
fort.

Bilateral hernias can be repaired using one long
transverse peritoneal incision. A single piece of mesh, at
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least 20 x 6 cm, can be used for both defects fashioned
similar to that described by Stoppa and Warlamount
(1989) for a conventional repair. However, two separate
pieces of prosthetic material are preferred by most au-
thors because it is easier to manipulate the smaller pros-
theses. This may avoid the theoretical complication
which might be encountered if the urachus was patent
and an incision made across it and not recognized.

UCO)

Fig. 1. Positioning of the patient and team. Patient in supine
position. ANS, Anesthetist; S, surgeon; Al, A2, assistants; N,
nurse; M, monitor
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Fig. 2. Cannulae placement

Fig. 3. Inspection of the left inguinal region Fig. 4. Opening the peritoneum to create the peritoneal flap



86

Section3  ].Camps et al.

Fig. 5. Operative drawing showing reduction of the hernia sac. = Fig. 6. Appearance of the preperitoneal space after a radical
The transversalis fascia, or pseudosac, is depicted dissection as performed for a laparoscopic transabdominal
preperitoneal (TAPP) herniorrhaphy

Fig. 7. Prosthesis stapled in place Fig. 8. Closure of the peritoneum
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Comments

This approach to herniorrhaphy has now been estab-
lished, at least on short-term follow-up, to have an ac-
ceptably low recurrence rate and good patient accep-
tance. Considerable dissection is required but with
experience the operating time is similar to that for a con-
ventional herniorrhaphy.
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Introduction

Laparoscopic inguinal herniorrhaphy developed as an
obvious application of the laparoscopic technique to
open preperitoneal hernioplasty. The complete or near-
complete preperitoneal approach avoids an incision in
the peritoneum, while offering decreased postoperative
pain and disability. This extraperitoneal approach,
which develops the preperitoneal space without balloon
dilators and without incising the peritoneum or creating
peritoneal flaps, avoids one of the most serious compli-
cations of transabdominal preperitoneal (TAPP) re-
pairs: adhesive or internal hernia bowel obstruction.

Positioning of the Patient
and the Team

The patient is placed on the operating room table in the
supine position (see Fig. 1). For bilateral hernias, the op-
erating surgeon is on the side opposite the hernia being
repaired. The assistant surgeon stands on the opposite
side, and the surgical nurse on the patient’s right side.
For unilateral hernias, the operating surgeon should be
on the contralateral side of the hernia.

The monitor is placed at the patient’s feet. The abdo-
men is shaved from umbilicus to pubis and then the en-
tire abdomen is prepared in the usual fashion.

Technique

Under general anesthesia, pneumoperitoneum is estab-
lished via the Veress needle technique through an umbil-
ical incision. A 10-11 mm or a 5-mm trocar is then in-
serted into the peritoneal cavity and a 30° 10 mm or
5 mm laparoscope is introduced (Fig. 2). The hernia de-
fects are examined directly from within the peritoneal
cavity. A 10 mm incision is made just superior to
McBurney’s point on the right side of the abdomen. This
corresponds to the site of a preperitoneal fat pad com-
monly located in this position. A Kelly clamp is then
used to bluntly dissect through the oblique muscles

under direct vision until the transversalis fascia is
reached (Fig. 3). A large Mayo clamp is then used to con-
tinue the dissection until the tip of the clamp is seen
through the peritoneum, the so-called “metal sign.”

The Mayo clamp is then turned curve up toward the
underside of the abdominal wall, advanced toward the
pubis, spread, and withdrawn in the spread position,
creating a pathway for a blunt-tipped 10 mm trocar, or a
10 mm trocar with a blunt probe (Fig. 4). The trocar is
placed into the preperitoneal space and a blunt-tipped
grasper is advanced toward the pubic symphysis. Care
must be taken to assure that the grasper is advanced
between the epigastric vessels and the peritoneum. A
rowing motion is used to develop the preperitoneal
space with the grasper. This procedure is duplicated on
the left side (Fig. 5).

Carbon dioxide is then introduced into the preperit-
oneal space via a lateral trocar, while the intraperitoneal
carbon dioxide is slowly released until the preperitoneal
space is insufflated. There are two options at this point.
One is to make an incision in the midline 3 cm below the
umbilical incision. A Mayo clamp is used to bluntly dis-
sect down to the peritoneum in this location. A 10 mm
blunt-tipped trocar is then inserted inferiorly toward the
pubis in the midline in the preperitoneal space (Fig. 6).
The other option is to reinsufflate the intraperitoneal
space via the umbilical trocar to 10 mmHg. The umbili-
cal trocar is then backed out slowly until the peritoneum
and fascia are visualized. The laparoscope is oriented so
the 30° angle faces down. It is advanced into the preper-
itoneal space, and then the trocar is slid over it. This
saves one trocar and one incision.

In both techniques, the laparoscope is placed in this
preperitoneal midline trocar and bluntly advanced until
it touches the pubic symphysis. The scope is then gently
rocked from side to side, further developing this space.
The laparoscope is then withdrawn, cleaned, and rein-
serted in the midline trocar. At this point, orientation is
gained by identifying the pubic symphysis and one or
both of the graspers in the preperitoneal space.

Starting in the midline, Cooper’s ligament is iden-
tified and followed laterally until the contents of the fe-
moral canal are identified. The epigastric vessels and
spermatic cord are then located. If at any time during the
dissection the surgeon becomes confused or has lost an-



16 LAPAROSCOPIC NEAR-TOTAL PREPERITONEAL HERNIA REPAIR

atomic orientation, Cooper’s ligament and the epigastric
vessels should serve as a reference point. Direct hernias
should be reduced until the edges of the defect are seen
circumferentially. Indirect hernias, as well as large cord
lipomas, should be dissected and reduced off the sper-
matic cord (Fig.7). Large indirect sacs may be transected
and proximally ligated with an endoloop.

After all hernias have been reduced and all potential
hernia sites, including possible femoral hernias, have
been inspected, the mesh is prepared. Prolene mesh is
cutinan 11 x 11 cm square and a slit is made in the mesh.
The slit is created by beginning at the lower border of the
mesh one-third from the medial edge and cutting hori-
zontally, stopping one-third of the distance to the lateral
border (Fig. 8 a). The mesh is rolled and two chromic su-
tures are used to fix the mesh in a rolled position
(Fig. 8 b). The mesh is then grasped through a tube re-
ducer and inserted on the side of the hernia via the lat-
eral 10-11 mm trocar (Fig. 9). The slit in the mesh is
placed around the cord from a lateral position, regard-
less of the type of hernia, to add stability without sta-
pling lateral to the epigastric vessels. Care is taken so no
medial tension is placed on the cord by the mesh. The
mesh is then fixed to Cooper’s ligament, and the slit in
the mesh is stapled closed, leaving adequate space for the
spermatic cord laterally (Fig. 10 a-c). No staples need be
placed lateral to the epigastric vessels; this is to avoid in-
jury to the ilioinguinal, genitofemoral and lateral femo-
ral cutaneous nerves (see Fig. 4, Chapter 14, page 81).

In bilaterial hernias, the contralateral mesh is placed
in a similar fashion before either mesh is unfurled and
tacked to the underside of the abdominal wall. After
both sides have been placed, the chromic sutures are cut
(Fig. 11), and the mesh is unfurled and tacked to the
underside of the abdominal wall medial to the epigastric
vessels with a reticulating hernia stapler (Fig. 12).

In this manner the femoral, indirect, and direct por-
tions of the inguinal floor are covered. The laparoscope
is then returned to the peritoneal cavity. Pneumo-
peritoneum is reestablished in the peritoneal cavity
while carbon dioxide is allowed to escape from the pre-
peritoneal trocars. The repair is inspected to see how the
mesh lies, to make sure there have been no inadvertent
injuries to the peritoneum, and to assess for the infre-
quent occurrence of reduction en masse.

Local anesthetic is injected around each trocar site
and all fascial defects are closed with 0 Vicryl suture.

M

Fig. 1. Positioning of the patient and team. The patient is
placed in a supine position (ANS, anesthetist; S, surgeon; A, as-
sistant; N, nurse; M, monitors)
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Fig. 2. Trocar sites and instrumentation

Fig. 3. Access to the preperitoneal space by means of blunt dis-  Fig. 4. A Mayo clamp is introduced into the preperitoneal space
section under laparoscopic guidance and a pathway is created
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Fig. 5. Blunt trocars and graspers are introduced in the dissected preperitoneal pathway

Fig. 6. After CO, insufflation into the preperitoneal space,a10-  Fig.7. The sac s reduced (LIH)
11 mm trocar is inserted preperitoneally and the optic
switched into this space
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Fig. 8 a, b. Preparation of the mesh (LIH)
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Fig. 10 a-c. The mesh is stapled to Cooper’s ligament and the
slit is closed (LIH)
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Fig. 11. Sutures are cut (LIH)

Fig. 12. The mesh is fixed to the abdominal wall (LIH)

M.].FaLrLas and E.H. PHILLIPS

Comments

Although there are surgeons who perform the complete
preperitoneal approach without peritoneoscopy, we be-
lieve that the insertion of a 10 mm 30° angle scope at the
umbilicus is helpful in the creation of the preperitoneal
space and should not cause significant adhesions. The
development of the preperitoneal space without incising
the peritoneum is an elegant technique which can cer-
tainly be appreciated at the finish of the operation when
the scope is reinserted in the peritoneal cavity and the
mesh is seen lying smoothly underneath an intact, pro-
tective peritoneal lining.
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17 Thoracoscopic Heller's Myotomy

C.A.PELLEGRINI and M. SINANAN

Introduction

Achalasia of the esophagus is a disease characterized by
the lack of peristalsis, the lack of adequate and complete
lower esophageal sphincter relaxation, and the presence
of high pressure at the lower end of the esophagus.
Therapy is directed to decreasing resistance to flow
through the sphincter. To a certain degree both pneu-
matic dilatation and Heller myotomy achieve this effect
in the majority of patients, facilitating esophageal emp-
tying. Surgical treatment, however, has an advantage
over dilatation: A myotomy performed under direct vi-
sion can relieve the obstruction more precisely, more of-
ten, and with fewer complications than the blind rupture
of the muscle fibers obtained with dilatation.

This chapter describes the technique of thoracoscop-
ic extramucosal esophagomyotomy (Heller’s operation),
an alternative that appears to provide the same results as
those obtained by the open technique but with minimal
discomfort.

Preoperative Evaluation

A thorough functional and morphological evaluation of
the esophagus must be carried out in all patients to char-
acterize the degree of their disease. An upper gastroin-
testinal series usually shows a dilated esophagus with
bird beak appearance at the distal end. This test provides
invaluable information regarding location, shape (par-
ticularly useful in patients with sigmoid deformities of
the esophagus), and relations of the distal esophagus.
Endoscopy is important to rule out a tumor. Esophageal
manometry and 24-h pH monitoring should be per-
formed in all patients preoperatively. Manometry typi-
cally shows no peristalsis in the esophageal body, a high
lower esophageal sphincter pressure, and defective re-
laxation of the sphincter. Pulmonary function is impor-
tant to evaluate in older patients and in those with evi-
dence of an associated chronic obstructive lung disease.
Finally, antibiotics should be given preoperatively.

Positioning of the Patient and Team

For positioning of the patient and team, see Fig. 1.

Technique

After induction of general endotracheal anesthesia and
double lumen tracheal intubation, a fiberoptic endo-
scope is positioned in the esophagus transorally. This in-
strument plays a key role during the thoracoscopic
Heller myotomy. At the beginning of the procedure it fa-
cilitates identification of the esophagus by transillumi-
nation; subsequently it helps gauge the depth of penetra-
tion of instruments and manipulation of the esophagus.
Finally, it allows an accurate assessment of the extent of
the myotomy to be performed, as it is possible to gauge
the degree of esophageal obstruction remaining: If the
myotomy is too short, dysphagia persists; if it is too long
(more than 0.5-1.0 cm into the gastric wall), gastroe-
sophageal reflux will occur.

The patient is positioned in the right lateral decubit-
us (Fig. 1) and five 10- to 11-mm ports are introduced in
the left chest (Fig. 2). The first is positioned at the mid-
axillary line, approximately at the third intercostal space.
This is used for retraction of the lung upward. Next, the
telescope port is placed as posteriorly as possible, usual-
ly about 4 cm behind the posterior axillary line on the
sixth or seventh intercostal space. On the same intercos-
tal space but anterior to the axillary line a port is intro-
duced that is used for the instruments of the assistant.
Finally, two additional ports for the right and left hand
of the surgeon are placed in the posterior axillary line,
one on the fifth and one on the seventh or eighth inter-
costal space. Atmospheric pressure is used in the chest,
thus eliminating the need for the use of valves. It also de-
creases the risk of air embolus.

Exposure commences by upward retraction of the left
lung, using a fan-shaped retractor. In articulating this re-
tractor upward, it is important to put the right amount of
tension on the inferior pulmonary ligament. The liga-
ment is divided using a hook electrocautery or scissors
connected to electrocautery (Fig. 3). Detachment of the
ligament from the diaphragm occasionally leads to mi-
nor bleeding. Next the mediastinal pleura is divided lon-
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gitudinally from the pulmonary vein all the way to the
diaphragmatic crura. The esophagus is generally easily
identified in the groove between the pericardium and
the aorta, aided by the transillumination from the endo-
scope. In some patients the esophagus is displaced to the
right, and manipulations with the endoscope may be
necessary to bring it into view. Tilting the tip of the
esophagoscope (Fig. 4) allows for the wall of the esopha-
gus to be placed into view in the left chest. A point is then
identified in the esophageal wall, and a line is marked
along the esophagus (this is the myotomy line) using the
heel of the electrocautery. Because of the thickness of the
muscle of the esophagus, there is little risk of injuring
the mucosa at this time.

As soon as this area has been marked, the myotomy
must be deepened to get to and through the circular
layer of muscle. This is one of the difficult maneuvers in
the operation. It is carried out using a 90° angled hook
(Fig. 5). The fibers are picked up individually, burning
each as far away from the mucosa as possible. Once this
maneuver is repeated a few times the mucosa becomes
apparent. When extending the myotomy, one can use a
bipolar instrument (which lessens the chance of thermal
injury to the mucosa) or hook electrocautery. An
electrocautery instrument with attached suction and ir-
rigation facilitates the procedure, as it is possible to clear
the field immediately and proceed to further coagula-
tion or with the myotomy. As the myotomy is carried
downward, it is important to grasp the muscular wall on
the assistant’s side and use it to pull the esophagus up-
ward (Fig. 5). The surgeon may use the left hand to low-
er the diaphragm as far as possible, exposing the gas-
troesophageal junction so that the myotomy can be
carried down all the way through it.

The lowest part of the myotomy represents the most
delicate part of the procedure. It is also crucial to the
outcome. The muscle layers are less clearly identified
and the mucosa is thinner, making the risk of perfora-
tion higher. The upper part of the myotomy is usually
much simpler to perform and probably less important
for the result on the average patient with achalasia. On
the other hand, in patients with vigorous achalasia or
with nutcracker esophagus, in whom the upper extent of
the myotomy is important, one can pull the hilum of the
lung anteriorly, open the pleura behind it and carry out
the myotomy all the way to the aortic arch.

At the completion of the myotomy, it is important to
dissect the edges as far as possible, allowing the mucosa
to protrude widely and exposing about 40% of its sur-
face (Fig. 6). This avoids premature healing with stric-
ture. This maneuver can be performed in part by gentle
insufflation of the esophagus, by moving the esophago-
scope laterally and/or by a combination of blunt and
sharp dissection.

C.A.PELLEGRINI and M. SINANAN

Finally, the lung is expanded, the chest tube is placed
in position, the thoracoports are removed, and the entry
sites are closed with single sutures of reabsorbable ma-
terial.

Fig. 1. Positioning of the patient and team. Patient in right lat-
eral decubitus position. ANS, Anesthetist; S, surgeon; A1, A2, as-
sistants; N, nurse; M, monitor

Fig. 2. Schematic representation of port placement and needed
instruments
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Fig. 3. The inferior pulmonary ligament and mediastinal pleu-  Fig. 4. The esophagus is exposed with the aid of the endoscope
ra are divided below the heart and above the aorta to exposethe  and the myotomy site marked with electrocautery
esophagus

Fig. 5. The circular fibers are individually located, pulled away  Fig. 6. The myotomy is complete
from the mucosa and burned
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Comments

The main source of postoperative complaint is the chest
tube, which is removed in 24 h if possible. Postoperative
manometry should be performed whenever possible to
determine the level to which resistance has been de-
creased. In our patients, lower esophageal sphincter
pressure decreased from 33.5%7 to 14+5 mmHg. Also,
24-h pH monitoring is extremely important postopera-
tively, as asymptomatic reflux may occur.

Oral feedings are usually started when the patient
feels well enough to tolerate them - usually on the eve-
ning of or the day after the operation. Since vomiting
early after the operation may be deleterious, it is impor-
tant to ask the patients how they feel before starting
feedings and to recommend prudence for the first few
days in the type and amount of food taken, to avoid vom-
iting. Patients can go home the second postoperative day
and return to work within a week.

Complications and Management

The most important and most common complication is
laceration of the mucosa. This has occurred in three of
our patients, always in the lowermost site of the myoto-
my at the level of the gastroesophageal junction. The
perforation is detected immediately because the esoph-
agus is distended with air during the operation. The per-
foration is generally very small (1-2 mm). The hole can
be closed with one or two stitches of 4-0 absorbable su-
ture. Since the stomach is nearby, the closure may be re-
inforced with adjacent gastric wall tissue if needed. The
first two times that this complication occurred, the chest
was opened to permit repair of the mucosa. It is surpris-
ing how small a thoracostomy is needed, as the esopha-
gus has been mobilized and the orifice is clearly visible.
The hole can be closed using thoracoscopic suturing
techniques.

A second possible complication is bleeding on the en-
try sites (which is bothersome, particularly at the level of
the telescope, since blood drips down slowly along the
tube and obscures the vision periodically) and on the
tissues adjacent to the esophagus. It is best to control
bleeding as soon as it is detected, since it tends to ob-
scure the view substantially. On the other hand, when
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bleeding points are close to the mucosa, patience and
gentle pressure is safer than the use of electrocautery.
These bleeding points usually stop by themselves, and
coagulation in this area may be dangerous, as it may lead
to thermal injury to the mucosa. An unrecognized burn
to the mucosa may lead to a delayed esophageal perfora-
tion. Should this occur, the perforation must be handled
as any other perforation of the esophagus.

Residual dysphagia is usually caused by the persis-
tence of a narrowing in the lower part of the esophagus.
In these cases the myotomy has not been carried far
enough. The endoscopic view of the obstruction allows
adequate gauging of the extent of myotomy needed. In
fact, the myotomy is continued until it is clear that the
obstruction has disappeared.

There is an open question concerning the efficacy of
adding an antireflux procedure to the esophagomyoto-
my. It has been shown that extending the myotomy into
the gastric wall for only 0.5 cm reduces the incidence of
postoperative gastroesophageal reflux to around 3%. We
were, in fact, surprised that of the eight patients in whom
24-h pH monitoring was performed postoperatively, five
showed evidence of abnormal reflux. However, despite
the lack of peristalsis in the esophageal body, acid reflux
was limited to the lower esophagus, suggesting that the
volume of refluxate is very low. A longer follow-up in a
larger group of patients is necessary to determine
whether an antireflux procedure is needed.
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Introduction

Esophageal achalasia is a functional disorder character-
ized by the absence of peristaltic contractions in the
esophageal body and failure of complete relaxation of
the lower esophageal sphincter in response to swallow-
ing. This disease is relatively frequent in some parts of
the world, such as Brazil. It can be primary or idiopath-
ic, or secondary to Chagas’ disease, to pseudointestinal
obstruction, to surgical trauma, or to neoplasia.

The etiology is still controversial. The main patholog-
ical finding is a decreased number or absence of gangli-
on cells in Auerbach’s plexus. Although the etiology of
neuronal lesion is unknown, the most frequent mecha-
nisms involved are inflammatory or autoimmune disor-
ders. These histological changes determine major path-
ophysiological consequences, including uncoordinated
peristalsis, esophageal stasis, dilation, and elongation of
the esophagus.

Typical symptoms include progressive dysphagia, re-
gurgitation, weight loss, and chest pain. Persistent cough
and aspirative pneumonia are frequent findings in more
advanced cases. The diagnosis is confirmed by barium
contrast radiography of the esophagus, upper digestive
endoscopy and manometry.

Since the lesions are not reversible, treatment aims to
relieve the main symptom (dysphagia) of the disease.
The most important therapeutic options include esoph-
ageal dilation and surgical treatment. Forceful dilation
produces rupture of the muscular layers of the esopha-
gus. Subsequent dilations are frequent. The overall im-
provement rate is around 71%. Complications include
perforation, aspiration and reflux esophagitis. The first
esophageal open myotomy was performed by Heller in
1913. Zaaijer in 1923 popularized a single anterior myo-
tomy. Although some studies favor dilation of the esoph-
agus, the choice for surgical treatment is due to low mor-
bidity and mortality rates, overall successful results in
almost 90% of cases, and long-term remission of symp-
toms.

Minimally invasive surgery is a recent addition to the
treatment of esophageal pathologies. It seems to apply
all the benefits already demonstrated in cholecystecto-
my, such as efficacy, minimal postoperative pain, short
hospital stay, and early return to normal activities.

Esophageal myotomy can be performed with or without
fundoplication, through a laparoscopic or a thoracos-
copic approach (see chapter 17).

Positioning of the Patient and Team

The procedure is carried out with the patient supine,legs
abducted, and reverse Trendelenburg of approximately
30° (Fig. 1). The surgeon stands between the patient’s
legs, with the first assistant to his right and the second to
his left. The video equipment and CO, insufflator are
placed to the left of the surgeon and the remaining
equipment to the right, behind the first assistant.

Technique

A nasogastric tube is placed routinely. The pneumoper-
itoneum is established after the Veress needle is inserted
in the midline, 3-5 cm above the umbilicus. Intra-ab-
dominal pressure of 12 mmHg is maintained. The lapa-
roscope, preferably 30°, is introduced through this mid-
line trocar. The other four trocars are introduced under
direct vision and positioned as shown in Fig. 2. The first
step is to retract the left liver lobe upward and to the
right, with the retractor being introduced through the
subxiphoid trocar. Lower traction is applied on the ante-
rior wall of the stomach with grasping forceps intro-
duced through the left subcostal trocar. The phreno-
esophageal membrane and peritoneum are divided with
scissors, above the hepatic branch of the anterior vagus
nerve, as shown in Fig. 3. The right crus and the anterior
vagus nerve are then identified (Fig.4). The distal esoph-
agus is dissected for a distance of about 6 cm above the
esophagogastric junction, allowing the identification of
the dilated esophagus in the posterior mediastinum.
The short gastric vessels are divided routinely to an
extension of approximately 6-10 cm using nonabsorb-
able clips (Fig. 5). After identifying the dilated esopha-
gus, the anterior vagus nerve, and the esophagogastric
junction the myotomy is carried out over the left side of
the anterior aspect of the esophagus, beginning at the
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cardia and extending proximally for approximately 5 cm
(Fig. 6). Bleeding is usually self-limited. Use of the caut-
ery should be kept to a minimum.

The myotomy is extended onto the stomach for ap-
proximately 1-2 cm (Fig. 6). Scissors, hook, and dissec-
tors are used during the myotomy. In some patients it is
necessary to close the crura with nonabsorbable inter-
rupted sutures. Routine partial fundoplication is per-
formed by wrapping the anterior aspect of the gastric
fundus over the myotomy with three rows of four to six
stitches of nonabsorbable sutures. The first row of suture
brings the gastric fundus to the posterior aspect of the
esophagus (Fig. 7). The second row brings the gastric
fundus to the left side edge of the esophageal myotomy
(Fig. 8). The third and last row of sutures covers the ex-
posed mucosa with the gastric fundus to the right-side
edge of the myotomy (Fig. 9). In conclusion, this is a par-
tial fundoplication of approximately 180°. In cases of
perforation of the esophageal mucosa interrupted
stitches of 4-0 Prolene are used.

Preoperative and intraoperative evaluation deter-
mine the best approach to be used in patients reoperat-
ed after failed surgical treatment. The most common
failures are due to incomplete myotomy, in extension
and in depth, and scar retraction, especially after esoph-
ageal fistula. The alternatives for surgical treatment in-
clude extension of the previous myotomy, new myotomy,
and eventually esophageal resection.

A.L.DE PauLA et al.
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Fig. 1. Positioning of the patient and team. Patient in lithotomy
position. ANS, Anesthetist; S, surgeon; Al, A2, assistants; N,
nurse; M, monitor

Fig. 2. Trocar sites and instrumentation
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Fig. 3. Dissection of avascular plane

Fig. 4. Dissection of left and right crura Fig. 6. Anterior seromyotomy
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Fig. 7. First layer of gastric fundoplication

Fig. 8. Second layer of gastric fundoplication
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Fig.9. Completed myotomy with fundoplication

Comments

Esophageal achalasia has been classified as incipient,
nonadvanced or advanced, based on barium meal and
esophageal manometry. Barium contrast radiography of
the esophagus in patients with nonadvanced achalasia
demonstrates esophageal dilation, narrowing of the dis-
tal esophagus, presence of anomalous contractions,
maintenance of the longitudinal axis of the esophagus,
and absence of gas bubble in the gastric fundus.
Endoscopy revealed esophageal dilation, hyperemia,
edema and thickening of the mucosa, especially in the
distal esophagus. Manometric evaluation showed the
absence of peristaltic contractions, high pressure in the
lower esophageal sphincter and failure of complete re-
laxation of the lower esophageal sphincter in response to
swallowing. In advanced achalasia there is a significant
dilatation of the esophagus, more than 7 cm air-fluid lev-
el and loss of the longitudinal axis, i.e., sigmoid esopha-
gus.

Laparoscopic Heller’s myotomy with partial fundop-
lication is indicated in patients with nonadvanced
esophageal achalasia and also in those with failed open
or laparoscopic esophageal myotomy. Relative contrain-
dications include patients with previous gastric resec-
tion, severe cardiopulmonary and coagulation disorders
and concomitant esophageal neoplasia. Patients with
sigmoid esophagus are submitted to laparoscopic trans-
hiatal esophagectomy with cervical esophagogastroplas-

ty.
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19 Thoracoscopic Resection of Esophageal Tumors

A. CUSCHIERI

Introduction

Endoscopic esophagectomy was first reported by Buefl
et al. (1990) using a specially designed operating medi-
astinoscope which enables visually guided perivisceral
dissection of the intrathoracic esophagus. This tech-
nique is the equivalent of the blunt transhiatal esopha-
gectomy first reported by Turner and popularized by
Orringer and others for both benign and malignant dis-
ease. Instead of blind mobilization the perivisceral dis-
section of the esophagus is carried out under visual
guidance by the operating mediastinoscope inserted
through a cervical exposure along the sternomastoid.
Compared to the blunt transhiatal procedure, the medi-
astinoscopic dissection minimizes the risk of trauma to
mediastinal structures, for example, azygos vein, bron-
chus, and recurrent laryngeal nerve, and reduces blood
loss. This technique does not permit the execution of a
regional lymphadenectomy and is therefore unsuitable
for advanced lesions, which constitute the majority of
patients in Western countries. Right thoracoscopic
esophagectomy allows dissection of large thoracic
esophageal tumors and regional lymphadenectomy that
are equivalent in all respects to that achieved by the
McKeown procedure. In addition, the dissection of the
cervical esophagus is performed largely through the
thoracoscopic route.

Positioning of the Patient and Team

For positioning of the patient and team, see Fig. 1.

Technique

The procedure was initially performed through the stan-
dard right posterolateral approach, but we have now
changed to the prone-posterior thoracoscopic approach
(Fig. 1). The operation is conducted in two stages. The
thoracoscopic dissection is performed first with the pa-
tient in the prone-posterior jackknife position. Once the
endoscopic stage is completed, the patient’s position is

changed for the second stage, which consists of gastric
mobilization and cervical pull-through for proximal
anastomosis in the neck. The second stage is carried out
with the patient in the supine position and requires re-
draping. Although the second stage can be performed
endoscopically, we prefer to conduct it by the open ap-
proach through a midline incision, as with the current
technology, laparoscopic mobilization of the entire
stomach and duodenum with preservation of the right
gastroepiploic arcade adds considerably to the operating
time.

A flexible endoscope is passed into the esophagus and
its end placed just proximal to the upper margin of the
tumor (Fig. 3). The endoscope, which is affixed by its
handpiece with adhesive tape to a drip stand, is used to
lift the esophagus during the dissection. We use pur-
pose-designed curved coaxial and bayonet instruments
introduced through reusable metal flexible cannulae and
variable curvature shape-memory dissectors and su-
ture/sling passers. Viewing during the operation is by
means of the 10.0 mm 30° forward oblique telescope at-
tached to the charge-coupled device camera.

The optical cannula is placed through the second
intercostal space encountered below the inferior angle of
the scapula (Fig. 2). The flexible operating ports are in-
serted through the respective intercostal spaces above
and below the telescope, some 7.0 cm from the spinous
processes. A 10.5- or 12.0-mm cannula is placed medial-
ly just lateral to the angle of the rib in the seventh inter-
space (Fig. 2).

The upper right lobe is displaced medially by a Duval
grasper to display the right mediastinum, azygos vein,
esophagus, and tumor (Fig. 3). A careful inspection for
pleural tumor deposits is conducted. If suspicious le-
sions are encountered, they are excised and sent for im-
mediate frozen-section histology. The tumor mobility
and invasion of surrounding structures are then as-
sessed.

The mediastinal pleura below the azygos vein is di-
vided, and the vein is lifted from the underlying esopha-
gus and root of the right lung (Fig. 4). A few small vessels
require individual electrocoagulation before division.
The azygos vein is retracted gently downward, and the
mediastinal pleura above it is divided with the curved
coaxial scissors. This incision is extended proximally to
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the thoracic inlet along the anterior surface of the esoph-
agus lateral to the trachea. The fully mobilized azygos
vein is ligated or stapled with the endovascular cutter
(Fig. 4). Our preference is for ligature using 1-0 perma-
nent suture mounted on a push rod and the Tayside ex-
ternal slip knot. The first ligature is placed medially as
close to the vena cava as is possible, and the second liga-
ture laterally near the chest wall. A large atraumatic for-
ceps is placed on the medial end of the vein before this is
divided with scissors. The grasper is released slowly and
is reapplied immediately in the event of hemorrhage.

The flexible endoscope is withdrawn above the mobi-
lized azygos vein and flexed forward with lateral rota-
tion to expose the anteromedial wall of the gullet in the
superior mediastinum. The dissection plane is between
the esophagus laterally and the superior vena cava and
trachea medially (Fig. 5). The right vagal trunk is iden-
tified before it gives the pulmonary branches and is di-
vided below the origin of the recurrent laryngeal nerve.
Any nodes encountered in the groove between the
esophagus and lower trachea are dissected and removed
separately. The lateral aspect of the proximal thoracic
esophagus is esposed by forward lift and medial deflec-
tion of the gullet by the endoscope. On completion of the
lateral dissection the separation of the remaining poste-
rior attachment is aided considerably by the use of the
variable curvature superelastic dissector or coaxial
curved duckbill forceps.

A vascular silicon sling loaded on the 3.0-mm needle
holder is introduced into the right chest and passed
around the mobilized esophagus (Fig. 4). The internal
end of the sling is then regrasped and exteriorized
through the same stab wound in the chest wall. Traction
applied to the external limbs of the sling lifts the poste-
rior surface of the proximal thoracic esophagus from the
superior mediastinum. The dissection of the cervical
esophagus is also guided by the flexible endoscope. Blunt
dissection (suction probe, pledget, or ultrasonic) is used
to mobilize the gullet beyond the thoracic inlet distal to
the tip of the endoscope. As the cervical dissection pro-
ceeds, the endoscope is withdrawn further up, and the
process continued inside the root of the neck up to the
level of the thyroid lobes. The dissection plane is on the
prevertebral fascia posteriorly, the trachea anteriorly,
and the recurrent laryngeal nerves and inferior thyroid
arteries laterally.

The endoscope is advanced below the level of the azy-
gos vein for dissection of the middle esophagus (Fig. 6).
A sizeable direct arteriole which requires clipping or lig-
ature is often encountered during separation of the
esophagus from the aorta. On the medial side the tra-
cheal bifurcation is separated from the pericardium
preferably with a two-handed technique using the
curved coaxial scissors and the duckbill insulated gras-

per. The subcarinal lymph nodes and the esophageal
nodes are dissected and removed with the tumor or sep-
arately. On the medial side the esophagus is separated
from the pericardium. Posteriorly the dissection is taken
down to the left pleura, which is left intact unless it is in-
volved or adherent when the affected area is cut and re-
moved with the tumor.

The mobilization of the lower third of the esophagus
poses no technical problems. The inferior pulmonary
ligament is divided with scissors after electrocoagula-
tion. Lymph nodes surrounding the esophagus are in-
cluded in the dissection, which is continued until the di-
aphragmatic hiatus is reached.

Two underwater seal drains are inserted (apical and
basal). The ports are removed under vision, and the lung
is expanded. The patient is then turned to the supine po-
sition for the second stage of the operation.

The cervical and abdominal procedures are con-
ducted synchronously by two operating teams. The ca-
rotid sheath is retracted laterally after division of the
skin, platysma, investing layer of the deep cervical fascia,
and omohyoid. Following division of its middle vein the
thyroid lobe is lifted up, and the esophagus and at least
one recurrent laryngeal nerve are identified. Very little if
any further mobilization of the cervical esophagus is
usually needed.

The duodenum, stomach, and abdominal esophagus
are mobilizated using the orthodox technique with pres-
ervation of the right gastroepiploic arcade and ligature
of the left gastric artery at its origin from the celiac and
with removal of the related lymph nodes. Pyloroplasty is
not performed unless duodenal scarring is present.
However, the right crus of the diaphragm is divided at its
origin.

On completion of the esophagogastric transection
the cervical esophagus is lifted into the neck wound and
stapled. The end of a size 16 Ryle’s tube is next anchored
by transfixation to the esophagus distal to the staple line,
and the gullet is transected above this level. The esopha-
gus and tumor are then delivered through the abdomi-
nal wound. The gastric fundus is stitched to the end of
the Ryle’s tube, which is then used to railroad the gastric
tube to the neck. The anastomosis between the cervical
esophagus and the fundus is performed using a single
layer all coats technique. A nasogastric tube is passed be-
fore the anterior wall of the anastomosis is completed,
and its tip is placed in the intrathoracic stomach above
the diaphragm. A Redivac drain leading to the anastom-
osis is inserted, and the cervical and abdominal wounds
are closed.
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Fig. 1. Positioning of the patient and team. Patient in lithotomy
position. ANS, Anesthetist; S, surgeon; A, assistant; N, nurse; M,
monitor

Fig. 2. Trocar sites and instrumentation
v
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Fig. 3. Dissection of the visceral pleura Fig. 4. Dissection and division of the azygos vein and proximal
esophagus

Fig. 5. The gastroscope is advanced and the middle portion of  Fig. 6. Dissection of the distal portion of the esophagus
the esophagus dissected
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Comments

All patients undergo preoperative investigation with
contrast barium series, endoscopy and biopsy, computed
tomography of the chest and abdomen, and a staging la-
paroscopy. From the management standpoint it is im-
portant to distinguish patients with esophageal tumors
(lower and middle third) from those with neoplasms in-
volving the esophagogastric junction. This distinction is
established with certainty by endoscopy and laparosco-
py- In tumors confined to the esophagus the primary le-
sion should not be visible at laparoscopy, and the eso-
phagogastric junction feels soft on palpation. During the
laparoscopic staging particular attention is directed to
the state of the left gastric and celiac lymph nodes. These
can be visualized by division of the pars flaccida of the
lesser omentum with retraction of the lesser curvature
of the stomach downward and to the left. These nodes
when enlarged should be biopsied, and if the histology
confirms metastatic disease, radical node clearance
down to the celiac trifurcation is necessary. Although
this is possible laparoscopically, it is technically difficult
and may require a small midline laparotomy.

It is our practice to perform thoracoscopic subtotal
esophagectomy with gastric pull-through and cervical
anastomosis for all esophageal tumors irrespective of
histology (squamous or adenocarcinoma). For tumors
of the esophagogastric junction we perform the endo-
scopic equivalent of the Lewis-Tanner operation with re-
section of the lower third of the esophagus and proximal
stomach and intrathoracic esophagogastric anastomo-
sis.

Results

In a consecutive series of 36 patients with esophageal
cancer two were found to have hepatic deposits at lapa-
roscopy, and six were inoperable at thoracoscopic stag-
ing. A further two patients had dense fibrous oblitera-
tion of the pleural cavity which precluded the
endoscopic dissection. The first 20 procedures were con-
ducted through the posterolateral right thoracoscopic
approach, with one conversion due to aortic bleeding.
The remainder have been performed through the prone-
posterior jackknife route, which is now our favored ap-
proach for subtotal esophagectomy as it avoids the need
for single lung anesthesia and provides excellent expo-
sure of the esophagus and the mediastinum. The postop-
erative complications encountered in the series included
postoperative pneumonic consolidation (n = 3), recur-
rent laryngeal palsy (n = 2) and one anastomotic leak.
The recurrent laryngeal palsies occurred early on in the
series and were probably caused by collateral damage

A. CUSCHIERI

from electrocoagulation near the thoracic inlet. No sig-
nificant pulmonary complications have been observed
in the patients in whom the esophagectomy was con-
ducted by the prone-posterior jackknife approach.
There were no postoperative deaths in the entire series.
The median postoperative stay has been 12 days (range
9-30). The patients undergoing the endoscopic Lewis-
Tanner operation (n = 4) for tumors of the esophagogas-
tric junction have done remarkably well, with rapid re-
covery, no morbidity, and discharge from the hospital
within 10 days.
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Introduction

The procedure is conducted in two stages: (a) laparos-
copic mobilization of the proximal stomach and lower
esophagus and (b) thoracoscopic mobilization of the
esophagus up to the level of the azygos with resection of
the lower esophagus and upper stomach and an intra-
thoracic anastomosis. This step of the operation necessi-
tates a small (5.0-cm) access thoracotomy.

Positioning of the Patient and Team

For positioning of the patient and team, see Fig. 1.

Technique

The patient in the lithotomy position (Fig. 1). The tech-
nique requires five ports. The optical cannula is placed
to the left of the umbilicus. An upper right subcostal port
is used for retraction of the liver. The two operating can-
nulae (flexible for curved coaxial instruments) are posi-
tioned in the left flank below the costal margin and to
the right of the midline halfway between the xiphoid and
the umbilicus. The fifth cannula (for an endovascular
stapler) is placed in the upper part of the right lower
quadrant. A 30° telescope is necessary, and the curved
coaxial instruments greatly facilitate the procedure
(Fig.2).

The first step consists of identifying a lateral avascu-
lar window below the greater curvature of the stomach
on the left side. This window is opened by scissors. A
curved coaxial duckbill grasper is passed into the lesser
sac and used to elevate the short gastric pedicle.
Adhesions binding the latter to the stomach are divided.
The tip of the curved coaxial grasper is used to find a
more proximal avascular window. This is tented up for
inspection and then perforated by the curved forceps. A
second curved grasper is then passed alongside the first
and the two separated to create a sufficient space for the
insertion of the endovascular stapler (vascular car-
tridge) (Fig. 3). The stapler limbs are applied as close to

the spleen as possible and then fired to secure and divide
the short gastric vessels. The upper short gastric vessels,
including a branch from the inferior phrenic artery, are
best ligated by external slip knots. The lesser omentum
is then divided from the esophagus as far as the right
gastric artery. The stomach is elevated to expose the left
gastric artery and vein. These are mobilized together be-
low the nodal mass using the curved coaxial scissors and
the variable curvature superelastic dissector (Storz,
Tuttlingen, Germany). We prefer to ligate the left gastric
vessels doubly with the Tayside slip knot using perma-
nent suture but the endovascular cutter can be used in-
stead (Fig. 5). The mobilization of the abdominal esoph-
agus entails division of the peritoneal fold extending
from the gullet to the diaphragm and separation of the
posterior fixation of the fundus and esophagogastric
junction (Fig. 6). The division of the phrenoesophageal
membrane exposes the loose mediastinal areolar tissue.
The mobilization of the lower esophagus is continued
until the upper limit of the tumor is reached (Fig. 6).

Thoracoscopic Stage. The patient is turned to the right
posterolateral or, preferably, the posterior prone jack-
knife position for this stage. The dissection of the tho-
racic esophagus from the level of the azygos is identical
to that described previously (chapter 19) and uses the
same access ports. On completion of the mobilization
the stomach is pulled into the right chest by traction of
the esophagus. A 5.0- to 6.0-cm posterior access thora-
cotomy is made starting at the angle of the fifth or sixth
rib. After elevation of the periosteum the rib is cut at ei-
ther end of the wound, and a self-retaining laminecto-
my-type retractor is used to distract the wound edges. A
noncrushing clamp is placed on the proximal esophagus
(at the level of the azygos vein).

Resection and Intrathoracic Anastomosis. The stom-
ach is stapled obliquely from the lesser curvature toward
the fundus at least 2 cm below the lower margin of the
tumor. The esophagus is then divided 2 cm below the
occluding clamp, and the specimen is removed through
the access thoracotomy after appropriate barrier protec-
tion of the wound edges. The anastomosis can be ef-
fected by hand suture using a single layer technique with
continuous posterior suture line and interrupted sutures
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Fig. 1. Positioning of the patient and team. Patient in lithotomy
position. ANS, Anesthetist; S, surgeon; Al, A2, assistants; N,
nurse; M, monitor

Fig. 2. Trocar sites and instrumentation
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Fig. 3. Division of short gastric vessels Fig. 4. Dissection of pars flaccida at the lesser curve

Fig. 5. Division of left gastric artery Fig. 6. Dissection of the hiatus
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anteriorly. Currently we are evaluating the long flexible
stapler which is introduced through the mouth and has
a 27-mm stapler head.
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J.H. PETERS

Introduction

Gastroesophageal reflux is a common disease that ac-
counts for approximately 75% of esophageal pathology.
Motility abnormalities of the esophagus and stomach,
including an incompetent lower esophageal sphincter,
are responsible for pathologic reflux in the majority of
patients. Surgical treatment offers the only chance of
long-term cure. Given a precise diagnosis, careful pa-
tient selection, critical attention to detail in the periop-
erative period, and the meticulous performance of the
appropriate antireflux procedure, long-term success can
be assured in over 90% of patients.

Positioning of the Patient and Team

Failure to position the patient properly or random place-
ment of abdominal trocars can render the procedure dif-
ficult or impossible to perform safely. The patient should
be placed supine, in a modified lithotomy position, with
the table elevated 30°-45° (Fig. 1). The knees should be
only slightly flexed. Having the legs sharply flexed at the
knees interferes with the instruments during the course
of the procedure. The esophageal hiatus is a midline
structure; thus the surgeon, working with both hands, is
best positioned between the patient’s legs, allowing the
right- and left-sided instruments to approach the hiatus
from the respective upper abdominal quadrants (Fig. 2).
A heads-up position is used to displace the transverse
colon and small bowel inferiorly, keeping them from ob-
structing the view of the video camera.

Technique

Five 10- to 11-mm ports are utilized. The laparoscope is
placed above the umbilicus, one-third of the distance to
the xiphoid process (Fig. 3). In most patients placement
of the laparoscope in the umbilicus does not allow ade-
quate visualization of the hiatal structures once dis-
sected. Two lateral retracting ports are placed in the
right and left anterior axillary lines, respectively. The

right-sided liver retractor is best placed immediately
subcostal in the right anterior axillary line. This allows
an acute angle toward the left lateral segment of the liv-
er and thus the ability to push the instrument toward the
operating table, lifting the liver. A second retraction port
is placed at the level of the umbilicus, in the left anterior
axillary line. The surgeon’s right- and left-handed tro-
cars are placed in the right and left midclavicular lines,
2 in. below the costal margin. Placing the surgeon’s tro-
cars on either side of the midline allows triangulation
between the camera and the instruments, avoiding the
difficulty associated with the instruments being in direct
line with the camera. The falciform ligament hangs low
in many patients and provides a barrier around which
the left-handed instrument must be manipulated. Most
recently we have placed a 12-mm trocar in the left mid-
clavicular position to allow the use of an endovascular
cutter during short gastric division.

One of the most important and occasionally the most
difficult elements of laparoscopic surgery is adequate re-
traction and exposure of the structures necessary to
complete the procedure safely. Laparoscopic fundoplica-
tion begins with exposure of the esophageal hiatus. A fan
retractor is placed into the right anterior axillary port
and positioned to hold the left lateral segment of the liv-
er toward the anterior abdominal wall. We prefer to uti-
lize a table retractor to hold this instrument once prop-
erly positioned. Trauma to the liver should be
meticulously avoided because subsequent bleeding ob-
scures the field. Mobilization of the left lateral segment
by division of the triangular ligament is not necessary.

A Babcock clamp is placed into the left anterior axil-
lary port and the stomach is retracted toward the
patient’s feet. This maneuver exposes the esophageal
hiatus (Fig.4). Commonly a hiatal hernia does need to be
reduced. An atraumatic clamp should be used and care
taken not to grasp the stomach too vigorously as gastric
perforations can occur.

The key to the hiatal dissection is identification of the
right crus. Metzenbaum-type scissors and fine grasping
forceps are preferred for dissection. In all except the
most obese patients there is a very thin portion of the
gastrohepatic omentum overlying the caudate lobe of
the liver. Dissection is begun by incision of this portion
of the gastrohepatic omentum above the hepatic
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branches of the vagal nerves (Fig. 5 a). A replaced left he-
patic artery arising from the left gastric artery is present
in up to 25% of patients and should be sought and
avoided. Once the gastrohepatic omentum is opened, the
outside of the right crus becomes evident. The peritone-
um overlying the anterior aspect of the right crus is
incised with scissors and electrocautery (Fig. 5b). The
medial portion of the right crus leading into the medias-
tinum is developed by blunt dissection with both instru-
ments. At this juncture the esophagus usually becomes
evident. The right crus is retracted laterally and the
esophagus identified. The posterior or right vagus is
identified and dissected away from the esophagus for
a distance of several centimeters (Fig. 5 c). Unipolar
electrocautery can injure the nerve during this dissec-
tion. The anterior or left vagus is left in place.

Meticulous hemostasis is critical. Blood and fluid
tends to pool in the hiatus and is difficult to remove.
Irrigation should be kept to a minimum. Care must be
taken not to injure the phrenic artery and vein as they
course above the hiatus. Once the right crus is identified,
the dissection is carried inferiorly and laterally, expos-
ing the medial and lateral aspects of the right crus as
well as the anterior aspect of the left crus (Fig. 6a). A
blunt-tipped grasper is placed within the esophageal
hiatus laterally or anteriorly to facilitate exposure. A
large hiatal hernia often makes this portion of the proce-
dure easier as it accentuates the diaphragmatic crura. At
times, dissection of a large mediastinal hernia sac can be
difficult.

Following dissection of the right crus attention is
turned toward the angle of His and a complete dissec-
tion of the lateral aspect of the left crus and fundus of
the stomach. This dissection is the key maneuver, allow-
ing circumferential mobilization of the esophagus.
Failure to do so results in difficulty encircling the esoph-
agus, particularly if approached from the right. The lat-
eral and anterior aspects of the left crus are dissected,
followed by division of the attachments of the fundus to
the diaphragm. Repositioning of the Babcock retractor
toward the fundic side of the stomach facilitates retrac-
tion for this portion of the procedure.

The esophagus is mobilized by careful dissection of
the anterior and posterior soft tissues within the hiatus.
This can be the most difficult aspect of laparoscopic
antireflux surgery, largely because the instruments are
angled cephalad into the mediastinum and not toward
the right or left. Circumferential dissection of the esoph-
agus is further hampered by the limited exposure of the
laparoscopic procedure. Gentle blunt dissection from
both right and left is necessary. From the patient’s right
side the esophagus should be retracted anteriorly with
the surgeon’s right-hand instrument, allowing posterior
dissection with the left hand, and vice versa for the left-
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sided dissection (Fig. 6 b). Esophageal dissection may be
particularly difficult in the presence of severe esopha-
gitis and transmural inflammation with or without
esophageal shortening. Following dissection a grasper is
placed via the surgeon’s left-handed port behind the
esophagus and over the left crus, and a Penrose drain
placed around the esophagus to facilitate crural closure
and the fundoplication.

The crura are dissected inferiorly for a distance of
2-3 cm. The esophagus is held anterior and to the left
and the crura approximated with three to four inter-
rupted 0 silk sutures, staying above the aortic decussa-
tion and working anterior (Fig. 7). Because space is lim-
ited, it is necessary to use the surgeon’s left-handed
instrument as a retractor, facilitating placement of single
bites through each crus with the surgeon’s right hand.
Extracorporeal knot tying using a standard knot pusher
is preferred, although tying within the abdomen is per-
fectly appropriate (Fig. 8).

Complete fundic mobilization allows construction of
a tension-free physiologic fundoplication. Removal of
the liver retractor and placement of a second Babcock
forceps through the right anterior axillary port facili-
tates retraction during division of the short gastric ves-
sels. The gastrosplenic omentum is suspended antero-
posteriorly in a clothesline fashion via both Babcock
forceps and the lesser sac entered approximately one-
third the distance down the greater curvature of the
stomach. Short gastric vessels are sequentially dissected,
doubly clipped, and divided (Fig. 9). An anterior-poste-
rior rather than medial to lateral orientation of the ves-
sels is preferred, with the exception of those close to the
spleen. With caution and meticulous dissection the fun-
dus can be completely mobilized in most patients.

Following complete mobilization of the fundus a
Babcock clamp is placed through the surgeon’s left-
handed port, passed behind the esophagus, and the pos-
terior wall of the fundus grasped (Fig. 10 a). It is then
gently brought behind the esophagus to the right side
(Fig. 10 b). The anterior wall of the fundus is brought
anterior to the esophagus above the supporting Penrose
drain. Both posterior and anterior fundic lips are manip-
ulated to allow the fundus to envelope the esophagus
without twisting. The laparoscopic visualization tends
to exaggerate the size of the posterior opening that has
been dissected. Consequently the space for the passage
of the fundus behind the esophagus may be tighter than
thought and the fundus relatively ischemic when
brought around. If the right portion of the fundoplica-
tion has a bluish discoloration, the stomach should be
returned to its original position and the posterior dis-
section enlarged. Once adequately placed, both lips of
the fundoplication are released, which then frees the
surgeon’s left and right hand for suturing. Tension on the
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fundoplication should be avoided. Excess tension en-
courages the fundoplication to slip back to the left side
when freed.

A 60-F bougie is passed to properly size the fundopli-
cation, and it is sutured utilizing a single U-stitch of 2-0
Prolene buttressed with felt pledgets (Fig. 11). The most
common error is an attempt to grasp the anterior por-
tion of the stomach to construct the fundoplication rath-
er than the posterior fundus. The esophagus should

Fig. 1. Positioning of the patient and team. Patient in lithotomy
position. ANS, Anesthetist; S, surgeon; Al, A2, assistant; N,
nurse; M, monitor

comfortably lie in the untwisted fundus prior to sutur-
ing. Two anchoring sutures of 3-0 silk are placed above
and below the U-stitch to complete the fundoplication
(Fig. 12). The abdomen is irrigated, hemostasis assured,
and the bougie replaced with a nasogastric tube prior to
completion of the procedure. Failure of the nasogastric
tube to pass easily into the stomach indicates a potential
obstruction at the cardia and should be investigated.

Fig. 2. Surgeon’s position

Fig. 3. Trocar sites and instrumentation
v
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Fig. 4. Traction and countertraction to initiate the dissection of
the gastroesophageal junction

Fig. 5 a—c. Dissection of the diaphragmatic crura. The right  ly with manipulation of the esophagus via the Babcock clamp
and left crura are dissected first anteriorly and then posterior-  on the gastroesophageal fat pad
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Fig. 6 a, b. Initial retraction for exposure of the esophageal hia-  the esophageal fat pad and retracted toward the patient’s feet to
tus. A fan retractor is placed below the left lateral segment of  expose the phrenoesophageal membrane
the liver to retract it anteriorly. A Babcock clamp is placed on

Fig. 7. Closure of the diaphragmatic crura. The esophagus is  Fig. 8. The GE-Junction is being retracted with a Penrose drain
displaced anteriorly and to the left and three to four sutures of ~ showing the sutured hiatus
2-0 silk are placed to approximate the crura
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Fig. 9. Division of short gastric vessels

Fig. 10 a, b. Creation of the fundoplication. A Babcock clampis  must be paid to grasping the posterior portion of the stomach
placed behind the esophagus, and the posterior fundus of the ~ and not the anterior wall to avoid twisting of the stomach
stomach is grasped and brought to the right. Careful attention
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Fig. 11 a-c. Fixation of the fundoplication. The fundoplication  Fig. 12. Gastroesophageal junction after finishing the fundop-
is sutured in place with a single U-stitch of 2-0 Prolene pled- lication

geted on the outside. A 60-F mercury-weighted bougie is

passed through the gastroesophageal junction prior to fixation

of the wrap to assure a floppy fundoplication
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Comments

Preoperative Studies. Prior to proceeding with an anti-
reflux procedure it is necessary to confirm that the
patients’ symptoms are caused by increased esophageal
exposure to gastric juice secondary to a mechanically
defective lower esophageal sphincter. All patients con-
sidered for surgery require esophageal function studies,
i.e., 24-h esophageal pH monitoring and esophageal ma-
nometry. Esophageal function studies should be carried
out if the patient has persistent symptoms or unim-
proved esophageal mucosal injury after 8-12 weeks of
acid suppression therapy. Patients who respond to a
course of medical therapy but have recurrence of symp-
toms within 4 weeks after cessation of therapy should
also be studied since they are prone to drug dependen-

cy.

Indications for Surgery. The indications to proceed
with an antireflux procedure in a patient managed as
outlined above are: (a) persistent or recurrent symptoms
and/or complications after 8-12 weeks of intensive acid
suppression therapy, (b) increased esophageal exposure
to gastric juice on 24-h esophageal pH monitoring, and
(c) documentation of a mechanically defective lower
esophageal sphincter on manometry. The presence of
endoscopic esophagitis in a symptomatic patient with a
mechanically defective lower esophageal sphincter
should raise the question of surgical therapy since these
patients are prone to relapse of their symptoms while on
medical therapy. If the patient responds symptomatical-
ly to medical therapy, but endoscopic esophagitis per-
sists, surgery should be performed. The reason is that
these patients can still progress to develop a stricture or
Barrett’s esophagus while on therapy because reflux of
gastric contents continues through a mechanically de-
fective sphincter. In this situation an antireflux proce-
dure corrects the mechanically defective sphincter, pre-
vents formation of a stricture or Barrett’s esophagus,
and heals the esophagitis.

Barrett’s columnar-lined esophagus is almost always
associated with a severe mechanical defect of the lower
esophageal sphincter. Patients with Barrett’s esophagus
are at risk of progression of the mucosal abnormality up
the esophagus, formation of a stricture, hemorrhage
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from a Barrett’s ulcer, and the development of an adeno-
carcinoma. A surgical antireflux procedure can arrest
the progression of the disease, heal ulceration, and pre-
vent restricturing.

Chronic atypical symptoms of reflux, for example,
chest pain, chronic cough, recurrent pneumonias, epi-
sodes of nocturnal choking, waking up with gastric con-
tents in the mouth, or spoilage of the bed pillow, may
also indicate the need for surgical therapy.

Dysphagia, regurgitation, or chest pain on eating may
also be indications for an antireflux procedure. Such
symptoms are usually related to the presence of a para-
esophageal hernia, intrathoracic stomach, a small hiatal
hernia with a Schatzki ring, or a narrow diaphragmatic
hiatus.
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Introduction

Laparoscopic gastrostomy is usually indicated in pa-
tients with malnutrition or potential malnutrition who
have a functioning gut. Most are patients with neurolog-
ic deficit due to stroke or patients with cancer. In gener-
al, enteral feeding is preferred over parenteral feeding
because it is cheaper and causes fewer complications.
Gastrostomy is easier to use than jejunostomy because
the catheter has a larger lumen, and the stomach is a res-
ervoir for bolus feeding. Some patients may need gas-
trostomy to decompress a chronically nonfunctioning
stomach. Percutaneous endoscopic gastrostomy is the
preferred method for placing gastrostomy in most insti-
tutions because it is effective and safe and can be placed
under local anesthesia. In about 10% of these patients,
however, percutaneous endoscopic gastrostomy is not
possible because of esophageal obstruction, poor tran-
sillumination, or prior major abdominal operations.
These patients are candidates for laparoscopic gastros-
tomy.

Positioning of the Patient and Team

The patient is in the supine-reverse Trendelenburg posi-
tion (Fig. 1). The surgeon stands on the right side of the
patient in line with the view of the laparoscope toward
the left upper quadrant of the abdomen. The monitor is
placed in the direction of the patient’s left shoulder. The
setup is the same as that for a diagnostic laparoscopy.
This includes a trocar, a 30° scope, camera, light source,
and CO, insufflator. We use a commercial kit (18-F
Flexiflo Lap G kit; Ross Laboratories, Columbus, OH) for
laparoscopic gastrostomy. The patient is placed in the re-
verse Trendelenburg position, head up-feet down, to al-
low the stomach to reach lower in the abdomen and al-
low gravity to keep the small bowel, colon, and omentum
away from the field.

Technique

Laparoscopic gastrostomy can be performed under local
anesthesia and intravenous sedation. Some patients tol-
erate local anesthesia poorly and require general an-
esthesia. We routinely give a dose of a first-generation
cephalosporin for prophylaxis against wound infection.
The bladder should be emptied by voiding before the
procedure or by placing a Foley catheter. A nasogastric
or orogastric tube is useful. This helps to decompress the
stomach during trocar placement and to insufflate the
stomach during placement of the T-fasteners and gas-
trostomy catheter. Without gastric insufflation a grasper
through a second port is usually required to retract the
stomach.

A subumbilical port (Fig. 2) is placed either by the
open technique, using a 10 mm Hasson cannula (for pa-
tients with prior abdominal operations), or by the closed
technique, using a 5-mm trocar and then introducing a
5-mm 30° scope or a needle scope. A diagnostic laparos-
copy is performed. The pressure of the pneumoperiton-
eum should be decreased to the minimal amount neces-
sary to see the stomach, usually 5-8 mmHg. The patient
has less discomfort from the pneumoperitoneum, and
the anterior stomach wall is closer to the abdominal wall
for placement of T-fasteners (Fig. 3) and the gastrostomy
catheter. Occasionally, especially if the stomach is not in-
sufflated, a grasper is needed to help insert the first
T-fastener into the stomach lumen. A 5-mm trocar can
be placed in the right upper or the left lower quadrant to
accommodate the grasper (Fig. 2).

A 4x4 cm area is visualized on the anterior surface of
the body of the stomach near the greater curvature. A
T-fastener is placed in each corner of the square, and the
gastrostomy is placed through the center of the square.
Indenting the abdominal wall with a finger and seeing it
through the laparoscope helps to define the locations on
the abdominal wall where the T-fasteners and the gas-
trostomy catheter pass through. Insufflating the stom-
ach at this time through the nasogastric tube facilitates
the placement of the T-fasteners and the gastrostomy
catheter.

The first T-fastener (Fig. 4) is placed in one corner of
the 4 x 4 cm square farthest from the scope, more proxi-
mal in the stomach. Pulling gently on the nylon sutures
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then facilitates placement of subsequent T-fasteners. It is
useful to keep open the space between the abdominal
wall and the stomach so that the T-fasteners and gastros-
tomy catheter are placed under direct laparoscopic view
(Fig. 4).

Once the anterior wall of the stomach is secured by
the four T-fasteners, the gastrostomy is placed through
the center of the diamond marked by the T-fasteners. A
transverse 1-cm incision is made in the center of the
square on the skin to accommodate the gastrostomy
catheter without tension. An 18-gauge needle is inserted
through the skin incision and the anterior abdominal
wall into the stomach. A J-guide wire is then introduced
into the lumen of the stomach through this needle
(Fig. 5). The needle is withdrawn, and the stoma tract is
enlarged serially with dilators of increasing diameter. An
18-F balloon catheter is finally inserted through this
tract over the wire into the stomach. The balloon is in-
flated, and the J-wire is removed (Fig. 6). The intragastric
placement of the balloon catheter is again confirmed by
the bulge on the anterior stomach wall when pulling on
the catheter. A contrast roentgenogram can also be per-
formed to confirm intragastric placement.

The anterior stomach wall is then fixed to the abdom-
inal wall by squeezing the aluminum crimps on the ny-
lon suture, and the gastrostomy catheter is secured by
the inflated balloon and a skin anchor. The pneumoper-
itoneum is released, and the fascia is closed for any tro-
car site larger than 5 mm.

Q.-Y. DuH and L.W. Way
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Fig. 1. Positioning of the patient and team. Patient in supine-re-
verse Trendelenburg position. ANS, Anesthetist; S, surgeon; A,
assistant; N, nurse; M, monitor

Fig. 2. Trocar sites and instrumentation
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Fig. 3. The T-fastener is a 1-cm metal T-bar attached to a nylon
suture. The T-bar is loaded in the tip of an 18-gauge needle and
ejected by a stylet into the lumen of the stomach or jejunum.
The nylon suture remains externally and is used to retract the
stomach or jejunum. The T-fastener is fixed by crimping alumi-
num crimps onto the nylon suture against a soft bumper on the
skin

Fig. 4. The first T-fastener has been placed in one corner of the
4 x 4 cm square farthest from the scope, more proximal in the
stomach. The stomach is retracted gently with the nylon suture.
The second T-fastener is being inserted into the stomach
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Fig. 5. The anterior wall of the stomach is secured by four T-  Fig. 6. After the tract is enlarged with serial dilators, an 18-F

fasteners. An 18-gauge needle is inserted through the center of  balloon catheter is inserted over the wire into the stomach. The

this area into the stomach. A J-guide wire is then introduced  balloon is inflated, and the J-wire is removed. The T-fasteners

into the lumen of the stomach through this needle are fixed by squeezing the aluminum crimps on the nylon su-
ture, and the gastrostomy catheter is secured by the inflated
balloon and a skin anchor
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Comments

The key to the successful placement of laparoscopic gas-
trostomy or jejunostomy is to retract and fix the stomach
or the jejunum to the abdominal wall to prevent leakage.
Although this can be achieved by sutures placed laparos-
copically, we prefer to use T-fasteners because they are
easier to place and are effective and safe. The T-fastener
(Brown-Mueller) was designed to retract hollow viscera
percutaneously (Fig. 3). Its design is similar to the plas-
tic T’s that keep the price tags on clothes in the stores.
The T-fastener consists of a 1-cm metal T-bar attached
to a nylon suture. The T-bar is loaded in a slot at the tip
of an 18-gauge needle, inserted into the lumen of the
stomach or the jejunum by the needle, and ejected by a
stylet. The needle and stylet are withdrawn and the
T-bar is left inside the lumen with the nylon suture at-
tached. The stomach or the jejunum is retracted by pull-
ing on the nylon suture. To fix the stomach or the jeju-
num to the abdominal wall by the T-fastener, a soft
bumper is pushed against the skin by two aluminum
crimpers that slide over the nylon suture and are immo-
bilized by squeezing them with a needle holder. Ten days
to 2 weeks after the procedure, when the stomach or the
jejunum is well adhered to the abdominal wall, the nylon
suture is cut at the skin level and removed, and the metal
T-bar is left in the lumen to pass in the stool.

With either laparoscopic gastrostomy and jejunosto-
my the patient can be fed through the catheter within
24 h, usually in the morning after the procedure. We in-
ject 30 cc saline through the catheter every 4 h to prevent
clogging before feeding is started. The length of the cath-
eter at the skin level is noted so movement of the cathe-
ter can be detected early. If the catheter is dislodged, it
can usually be replaced at the bedside because the T-fas-
teners have fixed the bowel to the abdominal wall. If the
catheter is dislodged and the stoma tract has closed, the
catheter can be replaced under fluoroscopic guidance or
laparoscopy can be repeated to replace the catheter.
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Introduction

The vast majority of patients with pancreatic cancer
present with advanced disease, and 90% die within 1
year of diagnosis. Staging laparoscopy provides the most
useful assessment of these patients. It establishes the di-
agnosis and provides histological confirmation by target
biopsy or fine-needle aspiration cytology. It documents
hepatic secondary deposits and peritoneal seeding
which are often missed by computed tomography scan-
ning and magnetic resonance imaging. The advent of la-
paroscopic ultrasound scanning with high-resolution
contact linear array probes has enhanced the staging po-
tential of diagnostic laparoscopy for cancer. Vascular in-
vasion, especially portal vein involvement, by tumor can
be established by laparoscopic ultrasonography, avoid-
ing unnecessary laparotomy in apparently localized dis-
ease. In patients with advanced inoperable disease, ex-
cellent palliation of progressive jaundice, and/or gastric
outlet obstruction can be achieved by laparoscopic by-
pass procedures.

Positioning of the Patient and Team

For positioning of the patient and team, see Fig. 1

Technique

A cholecystocholangiogram is essential to establish ade-
quate clearance of the entry of the cystic duct from the
upper limit of the obstructing tumor. If this exceeds
1.5 cm, a cholecystojejunostomy provides adequate de-
compression for the duration of the patient’s survival;
otherwise a choledochojejunostomy is necessary. The
cholecystocholangiogram is best performed by use of a
Veress needle introduced percutaneously along the long
axis of the distended gallbladder. The Veress needle is at-
tached via a three-way tap to a line leading to two 50-ml
syringes (one containing isotonic saline and the other
sodium diatrizoate 20%-30%) and to a suction line.
When the gallbladder is reached, the spring-loaded in-
ner blunt stylet of the Veress needle is held retracted so
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