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Preface

In putting together this manual of endoscopic surgery, we have sought to cover the
three essential components of the new surgical approach: the technological aspects, the
basic endoscopic surgical skills, and the operative techniques. Visualization of the
operative field, exposure and execution of remote manipulations are dependent on op-
timal function of the ancillary apparatus without which endoscopic surgery cannot be
practised. Familiarity of the surgeon with the basic physical principles of the various de-
vices employed in this technology-dependent form of surgery ensures safe use, pro-
longed equipment life and smooth execution of surgical endoscopic interventions.
Equally important is the acquisition of the basic skills of endoscopic surgical practice,
since these differ in several important respects from those of conventional open
surgery. Mastery of the craft of endoscopic surgery requires a determined commitment
to training and is no easy option, but once acquired is rewarded by the extreme profes-
sional satisfaction experienced when one witnesses the remarkable progress of patients
who have undergone major surgical interventions, with minimal discomfort and pain,
lower morbidity and rapid return to gainful employment. The new approach has taken
the “sting” out of surgical treatment and made it more acceptable to our patients. Quite
apart from cost considerations, this aspect alone justifies the extra effort and invest-
ment needed for the further advancement of endoscopic surgery.

Our task in compiling this operative manual was thus an ambitious one. A large
number of illustrations had to be produced, many requiring sophisticated computer
graphics. This aspect of the book, which we believe to be unrivalled, incurred consider-
able time and effort on the part of both the editors and the medical artist Mathias
Wosczyna, and to a large measure delayed completion of the book. Nonetheless, we be-
lieve that these high-quality illustrations are crucial in conveying the basic concepts
behind both the principles governing the safe usage of the equipment employed in
endoscopic surgery and the basic skills needed to execute the various steps of the ever-
increasing variety of endoscopic operations.

Such is the pace of development of endoscopic surgery that we realized at the outset
that this operative textbook would always be incomplete no matter when it was published.
The decision has therefore been taken to publish supplements annually between editions
of the manual. The first of these is planned to appear in the first half of 1993.

We have endeavoured to emphasize the practical aspects of each operation and have
adopted a uniform style of presentation. For each procedure, detailed description of
the special instrumentation needed and the position of staff and equipment is
accompanied by a step-by-step account of the execution of the operation.

The task, though arduous, has been pleasant, and we are grateful to the authors for
their excellent contributions and to our publishers, especially Dr. Claudia Osthoff, for
constant support and encouragement. We hope that surgeons will find in this manual
information which will be of benefit to their surgical practice. The book certainly
reflects our many years of commitment and dedication to the development of this
exciting field.

A. CUSCHIERI G.BuUESss J. PERISSAT
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Introduction and Historical Aspects

A.CuscHiert and G. BUEss

Introduction

It is difficult to give a chronological account of events
that led to the emergence of endoscopic surgery (ES)
since this practice is still in its infancy, though its evolu-
tion during the past few years has been not far short of
meteoric. Some would regard ES as a logical extension
of endoscopy, which has progressed to interventional
procedures during the past 25 years. Despite the es-
sential role of endoscopy, this view of ES is incorrect
since, in all but the approach, this new surgery is in-
tended to do no more and no less than conventional
open surgery. In this respect, laparoscopic cholecyst-
ectomy and open cholecystectomy constitute the
same surgical treatment —safe removal of the gallblad-
der —following the surgical steps and guidelines which
have been established since Langenbuch performed
the first cholecystectomy over 100 years ago.

Indeed the essential attribute of this new surgical
approach is the execution of established surgical oper-
ations in a manner which leads to the reduction of the
trauma of access and thereby accelerates the recovery
of the patient. In this respect it is far wiser that we
should adapt and develop existing technology to en-
able the performance of well-tested and validated pro-
cedures than embark on new, substitute and invalidat-
ed operations imposed by the restrictions of the
current technology. In our enthusiasm for the new ap-
proach we must not overlook sound surgical principles
or compromise established surgical treatment.

This chapter outlines the important milestones,
some of which date back to the turn of the present cen-
tury, which have set the scene for the present interest
in this new form of surgery. One thing s certain: ES has
more of a future than a past.

Laparoscopy

The first published reports on the technique of lap-
aroscopy were by Jakobeus in 1901 and Kelling in
1902, although the latter had presented his experimen-

tal observations at the meeting of the German Biolog-
ical and Medical Society in Hamburg 1 year previous-
ly. In his first publication on the subject, Kelling
outlined the technique of visualization of the peri-
toneal cavity and its contents in a dog by the insertion
of a cystoscopc subsequent to the creation of a
pneumoperitoneum with filtered air. By contrast,
Jakobeus, who based his report on his experience with
the technique in humans, inserted the cystoscope di-
rectly into the peritoneal cavity without prior induc-
tion of a pneumoperitoneum. Thus the modern tech-
nique of laparoscopy is essentially that outlined by
Kelling. It is difficult to determine which of these two
professional rivals had the original idea, but the most
likely scenario is that the development occurred inde-
pendently in Sweden and Germany at about the same
time.

Kalk, who pioneered the use of laparoscopy for the
investigation of patients with disorders of the liver and
biliary tract, introduced the oblique-viewing optic
where the central visual axis of the optic is angled
about 45 °-50° from the longitudinal axis. This permit-
ted a better inspection of organs as the image could be
changed by altering the viewing direction of the optic
such that the lens moves around the object. Kalk was
an innovator, also developing other purpose-designed
laparoscopic instruments. In 1929 he was the first to
advocate the dual-puncture technique. This innova-
tion enhanced the scope of diagnostic laparoscopy and
opened the way for the development of operative
laparoscopy. Kalk accumulated experience with over
2000 patients with impressive results and published a
monograph on laparoscopy in 1951.

Fevers reviewed his experience with 50 patients in
1933 and appears to have been the first to recommend
changing from room air to O, or CO; as the insufflat-
ing gas for the creation of the pneumoperitoneum.

The next significant development in the evolution
of laparoscopy was by a Hungarian, Veress, in 1938.
He described a spring-loaded needle with an inner
stylet which automatically converted the sharp cutting
edge to a rounded end incorporating a side hole. Ver-
ess designed his needle for the creation of a safe pneu-
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mothorax. His device, with some minor modifications,
is the standard method used nowadays for the creation
of a pneumoperitoneum.

Endoscopic Electrocoagulation

In 1934 Ruddock was the first to use biopsy forceps
equipped with monopolar electrocautery during
laparoscopy. Laparoscopic tubal sterilization using
high-frequency monopolar electrocoagulation of the
fallopian tubes was first performed in 1936 by Bosch in
Germany, who employed a low-frequency generator
(100 W), and a few years later in the United States by
Power and Barnes (1941) who used the Bovie high-
output generator capable of delivering a maximal
power of 350 W. The use of monopolar electrocautery
for tubal sterilization with these high-output genera-
tors led to extensive morbidity and deaths from burns
to adjacent tissues and was abandoned in favour of
mechanical means of achieving tubal ligation. Subse-
quently, bipolar electrocautery for laparoscopic tubal
coagulation was first used by Fikentscher and Semm
(1971); Corson et al. (1973); Rioux and Cloutier
(1974). However, bipolar endoscopic electrocautery
was first introduced by Wittmoser for thoracoscopic
procedures in 1966.

Rod-Lens System

One of the most crucial inventions in operative lap-
aroscopy and endoscopy in general was made by the
British physicist Hopkins in 1952 who developed the
rod-lens system. Prior to this development, endo-
scopes were constructed on an optical system which
comprised relay and field lenses made from glass with
long intervening air spaces. In the Hopkins system, the
roles of glass and air are interchanged such that the op-
tical system consists of air lenses and long glass spaces.
As the refractive index is now predominantly that of
glass, the light-transmitting capacity of the endoscope
is doubled. A second advantage of the Hopkins rod-
lens system relates to the “radius of clear aperture”
available to the viewing optic. In the previous genera-
tion Nitze-type endoscopes, a series of very small lens-
es had to be assembled and mounted in a precise order
inside the endoscopic tube. The position of the lenses
had to be maintained by “spacer inner tubes” which
had to be rifled in the long air spaces of the endoscope
to minimize light reflection on their inner surface as
this would lead to impairment of the contrast of the fi-
nal image. This assembly resulted in a significant re-

duction of the clear aperture radius available to the
viewing optic. By contrast, in the construction of the
Hopkins rod-lens telescope, the mounting of the preci-
sion-ground glass rods, which are ten times longer
than their diameter, is a simple matter and only re-
quires very short and thin spacer tubes. This results in
a significantly larger clear aperture. Furthermore,
specular reflection of light is avoided since the outer
surface of each rod-lens is finely ground.

The Hopkins rod-lens system remains the basis of
the modern rigid endoscope used in ES. It has two
problems which require further development. The
first consists of light loss due to fibre mismatch at the
interface between the fibre-optic light cable and the
light bundles of the telescope. Different manufactur-
ers have dealt with this problem in various ways: some
have increased the size of the light bundle of the tele-
scope or have constructed telescopes with an integral
light bundle, whereas others have attached a “conden-
sation lens” at the interface to focus the light on the
light bundle of the telescope.

The second problem with the Hopkins system re-
lates to the peripheral “barrel” distortion which is best
appreciated by viewing a grid. This problem has been
overcome by one of the commercial companies
(Olympus) by alteration of the internal optics of the
telescope to incorporate “distortion-compensating™
lenses.

Laparoscopy in General Surgery
and Gastroenterology

Until fairly recently, laparoscopy was widely practised
by gynaecologists on both sides of the Atlantic and
rarely by surgeons. In the United States it replaced
culdoscopy which was popularized by Decker. Several
prominent gynaecologists were instrumental in the es-
tablishment of laparoscopy as an integral part of gy-
naecological practice, the most notable being Palmer
(France), Frangenheim (Germany), Semm (Ger-
many), Steptoe (UK), and Phillips (USA) who found-
ed the American Association of Gynecological
Laparoscopists in 1971. Palmer and Frangenheim
pioneered the angled laparoscope which incorporates
a central instrument channel (the unipuncture ap-
proach). Semm developed the multipuncture laparo-
scopic approach using the straight telescope and mul-
tiple accessory operating cannulae. This allowed more
complex surgical procedures to be performed and con-
siderably enhanced the scope of laparoscopic surgery.

Laparoscopy became an established technique for
the study of disorders of the liver and biliary tract as a
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result of the contributions by Kalk, Wannagat, Beck
and Henning in Germany; Berci, Gaisford and Boyce
in the United States; and Cuschieri in the United King-
dom. In this respect, the benefits of laparoscopy, e. g.
the ability to visualize the liver, obtain cholangiograms
and perform with safety a target liver biopsy of focal
lesions, were stressed by these workers, but the tech-
nique failed to gain wide acceptance amongst gas-
troenterologists and surgeons.

No one has contributed more widely to the devel-
opment and use of laparoscopy in general surgery than
Berciin Los Angeles, both in the design of instrumen-
tation and in identifying the clinical situations in surgi-
cal practice where laparoscopy would materially bene-
fit the management of the patient. He pioneered the
use of laparoscopy in the management of diagnostic
dilemmas, especially in the emergency situation, and
was instrumental in the development of minilap-
aroscopy for trauma, which permits visualization and
accurate assessment of the traumatized peritoneal
cavity under sedation. The superiority over abdominal
lavage in establishing the need or otherwise for surgi-
cal intervention in these patients was subsequently
confirmed in a prospective study designed and coordi-
nated by Cuschieri and Berci in the mid-1980s.

Staging laparoscopy in oncological disorders was
first practised by Pergola et al., Etienne et al. and
Delavierre et al. (France); Canossi et al. and Spinelli et
al. (Italy); Sotnikovet et al., Berezov et al. and Nikora
(USSR); Cuschieri et al. and Gross et al. (UK); Devita,
Gaisford, Sugarbaker and Lightdale (USA).

Development of Laparoscopic Surgery

The origin of modern laparoscopic surgery is derived
from the Kiel school headed by Semm. The basic in-
strumentation and the heater probe were develop-
ments which emanated from this centre. Semm also
added important refinements to the existing insuffla-
tors which led to the modern electronic insufflator
capable of variable flow with automatic feedback
controlling the insufflation to maintain a preselected
intra-abdominal pressure. Semm’s contribution ex-
tended beyond this, however, because he pioneered
the basic surgical skills fo laparoscopic dissection, liga-
tion (external and internal) and suturing. Virtually all
the laparoscopic gynaecological procedures currently
practised were first established in his centre. In addi-
tion, the basic technique of laparoscopic appendicec-
tomy, including extraction of the organ without re-
course to minilaparotomy, was developed by Semm
and his group in Kiel.

Laparoscopically guided gallstone clearance was
first performed in an animal model by Frimberger et
al. in Germany in 1979. This followed a period of ani-
mal experimentation, as a result of which a multipunc-
ture technique and appropriate instrumentation (tro-
car fixation device and spring-loaded guiding device)
for safe laparoscopic cholecystotomy were developed.
The method was subsequently modified and used in
clinical practice by El Ghany et al. During this period,
however, percutaneous gallstone extraction was per-
formed in a number of European and North American
centres under radiological as opposed to laparoscopic
control (Kellet et al. 1987, Cope 1988).

Experimental laparoscopic biliary surgery was
started in Dundee by Cuschieri and El Ghany in 1985.
The work involved laparoscopic ligation of the cystic
duct, cholecystostomy and dissection of the gallblad-
der. This led to cholecystectomy in the pig which was
performed by Nathanson and Cuschieri in 1987 and
Ko et al. in 1988. Although Mouret, in Lyon, was the
first surgeon to perform the operation in the human
using standard laparoscopic equipment in 1987, the
procedure had been previously introduced into clini-
cal practice in 1985 by Muehe, a surgeon from Boblin-
gen, using a modified rectoscope with an optic and
CO, insufflation. The first published report using the
standard multipuncture technique was by Dubois et al.
in 1989. Around the same time, the procedure was es-
tablished in Bordeaux (Périssat), Nashville (Reddick
et al.), Dundee (Cuschieri and Nathanson) and Los
Angeles (Berci et al.). Since then, the practice of lap-
aroscopic cholecystectomy has mushroomed world-
wide, and to date several thousand such procedures
have been performed.

The advent of laparoscopic cholecystectomy was
the single most important stimulus to the development
of laparoscopic and other forms of ES. Table 1 shows
the various procedures which have been performed by
the new approach. In this table an attempt has been
made to identify the centre where the relevant proce-
dure was first performed in the clinical situation.

Thoracoscopy and Thoracoscopic Surgery

Although there is some doubt as to who first intro-
duced diagnostic laparoscopy, i.e. Kelling or
Jakobeus, the latter, working in Stockholm, first de-
scribed and practised thoracoscopy. He also per-
formed the first thoracoscopic procedure when in 1925
he cauterized and divided adhesions between the vis-
ceral and parietal pleura in a patient suffering from
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Table 1. Operations performed by the ES approach in the hu-
man

Procedures
1920 Jakobeus Thoracoscopic adhesiolysis
1944 Goetze Thoracoscopic sympathectomy

1955 Wittmoser
1970 Wittmoser
1979 Frimberger et al.

Selective thoracic myotomy
Retroperitoneal sympathectomy
Laparoscopic cholecystotomy
and stone clearance

(animal experiments)
Laparoscopic appendicectomy
Transanal endoscopic
microsurgery

Cholecystectomy (insufflating
single puncture approach)
Cholecystectomy
(multipuncture approach)
Transanal endoscopic rectopexy
Highly selective vagotomy
Suture toilet of perforated
duodenal ulcer

1989 Buesset al. Endoscopic oesophagectomy
1990 Kakhoudaand Mouiel Truncal vagotomy and
seromyotomy

Ligamentum teres cardiopexy
Ligature of bullae and
pleurectomy

Thoracoscopic oesophageal
myotomy

Laparoscopic inguinal

hernia repair

Abdominal cardiomyotomy
Total and partial fundoplication

1981 Semm
1983 Buessetal.

1985 Muehe
1987 Mouret
1988 Buessetal.

1989 Dubois
1989 Nathanson et al.

1990 Cuschieriet al.

1990 Ger

1991 Cuschieri et al.

pulmonary tuberculosis during the induction of an ar-
tificial pneumothorax to collapse the lung, which was
then the standard treatment for this affliction.

The first thoracic denervation procedure was per-
formed by Goetze in 1948 when he developed and per-
formed non-selective sympathectomy. This work was
continued by Cux who introduced this procedure in
Innsbruck in 1949. The development of thoracoscopic
surgery as we know it today stems from the sterling
and pionieering work of Wittmoser (Tables 2, 3) who,
over a period of 3 decades extending from 1951, devel-
oped instrumentation for executing denervation pro-
cedures both within the chest and subsequently in the
retroperitoneum. Wittmoser developed and intro-
duced into clinical practice selective thoracic vagoto-
my of the bronchial and abdominal branches (1955),
selective sympathectomy of the rami communicantes
(1962) and retroperitoneal sympathectomy (1970).

Multipuncture thoracoscopic surgery was started in
Dundee by Cuschieri and Nathanson in 1989. This ap-
proach considerably enhanced the scope of thoraco-
scopic surgery and led to the performance of several

Table 2. Basic systems for endoscopic procedures

1950-1960 Wittmoser

Thoracoscopic system
(unipuncture)
Multipuncture laparoscopic
system

Rectoscopic system
Mediastinoscopic system
Multipuncture thoracoscopic
system

1965-1980 Semm

1980-1983 Buessetal.
1985-1989 Buessetal.
1989-1990 Cuschieriet al.

Table 3. Development of photodocumentation

1952 Wittmoser Colour slides
1965 Wittmoser TTL (through lens mcasurement
of light)

1968 Wittmoser
1968 Wittmoser
1969 Wittmoser

Rigid teaching attachment arm
16-mm endoscopic movie
Video documentation

procedures such as ligation of bullae and pleurectomy
for recurrent spontaneous pneumothorax, oesopha-
geal mobilization, and myotomy for achalasia, nut-
cracker oesophagus and diffuse oesophageal spasm.

The development of the operating mediasti-
noscope by Buess et al. (1985-1989) led to visually
controlled endoscopic oesophagectomy without tho-
racotomy, which has been established in clinical prac-
tice in Tiibingen since 1989 and which is likely to re-
place transhiatal blunt oesophagectomy within the
foreseeable future.

Endoluminal Surgery

It is now nearly 20 years since the introduction of en-
doscopic sphincterotomy by Kawai et al. in Japan
(1973) and Classen and Demling in Germany (1974).
Regrettably this surgical procedure has been taken
over by the gastroenterologists largely due to the in-
difference regarding the new technology by surgeons
atthe time. There isalesson to be learned here, and we
must ensure that future advances in interventional
gastrointestinal endoscopy are embraced by surgeons
and not left exclusively to those who are surgically un-
trained.

The most exciting development in this field is the
endoluminal stereoscopic rectal surgery system devel-
oped by Buess et al. in the years 1980-1983. This al-
lowed the performance of the first complex endoscop-
ic surgical operation where a tumour was excised and
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the bowel wall sutured by purpose-designed instru-
mentation. The accumulated experience to date has
shown that transluminal endoscopic rectal surgery
permits the complete excision of large adenomas and
early rectal carcinomas (pT1 and pT2) with minimal
morbidity and inconvenience to the patient. Another
recent development is. endoscopic mucosectomy for
early gastric cancer which is currently being evaluated
by the Japanese.
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Disadvantages of Open Surgery

Conventional open surgery requires that the surgeon
gets to the organ which is the site of the disease. In or-
der to achieve this objective and carry out the proce-
dure, resective or otherwise, the relevant body cavity
(chest, peritoneal cavity, pelvis) has to be laid open.
Adequate exposure, which is essential for the safe and
expeditious conduct of the procedure, is assisted by
the use of metal retractors held by the assistants or by
mechanical holders. On completion of the procedure,
the body cavity concerned is repaired. Although time-
honoured in our profession, this open conventional
approach has certain intrinsic disadvantages which, to
a large measure, influence the immediate postopera-
tive course and delay recovery of the patient from the
operative ordeal:

1. In the first instance, open exposure incurs additio-
nal trauma and therefore aggravates the postopera-
tive catabolic response, which is accompanied by
established and well-researched physical and bio-
chemical changes, and neuropsychological sequelae
which are poorly understood but which often persist
for several weeks to months. These include asthe-
nia, lethargy and mental debility.

2. Postoperative pain is largely caused by the parietal
wound. In addition to patient discomfort, which of-
ten requires the administration of powerful opiate
analgesics, the pain limits mobility and respiration
and thereby contributes in a significant fashion to
the common postoperative complications associat-
ed with surgery such as pulmonary collapse, infec-
tion and deep vein thrombosis.

3. The breach of the interior milieu caused by the
opening of the body cavities results in cooling of the
patient and the internal organs which lose water by
evaporation. The cooling effect is especially impor-
tant in children and the elderly in whom active
measures are taken during the procedure to circum-
vent this adverse change. Particularly during long
procedures, the dessication of intestinal loops, if
unchecked by standard measures, is positively

harmful in terms of recovery of intestinal function
and integrity of gastrointestinal anastomosis creat-
ed by the surgeon.

4. Retraction by metal implements, which is often
quite forceful, can cause immediate obvious injury,
especially to solid organs such as the spleen and liv-
er, and may lead to shearing injuries of the mesen-
teries. Apart from this obvious deleterious effect,
prolonged traction by metal retractors impairs tis-
sue perfusion of the compressed tissue. Handling of
the intestinal loops by the surgeon and the assistants
disturbs the intrinsic myoelectric activity of the gut.

5. Several factors, e. g. exposure, cooling, handling, re-
traction, etc., are responsible for the inevitable ady-
namic ileus after open abdominal surgery. This may
progress to frank intestinal obstruction in some pa-
tients and require active intervention for its relief.

6. The breach of the delicate serosal lining together
with the gross manipulation lead to adhesion forma-
tion, particularly in relation to laparotomy or thora-
cotomy wounds. Some patients are particularly
prone to adhesion formation which in the abdomen
may lead to long-term intractable problems with re-
current intestinal obstructions.

7. Finally, the operative parietal wound is itself the
source of significant morbidity in terms of infection,
dehiscence and subsequent incisional hernia forma-
tion. Despite prophylactic measures including the
use of antibiotics, postoperative wound infection re-
mains common, prolongs hospital stay and adds sig-
nificantly to the costs of surgical treatment.

Nature of ES

The hallmark of ES is the reduction of the trauma of
access without compromise of the exposure of the op-
erative field. Surgical operations are conducted by re-
mote surgical manipulation carried out within the
closed confines of body cavities or lumena of hollow
organs under visual control via telescopes which incor-
porate the Hopkins rod-lens system linked to charge-
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coupled device (CCD) cameras so that the surgeon
can operate across the television screen. In addition to
avoiding large painful access wounds, the instruments
used for dissection are small and fine, and thus the tis-
sue trauma inherent to surgical dissection is reduced
further. The operation is carried out with minimal
trauma inside the closed confines of the respective
body cavity, with avoidance of exposure, cooling,
dessication, handling and forced retraction of internal
organs. Thus the overall traumatic assault on the pa-
tient is curtailed drastically, and, as a result of this, re-
covery and convalescence are markedly accelerated.
This is the most important benefit of the new approach
and far outweighs the diminished cost of hospital
treatment by ES which has been overemphasized. The
real benefit to the individual and the nation as a whole
stems from the early return to work or full activity by
the vast majority of patients following treatment by ES
procedures.

There are additional advantages which impart un-
doubted benefit. There is virtual abolition of all
wound-related complications, early and late. When
one considers that the average extra cost of an infected
laparotomy wound is £1500, the cost saving, apart
from diminished morbidity, by the avoidance of signif-
icant abdominal wounds is substantial. Likewise, the
abolition of postoperative wound dehiscence (burst
abdomen) and large incisional hernias, particularly in
obese patients, constitutes a real and significant ad-
vance.

Another important advantage of ES which has
been overlooked is the vastly reduced contact with the
patient’s blood during the course of the operative pro-
cedure. The importance of this in relation to transmis-
sion of viral disease such as hepatitis B and AIDS is
real in terms of increased safety of the attendant staff.

There are other perceived advantages of ES. These
include a reduction of the common postoperative
complications associated with recumbency and pain,
such as postoperative pulmonary collapse, chest infec-
tions and deep vein thrombosis. Although probable,
the reduction in the incidence of these postoperative
complications remains to be confirmed by prospective
clinical trials. Several endoscopic surgeons, including
the authors, have observed from their experience that
adhesion formation is greatly reduced by ES. Other
than the avoidance of a large wound, the factors re-
sponsible for this effect remain conjectural at present,
and indeed the clinical impression of reduced adhe-
sion formation needs to be confirmed by prospective
studies.

Nomenclature

The editors Cuschieri and Buess have been working in
close cooperation since the international congress in
Berlin in 1987 on technical development, animal ex-
perimentation and clinical practice relevant to the
whole field of endoscopic surgery. Our basic positions
in theory and in the practice of the new surgery are es-
sentially similar as evidenced by our contributions (of-
tenjoint) in this book. Both of us have had a significant
input into the new surgery and had been working in
the field for several years before the boom started.
There is only one disagreement between us, and this
relates to the terminology which best describes the at-
tributes of the new surgery. On this issue we respect
each other’s viewpoint and agree to differ. For this rea-
son we had to search for a compromise, and this re-
quires some explanation.

Buess had for years advocated the term endoscopic
microsurgery to differentiate the new surgical tech-
niques from other endoscopic procedures such as
snare resections of penduculated polyps. However,
this terminology failed to gain acceptance by surgeons
who at the time failed to appreciate its significance in
delineating a new era of surgical practice. The term
minimally invasive surgery (MIS) coined by Wickham
and Fitzpatrick was, by contrast, rapidly accepted by
the medical and lay public and is now in widespread
usage.

Cuschieri thinks that this terminology is inappro-
priate because it conveys the wrong meaning. In the
first instance, it carries connotations of increased safe-
ty, which is incorrect because there is no correlation
between “invasiveness” and risk, apart from the fact
that “to invade” is absolute (Oxford English Dictio-
nary) and thus cannot be qualified. Semantic consider-
ations apart, the most important argument against the
use of this terminology is that it fails to convey the es-
sential attribute of the new approach - the reduction
of the trauma of access. It is for this reason that he
favours the alternative term minimal access surgery
(MAS).

Buess favours the MIS terminology and has advo-
cated its use in Germany. He argues that the two other
terms are technically oriented, and patients do not ap-
preciate their significance. By contrast, MIS carries
beneficial psychological connotations which allay the
fears of patients that operations invade the body and
destroy its integrity. Buess also considers that the ex-
pression is semantically acceptable as the smaller inci-
sions reduce the operative trauma and thus the inva-
siveness of the procedure. Another argument against
the use of MAS in German is that minimal access
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surgery cannot easily be translated into German,
whereas MIS can: minimal invasive Chirurgie and the
corresponding abbreviation, MIC, is ideal.

Scope of ES

ES spans a wide spectrum of the existing surgical spe-
cialities and involves several approaches:

1. Laparoscopic

2. Thoracoscopic

3. Endoluminal

4. Perivisceral endoscopic

5. Intra-articular joint surgery
6. Combined

Laparoscopic Surgery

Laparoscopic surgery has been the most significant
advance in general surgery in recent years. There is lit-
tle doubt that laparoscopic cholecystectomy will be-
come the standard method of treatment of gallstone
disease applicable to over 90% of patients (see
Chap. 16). Several other abdominal procedures can be
performed laparoscopically, and these are described in
Part III of this manual. No doubt, with improvement
in instrumentation and ancillary technology, other
open abdominal procedures will be performed laparo-
scopically in the near future. It is important, however,
that surgical principles established over several
decades of surgical practice are not violated in the
quest for conversion to the laparoscopic approach.
Regrettably, in the eagerness to be there “first”, there
is evidence that this unsatisfactory practice has oc-
curred, albeit to a limited extent. Although a commit-
ment to the development of our craft underlies its fu-
ture viability as an important treatment modality, the
welfare and safety of our patients must always remain
paramount and at the forefront of our considerations.

Thoracoscopic Surgery

The benefits accruing from the avoidance of a thora-
cotomy by the established thoracoscopic procedures
are even greater that those derived by laparoscopic
surgery. The various thoracoscopic procedures which
are currently performed in a number of centres are
outlined in Part II. It seems likely that all operations
on the oesophagus, resective or otherwise, will be con-

ducted thoracoscopically in the near future. Likewisc,
open surgery for patients with recurrent pneumo-
thorax will be superseded by the new approach. Pre-
sently, a number of centres are developing techniques
which will permit safe limited pulmonary resections,
such as removal of specific bronchopulmonary seg-
ments.

Endoluminal Surgery

Endoluminal surgery is applicable to the upper and
lower reaches of the gastrointestinal tract which are
accessible to the endoscopic approach. Both fibre-op-
tic and rigid telescopic approaches can be used. Exam-
ples of the former include endoscopic sphincterotomy
and, more recently, endoscopic mucosectomy for early
gastric cancer. Transanal endoscopic microsurgery,
which has opened new therapeutic possibilities for the
treatment of rectal lesions and rectal prolapse, is cov-
eredin Part IV.

Perivisceral Endoscopic Dissection

This approach differs from the previous ones in that
dissection is conducted within loose areolar tissue
planes in the absence of a natural cavity. The dissec-
tion entails creating the space for visualization of the
organ which is then mobilized, under vision, from the
surrounding structures and organs. Examples of this
technique include retroperitoneal surgery for dener-
vation procedures, such as lumbar sympathectomy
and nephrectomy, and visually controlled endoscopic
dissection of the oesophagus (see Chap. 12).

Combined Approaches

There is little doubt that the future lies in the use of
combined approaches: ES combined with open
surgery and combined ES interventions. Currently the
former is used to perform oesophagectomy with cervi-
cal anastomosis. The oesophagus is dissected either
via the mediastinal route through a cervical incision
using the operating mediastinoscope or thoracoscopi-
cally through the right pleural cavity. The gastric mobi-
lization is undertaken using the standard open abdom-
inal approach. Following resection and removal of the
oesophagus and tumour, the stomach or gastric tube is
pulled up into the neck by a guiding tube, and the cer-
vical anastomosis between the proximal oesophagus
and the stomach is then performed.
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As an indication of the potential scope of combined
ES, the equivalent of a standard three-stage oe-
sophagectomy has been undertaken endoscopically in
the pig. The cervical oesophagus was mobilized
through a neck incision, the thoracic oesophagus was
dissected from the mediastinum endoscopically and
the stomach was skeletonized laparoscopically with
preservation of the right gastroepiploic vessels. Simi-
lar combined approaches for colonic resection are cur-
rently being evaluated in the animal model.

Disadvantages and Limitations of ES

It is appropriate to consider the limitations and haz-
ards of the new approach since, like all advances in
clinical practice, ES has created new problems which
have to be addressed by the profession. Some emanate
from the remote nature of the surgical manipulations.
In this context, the lack of direct handling of tissues
with the loss of tactile feedback, which is so important
to the surgeon in the evaluation of the local pathology
and orientation, is obvious. There are ways around
this problem, such as the development of “tactile” ex-
ploratory ultrasound probes. It is difficult to predict to
what extent this will redress this basic disadvantage.
Another, more serious problem is intra-operative ar-
terial bleeding, as haemostasis is difficult to achieve
endoscopically because the bleeding point often re-
tracts within surrounding tissues. As an index of its sig-
nificance, bleeding was found to be the most common
cause for elective conversion to the open procedure
during laparoscopic cholecystectomy in a recent audit
from several major European centres. Apart from the
risks of hypovolaemia, bleeding during ES consider-
ably obscures the field of vision due largely to light ab-
sorption by the extravasated blood.

In general, procedures performed by the new
approach require more technical expertise and are
slower to perform, especially when one takes into con-
sideration the setting-up time. This has important con-
sequences on our routine practice in terms of operat-
ing sessions and scheduling of patients. The longer
operating time relates, in particular, to the execution
of difficult cases. Thus, for example, although the ex-
tra time needed to execute a straightforward lapa-
roscopic cholecystectomy may be inconsequential, a
difficult gallbladder (contracted organ with foreshort-
ened cystic pedicle) often takes twice as long to com-
plete laparoscopically when compared to the standard
open operation. There is obviously a need for preoper-
ative tests which predict the ease of performance or
otherwise of a particular endoscopic operation.

There is another consequence of the execution of
“difficult endoscopic operations” — increased iatro-
genic intraoperative injury. This is exemplified by the
higher incidence of bile duct damage during laparo-
scopic cholecystectomy which in some countries has
risen to four- tosixfold higher than that following open
cholecystectomy. It is difficult to be certain of the exact
reasons for this unsatisfactory state, but it seems likely
that different factors have operated in different cen-
tres. One suspects, however, that lack of training, poor
clinical judgement and the use of inappropriate tech-
nology such as laser to cut the cystic duct and dissect
the gallbladder have been foremost amongst the
causative factors. In embracing the new approach, sur-
geons must accept the principle that the elective con-
version to the equivalent open procedure must not be
regarded as a “failure”, but as an indication that in that
particular patient open surgical intervention was the
appropriate form of treatment. The outcome of such
positive common-sense deliberations is far better than
that which follows persistence with the endoscopic ap-
proach in the face of technical difficulties which often
dictate open intervention several hours later when
iatrogenic damage has been enacted, or worse still,
when it declares itself in the postoperative period.

One of the real problems intrinsic to extirpative
surgery by the ES approach is organ extraction. In
some instances, use is made of natural pathways such
as the mediastinum for the oesophagus and rectum for
the colon. In all other situations, however, the problem
remains unresolved. There has been a suggestion and
indeed some are advocating methods designed to
“morcellate, mince or liquidize” the organ to enable
its removal. This is an ill-conceived concept which vio-
lates some of the fundamental principles of surgical
management since detailed examination of the resect-
ed specimen is essential for subsequent treatment and
follow-up of the patient. In the context of cancer treat-
ment, this practice, by precluding histological staging
of the tumour, would be tantamount to malpractice. In
our view, intact organ retrieval is one of the most im-
portant limitations of ES, and until it is resolved, la-
paroscopic surgery for cancer will be restricted largely
to staging lymphadenectomy for urological and pelvic
neoplasms.

Future Developmental Needs

There are three major developmental needs. The first
concerns the future practice of ES. Some operations
such as laparoscopic cholecystectomy and appen-
dicectomy will probably be performed by most gener-
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al surgeons after suitable training. More complex and
exacting endoscopic procedures are, however, best
performed within specialist centres, and, in our view,
there is a need for the recognition of a new surgical
speciality of ES. How this would interact with the ex-
isting major specialities is the key problem. The most
sensible approach would be its integration within
these major specialities, e.g. thoracic and thoraco-
scopic surgery, colorectal and endoluminal surgery,
etc.

Following from the above, there is a need for train-
ing programmes both for general surgeons and for
experts in the new speciality. Some of these issues are
addressed in Chap. 6. Finally, the present instrumenta-
tion and technology require development to facilitate
and improve the safety of remote surgical manipula-
tions carried out under endoscopic vision. The impor-
tant requirements in this field are outlined in Chap.27.
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2 Instruments for Endoscopic Surgery

A.MELZER, G.BUEss, and A. CUSCHIERI

Introduction

ES is characterized by the small size of a number of ac-
cess ports. Working in a low-pressure gas environment
requires the instrument shafts to be round to maintain
an airtight seal which restricts mechanical construc-
tion. The small diameters also mean that very high-
quality materials are necessary to avoid frequent in-
strument failure. The video systems, light sources,
insufflators, and accessory instruments are technically
complex, and the ES surgeon has to understand the
technology of the equipment to appreciate its use and
future development.

Basic Requirements of the Instruments
for the ES Surgeon

Sterilization

All instruments and devices introduced into the body
must be completely sterilizable. One of the most reli-
able methods is the steam autoclave. However, this
causes severe stresses on the instruments, which have
to be made of materials resistant to corrosion despite
repeated exposure to a saline environment. In addi-
tion, when used in combination, materials have to be
carefully manufactured to allow for different expan-
sion properties. This is especially important with opti-
cal systems. The requirement for sterilization of in-
struments entails direct contact of organisms with
steam or gas. Therefore instruments must be com-
pletely sealed to prevent entry of blood and body flu-
ids, or they must be capable of being dismantled and
cleaned.

The use of disposable instruments has to be careful-
ly evaluated from the point of view of expense and
ecological aspects.

Radiolucency

Improvement of metal instruments by the use of ra-
diolucent materials is required. During surgical proce-
dures using X-rays, metal instruments (e. g. cannulae)
may mask important anatomical areas of interest.
Stainless steel clips distort radiological images and oc-
casionally impair their interpretation. However, it is
not at present feasible to manufacture all these instru-
ments from radiolucent materials (e.g. ceramics or
plastics).

Light Reflection

Highly polished metal surfaces facilitate cleaning.
However, this reflecting surface disturbs the opera-
tion. The automatic light sensor of the chip camera re-
acts to these reflections by darkening the view on the
video screen. By using matt instrument surfaces, it is
possible to decrease light reflection, but this increases
the susceptibility of the metal to corrosion.

Ergonomics

The improvement of specialized instrument function
requires the use of ergonomic principles. In laparo-
scopic surgery the ergonomic principles are different
from those in conventional surgery:

1. The instrument handles must function indepen-
dently of the rotation of the instrument tip.

2. All functions of the instrument must be capable of
being carried out with one hand.

3. The jaws of the instruments must be angled to allow
adequate visibility of their tips. While the jaws are
closed, the shaft of the instrument should not re-
quire movement to keep the position of the jaws
constant.

4. Clip applicators should have a cartridge containing
the clips.
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Fig.2.1. a Dimensions of freedom of a conventional instrument
in ES. b Concept for a new endoscopic needle holder showing
three dimensions of increased freedom. Every movement of the
handle is transmitted to the tip of the instrument by the inner and
outer ball joints

Degrees of Freedom

The concept of degrees of freedom describes the abili-
ty to move instruments within the operative field. Pre-
sent laparoscopic instruments have two to three di-
mensions of freedom (Fig.2.1a):

1.

2.

Translation — the movement of the instruments in
the direction of their longitudinal axis.

Axial rotation — rotation of the instrument around
its longitudinal axis.

. Relative rotation around the entry point — this is the

rotation of the instrument tip within the operative
field around the point of entry (e.g. cannula or in-
strument channel). This dimension of freedom is
not constant but depends on the type and size of ac-
cess port.
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In the future, increasing the number of dimensions of
freedom could be achieved by introducing control-
lable ball-and-socket joints into the shaft. Every
movement of the handle would then be translated to
similar movements of the inner ball-and-socket joint
(Fig.2.1b). Such an instrument would function along
the lines of a mechanical remote-control grasper. The
early models will need to be easy to handle in the inter-
ests of safety. By careful stepwise evolution, future de-
velopments could encompass computerized robot-
controlled systems. At present these are routinely
used in advanced industrial applications (see
Chap. 26).

Dissection Techniques and Combination Instruments

Dissection during laparoscopic surgery requires a
minimum of three functions: haemostasis, cutting and
suction. At present, these functions require multiple
instruments, e.g. to cut a vascular pedicle it is neces-
sary to coagulate it first and then to change instru-
ments to transect it. This is clumsy and time consuming
because of the long shaft of the instruments. Heavy
bleeding from a transected vessel has the added ten-
dency to obscure the lens of the optic. Suction to reveal
the precise point of bleeding usually requires a change
of instruments. This problem can be solved by a com-
bination of the single functions within the same instru-
ment or the development of new dissecting systems,
e.g. the combination of a coagulating with a cutting
function to allow a wide coagulation field and a narrow
central cutting zone. Both systems were developed in
Karlsruhe and Tiibingen and are currently undergoing
testing.

Automated Operating Techniques

Compared to open suturing and knotting, endoscopic
techniques are clumsy and time consuming, and re-
quire refinement. The circular stapler used in conven-
tional surgery and automatic ligature devices are not
yet available for use in laparoscopic surgery. A linear
stapler (Endo GIA, Autosuture) is now available for
clinical use in Europe. The extracorporeal and inter-
nal instrumental knotting methods are slow and clum-
sy for placement of interrupted sutures. The Roeder
knot should only be used with catgut as only this mate-
rial swells significantly during hydration, so increasing
knot security. New techniques under development at
Tiibingen include slip knots usable with polydiox-
anone (PDS), a bioabsorbable clip and an automatic

ligature system. In close cooperation with the Nuclear
Research Centre Karlsruhe a semiautomatic sewing
device will allow refinement of endoscopic sewing
techniques.

Ancillary Technology

The delivery of light, video images, suction, irrigation
and coagulation have to be refined. One of the impor-
tant aspects in development is to improve remote con-
trol and adjustment of the devices while keeping them
as simple as possible. At present, the surgeon and op-
erating room team are often required to use up to
100 switches and adjustment controls. Combination of
single- and multiple-function controls into a central
remote control console would help considerably.

Systems Presently Available

Optical Systems

Endoscopes are by definition thin and rigid, semiflexi-
ble or flexible. They may be introduced into the hu-
man body through natural orifices or access ports cre-
ated for this purpose, allowing direct visual inspection.
The main problems with image transmission are the
narrow calibre of the optics and long length of the en-
doscopes. High light intensities are required to obtain
the correct colour of the visual image, especially for
video reproduction. The light sources are fixed exter-
nally, and light is normally delivered via glass fibre
bundles. On account of spacial restrictions, only one
source of light is used. Good image quality depends on
clarity, correct colour and high resolution (that is, very
small distances between individual points). Good im-
age light transmission through lenses (F number) is
achieved in the photographic lens by a large lens size
and correcting lenses. In addition, further improve-
ment is possible by using high-quality manufacturing
processes to coat the lens surface. Because of the very
small size of endoscope lenses (down to 0.3 mm in di-
ameter) and the requirement for multiple lenses, very
stringent manufacturing standards are required to ap-
proach the quality of the standard photographic lens:
multiple lenses each possibly having insignificant
flaws may. however, cause image distortion in combi-
nation. At present it seems that further dramatic im-
provement in modern rigid endoscopes is not likely to
occur. This is not a problem at the moment because the
chip video cameras currently used in ES have resolu-
tions lower than endoscopic optics.
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Flexible endoscopes use glass fibre bundles for im-
age transmission, and presently these approximate to
the resolution of chip video cameras. Further im-
provement in standard flexible endoscopes is limited
by current technological factors, but dramatic im-
provement may be realized in the next few years in
flexible endoscopes using a charge-coupled device
(CCD) at their tip for image transmission.

Rigid Monocular Endoscopes

Basic Technology of Rigid Endoscopes

At the distal end is a front lens complex (inverting
real-image lens systems, IRILS) which creates an in-
verted and real image of the subject. A number of
IRILS (dependent of the length of the endoscope)
transport the image to the eyepiece containing a mag-
nifying lens. In the Hopkins rod-lens system, light is
transmitted through glass columns and refracted
through intervening air lenses (Fig.2.2a). The trans-
mission of light, colour definition and quality of the
image was greatly improved by this design. The front
lens of an endoscope varies with an opening angle
from 67° to 12°, similarly to photographic wide-angle
lenses. At the edges of the image, distortion occursin a
similar way to a fish-eye effect (Fig.2.2b). In the new
generation of endoscopes from Olympus, Winter and
Ibe, this fish-eye distortion is partially corrected by
compensation lenses (Fig.2.2b).

At a certain distance from the front lens (also de-
pendent on the opening angle), there is the neutral dis-
tance of the system, i. e. objects at this point appear 1:1
relative to their actual size. By closer approximation to
the front lens, objects are magnified while viewing
from further away results in them appearing smaller;

old new

Fig.2.2. a Longitudinal scction of modern rigid endoscope
(Panavicw, Wolf). Light is reflected at the surfaces of air lenses
and transmitted in glass rods. b Distortion of the borders of the
image through the endoscope: old, conventional lens system:
new, new lens system using image correction lenses (Olympus,
Winter&Ibc)

the endoscope does not simply magnify the image as
does a microscope.

Rigid Monocular Optics Currently Available
Depending on the surgical function, there is a choice
of various endoscopes (Fig.2.3a). Diameters range

Fig.2.3a, b. Rigid endoscopic optics (Olympus, Winter & Ibe;
Storz; Wolf). a A range of diffcrent rigid endoscopes; b various
viewing angles

b
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from 1.9 mm to 14 mm, with varying viewing and oper-
ing angles. The spectrum of viewing angles ranges
from 0° forward-viewing, 30° forward-oblique, 45°
oblique, 70° oblique up to 120° reverse-viewing
(Fig.2.3b).

A 30°-60° viewing angle is, in our opinion, useful
during laparoscopic surgery. It allows forward viewing
in combination with lateral viewing by rotation of the
endoscope about its long axis. More acute viewing an-
gles are not advisable either for diagnostic or thera-
peutic endoscopy due to frequent mistakes in orienta-
tion. Operations using single access ports require
endoscopes containing a working channel: e.g.
endoscopic microdissection of the oesophagus (see
Chap.9).

Stereoscopic Optics

Stereoscopic optics allow depth perception within the
operative field. This is achieved by the integration of
two monocular optical systems and two eyepieces ad-
justable for the separation of the surgeon’s eyes.

Development of Stereoscopic Optics

The first stereoscopic optic was made in 1904 by
Loewensteins for cystoscopy, using ideas developed
by Jacoby. Modern stereoscopic endoscopes are based
on this construction. In 1980 a new stereoscopic endo-
scopic system was presented by Jonas for tumour re-
section in the bladder and prostate. We started with
the development of stereoscopic optics for transanal
endoscopic microsurgery (TEM) in 1980.

Basic Technology of Stereoscopic Optics

The stereoscopic optic for TEM (Wolf) has two paral-
lel integrated rod-lens systems 6.3 mm apart, with a
50° oblique-viewing angle and a 75° opening angle

transmitting images seen by the viewer as a three-di-
mensional picture. Image transmission is made possi-
ble by using a system of prisms, and the eyepieces are
adjustable over a distance of 56 mm-72 mm to match
variation in the distance between the surgeon’s eyes
(Fig.2.4).

The endoscope has an integrated lens-washing sys-
tem and central channel of 6.7-mm diameter to convey
a monocular optic connected to the video camera.

Flexible and Semiflexible Endoscopes

Flexible endoscopes have an eyepiece similar to rigid
endoscopes: however, the image transmission is either
by oriented glass fibre bundles or electronically by the
distally sited CCD.

Development of Flexible Endoscopes

Based on the effect of light transmission discovered by
Thyndal in a waterjet, in 1905 Baird showed light
transmission in glass columns. Lamm attained the first
practical use of glass fibre bundles by combing them.
In 1932 Wolf and Schindler made the first semiflexible
endoscope by using movable connected IRILS (see
Basic Technology of Rigid Endoscopes above) in a
flexible tube. But it was only when standardized indus-
trially manufactured glass fibres became available that
in 1958 Hirschowitz, Peters and Curtiss presented the
first fully flexible endoscope.

Fig.2.4. Principles of light transmission in the stercoscopic lens
system (Wolf). e, Adjustable cyepieces: 4, stereoscopic image:
¢, channel for the teaching optic; /, connection for the light
source; s connection for the lens-cleaning system: g, connection
for gas insufflation
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Basic Technology of Flexible Endoscopes

The flexible tips of the endoscopes are controlled
proximally by hand controls. This distal movement is
in two planes with the wider-diameter endoscopes, but
only in one plane with the smaller endoscopes. It is
achieved by cables which are carried within the body
of the endoscope along with optic fibre bundles, light
transmission fibre bundles, a washing channel to clean
the lens and a working channel (Fig.2.5).

The image transmission in flexible endoscopes is ei-
ther performed by oriented glass fibre bundles or a dis-
tally placed CCD (Fig.2.6). This chip has light-sensi-
tive pixels, up to 400000 in number. These pixels
convert the incoming light into electrical impulses
which are read serially line by line at a certain frequen-
cy and then transformed and saved to create a video
image. There are different ways to create a colour im-
age: either the pixels are activated through a mosaic
colour filter or through a rotating filter of the primary
colours.

In modern standard flexible endoscopes, up to
40000 glass fibre bundles convey the image. These
fibres require exact orientation: i. e. the position of the
fibre at the distal end is the same when it reaches the
eyepiece. An increase in the number of fibres impairs
the flexibility of the endoscope. The best fibres are
each less than 7 um in diameter, and further decreases
in this diameter, although desirable, are at present not
possible below 6 um. There are three different types of
glass fibres. These are: glass fibres, gradient fibres and
quartz fibres.

Glass Fibres. The single glass fibre has a centre of glass
and an outer glass sleeve. This outer glass has a lower
light diffraction index. When a light beam passes up
the central glass fibre, it is totally reflected upon con-
tact with the outer coating glass sleeve because of its

Fig.2.5. Transversc section of a flexible endoscope (Olympus).
Glass fibres convey light in and the image out (L ). Suction and ir-
rigation channels (K). Working channcl (/); B, steering cables

different diffraction index and it is therefore transmit-
ted up to the end of the central glass fibre (Fig.2.7).

Gradient Fibres and Quartz Fibres. In very thin en-
doscopes, gradient fibres and quartz fibres are used for
light transmission. In the gradient fibres the light
diffraction index changes continuously from the cen-
tre towards the outer surface and not as a sudden
change, as occurs at the coating of the glass fibres.

Fig.2.6a, b. The integration of the CCD chip into the tip of the
endoscope. a Olympus, CCD vertical: b Fujinon, CCD hori-
zontal

central
glassfibre

coating
glass

Fig.2.7. Light passing through a glass fibre. On account of the
lower diffraction index of the coating glass, the light is totally re-
flected
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However, a complication in the present manufacture
of this type of fibre is that the spectrum of the transmit-
ted light alters. Quartz fibres consist of single fibres
melted together, resulting in improved image quality
compared to glass fibres.

Surgical Requirements for Optical Systems

Table 2.1 shows the properties of endoscopes required
insurgery and compares flexible and rigid endoscopes.
Further improvement of glass fibre endoscopes is at
present limited. In contrast, the CCD chip and video-
imaging techniques have a large scope for develop-
ment (megapixel chip). It can be foreseen that in the
near future the quality of the rod-lens system could be
approached. In ES three-dimensional imaging is ur-
gently required, but this is presently only available
with the TEM endoscope (Wolf 1979). However, on
account of its adjustable eyepiece, this endoscope is
only sterilizable using ethylene oxide gas. Improve-
ment here is possible by connection of two chip cam-
eras to obviate the need for adjustment of the eye-
piece, and to create a three-dimensional image on
video screens. Owing to new construction methods
and secure sealing combined with matched thermal
response of the different materials (glass, plastic
and metal), monocular endoscopes are autoclavable
(Olympus, Winter and Ibe).

On account of the materials used, it has not been
feasible to manufacture autoclavable flexible endo-
scopes. Complete sterilization by autoclaving is highly
desirable from the point of view of decreasing the risk
of transmissible infection. New methods of low-tem-
perature sterilization using H,O, are under develop-
ment.

Table 2.1. Ideal endoscopic requirements for the surgeon

Rigid Flexible
endoscopes  endoscopes
Small diameter Yes Yes
High-resolution Yes Dependent on
fibres of pixels the endoscope
Good depth of field Yes Yes
Good magnification Yes (Yes)
A wide opening angle Yes Yes
Three-dimensional imaging Partially In experiment
Autoclavable Partially Not available

Light Sources

Inacold light source, light is produced either by globes
with filaments or containing vaporized metal and it is
transmitted down glass fibre bundles to the tip of the
endoscope.

Development of Light Sources

The first device used to convey light into the body was
used by Bozziniin 1790. The discovery of the light bulb
by Edison in 1875 and its miniaturization in size to the
mignon globe allowed its insertion within the tip of the
endoscope. The good illumination achieved with this
instrument made its clinical use practical. However,
97% of the electricity used was converted into heat en-
ergy and problems occurred with burn injuries. The in-
troduction of cold light (Storz) formed the basis for
subsequent endoscopy, especially in the areas of endo-
scopic photography and video camera applications.

Basic Technology of Cold Light Sources

The light is generated from powerful halogen bulbs or
bulbs containing vaporized metal with an output of
70-400 W. The light output from these bulb filaments
has to be focused onto the surface of the light-trans-
mitting fibre bundles to achieve maximal light output.
This is achieved by using a concave mirror behind and
a condenser in front of the bulb. A filter lowers the
heat transmission (Fig.2.8). Parallel to this bulb, it is
possible to place a flash light which by TTL connection
can be synchronized with the camera (Wittmoser).
Glass fibre bundles or fluid crystal light transmitters
are used for light transmission between the light
source and endoscope.

Glass Fibres. Light transmission occurs as described in
“Basic Technology of Flexible Endoscopes™ above.
Only glass fibres should be used because gradient
fibres do not completely transmit light in the visible
spectrum, resulting in colour distortions.

Fluid Crystal Light Transmitters. Fluid crystalline sub-
stances are complex organic molecules which have a
long form;in a certain phase, some degrees above their
melting point, their behaviour is like hard crystals be-
cause the long molecules orient in layers within which
they are able to move. This structure has light diffrac-
tion characteristics similar to classical hard crystals.
The delivered light contains nearly the full spectrum
of visible light. The main disadvantages in their use are
the inability to sterilize these cables by autoclaving or
gas and decreased flexibility.
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Surgical Requirements for Light Sources

High light intensity

Complete light spectrum

Integrated flashlight for photodocumentation
Areserve bulb

— Video camera-controlled light intensity adjustment

Adequate Light Sources and Transmitters

Output of 150 W from the light source would be
enough for direct viewing down the endoscope. For
video cameras, intensities up to 400 W are required.
For routine clirﬁ&gl use, glass fibre bundles are ade-

|:| light source and flash

- optics of endoscope

and camera

- electronic measurement
through the lens (TTL)

Fig.2.8. Light source with incorporated flash, controlled in rcal
time by the camera TTL light measurement (Wittmoser)

quate, while for high-quality documentation fluid
cables and an integrated flash light are desirable.

Insufflation Devices

Principles of Exposure of the Operative Field

Basically there are two different ways to expose the
operative field:
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— Distraction by mechanical retraction methods
— Distension by gas insufflation

For example, during mediastinascopic peri-
oesophageal dissection (Buess, Kipfmiiller, Naruhn
und Melzer), gas insufflation is not useful and expo-
sure is provided by the “olive” pulsion tip of the endo-
scope. During laparoscopic, thoracoscopic and rectal
procedures, CO; insufflation is used. The basis of ex-
posure during laparoscopy is the establishment of a
pneumoperitoneum. This is often achieved initially by
blind puncture using the Veress needle. To protect the
abdominal organs during this puncture, Gotze (1918)
and later Veress (1938) integrated a snap mechanism
within the cannula. After penetration of the abdomi-
nal wall, a blunt atraumatic spring-loaded central
stylet conveying the gas moves forward to protect the
underlying bowel from injury.

Development of Insufflation Devices

Endoscopic developments in the nineteenth century
which were able to view the abdominal organs led to
the requirement of a space provided by a gas cushion
within the peritoneal cavity for placement of the in-
struments. The first gas (air) used during long proce-
dures caused problems with gas embolism. Nitrous
oxide represents a risk from gas embolism, anaesthetic
effects from rapid uncontrolled absorption and haz-
ards to the health of the theatre staff from leaked gas.
The insufflation with inert gasses such as helium or ar-
gon have some potential advantages, including their
lower solubility in water which prevents condensation
on the optics.

Probably the best gas for insufflation at present is
CO,. It is 200 times as diffusable as oxygen and is
therefore rapidly cleared by the lungs. Pneumoperi-
toneum for long periods has not been shown to cause
significant acidaemia (Kastendiek 1973). Lindemann
(1980) showed that cardiac arrythmias and haemo-
dynamic disturbances occurred only with direct intra-
vascular CO; insufflation at rates greater than
150 ml/min. Wittmoser (1961) created a device for
controlled CO, insufflation with an adjustable pres-
sure limit and synchronous measurement of the filling
intra-abdominal and intrapleural pressure (Fig.2.9a).
In 1965 Eisenberg and Semm developed the Wisap-
CO»-Pneu.

Basic Technology of Insufflation Devices

Insufflation devices are used to create the intra-ab-
dominal pressure necessary for laparoscopic expo-
sure. Loss of gas by leakage or absorption is replaced

by semi- or fully automatic systems. The gas supply is a
standard CO, cylinder connected externally. Because
of the high pressure (up to 60 atmospheres) within
these cylinders, a pressure relief valve is used to lower
the maximal insufflating pressure. In contrast to ear-
lier devices, in modern insufflators, an interme-
diate gas cylinder requiring manual refilling is not
used. The refilling rates are now automatic up to a
maximum of 10 litres a minute. The front of the device
has four gauges to monitor CO; cylinder pressure, the
maximal intra-abdominal pressure, the gas flow rate
and total volume of gas delivered. The electronic sys-
tem monitors the intra-abdominal pressure via the
CO; supply line by intermittent interruption of gas
flow, allowing accurate recording of the intra-abdomi-
nal pressure (Fig.2.9b). This electronic system con-
trols the rate of gas flow until the preselected abdomi-
nal pressure has been reached. During initial
insufflation prior to visual control, the maximal rate of
flowislimited to 1 litre a minute at a maximal pressure
of 10 mmHg.

Surgical Requirements for Insufflation Devices

Presently Available

— Limitation of the amount and pressure of insuffla-
tion

— Maintenance of a constant pneumoperitoneum

- Automatic electronic control systems

Future Developments

Audiovisual warning for all malfunctions

Readable analogue gauges

— Combination of controls for suction and insufflation
within a single device

Simplicity of handling

|

The insufflation devices available, depending on the
model used, have integrated flow and pressure control
systems. The surgeon buying these devices should
choose a model with audio malfunction alarms.

Aspiration and Irrigation

During ES bleeding and its control are very important
as blood may rapidly obscure endoscopic vision. Con-
ventional surgery makes use of suction and absorptive
abdominal packs to stop bleeding. But in endoscopic
surgery the use of swabs and the power of the suction is
limited. The power of the sucker is limited by small
tube diameters and long length. In addition, high suc-
tion rapidly leads to loss of pneumoperitoneum and
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Fig.2.10. Irrigation and aspiration. On the right is the irrigation
reservoir and on the left the suction bottle

endoscopic view, which is only preventable by insuffla-
tion at higher flow rates which would be best achieved
by monitoring the volume aspirated allowing con-
trolled replacement.

Surgical Requirements for Aspiration and Irrigation
Devices

Presently Available
— Adjustment of aspiration and irrigation rates
— Hand controls on the instrument

Future Developments

— Automatic control of aspiration and irrigation rates
— Separate channels for the irrigation and suction

— Larger irrigation fluid reservoir

— Audiovisual malfunction alarms

Advantages and Disadvantages of the Different
Designs of Aspiration and Irrigation Devices

The modern aspiration/suction devices have a handle
with two valves as controls (Fig.2.10). The trumpet or
cylinder valves are robust and seal despite contamina-
tion of the lumen by blood or tissue, but valve move-
ment may be impaired by trapped blood and occasio-
nally jam. The easy-to-use tube clamps in the Wisap
handle avoid blocking, but there is a risk of fatigue and

<+

Fig.2.9. a Principles of an insufflation device first developed by
Wittmoser with measurement of filling pressure and intrapleural
pressure. b Monofil bivalent system (Semm). Using the Veress
needle (v), it is possible to measure the filling and abdominal
pressure by interruption of flow
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breakage of the silicon tubing. The three-way valve
model manufactured by Wolf seems to go some way
towards solving these problems.

The reservoir of the irrigation liquid normally con-
tains 1 litre sterile physiological NaCl solution. This
amount is enough for the average procedure, but if
large irrigation volumes are required, a larger reser-
voir is desirable. An audiovisual alarm to indicate the
need to refill this reservoir would be helpful. The suc-
tion bottles should be at least twice the capacity of the
irrigation reservoir to accommodate blood, body fluid
and froth to avoid frequent interruption of suction to
change them. With the combination of irrigation, aspi-
ration and insufflation, controls using a central con-
sole would then be possible.

Trocars and Cannulae

In laparoscopic surgery the trocar is introduced into
the cannula to accomplish cannula penetration of the
abdominal wall. The cannula has a valve system at its
proximal end, and the trocar is removed from the can-
nula after puncture of the abdominal wall. The cannu-
la acts as a channel for the introduction of the endo-
scopes and instruments. The autoclavable, re-usable
systems normally employ cylinder or trumpet valves.
Ball or flap valves are used in re-usable cannulae up to
7 mm in diameter and in disposable devices. The distal
end of the cannulae is either cut obliquely or at a right
angle (Fig.2.11)

Trotars and cannulae are available from 3 mm to
13 mm in diameter, and with a special dilation system
this can be expanded to 20 mm (Fig.2.12). Use of a
guide rod within the original cannula allows its re-
moval. The dilating cone is then placed within the new
cannula. This combination is then fed down over the
guide rod through the abdominal wall using three
turns in a clockwise screwing action while exerting
steady pressure. The guide rod with dilating cone is
then removed.

The Hasson (1971) trocar system was specially de-
veloped for use in the open laparoscopic technique,
particularly in patients having a previous laparotomy
and suspected adhesions. The main advantage of this
development is that the cannula can be placed under
direct vision. Furthermore, no special preparation is
required for this approach because the same umbilical
incision as used in closed laparoscopy is necessary. The
Hasson cannula is a modified 10-mm cannula with
normal trumpet valve. It has an outer tube with an ad-
justable cone-shaped dilatation tip to maintain the
pneumoperitoneum by sealing the fascial incision.

Fig.2.11. A range of various trocars and cannulae from 5 mm to
20 mm

Additionally, two suture wings are fixed near the trum-
pet valve for the attachment of fascial sutures. To keep
the cannula in position and to avoid gas escape, the di-
latation tip is firmly approximated to the opening of
the abdomen by two sutures placed at the borders of
the fascial incision and attached at the suture wings.
These sutures are used in the closure of the fascial
wound.

The disposable systems made by AutoSuture and
Ethicon have flap valves (Fig.2.13b) and sharp triple-
edge pyramidal tips. Both systems employ a thin tube
between the trocar and the cannula, which snaps for-
ward after penetration of the abdominal wall with a
delay of approximately 12-15 ms and locks in that po-
sition covering the sharp pyramidal trocar tip. This
construction should prevent internal visceral injury
(Fig.2.14).

Surgical Requirements for Trocars and Cannulae

Presently Available

— Minimal trauma to the abdominal wall

— Minimal leakage of gas during instrument exchange
Electrical insulation

Anchorable to the abdominal wall

Autoclavable

- Radiolucency

|
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Fig.2.12. Schematic portrayal of a 5mm port increased to  mm cannula is passed over the guide rod; 4, the dilatation cannu-
10 mm. /, Endoscope is replaced by a guide rod; 2, the 5S-mmcan-  la is passed through the abdominal wall by a clockwise screwing,
nula is removed leaving the guide rod behind; 3, after extending  action with steady pressure; 5, the guide rod and dilatation trocar
the skin incision with ascalpcl, the dilatation trocar inside the 10-  arc then removed leaving the 10-mm cannula in place

Fig.2.13a,b. The typesof valves used for cannulac. a Ontheleft  ball valve of a 5-mm cannula (b). b Specially designed transpar-
is a 10-mm cannula with a trumpet valve (f). On the right is the  ent cannula shows the principle of the flap valve (K) (Ethicon)
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Fig.2.14a, b. The pyramidal sharp tips of the disposable trocar
with its cannula. The “safety” shield (H) slips past the tip of the
trocar once through the abdominal wall and should protect the
internal viscera. a AutoSuture; b Ethicon

Future Developments

Minimal force for abdominal wall penetration
Safe and easy handling of the valve system

— Prevention of internal visceral injury
Optically controlled penetration

Advantages and Disadvantages
of the Different Designs of Trocars and Cannulae

The injury of internal viscera may be minimized by the
technique used combined with the skill and care exer-
cised by the surgeon. The atraumatic conical trocars
also minimize the chance of abdominal wall blood ves-
sel injury and gaping of the hole in the abdominal wall
fascia after cannula removal (as occurs with sharp
pyramidal trocars). The main advantage of the sharp
pyramidal trocars is the lower force required for tissue
penetration. The safety shield does not guarantee pre-
vention of internal visceral injury, especially in the
presence of adhesions (see Figs.13.2, 13.3). A disad-
vantage of the disposable systems is their cost. An ad-
vantage is their perfect sterilization.

Gas leakage is prevented by trumpet, flap or ball
valves (Fig.2.13). The easy-to-use flap and ball valves
may lose their gas seal in the presence of tissue con-
tamination. Trumpet valves seal relatively well when
contaminated, but then may jam more easily. The im-
provement of valve systems would be possible by us-
ing materials with a low friction coefficient or by re-
designing them.

Instrument Holders

In ES fully adjustable holders are required to fix the
position of the endoscope or instruments. One exam-
ple of a good instrument here is the Martin arm
(Fig.2.15). A 15-mm diameter stainless steel rod is
anchored with a special clamp to the rail of the operat-
ing table. The clamp tightening, the screw onto the
table rail also locks the rod into position. Between the
rod and instrument holder is a system of two knuckles
and one locking hinge joint, all controlled by one
screw contained in the axis of the hinge. Single-handed
release and tightening is thereby possible, but the oth-
er hand is required to stabilize the new position during
this process. A similar function is obtained using the
Aesculap Leyla-Retractor (Fig.2.16). This system has
an arm of approximately 40 ball segments that fit with-
in each other and are locked in position by a central ca-
ble tightened by an overcentre lever. Its ability to
maintain its position arises from the friction created
between the ball segements. In a new design modifica-
tion, these ball segments are tapered in size, providing
a gradient of friction and improving the ability of the
equipment to lock in position. This instrument only
functions when a low force is exerted.

A recently developed instrument, the Robotrac
made by Aesculap (Fig.2.17), is the first system allow-
ing position control plus locking with one hand. The
pneumatic locking mechanism is activated and deacti-
vated by two solenoid switches integrated within the
handle. The compressed air supply is controlled by an

Fig.2.15. Martin arm holding an endoscope



Instruments for Endoscopic Surgery 27

Fig.2.16. Lcyla-Retractor (Acsculap). Central wire fixation of
segments (K), with locking and relcase controlled by an over-
centre lever (S) and instrument fixation clamp (H)

external device. It seems from the dimensions of this
system that it can be used with a greater force. This ex-
pensive system is not sterilizable and must therefore
be covered by a sterile polyethelene tube. When de-
activated the components limbs are flaccid and have to
be held.

A vacuum lock holder, the First Assistant (Leonard
Medical), is robust and functional, and has control
buttons situated near the handle, allowing single-
handed change of position. Attachment to and discon-
nection from the instrument is made possible by a
spring-loaded ball-and-socket lock. It is simply con-
trolled by vacuum-lock valves and has the other ad-
vantages of being autoclavable and relatively inexpen-
sive. It is the best robotic holder available.

Surgical Requirements for Instrument Holders

Presently Available

— Secure locking in all positions
— Sterilizability

- Unlimited spacial positioning

Future Developments

— Easily controlled locking mechanisms

— Control with a single hand or by foot pedal
— A universal instrument connection system

Fig.2.17. Robotrac (Aesculap). With control buttons (S) in the
handpiece, it is possible to control the pncumatic locking of the
knuckles (K) and steady the instrument with onc hand. A remote
box (G) controls air supply. This fixing device has to be covered
by assterile polyethylene tube
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2.18

2.19a

Surgical Instruments

The handle and shaft designs of laparoscopic surgical
instruments such as forceps, scissors, needle holders,
suckers and diathermy instruments were copied from
gynaecological instruments and the tips modified for
special surgical requirements (Fig.2.18).

Technology and Assembly of ES Instruments

The materials and construction of ES instruments are
governed by four basic functions: grasping, cutting,
haemostasis and suction. The construction is ham-
pered by their small diameter and length. Grasping
forceps and scissors normally have hinge joints which
are single or twin action. Every action of the jaw must
be transmitted via two hinge systems. One hinge sys-
tem is placed in the handle and converts force into an
in-and-out movement of a central rod in the shaft of

Fig.2.18. Different designs of the instrument tips used in ES
(Olympus, Winter & Ibe). /, Atraumatic grasping forceps:
2, grasping forceps; 3, toothed grasping forceps: 4, microscissors:
5, scissors; 6, hooked scissors; 7, knife electrode: 8, spatula clec-
trode with channel; 9, hook electrode with channel: /0, coagulat-
ing electrode; 11, bipolar electrode with channel; 72, bipolar
grasping forceps

Fig.2.19a,b. Design of twin- or singlc-action endoscopic forceps
(Wolf). a Single-action jaws. In this casc only two hinges arc nec-
cssary. b Twin-action jaws

the instrument. At the distal end this rod is connected
to one or both jaws with another hinge system. The
twin action of the tips of instruments has some practi-
cal advantages during surgery, but the force transmit-
ted to the instrument jaws is attenuated by the small
dimensions of the jaw connecting rods to the central
rod (Fig.2.19). Furthermore, there are hingeless
graspers and coagulation forceps. These graspers em-
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Fig.2.20. Hingeless grasping and diathermy forceps (Wolf). To
allow the object grasped to remain in the jaws as they are closed,
the handle and outer part of the shaft must move a distance (D)
towards the tip

ploy two to four jaws by simple in-and-out movement
of the central rod. The advantage of this construction
is that it is strong and more simple to assemble. A dis-
advantage is that the grasping unit moves as the handle
is activated (see “Ergonomics” above) (Fig.2.20),
forcing the surgeon to move the shaft of the instru-
ment to keep the position of the jaws constant.
Long-lasting insulation requires high-quality mate-
rials to resist degradation caused by physical and
chemical effects. It has to resist mechanical stress and
must not react with body fluids to produce toxic sub-
stances. In addition, thermal sterilization causes high
stresses in both metals and insulation. High-grade
stainless steel is required most often. “High-grade” in
this sense means the amalgam contains a low iron con-
centration and a high concentration of chromium,
nickel, cobalt, molybdenum and other materials, re-
sulting in better mechanical properties and resistance
to corrosion. However, the surface finish of these in-

Fig.2.21. The axially oriented Messroghli handle (Wolf) is easy
to manipulate and transmits great forces to the jaws by effecient-
ly using its special hinge design

struments also affects their corrosion resistance: high-
ly polished surfaces will incur less corrosion compared
to matt finishes. The highly polished surface of instru-
ment tips and jaws causes light reflection impairing
video camera performance. Matt finishes improve this
problem, but are more prone to corrosion.

The instrument handles are similar to those de-
signed for open surgery. Sound ergonomic principles
dictate that, to activate the instruments, the ergonom-
ic handle position should not be affected by jaw func-
tion and direction. Especially poor in design are the
handle finger rings which require insertion of the fin-
gers in order to grip. The axial handle design of Mess-
roghli by Wolf (Fig.2.21) and the Semm round handles
go some way towards solving these problems. Colour
identification of instrument functions with these
round handles is an advantage; the other benefit is the
independent axial rotation of the instrument relative
to the surgeon’s hand while keeping handle function
(Fig.2.22)

Grasping Forceps

In ES grasping forceps have different functions. In ad-
dition to tissue grasping, it is possible to use these in-
struments for dilatation, atraumatic dissection and,
with appropriate insulation and connections, di-
athermy coagulation. The main difference between
traumatic and atraumatic instruments lies in the char-
acteristics of the jaw design, e. g. traumatic jaws have
grooves, teeth, etc. (Fig.2.23)
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Fig.2.22. The various functions of the Semm round handles are
colour coded, and manipulation is independent of the tip orien-
tation (Wisap)

Mechanical Cutting Instruments

In ES there are microscalpels which are attachable toa
handle and endoscopic scissors. Three types of scissors
are available (Fig.2.23):

— Hook scissors: these allow tissue to be grasped prior
to cutting.

— Serrated straight scissors: these are good for succes-
sive tissue division.

— Curved scissors: these improve the visibility of the
structures within the jaws.

Scissors may also be used for diathermy, but the large
non-insulated area and rapid blunting of the cutting
surface caused by sparks are substantial drawbacks.
Modern diathermy units are able to reduce spark for-
mation by using electronic monitoring of tissue
impedance and altering voltages accordingly.

Dissecting Instruments

In ES, high-frequency monopolar diathermy is often
used for dissection (see Chap.4). Hook, knife and
spatula electrodes are available. The advantage of
these instruments is that tissue is only cut during cur-
rent activation and small vessels are sealed. Reliable
insulation of the entire instrument, apart from the tips,
is essential for these instruments. This added insulat-
ing layer weakens the instrument. To avoid wide con-
tact areas, the insulation should extend as close as pos-

sible to the tip. The integration of suction with these
instruments often causes inferior suction function
(Fig.2.23).

Bipolar Diathermy Instruments

Bipolar coagulation forceps work on the same princi-
ple as hinge-free graspers. The jaws have to be insulat-
ed from each other along the length of the whole in-
strument. They are useful to control small vessels, e. g.
within adhesions. Various instrument designs are
available for the application of bipolar diathermy
(Fig.2.23):

— Coagulation forceps with wide loop jaws for coagu-
lation of thick vascular pedicles

— Small straight tips for coagulation of visible vessels

- Bipolarelectrode (Fig.2.18,item 11)

In our opinion, it would be an advantage if water irri-
gation were used simultaneously during coagulation
to limit the temperature between the jaws to a maxi-
mum of 100°. This would stop tissue adherence to the
jaws and protein carbonization (see Chap.4). It is also
possible to limit the temperature between the jaws us-
ing special impedance measurement.

Monopolar Diathermy Instruments

Normally endoscopic suction can be incorporated in
these instruments so making them more useful to con-
trol bleeding. In addition, insulated grasping forceps
are used for haemostasis. An alternative to the use of
diathermy instruments is the endocoagulation system
developed by Semm (Fig.2.23) (see Chap.4).
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Needle Holders

Needle holders used for endoscopic surgery are simi-
lar in design to those used during conventional
surgery: the needle is tightened between the jaws of
the instrument either by springs or clamped by a lock-
ing mechanism in the handle. The inner calibre of the
cannula limits the use of curved needles.

A special needle holder construction by Messroghli
with its axial hinged handle mechanism applies suffi-
cient gripping force to use needles of up to 1 mm in di-
ameter (Fig.2.21). In our opinion, the spring-loaded
needle holders are only designed for use with straight
needles.

Surgical Requirements for Endoscopic Instruments

Presently available

— Reflection-free instrument surfaces
— Ergonomic handles

— Sealed shafts

— Autoclavibility

Future Developments

— Combination instruments

— Increased dimensions of freedom
- Radiolucency

Combination Instruments

Combining the functions of these long instruments
avoids the clumsiness and time taken to exchange
them, e. g. a combination of cutting, suction, irrigation
and coagulation would improve the ability to avoid
bleeding and make its control easier. A sucker with a
monopolar diathermy function that transmits scissors
within its lumen is an example of this sort of combina-
tion instrument (Fig.2.24). In Tiibingen, besides this
instrument which is now in routine clinical use, we are
continuing to develop other combinations. In 1987 a
bipolar forceps was made with water irrigation and a
central working channel. A combination bipolar for-
ceps, water irrigation, suction and cutting device
(Fig.2.25) is being developed in cooperation with the
Nuclear Research Centre (Karlsruhe).

d
|

Fig.2.23. A range of ES instruments: 7, hook scissors; 2, straight
scissors; 3, Metzenbaum scissors; 4, diathermy hook dissector
with suction channel; 5, spatula dissector; 6, suction cannula al-
lowing coagulation; 7, standard dissecting hook; 8, bipolar for-
ceps for wide coagulation; 9, bipolar forceps for precise coagula-
tion; 10, Semm endocoagulation forceps; 17-13, grasping forceps
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separate

rinsing canal

suction
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2.25

Clips and Staplers

Clips are made of metal or plastic polydioxanone and
approximate tissues or close vessel lumens by their
plastic deformability or locking mechanisms. A sta-
pler is a device which applies a series of staples either
in acircular or linear fashion.

Development of Surgical Clips and Staplers

The first mechanical closure of wounds was by the In-
dian physician Susruta. In the six century BC he re-
ported the approximation of skin wounds using the

HF coagulation

suction

Fig.2.24. An enlarged suction channel conveying instruments
allows it to function as a simple combination instrument. Partial
instrument withdrawal allows prompt use of suction

Fig.2.25. Bipolar forceps with integrated irrigation, suction and
cutting functions. b Bipolar coagulation: ¢, cutting blade: r, rins-
ing channels; s, suction channel

jaws of large ants. Further development of these tech-
niques with the disposable multiple staple delivery de-
vices has seen their widespread introduction into clini-
cal use. Spring clips have for many years been of use in
neurosurgery for the control of vessels (e.g.
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Fig.2.26. Clips used in linear and circular staplers are of similar
design: as a result of their plastic deformability, they are convert-
ed from a “U” to a “B” shape and thereby preserve the capillary
circulation

aneurysms). Metal clips which close vessels by plastic
deformability induced by an applicator, apply single
clips or, in the case of some disposable devices, mul-
tiple automatically reloaded clips. The first linear
stapler was made by Hiitl in 1908 and is the forerunner
of all subsequent devices: in one action tissue is ap-

proximated, anchored by clips which are closed from a
“U” into a “B” shape and then the tissue is divided
(Fig.2.26).

Staple Materials

Ligature clips are made of high-quality stainless steel,
titanium or bioabsorbable polymers (Fig.2.27). The
linear stapler clips are normally made of stainless steel
as this material has the highest mechanical perfor-
mance. They are tolerated biologically, i.e. when ex-
amined histologically the surrounding tissue shows
minimal reaction. However, they induce significant ar-
tifacts locally during computed tomographic scaning
or magnetic resonance imaging.

The mechanical performance of titanium is two to
three times less than that of stainless steel. Titanium is
biologically inert, and the surrounding tissue does not
react with it. However, titanium ions have been found

Fig.2.27a,b. Surgical clips for vessels: a Absolock clip (Ethicon)
is made of bioabsorbable polydioxanone. For correct clip func-
tion the vessel must be free of surrounding tissue for the lock to
close without impediment. b Metal clips of either stainless steel
or titanium are closed by simple plastic deformation, allowing
partial or complete closure around a pedicle
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within the lymph node draining areas containing large
titanium implants. Titanium has the advantage of in-
ducing only small local image artifacts during comput-
ed tomographic scanning or magnetic resonance imag-
ing. Closure of metal clips is achieved by mechanical
deformation (Fig.2.27). The bioabsorbable clips
(polyglycolate or polydioxanone) are hydrolysed
within tissue and metabolized. They are identifiable
radiologically for up to 90 days. In magnetic resonance
imaging, high field powers result in images with local
artifacts. The main disadvantage of these polymers is
their poor mechanical performance (very low plastic
deformability). This limits their application for two
reasons. The construction of the delicate locking
mechanism is difficult and will not function unless the
vessel has been completely dissected free from sur-
rounding tissue to prevent tissue obstruction of the
locking process (Fig. 2.27).

Surgical Requirements for Clip Systems

Presently Available

— Bioabsorbable materials

— High mechanical performance materials
— Smalllocal artifacts during imaging

— Safe and easy clip closure

— Outer diameter of clips less than 10 mm
— Multiple firing

Future Developments

— Linear stapler adjustable for tissue thickness

— Clips to close luminal organs, hernias and simulate
suture ligatures

— Bioabsorbability with better locking mechanisms

Clip Systems Presently Available

The metal ligation clips presently available for endo-
scopic use are in single-loading or multiple-firing
(AutoSuture) configurations which are used through
10-mm diameter access ports (Fig.2.28). Bioab-
sorbable clips are at present applied by single-loading
forceps.

The linear stapler device (AutoSuture) has two dif-

ferent magazines for variation in tissue thickness. The

line of staples is 30 mm long (Fig.2.29a). Ethicon is
now marketing the Endopath ELC. Stapling lengths
are 30 and 60 mm. Two different magazines for differ-
ent size of tissue are available (Fig.2.29b) Clips for
closure of hollow viscera were developed in Tiibingen
(see Chap.13). Clips for hernia repairs by fascial ap-

Fig.2.28. Thc AutoSuture 10-mm multiple-firing applicator
with approximately 20 clips semiautomatically loaded {rom the
shafts

Fig.2.29. a Endo-GIA stapler, 30 mm (AutoSuture). b En-
dopath ELC, 30 mm and 60 mm (Ethicon)

proximation are being developed in Tiibingen in coop-
eration with the Nuclear Research Centre, Karlsruhe.

Another development has been an endoscopic clip
designed to control bleeding by underrunning the ves-
sel.
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Future Techniques and Materials in ES

Shaped Memory Metals

Interesting properties of nickel and titanium combina-
tions open up new avenues for instrument design for
endoscopic surgery. The special properties are en-
dowed by the metallurgic structure. By nature of their
crystalline structure, these nickel/titanium metals are
not really alloys in the strict sense of the word, but met-
al compounds. The titanium and nickel are arranged in
spatially oriented atomic configurations in special-
ly designed repetitive patterns. Depending on the
metal composition and temperature (approximately
20°-400° C) the structure is in the austenite phase. At
lower temperatures, it is in the martensite phase and
this can be reversed again by raising the temperature
of the metal. Two macroscopic effects result from this
transformation: heat-induced changes in shape and
superelasticity.

Heat-Induced Changes in Shape

If a nickel/titanium wire is plastically deformed (up to
8% ) in its martensite structure, i.e. below its changing
temperature, the wire will return to its original shape
when heated above its changing temperature, i.e. it
will change to its austenite structure. Industrial appli-
cation of this property is for small oil pressure valves in
carengines.

Superelasticity

Depending on the composition of the metal, it is possi-
ble to get an effect called “elastic shape memory”.
Here the martensite/austenite transformation occurs
at400° Celsius. Below this temperature, in the marten-
site phase, the metals are cight times more elastic than
super-spring wire. Above this temperature, these met-
als have plastic deformability thus allowing them to be
shaped, while below 400° plastic deformity is replaced
by the elastic properties while a memory of the given
shape is still retained.

The superelastic nickel alloys were first used in
1971 by Andreascn and Hillemann in orthodontics. At
present they are used in orthopaedics for internal fixa-
tion and in vascular surgery for intraluminal stenting.
Future applications for endoscopic instruments would
be, for example, specially designed graspers and
needle holders. These could be inserted through
straight cannulae and once inside the peritoneal cavity
changed into the curved shape. This could be one solu-
tion to increasing the degrees of freedom available to
the instrument tip. Doubts remain, however, regard-
ing the lack of resistance of this metal to corrosion.

Doping with various metallic compounds alters the
metallurgical characteristics of nickel-titanium alloys.
New polymers, e.g. polynorbornene, also show a
“shape memory” effect during polymerization. Their
potential use and biocompatiblity are currently being
investigated.

Water-Jet Dissection

In recent years water-jet dissection has been found to
be useful during hepatic and neurosurgery. The water
jet has been useful for separating tissue while leaving
vessels above 0.2 mm intact. These techniques were
first developed for industrial applications. Water pres-
sures in the region of thousands of bars, with jet sizes
of 0.2-0.5 mm allow cutting of elastic textiles, gums,
metals up to 20-mm thickness and stone up to 50-mm
thickness. The cutting property of the water jet can be
changed by using additives, e.g. polymers or mineral
powder. In hepatic surgery the pressure of the water
jet is varied from 1.2 to 400 bar. The sizes of the jets
vary from 0.03 mm with high pressure up to 0.2 mm
with low pressures.

Athanase et al. (1989) described the dependence of
the depth of water-jet penetration in cerebral tissue on
the calibre of the jet, e.g. for a jet of 0.2-mm calibre at
0.5 bar pressure, the depth of penetration is 1.0 mm.
Increasing the pressure to 3.0 bar results in a depth
penetration of 3-4.5 mm. In future high-pressure wa-
ter jets will probably be used in laparoscopic cholecys-
tectomy as will ultrasonic dissection.
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3 Video Imaging and Photodocumentation

M. Paz-PARTLOW

General Tenets

One of the main thrusts propelling research and devel-
opment in endoscopy is to devise a more simple and
accurate way to perform a given task. An integrant
part of almost any new endoscopic procedure, video
imaging affords surgeons these ensuing benefits: (a)
the surgeon and first assistant can coordinate their ap-
proach to accommodate each other; (b) instrumenta-
tion needs are anticipated by the scrub technician/
nurse since they can follow the surgeon’s movements
visually; (c) instruments are introduced safely under
visual control; (d) anatomical orientations are easily
perceived; (e) pathology is clearly defined; (f) simulta-
neous documentation of the case results in a perma-
nent record which may be reviewed as needed at a lat-
ertime [1].

Space does not allow for an exhaustive survey of
the burgeoning endo-electronic market. Rather, one
possible system will be discussed according to our own
institution’s experience with its attendant limitations
and advantages.

No system, regardless of intricacy or expense, will
operate at its optimal level without confident, thor-
oughly trained support staff to implement it. As com-
ponents in an imaging system are compiled, thought
must be given to the relevancy and efficiency of their
application within the operating theater. Their inte-
gration within the existing routine must be thought
out, designating to specific individuals’ certain respon-
sibilities. In our case, a special surgical unit composed
of endoscopic technicians oversees the maintenance,
proper setup, and function of endoscopic instrumenta-
tion within the operating rooms, although, owing to
the dramatic increase in both number and complexity
of cases, cross-training of all operating room staff has
become necessary in order to answer surgeons’ needs
adequately. In-house seminars on instrumentation
and basic video documentation techniques have been
given on all surgical floors, with periodic updates as
new equipment is brought in or surgical techniques are
revised. All staff are then proctored through a given

number of cases until they can be declared comfort-
ably proficient.

Cogent instructions in advance on how to manipu-
late the zoom lens, focus, white balance, and how to
orient the camera to the telescope are one method of
ensuring a well-accomplished procedure. In video-en-
doscopic surgery, surgeons depend on ‘whoever holds
the camera and telescope for their vision. Training the
camera operator deserves special attention, since that
individual’s performance will often influence the out-
come.

Each technical advance demands its own location
within the theater, obliging us to redesign the physical
arrangement for the surgical team’s maximal comfort
without violating aseptic rules. Correlation of func-
tions among the ancillary appliances (irrigation pump,
light source, electrosurgical unit, light source, etc.) will
yield floor space more easily navigable by circulating
personnel (see Chap.5)

The judicious placement of monitors around the
operating table is predicated by the procedure, sur-
geon’s stance, and preference. Operative pelviscopy
requires only one monitor placed at the foot of the
table, whereas in laparoscopic cholecystectomy a two-
monitor arrangement is preferred. At the patient’s
right stands the principal video cart, which contains a
48.3-cm high-resolution monitor, 122-mm VHS
recorder, 19-mm recorder, and at times a still video
printer (Fig.3.1). It is angled close to the anesthesia
cart so as to provide the surgeon, who stands on the pa-
tients left, with a comfortable direct view of the
screen. In a space-saving effort, the 33-cm high-resolu-
tion monitor, which faces the first assistant, is housed
atop an insufflator stand that also houses the insuffla-
tor, CO; cylinders, and a small irrigation pump. It is
posted at the head of the table, on the patient’s left
(Fig.3.2). Along the back wall, a third ceiling-mounted
monitor allows the support staff to observe. All three
monitors are looped sequentially with termination on
at the last one.

The expense of a documentation system is only jus-
tified if its implementation is meticulous, consistent,
and well executed in the most expedient fashion. After
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Fig.3.1. Primary video cart shows variety of photodocumentary
equipment utilized in the operating theater

multiple evaluations, we have selected equipment that
will serve dependably under a variety of users. Hands-
on in-service training allows staff to become familiar
with the various functions outside the sometimes tense
atmosphere of the operating theater, bolstering their
confidence and reducing recalcitrant attitudes to-
wards new technology. By cross-training operating
room personnel we try to ensure adequate coverage
throughout the schedule. The following is a concise
listing of each item, its purpose, and basic specifica-
tions.

Telescope

This is an obvious truism which is often ignored: be
certain that the telescope is undamaged before start-
ing the operation. Chips at the proximal or distal end
can distort the image. Broken fibers can reduce the

light output significantly. Warm the telescope to body
temperature before insertion, wiping the eyepiece dry
to prevent moisture condensation in the space be-
tween it and the camera lens. These elementary pre-
cautions can cut down on false starts and unnecessary
frustration.

Light Source

While illumination demands in arthroscopy or urology
can be met by smaller light sources, the abdomen
necessitates the most powerful light available. Several
firms offer high-intensity units based on the same 300-
W xenon lamp, but the Storz 610 Automatic Xenon is
still the brightest, most dependable unit for use with
rigid telescopes. This unit offers automatic light con-
trol for video while also serving as a flash generator for
still photography (35-mm slides) [2].

Monitors

Although there exists an immense variety in TV moni-
tors, including NEC, Zenith, and Toshiba, most endo-
scopic manufacturers have standardized on Sony, of-
fering one or another of their models as part of their
packages. The minute details which the surgeon must
perceive in complex endoscopic surgery make it im-
perative that the monitor image quality possess supe-
rior color, resolution, and clarity. Presently, we place a
48.3-cm Sony PVM-1943MD opposite the primary
surgeon and the 33-cm model (PVM-1343MD) vis-
a-vis the first assistant. These studio monitors yield
approximately 700 lines of horizontal resolution,
capably accommodating even the sharpest camera. In
comparison, the ceiling- mounted monitor is a stan-
dard PVM-1910 with only 350 lines of horizontal reso-
lution. A third model, the Sony PVM-2030, offers
580 lines of horizontal resolution, good chroma, more
contrast, and a price somewhere between the two
models mentioned above.

Cameras

Owing to our high-volume usage and profound inter-
est in endoscopic research, our institution is fortunate
in being able to evaluate new products while still at the
prototype stage, which gives us an edge at acquisition
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Fig.3.2. A two-monitor approach to laparoscopic cholecystecto-
my

time. However, even we cannot possibly keep up with
all the transmutations in endoscopic microchip cam-
eras. Today’s solid-state cameras are designed around
chips which typically hold 150000-300000 pixels
(smallest unit of picture elements in an image; outer
diameter, 17x13 um). The silicon charge-coupled de-
vice (CCD) was recognized as suitable for video appli-
cations several decades ago [3]. These systems must be
compatible with standard TV formats (525 or
625 lines), so the scanning rates run 200000-300000
pixels per frame at a 30-Hz frame rate, producing an
output rate of about 10 megapixels per second. The
number of pixels on a chip determines the resolution,
each one procreated by a receptor in a densely packed
grid of photocell receptors. A well-fabricated, light-
weight CCD camera, sterilizable both by ethylene ox-
ide gas and gluteraldehyde, is indispensable for endo-

scopic surgery, for tube cameras were too heavy, too
clumsy, and not nearly light-sensitive enough for most
applications.

Our current model returns to us the color rendition
we had had to sacrifice for light sensitivity with the 1/2”
(13-mm) chip camera. The video sensor in the Storz
9050B is a Sony 2/3” (17-mm) interline transfer CCD
which makes it shutterable. Automatic exposure is
microprocessor controlled, ranging from 1/60-1/
10000. Its scanning system is a 2:1 interlace, with inter-
nal synchronization and a signal to-noise ratio of 47 dB
or greater. The horizontal resolution is more than
450 lines with minimal illumination requirements of
7 lux at f1.4. It also features automatic white balance
with a range of 2200K-9000K. The head measures
34x86 mm and weighs 127 g with a 3-m cable attached.
It is designed with a built-in zoom lens extending from
25 to 40 mm (Fig.3.3). We have purchased several of
these cameras for use in laparoscopic cholecystec-
tomies while continuing to employ older models in
other areas until their replacement can be fiscally jus-
tified by either depreciation or increased case load.
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Fig.3.3. A new 2/3” (17-mm) CCD camera features automatic
white balance and iris

Other vendors offer similar cameras, although most
are based on 1/2” (13-mm) CCD chips.

Sometimes early potential will not come to fruition.
After extensive evaluation, we are abandoning use of
the HR-3000 three-CCD camera until its technical dif-
ficulties can be surmounted. The model has shown a
consistent propensity to overheating, which can cause
loss of image and/or misalignment of chips resulting in
image distortion through loss of registration. It may be
some time before this camera is ready for routine field
service. Stryker Endoscopy is marketing a three-chip
camera based on three 1/2” (13-mm) CCD image sen-
sors with interchangeable heads, but we have no clini-
cal experience with it.

Even as the 9050 B was introduced, further innova-
tions in camera design were coming to the fore. Under
clinical trial, we have inspected several systems which
eliminate the traditional coupler and eyepiece connec-
tion, joining lens to ocular “glass to glass.” This can
eliminate misting in the interface between scope and
lens and tends to give a bright, crisp image. The lenses
used in these cameras are of a specific focal length,
either 30 mm or 38 mm.

Olympus has a 0° 10-mm laparoscope (steam auto-
clavable) coupled with a minute camera based on a
Panasonic 1/2” (13-mm) chip (Fig.3.4a). Baxter has a
similar arrangement, although theirs is a 2/3” (17-mm)
CCD camera (Fig.3.4b). The Storz Lapcam encases
camera head and telescope ocular in a sealed, mois-
ture-proof handgrip, obviating the need to focus
(Fig.3.4¢c). We have experienced good results with this
model. A drawback to these designs is the loss of zoom
capability, since at times the highest magnification is
desired, as when incising the cystic duct prior to
cholangiography. Fujinon has exhibited a video-
laparoscope, but, although test tapes looked ade-

Fig.3.4. a Olympus 1/2” (13-mm) CCD camera coupled glass-to-
glass to 0° optic. b Baxter-V. Mueller version of arrangement de-
scribed above employing a 2/3” (17-mm) chip as camera sensor.
¢ Storz Lapcam consolidates a 2/3” (17-mm) CCD sensor and op-
tics ocular within a handgrip, eliminating variable focus

quate, we have no personal experience with it. The ac-
quisition of any video system requires prospective
buyers to experience at first hand an assortment of
brands and types in order to ascertain which will best
fulfill their needs.

Documentation

35-mm Photography

Electronic photography may be defined as still images
created, transmitted, or manipulated electronically. It
is generally agreed that in order for electronic photog-
raphy to compete viably with film, resolution of at
least 2000 lines (scan lines) would be needed to
achieve any semblance of the definition of film for the
purpose of graphic reproduction. Here are some
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rough figures which compare the resolution of film
and electronic imaging chips: AP wire photo,
8x10 print: approximately 2.5 million pixels; Kodak
megapixel sensor: 1.4 million pixels; still-video sen-
sors: 200000 to 380000 pixels.

Presently 35 mm offers images having more than 15
times the information most still video systems pro-
duce. While no one would dispute the superior quality
of film documentation over that of video, the difficul-
ties inherent in obtaining the former point to its de-
creasing utilization. We devised a system in the 1980s
whereby an articulated arm containing a 90/10 beam
splitter was attached to the telescope’s eyepiece and a
35-mm camera was connected to the arm’s proximal
end. Thus, the surgeon was able to continue the proce-
dure while the assistant photographed the desired se-
quences. This method gave satisfactory results in some
areas such as urology and laryngology, but lapa-
roscopy has always presented additional challenges
because of light loss through the articulated arm.

For lecturing and publication, the best 35-mm
slides are achieved by coupling the 35-mm camera by
means of a special endoscopic lens directly to the
scope’s eyepiece. This is not only awkward for the op-
erator, given the camera’s weight, but deprives the rest
of the team of a visual image while shooting proceeds.
It also brings us the significant problem of maintaining
sterility. As one will often want progressing views of
the procedure, the logistics for successful 35-mm pho-
tography are somewhat involved. Multiple telescopes
need to be employed, as at least two must be soaking at
all times to replace the one the surgeon is using and
which has just been made unsterile by its contact with
the camera. The camera itself may be bagged, but this
makes the controls difficult to handle. The surgeon
must double-glove continuously, stripping one pair off
and donning another after each shot. Additionally, the
strobe’s sync cord presents one more obstacle in main-
taining sterility.

We employ the Storz Xenon 610’s automatic flash
capabilities, thus cutting out the need for an additional
flash source as it provides continuous light for video as
well. In order for the flash to perform at full capacity,
the unit’s light intensity must be turned to maximum. It
may be operated with both manual and automatic set-
tings. The camera must be adjusted accordingly and its
shutter speed set at 1/30 second. Flash duration ranges
from 1 to 30 ms, considerably longer than conventio-
nal electronic flashes. Ektachrome 400 ASA is our
usual film, although negative film of the same speed
may also be used. Processing normally takes 24 h, al-
though a nearby lab offers 2- to 3-h processing at
greater expense.

If this process is deemed too complex, slides may
shot from video tape using the Polaroid Freezeframe
video recorder, which has available both Polaroid
4x5 hard copy and 35-mm film backs. The unit has a
“frame grabber” board which allows one to capture a
field which is then photographed by the unit by means
of a high-resolution cathode-ray tube within it. Ek-
tachrome, either 100 or 64 ASA, gives the best results.
A hard copy from video tape may be made with this
unit as well, but superior results will achieved with
Sony’s Mavigraph UP-5000.

Even with the modest resolution that most types of
electronic photography offer, the benefits of electron-
ic imaging still make it appealing. The power of digital
imaging is not so much its resolution — film still wins
that battle — but rather its ease of manipulation, of
transmission, and of data extraction. These are the as-
pects which make us willing to accept lower-resolution
images.

Video Format

The higher resolution of the newer cameras confronts
us with the shortcomings of our video-recording
equipment. As our video library is heavily relied upon
for teaching and lecture tapes, interesting procedures
are recorded on 19-mm U-matic format. The cut-only
editing suite with which we prepare lectures and
workprints is also 19 mm. While our camera can deliv-
er over 450-line resolution, these U-matic recorders,
being 5 years old, can only record up to 270 lines. To
continue as we are means we are not formulating the
best-possible recordings; to upgrade the system in-
volves substantial capital expense in a period of eco-
nomic retrenchment and the addition of yet one morc
tape format.

Any of the three formats, S-VHS, ED-Beta and
Hiband 8 mm (Hi8) will record at a horizontal resolu-
tion of 400 lines. All require new hardware, but with
Hi8 it may be possible for us to upgrade gradually. In
the Hi8 format, the luminance FM carrier has been in-
creased and the frequency deviation expanded. This
gives better color reproduction and picture quality, es-
pecially since a different metal particle tape has been
developed for it.

An EVO0O-9800 Hi8 recorder could be used to
record oringinal tape during an operation. With a 33-
pin editing interface it could be connected to our exist-
ing RM-440 editing controller, thus acting as source
player. This would save a generation in conversion
from 8 mm to 19 mm, and our edited master would be
a 19-mm tape which can be shown almost anywhere.
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Eventually we would move up to an RM-450 editing
controller and an SP U-matic VO-9850 editor
recorder which would give us edited masters from ex-
cellent originals with a resolution of 320 lines and out-
standing integrity for duplication, one aspect in which
U-matic is still the leader. This would be one possible
solution to our quandary.

Video Tape Recorders

This is another area where one is faced with almost be-
wildering variety. [t is not possible to predict electronic
developments; anything we buy today will be obsolete
a year, sometimes only months from now. But it must
be remembered that obsolescence is not equivalent
to uselessness. Obsolescence is only an issue when re-
pair parts are no longer manufactured, and the partic-
ular unit no longer fits one’s needs. With this most
prevalent form of documentation, it is feasible to
record specific segments or an entire procedure at will.
Video tapes can be revised through editing and used as
individual case presentations and/or as part of more
polished instructional media. We provide multiple
video carts on each surgical floor, each equipped with
two video tape recorders which may be used separate-
ly or simultaneously (Fig.3.5). When a recording is
meant for the teaching library, the Sony VO-5800
19-mm U-matic recorder is utilized. For routine ap-
plications, the Panasonic AG-6300 VHS recorder is
more than adequate. Since many of our attending sur-
geons have VHS recorders in their offices, they regu-
larly record VHS tapes for their files and for patient
education, some even giving the patient a copy of
his/her procedure. It must be remembered that four
2-h VHS cassettes can be obtained at the same ex-
pense as a 60-h min U-matic cassette and can be more
easily stored. Real-time counters and variable visual
search are useful features on machines on our carts
along with momentary contact footswitches to enable
the pause mode. One should reflect on the desired end
use for a video tape record before purchasing a format,
since a serious commitment in finances, space, and
personnel is required for a viable tape library.

Disk Recorders

Another option for saving endoscopic information is
to store multiple images on optical or floppy disks.
Sony and Panasonic market laser disk systems which
record stills onto a laser disk with 580-line horizontal
resolution at a considerable expense. More reason-

Fig.3.5. Schematic diagram showing connections in video sys-
tem

ably priced are the Canon and Sony floppy disk
recorders with which up to 50 fields or 25 video frames
(1 frame=2 fields) can be stored on a 2'/,” two-sided
floppy disk. Disk resolution averages 350-400 lines,
which can result in superb pictures depending on the
printer used. Owing to their diminutive size, disks are
easily stored, and, with an adequate catalog, earlier
images are simple to recover. Following outpatient
procedures such as arthroscopy or diagnostic gyneco-
logical laparoscopy, our surgeons will review the
frames taken during the operation and select the most
fitting shots which are then printed by a still video
printer. These prints may then be shown to colleagues
for consultation, shown to the patient in explaining the
findings, and/or inserted in the chart to become part of
the patient’s official record [4].
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Fig.3.6. a Sony Mavigraph 5000 still vidco printer. b Close-up
of control panel

Still Video Printer

At the writing of this essay, during Photokina, one of
the largest annual photography shows, Chinon, Fuji,
Konica, Olympus, Ricoh, and Toshiba all announced
the imminent introduction of digital still video sys-
tems. This incident reinforces the author’s observa-
tions on the inability to keep up financially and practi-

cally with new technological advances. Of the printers
already on the market, we would continue to recom-
mend the Sony Mavigraph UP-5000 over those of Hi-
tachi, Kodak, Polaroid, and Canon, their lower prices
notwithstanding. It is dye-transfer thermal printer
with a one-page memory which can be configured to
print full size (166.7 mmx121 mm; 6x9”), or can be
subdivided into either four or nine separate spaces on
the page (Fig.3.6).

With an optional additional one-page memory
board which may be inserted, the Mavigraph can
record a full page of information, switch pages, and
continue to record new information on the second
page while printing the first simultaneously. Each
print takes approximately 60s and costs about
US$ 1.25. Recently, a more economical model, the
UP-3000, has been introduced.

ES ushers in an era of surgical procedures which
were hardly conceivable not so long ago. To fulfill the
needs of surgeons attempting these brave new ap-
proaches, we must assemble a complex melange of
electronic and endoscopic instrumentation worthy of
their efforts. On the part of medical institutions, this
entails firm pledges of finances and manpower which
may strain existing resources. Collaboration between
specialties, although often difficult, should be sought,
since multiple users can help to justify elaborate video
systems.
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Introduction

During the past decade endoscopic techniques have
been increasingly used in surgical treatment with con-
siderable benefit to patient care. In carrying out surgi-
cal procedures, the different methods of incision, dis-
section and coagulation are of special importance, and
a full understanding of the principles governing their
safe usage by the surgeon is essential. The endoscopic
surgical approach has led to modifications and new de-
velopments of the operative ancillary technology. In
addition to familiarization with the actual instru-
ments, knowledge concerning the interaction of the
applied technology with biological tissue is of decisive
significance in ensuring a consistently favourable out-
come after surgical intervention.

Application of Therapeutic Heat

The use of operative and therapeutic heat with the ob-
ject of disintegration, destruction or coagulation of
biological tissue is almost as old as medical science it-
self when one considers that Hippocrates regarded
fire as the ultima ratio. The effect of thermal energy on
biological tissue depends on the temperature used.
Table 4.1 gives an overview of the tissue reactions
which are associated with different thermal thresholds
or ranges.

Figure 4.1 shows the important methods for the
production of operative-therapeutic heat. At first
sight, the method by which the heating of tissue is pro-
duced may appear inconsequential. But looked at
more closely, especially in relation to their dynamic us-
age, the various options for the production of opera-
tive-therapeutic heat differ in efficiency, rate of
change of temperature, attainable maximal tempera-
ture, degree of extension in area or volume, dosage,
transfer onto the site of treatment and handling.

A classification into, for example, coagulative and
incisional methods is meaningless since these different
effects may be obtained using the same physical sys-

tem, irrespective of the applicators or probes used. In
this regard, the shape and nature of the probe tip
which is in close contact with the tissue or the applica-
tor tip directed onto the target tissue, though often ig-
nored, is frequently the key factor in determining the
intended effect.

From a macroscopical point of view, thermally in-
duced coagulation results in a well-demarcated zone
in which the proteins are coagulated, i.e. an irre-
versible change from the colloidal state of tissue into
the insoluble gel.

Various mechanisms may participate in haemosta-
sis. In addition to the contraction of the vessel walls,
shrinkage of the surrounding tissue and the formation
of an endoluminal thrombus are involved.

If heat energy is delivered rapidly within a relative-
ly small volume, such that no appreciable diffusion of
heat through cell liquids and membranes occurs, intra-

Table 4.1. Thermal effects in biological tissue

Temperature Thermal effect
range (°C)

37-42 Heating without irreversible damage

>42 Enzymes and other sensitive metabolic molecu-
lar components become altered
Conformational change; hyperthermic retraction
and shrinkage; cell death
>50 Inactivation of enzyme activity

43-45

45-60 Hyperacmia; oedema with loosening of mem-
branes; swelling
>60 Protein denaturation; coagulation and necrosis;
white-grey discolouration of the tissuc: shrink-
age
>80 Collagen denaturation; membrane permeabiliza-
tion
>100 Boiling of water in the cells and in the intercellu-
lar matrix (more than 1000-fold increasc of vol-
ume); cell explosion and tissue cavitation
100-300 Dehydration; water evaporation; carbonization
>150 Carbonization
300400 Smoke generation from carbonization; blacken-
ing of tissuc
>300 Vaporization of the solid tissuc matrix
>500 Burning of tissue; pyrolysis in presence of atmo-

spheric oxygen (evaporization)
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Fig.4.1. Methods for the production of operative-therapeutic
heat

cellular water boils and the increasing steam pressure
causes an explosion-like disruption of the tissue,
whereby the sectioned surfaces become coagulated to
agreater or lesser extent.

Thermal Methods

Thermocoagulation

By direct supply of heat, radiative, conductive or con-
vective (Fig.4.1), not only coagulative but also de-
structive interactions may be obtained. For example,
incoherent infrared or heat radiation with a maximal

emission in the spectral range of 900-1000 nm can be
produced by means of a 200-W tungsten-halogen fila-
ment. The infrared radiation is guided through a large
light guide to a specially shaped probe which is pressed
onto the tissue surface. The probe consists of a trans-
parent and highly heat-conducting sapphire crystal
with a high melting point. When the infrared coagula-
tor is pressed onto a flat tissue surface, e. g. cut bleed-
ing parenchyma of an organ, further blood loss is sup-
pressed mechanically and the superficial vessels are
compressed by the probe, while the incident infrared
radiation produces a thermally induced vessel occlu-
sion. Since wavelength-selective absorption of the ap-
plied infrared radiation is largely absent in tissue and
the penetration depth of this wavelength range is com-
paratively large, the thermally induced coagulation
zone extends to some millimeters in depth (no. 6 in Fig.
4.2).
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Fig.4.2. Thermal coagulation (comparison of the effect by vari-
ous modalities on liver tissuc). /, Coagulation by soldering iron,
no thermostat; 2, endocoagulation at 100°C; 3, conventional RF
coagulation with a 4-mm ball electrode; 4, EHT coagulation with
a2.3-mm probe; 5, EHT coagulation with a 2.3-mm probe (probe
moved across the surface during current flow); 6, infrared coagu-
lation; 7, argon-ion laser coagulation; 8, Nd: YAG laser coagula-
tion; 9, CO» laser coagulation

The depth of coagulation is influenced by the time
of application. Because of the sapphire tip or fluori-
nated caps, the adherence of the tip to the coagulum is
largely avoided. Thus the probe can be removed me-
chanically without damage or dislodgement of the
clot. The application of infrared coagulation with flex-
ible endoscopes is limited by physical constraints. On
the other hand, it can be used inside large rigid endo-
scopes.

Direct heat may also be applied to the tissue by the
heater probe, the endocoagulator and galvanocautery.
In this instance, a metallic probe is heated directly or
indirectly by means of an electric current using the
same principle as a soldering iron.

The miniaturized heater probe is coated with poly-
tetrafluorethylene (Teflon) and is used successfully in
the endoscopic control of gastrointestinal bleeding.

In the endocoagulator, a resistor in the interior of
the probe is heated by a direct current and warms the
electrically isolated exterior of the probe indirectly by
conduction. In this way, current flow through the bio-
logical tissues is avoided. The temperature of the
probe is controlled by an integrated sensor and can be
adjusted to induce protein coagulation at about 100°C
(no.2 in Fig.4.2). The slow heating results in minimal

thermal necrosis and avoids adherence. The coagulat-
ed area subsequently becomes invaded and lysed by
histiocytes and fibroblasts. The current instruments
using the endocoagulator principle are the point coag-
ulator, the crocodile clamp and the myomenucleator.
They are used to stop bleeding arising from smaller
vessels within the abdomen.

One of the oldest auxiliary surgical means is ther-
mocautery. When first introduced as the Paquelin
burner, it consisted of an improved version of the
glowing iron. In this instrument, a metallic pin, e.g.
made of platinum, was heated to incandescence by
means of a petrol-air mixture. The successor to this de-
vice is the low-frequency cautery or galvanocautery.
Using power ranging from 20 to 60 W at relatively low
voltages (2-6 V) and currents (10-20 A), the Des-
champs platinum-iridium sling can be used to grasp
and thermally divide extensive membranous adhe-
sions in fractions of a second with concomitant coagu-
lation of the divided surfaces. However, the glowing
cautery tips cause adherence to carbonized tissue ow-
ing to the high temperatures reached (600°-1000°C).
Thus burning of tissues is inevitable (no. 1 in Fig.4.2),
and healing occurs by hyperaemic reactions with exu-
dation of fluid comparable to healing of burns. If ther-
mostatic control mechanisms are incorporated, the
temperature may be preselected automatically. This
improvement will enhance the safe application of this
simple instrument. In addition, there exists the possi-
bility of combining galvanocautery with a radio-fre-
quency (RF) apparatus, thereby creating an alterna-
tive RF electrode.

Another method of direct heat supply is provided
by hot gas probes and the plasma scalpel. In the hot gas
probe, a nitrogen-inert gas stream is heated to about
1500°C in a miniature probe which is used for non-con-
tact coagulation. However, experimental investiga-
tions have shown that the resulting coagulum is porous
and therefore does not provide safe haemostasis.

Recently the argon-plasma jet (argon beamer) has
been developed. This delivers a cone of argon which
surrounds high-frequency (HF) arcs, produced by
standard HF generators, and is used to spray coagulate
bleeding vessels and capillaries. The argon
beamer/HF spray coagulation system is one of the
most effective and safe methods of haemostasis in
both open surgery and ES.

The plasma scalpel, on the other hand, has been
available for years. A gas such as argon or helium is
heated up to about 3000°C in an electric arc and is then
concentrated to a cutting jet of less than 1 mm in diam-
eter at a power of approximately 50 W.
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Fig.4.3. Principle of monopolar HF surgery in gallbladder dis-
section (yellow)

Electrocautery

The term “electrocautery” or in short “cautery” refers
to an instrument, used originally for burning. It con-
sisted of apparatus which utilized a low voltage to heat
the instrumental tip. The tissue was destroyed by con-
tact with the hot cautery electrode, i. e. through coagu-
lation necrosis. As penetration was by heat conduc-
tion, the depth of penetration was difficult to control
and required considerable experimental assessments.
Subsequently the term “electrocautery” was loose-
ly applied to other instrumentation such as HF or RF
generators. Although strictly incorrect, this terminol-
ogy is used in this chapter because of its well-estab-
lished usage in English-speaking countries. Another
term “diathermy” which derives from the physical
heating achieved by these techniques, is often used by
English- and German-speaking surgeons. Sometimes
the term is qualified as “HF diathermy” although the
appropriate qualification of this terminology is “surgi-

cal diathermy" since this accurately reflects a localized
tissue effect when the method of HF surgery is used.

HF surgery is the application of HF currents in the
frequency range of 300 kHz up to several MHz to per-
form coagulation, desiccation, fulguration, spray co-
agulation and ablation of tissue.

From an electrophysiological standpoint, biologi-
cal tissue consists of series of electrolytical conductors,
where the different intra- and intercellular salt solu-
tions are separated by biological membranes. A direct
or low-frequency alternating current, e.g. mains cur-
rent, would alter the ionicity of the cells by neurosen-
soric reactions if applied in the vicinity of nerves, i.e. it
induces a faradic stimulation. On the other hand, if
one uses a current with a sinusoidal-periodic wave-
form at a frequency high enough that the duration of
one halfwave is shorter than the minimal stimulation
time, any rhythmic excitation will be excluded, and
heat alone is developed in the target of tissue. That is
the reason why HF apparatus is designed to produce
currents at frequencies from about 400 to 700 kHz.

In order that acurrent is able to flow through tissue,
a closed electrical loop is necessary. In the case of the
monopolar technique, this consists of HF apparatus
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and an electrical wire or cable leading to a working or
active electrode at one end, from which the current
“flows into” the tissue. The current “leaves” the body
at the same site via a large neutral electrode and “flows
back” to the generator through a return line. Figure
4.3 depicts this situation in relation to monopolar HF
coagulation during gallbladder dissection.

In a HF current circuit, heating occurs not only in
areas with small cross-sections, but also at sites with
low electrical conductivity. Since the contact surface
provided by the active electrode with the tissue forms
only a relatively small area and as biological tissue ex-
hibits a significantly lower conductivity compared
with the metallic electrode, the conversion of HF ener-
gy into heat is concentrated onto a relatively small lo-
cal volume of interaction. Because of the outstanding
thermal conductivity of modern coagulation elec-
trodes, they remain almost cold during the applica-
tion.

An analytical model of the situation in homoge-
neous tissue is used to explain the temperature
changes. Immediately below the active electrode, cur-
rent density decreases in a quadratic fashion as the
cross-section increases as a function of the distance
from the electrode surface. This results in a tissue tem-
perature profile, the temperature decreasing with the
fourth power as the distance from the probe increases.
Thus the tissue temperature is directly proportional to
the square of the current density.

In the model, the resulting coagulation depth, i.e.
the penetration depth in which the temperature
threshold for coagulation of 63°C is reached, amounts
to only about 15% of the electrode contact surface di-
ameter. It has been shown experimentally that these
conditions apply only when the coagulation time is rel-
atively short, i.e. for example, at current duration
times shorter than 1 s and when high power is simulta-
neously applied.

The heat produced by HF surgery is endothermic as
distinct from the external heat supplied by cautery.
The conduction of this endothermic heat is important
as by this process sufficient heat energy reaches the
deeper layers during activation to cause coagulation.
Since coagulation is a time- and threshold-dependent
process, there exists a quasi-homogeneous zone of re-
action beneath the active electrode due to the direct
current interaction and consecutive heat conduction
(no.3 in Fig.4.2). The depth of coagulation is equiva-
lent to the diameter of the applied coagulation tip or to
the contact surface with the tissue. If, on the other
hand, the current duration is only short, the resulting
coagulation depth is less deep.

The dimensions of the coagulation zone change un-
der bleeding conditions, i.e. they increase as a conse-
quence of the electrolytic conductivity of the blood
layer.

Shape and dimension of the active electrode to-
gether with the current densities appearing in the tis-
sue, the current duration and the motion of the active
electrode determine the time-dependent temperature
profile and thus finally the degree and extent of inter-
action. In addition, the HF energy delivered to the tis-
sue depends on the so-called power characteristic,
which is a function of the power setting and the ratio of
the contact resistance of the applied active electrode
to the respective internal electrical resistance of the
HF apparatus.

Moreover, the type of HF current, i.e. the ampli-
tude-time curve, which may be modulated or non-
modulated, has considerable influence. Thus it can be
easily appreciated that a continuous so-called unatten-
uated HF current is necessary to perform HF cutting
since this process needs a continuous energy supply
(Fig.4.4a). This shape is sometime called “cutting cur-
rent”.

On the other hand, a strongly modulated waveform
of the HF current, which is sometimes called “‘coagula-
tion current”, yields the most effective haemostastis
and necrosis (Fig.4.5).

Provided the voltage amplitude is increased
(Fig.4.6 a), the active electrode may be positioned at a
certain distance above the tissue and a tree-like cluster
of sparks or arcs sprayed onto the tissue surface. This
underlies the principle of fulguration which has gained
great popularity mainly in the United States where it is
referred to as spray coagulation. The arcs exhibit a
temperature of about 600°-1000°C and have a pale
violet colour. The heat produced results in a superfi-
cial dehydration of the tissue, which is usually accom-
panied by charring. The advantage of spray coagula-
tion, which is best applied in a rotary motion across the
tissue surface, is the production of haemostasis with-
out adherence of the probe to the coagulated tissue.

g

Fig.4.4a-c. HF cutting. a Unattenuated and unmodulated cur-
rent; b moderately damped and modulated current; ¢ cutting
principle

Fig.4.5a, b. HF coagulation. a Strongly attenuated and modu-
lated current; b coagulation principle (soft coagulation)

Fig.4.6a, b. Fulguration and spray coagulation. a Highly
damped and modulated current; b principle of spray coagula-
tion; this is dangerous and should not be used in ES except in as-
sociation with argon beam
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Fig.4.7. Principle of coaptation coagulation by mechanical com-
pression and electrical energy with jaws of forceps

Spray coagulation requires a relatively high
impedance, i.e. a special power characteristic of the
HF apparatus is necessary.

In general surgical practice, haemostasis is best
achieved by the intermediary use of clamps or forceps
to achieve coaptation of the vessel walls, i. e. a coagula-
tion with coaptation (Fig.4.7).

The vessel which has to be obliterated is grasped,
for example, by the jaws of forceps. The effect which
results is similar to a welding together of the opposing
vessel walls as these are compressed together whilst
the HF currentis delivered.

In endoscopic procedures, obliteration of vessels
can also be achieved when the HF current is applied
directly onto the suction instrument or by simply
touching any operative instrument in contact with the
bleeding tissue with the active electrode.

Haemostasis results either by direct HF heating of
the tissue surrounding the bleeding vessel with conse-
quent shrinkage or by direct contact of the active
probe with the vessel stump.

With regard to the different forms of active coagu-
lation electrodes used, e.g. ball-shaped, hook or suc-
tion instruments, the optimal actual power settings
needed have to be ascertained by practice. As arule of
thumb, it has to be remembered that the coagulation
depth is proportional to the area of contact between
the respective active electrode and the dry (non-
bleeding) tissue.

Therefore the necrosis zone extends more deeply
when a large suction tip is used as distinct from the rel-
atively small contact area in the case of a thin hook
electrode. In the latter instance, there is a risk that the
tissue is cut before coagulation is achieved if the power
setting is not reduced sufficiently.

Compared to the coagulation electrode, a fine cut-
ting electrode results in such a large current density

ahead of the tip in the tissue that a very rapid locally
circumscribed temperature rise occurs. The resulting
boiling and vapour pressure of the cell fluids produces
an explosion-like rupture of the cells in the path of the
electrode. At the same time, the cut edges become
more or less coagulated as a result of the heat conduc-
tion.

In addition to the RF power used, the efficacy of
cutting coagulation is determined by the cutting veloc-
ity and the geometrical shape of the electrode. Thus a
relatively low HF power setting combined with a high
cutting velocity results in weakly coagulated cut edges;
coagulation is enhanced when higher RF power is
combined with a slow rate of cutting.

Knife-shaped HF electrodes yield very smooth
incisions when applied along the sharp end, whereas
they can be used to produce coagulation by pressing
the broadside of the knife onto the bleeding tissue
plane.

Because of the much smaller heat capacity com-
pared to knife electrodes, needle and wire electrodes
heat up during HF cutting. This results in a greater risk
of adherence to the coagulated tissue. However, the
movement of a needle electrode during an HF cut is
less constrained compared with a knife electrode, i.e.
it provides a more controlled effect.

Band orloop electrodes are ideal for the generation
of concave cuts, e. g. shaving and levelling of tissue.

To avoid extensive burns with delayed healing the
HF current should not be switched on prior to the con-
tact of the electrode with the tissue and should be de-
activated soon after removal of the probe, thereby
preventing the generation of arcs which cause extend-
ed carbonization. An HF cut may be regarded as opti-
mal if the power setting results in a minimal arc be-
tween the RF electrode and the treated tissue.

Monopolar HF surgery may induce deleterious
aberrant currents which cause overheating, under cer-
tain circumstances remote from the intended site of
application. These secondary unwanted effects are
likely to be evoked in areas of anatomical constric-
tions and at accidental contact points.

In addition, a faulty or slipped (poor contact) neu-
tral electrode may result in extensive burns. To avoid
such serious mistakes, several strict reccommendations
concerning the use and application of the neutral elec-
trode have been formulated. These safety precautions
include, for example, safe electrical connection of the
neutral electrode, measurement of impedance irregu-
larities on segmental neutral electrode configurations,
etc.

In general, nearly all problems mentioned above
may be avoided by the use of the bipolar system
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isolation

bipolar
forceps

high-frequency
device

Fig.4.8. Principle of the bipolar HF surgery (c. g. coagulation of
adhesions) (yellow)

(Fig.4.8), since the interaction is then restricted to the
direct vicinity of the applied bipolar electrode. Now
that the realization of a bipolar coagulation probe has
been achieved despite the technological difficulties,
the system should be favoured over monopolar coagu-
lation in view of its increased safety.

The development of bipolar HF cutting has proved
more difficult, but the effort in resolving the problem
should continue as it would considerably enhance the
overall safety of HF surgery.

Conventional HF surgery, specifically when used to
control bleeding by RF coagulation, often results in
extended thermal damage, which may be accompa-
nied by an immediate or delayed risk of perforation of
hollow organs. In addition, smoke generation is in-
evitable, and this obscures visual control and the fre-
quent adherence of the coagulum to the electrode may
precipitate renewed bleeding as the instrument is
withdrawn. These well-known disadvantages of tradi-

T

tional HF surgery have stimulated various develop-
ments in an effort to minimize or prevent them.

One very simple development which eliminates
these disadvantages is electrohydrothermia (EHT; or
electrohydrothermic surgery). In this system, a liquid
jet (distilled water), the flow of which is regulated, is
instilled before and during the HF current flow onto
the site of interaction (Fig.4.9). As distilled water is al-
most non-conductive, besides diluting the escaping
blood, it prevents overheating of tissues by the com-
bined effect of washing of electrolytically conductive
body fluids and external surface cooling. Thus, within
the zone of interaction, the temperatures remain just
below the liquid boiling point, i.e. at about 100°C. This
is partly caused by the “energy consumption” at evap-
oration.

An EHT-produced coagulation is noticeable by its
typically pale surface colouring (nos.4, 5 in Fig.4.2;
Fig.4.9). In addition, the three-dimensional extension
of the necrosis zone is smaller compared with the one
achieved with conventional HF coagulation. Thus the
risk of perforation in hollow organs is reduced further.
By the incorporation of a miniaturized spring into the
probe tip, the strain pressure (which reduces the wall
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Fig.4.9. Elcctrohydrothermia (electrohydrothermic surgery,
EHT); left, liquid instillation before coagulation; right, EHT co-
agulation with simultaneous instillation

thickness of, for example, hollow organs by mechani-
cal deformation to a dangerous level) is reduced,
whereby the EHT application is rendered even safer.

The EHT technique does not constitute a different
ancillary technology to the well-known HF surgery
but a modified one. To operate such a modified system
one needs aroller pump, a control unit and a two-stage
foot switch which guarantee that distilled water is
splashed from appropriate nozzles onto the respective
site of treatment before the intrinsic HF current inter-
action is activated.

Up to now the clinical application of the EHT
probe has been in the endoscopic control of gastroin-
testinal bleeding, but its potential has been demon-
strated experimentally, for example, in transanal rec-
tal surgery.

For the coagulation of vessels in the endoscopical
dissection of the oesophagus, bipolar coagulation
tweezers have been developed on the EHT principle
and have been applied successfully in the experimen-
tal setting (Fig.4.10).

Stimulated by the positive practical experience
with EHT coagulation, a liquid-assisted HF cutting
technique has been developed, namely electro-
hydrothermic cutting. All HF cutting electrodes may
be modified for simultaneous liquid instillation. For
dissections, needle electrodes made from highest
melting point materials such as tungsten or molybde-

num have stood the test of time. The needle electrode

can be either surrounded by a hollow cylindrical tube
or manufactured as a hollow with the hole placed in
the vicinity of the needle tip to serve as the liquid out-
let. Figure 4.11 shows one example for dissection with
EHT needle electrodes.

Laser

A further thermal method is based on the local absorp-
tion of electromagnetic energy with secondary trans-
formation into heat. For this purpose microwave and
laser radiation are used. While the application of mi-
crowave radiation for coagulation purposes has been
demonstrated experimentally and is even available as
a commercial version of a microwave scalpel with ex-
cellent cutting properties, it is the application of laser
radiation which has largely dominated the scene.

Fundamentally, the interaction of laser radiation
with biological material may result in photochemical,
photothermal and photoionizing processes. They de-
pend especially on the time of exposure as well as on
power and/or energy density. Thus a reaction caused
by laser radiation may be achieved either by thermal
orionizing means.

With regard to the thermal effect, the extension and
the degree, e.g. coagulation, carbonization or vapori-
zation, are especially dependent on the optical and
thermal properties of the irradiated tissue, the irradia-
tion spot size and the exposure time, as well as on the
power or the energy delivered by the laser radiation
and its respective wavelength.
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Fig.4.10. Vessel coagulation with bipolar EHT tweezers (inset
shows the liquid drop between the two tweezer halves, which
may be retracted in the instrument)

Non-thermal interactions such as photoablation
and photodisruption or fragmentation are achieved
with pulsed lasers. These cause photodissociation and
plasma formation which are responsible for a mecha-
nical levelling (ablation) or rupture of tissue.

Photoablation is mainly established at pulse dura-
tions in the microsecond region, i. e. below the thermal
relaxation times of biological material. If the absorp-
tion of laser radiation is high enough and happens in
such short times that photodissociation commences,
i.e. chemical bonds became separated as a conse-
quence of large electrical field strength, a dielectric
breakdown results. As a result, the kinetics of plasma
formationtogether with the very rapid absorptive heat-
ing of the material lead to asuperficial removal,i. e. the
tissueis ablated in layers of several micrometres.

If one proceeds to even shorter exposure times, i. e.
nanoseconds or less, an optical breakdown happens —
even in transparent material — which is causally accom-
panied by plasma formation, a cavitation bubble and
the secondary release of a shock wave. This effect may
be applied to perform, for example, laser lithotripsy
where stones may be disrupted, or to destroy opaque
membranes located, for example, in transparent me-
dia.

Both effects, i.e. photoablation and photodis-
ruption, are threshold-dependent effects and may

Fig.4.11. EHT dissection, microlaryngoscopical application of
an EHT needle electrode

be achieved with different types of laser, e.g. exci-
mer- (at about 200-300 nm), neodymium-yttrium-alu-
minium-garnet (Nd: YAG; 1.06 um), holmium-YAG
(Ho: YAG;2.1 um) or erbium- YAG lasers (Er: YAG;
2.94 um).

The different wavelengths which are available to-
day go from the ultraviolet up to the far infrared re-
gion. It was recognized very soon after the first techni-
calrealization of a laser by Maiman in 1960 that optical
radiation in the form of laser light may be transmitted,
especially in the visible and near infrared spectrum
through flexible light guides. These transmission sys-
tems are based on the physical principle of total inter-
nal reflexions, where the light is guided by criss-cros-
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Fig.4.12. Different transmission systems for laser radiation

Fig.4.13a-e. Different laser applicators. a Non-contact coagu-
lation; b focussed beam; ¢ bare fibre; d coagulation tip; e cut-
ting probe

sing the core of a two-layered cylindrical structure
from the proximal to the distal end. The combination
of a laser source and a light guide yields a nearly ideal
endoscopical surgical system which may be applied in
anon-contact mode (Fig.4.12).

One of the main indications of laser radiation ap-
plied by the non-contact mode is control of bleeding.
For cutting or removal of tissue and, in addition, the

possibility of focussing the laser beam by lenses inte-
grated in a focussing handpiece placed at the end of a
flexible light guide or an articulated arm (Fig.4.12),
there is the option to work with bare fibres in contact
with the tissue or to mount various contact tips onto
the distal end of the light guide (Fig.4.13).

With bare fibres and contact tips, a much lower
laser power is necessary to perform the desired effect,
and therefore smaller and cheaper laser units may be
used. While bare fibres almost always result in a con-
tact diameter which reflects that of the optical fibre
and is very seldom shaped to a cutting tip, contact
probes can be fabricated in various shapes such as co-
agulating ball tips or cutting cones or blades. The
probes themselves are made either from highly heat-
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Fig.4.14. Wavelength-dependent absorption and penetration
depth of water and haemoglobin

conducting sapphire or glass ceramics. To perform
coagulation combined with cutting capabilities, the
probes may be frosted at the respective sides. The
scope of different laser applications has thus increased
by the various manipulations at the distal end of a
transmission system where sometimes even metallic
probes become heated, as in one special form of laser
lithotripsy or laser angioplasty.

The thermal reactions of the tissue as a result of
laser irradiation are essentially influenced by the ab-
sorption characteristics of water and haemoglobin

(Fig.4.14). Therefore, the explanation why a CO, laser
at an emission wavelength of 10.6 um is well suited to
perform clean cuts in tissue with a high water content
is easily understood by the extremely small depth of
penetration in water.

From the numerous laser systems which may be ap-
plied medically, three types exhibit specific character-
istics which determine the respective coagulation
(nos.7-91n Fig.4.2) and cutting properties (Fig.4.15).

While CO, laser radiation at a wavelength of
10.6 um is strongly absorbed and penetrates only
slightly into tissue with a higher water content
(Fig.4.14) and therefore yields only superficial coagu-
lation in a defocussed beam (no. 9 in Fig. 4.2), this radi-
ation is the first choice for classical laser cuts
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Fig.4.15. Typical laser cuts in liver tissue achieved by I, COy;
2,Nd: YAG; 3, argon-ion laser radiation (from left to right)

Fig.4.16. Dissection procedure with CO, laser radiation and a
rigid hollow wave guide with a deflecting mirror

(Fig.4.15). Although fully flexible light guides are still
in the experimental stage for this wavelength, rigid
hollow wave guides with or without a deflecting mirror
are available for use with CO; lasers to perform dissec-
tions (Fig.4.16). Nd: YAG laser radiation at a wave-
length of 1.06 um penetrates relatively deep into bio-
logical tissue and is characterized by a considerable
scattering, thereby causing mass coagulation results
(no.8 in Fig.4.2) with only moderate cutting proper-
ties (Fig.4.15).

A poor absorption in water but significantly higher
absorption in haemoglobin is characteristic of the ra-
diation of an argon-ion (Ar) laser in the green-blue
part of the visible spectrum (Fig.4.14), with the two
dominant laser lines at 488 and 514.5 nm. Therefore,
an almost wavelength-selective coagulation may be

achieved in strongly vascularized tissue, and the out-
standing possibilities to focus such relatively short
wavelength laser radiation make sharp cuts feasible
with this type of laser too (Fig.4.15).

The wavelength selectivity concerning the absorp-
tion dependence may be further enhanced if tunable
dye lasers are used. With reference to the absorption
in water, the Er: YAG laser at a wavelength of 2.94 ym
shows outstanding properties since this laser line coin-
cides almost exactly with a water absorption peak (Fig.
4.14) located at about 3 pm. Therefore this laser re-
cently proved to be a suitable candidate to perform
very fine cuts; this might only be exceeded by the ex-
cimer laser, which emits in the ultraviolet region, e. g.
193 nm for the ArF and 248 nm for the KrF laser.
These cutting properties are essential in hard sub-
stances such as bones and dentine.

Laser in Laparoscopic Surgery
J.KECKSTEIN

Laser usage has expanded enormously during the past
decade, in ophthalmology, otolaryngology, neuro-
surgery, plastic surgery, gastroenterology, dermatolo-
gy and particularly in gynaecology.

Lasers provide an aura of high technology with
emotive appeal to the surgeon and patient. Neverthe-
less laser irradiation offers a high degree of surgical
precision with varying combinations of cutting, vapor-
ization and coagulation properties. Although its use
has been the subject of great controversy, there are
substantial scientific data indicating the value of laser
especially in endoscopic surgery.

Surgical lasers for laparoscopic surgery include the
CO,, argon, KTP, and Nd: YAG lasers.

CO, Laser

The CO;, laser is the most commonly used instrument
for vaporization to achieve either ablation or excision
in laparoscopic surgery.

This laser has an infrared wavelength of 10.6 um
which is invisible. A milliwatt red helium-neon laser is
usually used as a guide beam for aiming the CO, beam.
The CO, laser is capable of a very small spot size, i.e. it
may be focused to a 0.20 mm minimum spot.

Properties: The laser light is absorbed by nonreflective
solids and liquids, especially water-containing tissue.



Ancillary Technology: Electrocautery, Thermocoagulation and Laser 57

Fig.4.17. Use of CO: lascr for laparoscopic surgery. Rigid mir-
ror-arm is attached to the second-puncture probe

The laser power is absorbed in the first 100 um. The
absorption is not dependent upon the colour of the tis-
sue. Although the CO; laser is predominantly a vapor-
ization laser, it can also be used for surface coagula-
tion.

Technical Aspects: The present endoscopic delivery
systems for the CO, laser are somewhat cumbersome
and technically difficult to manipulate because of the
necessity of firing the CO; laser beam through air or
gas media. Although modifications of the CO; lascr in-
struments have been developed, at the present time
only two systems for laparoscopic CO» lascr are suit-
able for clinical application:

The laser beam can be introduced through an oper-
ating laparoscope (single puncture) or through a sec-
ond trocar (Fig.4.17). The only advantage of the single
puncture route is enhanced safety, the laser beam be-
ing constantly in view.

The main advantages of the second puncture
method are ease of manipulation of the laparoscopic
handpiece and the possibility of many different treat-
ment angles of the incident laser beam.

CO;, laser vaporization produces a large amount of
smoke that can absorb CO laser energy, induce mois-
ture on the lens and the mirror and reduces the visibili-
ty. The smoke must be removed from the peritoneal
cavity during the laparoscopic procedure with a spe-
cial smoke evacuator.

The advantages of CO; laser irradiation include:

— Diseased volumes can be vaporized under precise
visual control (“you get what you see”).

— There is no mechanical contact with the intended
target.

— Heat propagation to adjacent tissue is minimal.

— Microorganisms at the impact site are automatically
destroyed.

— Vessels smaller than 0.5 mm will be thermally
sealed.

The disadvantages are:

- Rigid delivery systems

— Smoke production

— Limited coagulation effect

Clinical Use. Due to its specific properties, the CO,
laser represents an excellent tool for incision of deli-
cate sites. Extensive adhesiolysis of bowel or other or-
gans may be performed without the danger of unex-
pected damage to adjacent tissue (Fig.4.18a, b) The
limited haemostatic effect of CO, laser necessitates
the use of other coagulation modalities such as elec-
trocoagulation with the HF generator.

Fiberoptic Lasers

Argon Laser and KTP Laser

The KTP (potassium titanyl phosphate) laser and the
argon laser generate visible light. The argon laser pro-
duces up to 10 lasing wavelengths in the blue-green
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Fig.4.18. a Distal occluded tube. Incision with the CO, laser.
b Tubal ostium after laser incision

portion of the spectrum. The most prominent wave-
lengths are at 514.5 nm and at 488 nm. The KTP laser
light is of lime-green colour (532 nm). These wave-
lengths result in the greatest absorption occurring in
pigmented and haemoglobin-containing tissues. They
are not absorbed by clear tissues or fluids.

Properties. Tissue penetration of Argon and KTP-
laser does not exceed 2 mm, and vaporization and
incision are possible with high power densities accom-
plished by using smaller fibres and close approxima-
tion to the tissue. Argon can coagulate tissues effec-
tively at low power densities and produces excellent
haemostasis.

Technical Aspects. This laser light can be transmitted
through flexible fibres into the peritoneal cavity. It is
possible to direct the laser beam on nearly any site in
the peritoneal cavity. The flexible fibre can be used in
the contact or non-contact mode. The main advantage
of the free beam non-contact mode is the large range

Fig.4.19. Laparoscopic use of argon laser. Opening of distal oc-
cluded, distended tube with the bare fibre

of angles of delivery during the operating procedure.
The benefits of the contact mode include tactile feed-
back, more controlled laser application and reduced
risk of inadvertent damage to tissues due to temporary
misdirection of the laser beam. For laparoscopic
surgery the laser light is transmitted through a 300-,
400-, or 600-um fibre (Fig.4.19). The fibres can be used
repeatedly. Worn tips can be cleaved with a knife or
special cleaving instrument.

One of the disadvantages is that the green aiming
beam may be difficult to see unless the fiber tip is
brought very close to the tissue. During the procedure
it is necessary to work with safety filters in order to
protect the operator’s eyes and control the tissue ef-
fect. In addition this laser requires a high electrical
power density.

Nd: YAG Laser

The Nd: YAG laser is a solid-state laser. The delivery
system is similar to that of the argon and KTP lasers.

Properties. This laser has the greatest penetration and
coagulation effect resulting in deep heating (Fig.4.20).
The laser penetrates up to4 mm and thus produces ex-
cellent lateral coagulation. This is useful in controlling
haemorrhage from ulcers and from lung and bladder
tumours. This laser does not cut well even at high
power densities.

Technical Aspects. The use of Nd: YAG laser for la-
paroscopic surgery has been reported by various
authors, but has never been approved by the Federal
Drug Administration (FDA) because of the risk of in-
jury to vital structures by the unfocused Nd: YAG
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Fig.4.20. Coagulation of polycystic ovary with the Nd: YAG
laser in non-contact technique

laser beam. Placing the fibre in direct contact with the
tissue results in heating of the tip. Due to this effect,
cutting with the Nd: YAG laser in contact with the tis-
sue becomes possible.

Problems arise when dissecting tissue with the bare
optical fibre, because damage to the fiber may occur.
The use of focusing tips made of sapphire that allow
contact use of Nd: YAG energy has led to wider use of
this laser in laparoscopy. However, this method is tech-
nically expensive and requires detailed instruction of
the user. In addition, cooling of the sapphire tip is nec-
essary and bears the risk of gas embolism for the pa-
tient.

A new laser system Fibertom (MBB, Munich-Otto-
brunn) has been developed for contact surgery. It al-
lows accurate tissue effect and offers several advan-
tages (no cooling necessary, fibre is protected against
thermal damage etc.).

The advantages of Nd: YAG laser include:

— Delivery to the tissue easy

— No need for security systems

- Efficient coagulation effect

— Coagulation and incision possible with the same sys-
tem

— Minimal smoke production

— Laser beam passes through fluid

The disadvantages are:

— Safety eye filter necessary

— Damage to the delivery system possible (except Fi-
bertom)

— Need for water cooling and high energy supply

Clinical Use. Almost every procedure that has been
done laparoscopically with scissors, cautery and CO,
lasers can be carried out using Nd: YAG lasers.

Summary

Lasers now have an established place in laparoscopic
surgery. They offer unique advantages and a high de-
gree of surgical precision with varying combinations of
cutting, vaporizing and coagulation properties. In the
hands of an experienced surgeon laser irradiation ap-
pears safe and effective. Laser use has been a major
technical advance in laparoscopic surgery.

To date, laser instruments have proved to be safe,
with only a handful of misadventures reported.

Comparison of Various Methods

Viewed from a purely financial standpoint, the laser is
inferior to the other ancillary technologies. That is, the
application of simple cautery has often proved to be
completely adequate. HF surgery is likewise relatively
simple and, besides being inexpensive, has a proven
efficacy as an ancillary technology in the conduct of
ES. In addition to Figs.4.11 and 4.16, Fig.4.21 repre-
sents a visual comparison of laser versus HF surgery in
the dissections involved in ES.

The several possibilities which might be attained by
the use of a laser have, up to now, not been fully real-
ized experimentally, although a number of applica-
tions have been established. It is a pity that the various
characteristics of the different lasers cannot be com-
bined in one system. Nevertheless, laser radiation can-
not be ruled out as an important ancillary technology

Fig.4.21. Experimental comparison of the cutting characteris-
tics in the larynx. Left, CO, laser irradiation; right, EHT surgery
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in endoscopic surgery in the future, particularly with
the development of tunable diode array lasers (see
Chap.26).

Moreover, there exist other technologies such as
the hydrojet and ultrasound dissection which may be
successfully applied in special cases. These are cur-
rently under evaluation in a number of centres for the
execution of ES procedures.
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5 Requirements for an Endoscopic Surgery Unit

G.BuEessand A. CUSCHIERI

Current Problems

Endoscopic Surgery (ES) is rapidly becoming an ac-
cepted concept in everyday clinical practice. For the
surgeon and operating team, it means the application
of new technologies that must be integrated into exist-
ing structures.

Surgical Instruments

The surgical instruments for ES can be handled in
much the same way as conventional instruments, ex-
cept that their space- and material-saving design
makes them more delicate and adds to the difficulty of
instrument layout.

ES instruments should be stored and transported in
sturdy containers. Preferably the instruments should
be stored in separate compartments within the con-
tainer so that they will not be damaged during storage
and transport. To avoid the frequent resterilization of
instruments that arc used only occasionally, the con-
tainers should house only instruments that are used in
every procedure. Instruments for special situations
are individually sterilized and used only when needed.

Peripheral Devices

A major problem concerns the handling of the periph-
eral devices that are essential for ES. Four basic prob-
lems are encountered:

— Optimum placement of the monitors. This is an im-
portant prerequisite for ES. The monitors should be
close to the surgeon without restricting his or her
mobility, and they should be height-adjustable.

— lll-defined sterile/nonsterile junction points. Numer-
ous tubes and cable attachments are usually re-
quired, but with present-day equipment, each con-
nection is likely to have an ill-defined junction point
at which the nonsterile part of the connection from

the peripheral device enters the sterile field. There
is a danger that nonsterile portions of a connector
may be drawn into the sterile area.

— Tangled connecting cords. Many of the tubes and ca-
ble attachments are connected to the operating in-
struments and are coiled up on the instrument table
or hang betwecn the table and the operative site.
The cords become tangled during the procedure,
and unless the surgical nurse constantly straightens
them out, the situation can become chaotic.

— Monitoring and controlling the peripheral equip-
ment. The peripheral devices are often arranged so
that their indicators cannot be easily seen. Usually
the devices are attended by a third party.

Setup of a Modern ES Unit

Satisfactory solutions to the above problems cannot
be achieved with currently available equipment, so for
the time being, compromisses still have to be made.
For the future, sophisticated developmental ground-
work remains to be done in order to achieve effective
solutions.

The setup of the ES unit should be such that all the
ES procedures presented in this book can be carried
out. This requires a certain flexibility.

Arrangement of the Monitors

Monitors must be placed in the line of sight of the op-
erating team and positioned so that they can be seen
while the team maintains a physiologic working pos-
ture. The team members stand opposite each other in
laparoscopic procedures, so at least two monitors are
required.

The simplest solution is to place a large monitor on
avideo cart, although this does not allow for height ad-
justment. A second, small monitor is mounted on a
mobile, height-adjustable stand (Fig.5.1).
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Fig.5.1. The simplest method of positioning two monitors. The
large monitor stands on the video cart where it can be seen by the
surgeon. The small monitor is placed on a height-adjustable
stand

The ideal arrangement is to place the monitors on
two ceiling-mounted fixtures that are at the center and
to one side of the operating table so that they do not in-
terfere with overhead operating lights (Fig.5.2). With
this arrangement, the monitors can be adjusted to po-
sitions ideal for each procedure, and there are no
floor-mounted stands to restrict the mobility of the
operating team.

Arrangement of the Peripheral Equipment

The peripheral equipment should be arranged in two
mobile blocks, with one cart carrying the video equip-
ment and light source and a second cart carrying the
high-frequency unit, gas expansion unit, and suction-
irrigation system. Some free space should be left for
adding equipment as needed. If a laser is used, current
techniques require the use of an additional mobile
cart.

Securing the Tubing and Cable Connections

All connecting lines must enter the sterile field at a
designated site, where they are secured with adhesive
tape or clamps to prevent slipping.

Concepts for an ES Unit of the Future:
Monitoring and Control
of Auxiliary Equipment

A monitoring and control panel mounted on an over-
head fixture should be positioned at a suitable site in
the operating field; the best site in laparoscopic proce-
dures would be between the surgeon and the anaes-
thetist. Essential data should be continuously dis-
played on the panel, and additional information
should be able to be called up as needed.

The peripheral equiment should be controlled di-
rectly by the operating team by means of switches.
This could be made possible by draping the monitor-
ing/control panel with a sterile, transparent plastic
sheet. One advantage of this setup would be that the
monitoring portion of the panel could alert the team at
once to any problems that arise, much as in the cockpit
of an aircraft. Of course this would require appropri-
ate visual and acoustic warning signals. Direct control
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Fig.5.2a,b. The ideal method of positioning two monitors. The
monitors are mounted on height-adjustable ceiling fixtures on
both sides of the operating table and can be freely adjusted to the
optimum position for a given ES procedure. a Position for la-
paroscopic cholecystectomy; b position for TEM

of the devices by the operators would avoid transmis-
sion errors of the kind that occur when equipment ad-
justments are made by a third party who may be inade-
quately skilled.

The hookup of cables and tubes to the peripheral
devices should occur at a designated site within the
sterile area to ensure that there is no sterile/nonsterile

overlap, as occurs presently. One solution would be to
place all the functions of the peripheral devices close
to the operating table in the form of a hookup plate
mounted on a ceiling fixture or cart. The hookup plate
would be draped with sterile plastic film, and the lines
connected to the plate through perforationsin the film
to preserve sterility.

Cable and tube placements should be as ergono-
metric as possible so that the connections to particular
devices can be clearly identified and “tangling” does
not occur. Connections that are not constantly func-
tioning, such as the light and camera cables should be
equipped with corresponding retrieval mechanisms.
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Introduction

Recently ES underwent dramatic development as a
result of the unexpectedly rapid change in surgeons’
attitudes concerning the feasibility of safe and nonin-
vasive endoscopic procedures and also because of me-
dia-generated patient information. The widespread
dissemination of the knowledge concerning the ad-
vantages of these techniques has caught the imagina-
tion of the public and surgeons alike in a short space of
time. Most surgeons now acknowledge the benefits
and are under pressure from their patients to apply
these techniques in their own hospitals as quickly as
possible.

The position in which most surgeons who are anx-
ious to take up these ES procedures find themselves is
less than satisfactory. Some surgeons will have sound
training in endoscopy, but only few would have had
prior experience in laparoscopic or thoracoscopic
techniques. Operating using the video screen image is,
in addition, a completely new experience.

With the introduction of ES in surgical practice, not
only surgeons in training but also established surgeons
face the problem of familiarization with completely
new techniques and organization. New to the general
surgeon are:

— Trocar access through the abdominal wall
Insufflation of the peritoneum with gas

— Manipulation of miniaturized long-handled instru-
ments

Loss of tactile sense because of the inability to di-
rectly handle organs

— Working without direct vision and three-dimension-
al orientation

Inability to insert large retractors

— Loss of direct hand manipulation

|

The last is a major disadvantage as the human hand
with its multidirectional movement facilitates com-
plex procedures such as suturing by allowing needle
placement in any required direction. The equivalent
exercise is much more difficult when performed endo-
scopically.

Many techniques used during conventional surgery
cannot as yet be applied in ES. Others, e.g. underrun-
ning bleeding vessels endoscopically, can only be per-
formed with presently available needle holders. The
reason is fixation of the instrument shaft by its access
port. Development of instruments with a greater de-
gree of freedom of movement is needed (see Chap.?2,
p-15). The requirement to train surgeons without pri-
or experience in endoscopic work imposes an impor-
tant challenge and logistic problems in providing suffi-
cient surgical workshops.

The disparity between the number of experienced
surgeons in ES and the number of surgeons who have
to be trained necessitates the use of alternative new
training methods.

Training for Conventional Surgery

The trainee surgeon starts with a rotational surgical
training programme. Operations are learned by ini-
tially observing the procedure combined with assis-
tance by holding retractors, then as first assistant and
finally by performing operations oneself under the su-
pervision of an experienced surgeon.

During this whole training period, gaining manual
dexterity is usually confined to experience in the op-
erating room. Only a small part of basic skills, such as
knot tying, is learnt by practice on models.

The extent of innovation in conventional operative
techniques, the instruments and technology used are
acquired by the trainee during the apprenticeship pe-
riod without the need for special workshops.

In Europe, surgical training courses have not
played a large role in surgical education to date. How-
ever, with increasing subspecialization, a change has
occurred. In Germany and the United Kingdom
courses have been established in recent years with the
emphasis on “hands on” experience and the acquisi-
tion of specific skills, e. g. anastomosis workshops, in-
ternal fixation of bones, microsurgery, etc.
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Current Status of Training for ES

In the United States of America, where most of the
techniques of ES were adopted following their devel-
opment in Europe, there are established guidelines
governing training in endoscopic surgery. All surgeons
must complete a training course and obtain the neces-
sary privileging before they can perform laparoscopic
cholecystectomy (LC). The operative techniques used
for LC are predominantly learned on laboratory ani-
mals, usually pigs.

In the United Kingdom training courses using ani-
mals are not allowed by law. Courses have been struc-
tured making use of lectures and videos for demon-
stration of procedures and results. Practical training is
done by simulated operations on phantoms and in
some instances assistance in theatre.

In Germany the Society for Surgery has defined
guidelines for safe usage of these new techniques in
clinical practice. In the United Kingdom the Royal
Colleges have issued guidelines which specify the
training and proctoring considered desirable for the
setting up of laparoscopic surgery. In practice, training
occurs by a combination of visiting specialized centres
and 1-4-day practical courses. Prior to their clinical
application, the surgical techniques have to be prac-
tised and mastered. In addition, team work is impor-
tant in this type of surgery, and the necessary organiza-
tion has to be established within the institution.

In our opinion there are two reasons against the use
of live animals to gain this initial experience: (a) ani-
mal experiments are not justified if the experience can
be obtained by other methods; (b) large animals re-
quire a lot of organization and are expensive.

There are therefore strong reasons for developing
phantom models/trainers for procedures requiring the
acquisition of new manual skills. The efficacy of the
phantom-based exercises depends to a large extent on
the didactic structure of the lessons and the realistic
simulation provided by the model.

Over the last few years the Tiibingen working
group has developed training courses incorporating
phantom models. Two years after the first clinical
application of transanal endoscopic microsurgery
(TEM) in 1985 (at that time at the University Depart-
ment of Surgery, K6ln-Lindenthal) we started TEM
training courses. Comparable to training principles
presented by Semm in 1986, a phantom was initially
used, allowing the use of the endoscope and instru-
ments under direct vision. In a graduated manner, in-
creasingly complex steps of the operation are intro-
duced to simulate closely the operation under

endoscopic vision. Our system and Semm’s have simi-
lar principles, but were developed independently of
each other. We further refined our courses by intro-
ducing videos in 1986. The video system incorporates
didactic principles for each step of training. The video
tapes can also be reviewed later when the surgeon ac-
quires the equipment. By this method video-support-
ed training is possible.

In 1990 courses in laparoscopic surgery were estab-
lished in Tiibingen and Dundee along the lines of the
TEM course, with graduated introduction of the com-
plex steps of the operation to simulate closely the real
situation.

Currently in Tiibingen we hold weekly ES courses
for nine or ten participants. Within a suitably equipped
training centre, the phantom exercises are carried out
by the participants after initial demonstration. These
sessions are complemented by visits to the operating
theatre to see the procedures. In addition there are
lectures and discussions on the results of these ES pro-
cedures

Our manual training is coordinated by a non-clini-
cal graduate scientist. The medical staff of the team
cover the clinical aspects of the teaching programme.
The equipment and initial financing of our training
centre was supported by companies working in ES.
Ongoing costs have to be met by a fee charged to par-
ticipants. A similar advanced skills laboratory and
teaching programme has been set up in Dundee.

Training for TEM

Conditions of Clinical Use

TEM enables the performance of procedures which
range from local tumour resections in the rectum to
complete sleeve resections, as well as rectopexy for
rectal prolapse (see Chap.24). Compared to laparo-
scopic surgery (cholecystectomy and appendicecto-
my), TEM has very specific clinical indications and is
thus less frequently practised. The limited number of
patients requiring this form of treatment makes clini-
cal training difficult, and the restricted space available
for manipulation within the rectum requires a high
level of technical skill. For these reasons, TEM should
be restricted to referral centres which attract a large
enough number of operations. For training TEM we
offer an introductory and an intensive course.
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Introductory Course

The introductory course provides only a brief intro-
ductory account of the theory and technical aspects of
TEM.

Theoretical Aspects

Instruments and devices, indications for resections of
adenomas and early carcinomas, operative tech-
niques, perioperative preparation and management of
complications are the topics covered in the theoretical
part of the course.

Practical Aspects

Manual training is in three progressive steps (see be-
low). Each step is illustrated by a training video tape.
The handling of the instruments of the enclosed phan-
tom is only demonstrated at one workstation.

Aims of the Course

The course aims to demonstrate the operative tech-
niques and complexity of the manual dexterity re-
quired. The surgeons thereby gain insight into
whether they are able to carry out these complex tech-
niques and whether they want to introduce the system
in their hospitals. During the first two steps of training
each participant has their own workstation. During
the third step two surgeons share a single workstation.

Intensive Course

The intensive course is only available for surgeons
who have the TEM instruments or have them on order,
and who have already completed the introductory
course. These rules were established because prior ex-
perience had demonstrated that only some of the par-
ticipants on intensive courses were able to successfully
introduce these operations in their hospitals. Further-
more, surgeons who set up the technique a long time
after the course experienced problems which required
further instruction and training.

Theoretical Aspects

— Instruments and devices: an intensive introductory
account of the principles of the insufflation systems
and diathermy is given

— Detailed presentation of the indications used for
adenoma, early carcinoma and rectal prolapse

— Presentation of the technique and importance of en-
doluminal ultrasound in the rectum

— Explanation of the operative steps relating to the
above using video sequences

- Perioperative management and treatment of com-
plications

— Discussion of the clinical results

Practical Aspects

The practical exercises concerned with the training of
the manual skills are arranged in a sequence of four
steps (see below). Training video tapes are used exten-
sively. The function of the ancillary devices/equipment
is learnt by practice. Phases of manual training alter-
nate with visits to the operating theatre to observe rec-
toscopic operations.

Aims of the Course

The chief aim is the instruction in all the surgical TEM
techniques and teaching of clinical management. Af-
ter completion of the course, a surgeon with sufficient
talent for endoscopic microsurgery is qualified to in-
troduce the technique clinically after further indepen-
dent bench practice. Surgeons can obtain additional
further training in their own hospital with the help of
training video tapes. We recommend 20-30 h of bench
practice by the surgeon before a clinical programme is
embarked upon.

The Learning Programme

The participants are mostly trained surgeons who
have limited experience of endoscopic surgery. Prior
practical experience in microsurgery often proves
helpful. For the beginner, operating directly from the
video screen with a closed phantom is difficult. Conse-
quently the didactic teaching programme is divided
into learning steps.

Steps of the Learning Programme

— Manipulation of the endoscopic operating instru-
ments allowing familiarization with the handles and
long shafts.

- Coordination of two and then three instruments at
any one time: because of the confined space avail-
able this is difficult in TEM.

— Dissection and suturing techniques.

— Familiarization with the stereoscopic endoscope
with open and closed bowel.
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— Working under insufflation: training is required for
handling the insufflation and suction devices and
the correct function of the seals.

- Adjustment of the instrument to obtain the best
working position and exposure. The optical magni-
fication depends on the distance of the object from
the front lens. The correct position of the rectoscope
is essential for the optimal working position.

Organization of Manual Training

Step 1: Transparent Plexiglas Rectoscope.
Dissection of Cloth Phantom

After introduction of the operating instruments, coor-
dination exercises are commenced on the Plexiglas
rectoscope which has the same dimensions as the op-
erating rectoscope (Fig.6.1a). Placed in the position
normally occupied by the optics is a Plexiglas rod to
simulate the space it occupies. A gap in the upper as-
pect of the rectoscope serves as a window for viewing
the operative field. The transparent rectoscope allows
assessment of the position of the instruments under di-
rect vision, e.g., to recognize and avoid the clashing
(sword play) of instruments.

Dissecting Exercise

A disc is cut out of the cloth using scissors and grasping
forceps. Closure of the defect is then achieved by
transverse continuous suturing (see Chap.24).

Step 2: The Transparent Plexiglas Rectoscope.
Dissection of Opened Bovine Bowel

Dissection and suturing of the bovine bowel is per-
formed under direct vision (Fig.6.1b). The bovine
bowel closely simulates the handling characteristics of
human bowel.

Dissecting Exercises

Discs of 20-mm diameter are excised to practice sub-
mucosal and full-thickness resections. Closure of the
defect using the transverse continuous suturing tech-
nique is then performed.

Step 3: Metal Rectoscope with Endoscope.
Dissection with Opened Bovine Bowel

First, the stereoscopic endoscope is positioned in the
optimal site within the rectoscope and then used to ori-
ent the rectoscope to the operative field (Fig.6.1c).
The coordination of instrument handling under

stereoscopic vision is then practised. Where difficul-
ties arise direct viewing is also possible.

Dissecting Exercise
Dissection of bowel using the same techniques as in
step 2.

Step 4: Metal Rectoscope with Endoscope. Dissection
of Bovine Bowel Distended by Gas Insufflation

With this exercise close simulation of real operating
conditions is achieved as operative work is only possi-
ble using the optics (Fig.6.1d). The most important
aimsare:

— The handling of the endosurgical combination unit
for insufflation.

- The method of adjustment of the endoscopic optics
and the rectoscope to result in maximal exposure of
the operative field (Fig.6.2). The distance of the
front lens from the operative field may require ad-
justment for the various steps of the operation
(Fig.6.2a,b).

~ The use of diathermy.

Dissection Exercises

Full-thickness excision of the bowel wall results in gas
leakage and collapsing of the lumen, resulting in loss
of exposure. Therefore the phantom is altered to simu-
late the perirectal space in exercises where full-thick-
ness excisions are performed. This is achieved by su-
turing a patch of bowel onto the resection area. When
the inner bowel wall is excised, gas leakage is avoided.
The following dissection exercises are performed.

Full-Thickness Excision. A 20-mm disc is excised and
the defect closed by transverse continuous suture (Fig.
6.3a) (see Chap.24). Care must be taken that the su-
ture incorporates a good bite of the muscular layer. In
the clinical situation, this suture following extensive
excisions is often under tension and mucosa alone is
not strong enough to hold the suture.

Full-Thickness Excision in a Tumour Model. To simu-
late the presence of tumour, a piece of tissue is sutured
to the mucosa, so creating a more realistic situation,
i.e. the loss of view caused by polypoid structure
(Fig.6.3b). The surgeon has to practise keeping a
5-mm margin of clearance during resection.

Mucosectomy. Mucosectomy (Fig.6.3c) is difficult us-
ing distended bovine bowel for two reasons. Com-
pared to human bowel, the muscularis layer is thinner
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Fig.6.1a—d. The four steps of training for TEM. a Step 1: using
direct viewing through the Plexiglas rectoscope, manipulation is
performed on cloth. b Step 2: using direct viewing through the
Plexiglas rectoscope, manipulation of opcned bovine bowel is

performed. ¢ Step 3: rectoscopic dissection of opened bovine
bowel with the metal rectoscope and stereoscopic optics.
d Step 4: preparation in the closed bovine bowel with exposure
provided by CO: insufflation



Training in Endoscopic Surgery 69




70 G.Buess and A. Cuschieri




Training in Endoscopic Surgery 71

Fig.6.2a-e. Esscntial manoeuvres for positioning of the recto-
scope. a Maximal amplification by close approximation of the
object to the front Icns. b Panoramic view by increasing the dis-
tance of the optic from the front Iens. ¢ Although good cxposure

of the operative area is achieved, the target tissuc cannot be
reached by the instruments. d If the angle is acute the direction
of the instruments is too high. e Gaining instrumental access by
increasing the angulation
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and, because of lack of normal blood circulation,
tissue layers are poorly defined. This is the reason the
mucosectomy exercise is practised after the full-thick-
ness exercise. Mucosectomy is performed on bowel
without a patch. If dissection is too deep, gas leakage
and loss of exposure result. Suturing incorporates full-
thickness bowel wall as mucosal bites tear out.

Rectopexy. In preparation for this exercise, a piece of
abdominal wall is sutured onto the bowel wall to simu-
late Waldeyer’s fascia. Then a transverse full-thickness
incision is made endoscopically near the tip of the rec-
toscope (Fig.6.3d). About 4 cm above this, two su-
tures are inserted following a “U” path. These sutures
simulate fixation of rectum to Waldeyer’s fascia. The
incision is closed using the transverse continuous su-
ture.

Training for Laparoscopic Operations

The Learning Programme

Laparoscopic procedures, typified by cholecystecto-
my, are developing rapidly to the point where they arc
becoming standard surgical procedures. A number of
introductory courses are available so we only offer ad-
vanced courses. During these 5-day courses, the most
important laparoscopic operations presently per-
formed are taught: adhesiolysis, appendicectomy and
cholecystectomy. The course covers the techniques
and instruments for these procedures, but also pro-
vides other basic techniques of ES to cope with prob-
lems that might arise (step 1 of practical training).

-
|

Fig.6.3a—d. Operation cxercises in step 4 of training. a A full-
thickness excision is performed on bovine bowel modified by
sewing on a bowel patch. b A simulated tumour is excised using
the full-thickness technique on modified bovine bowel. ¢ A mu-
coscctomy is performed with unmodified bovine bowel. d Rec-
topexy is simulated on bovine bowel modified by a fascial patch
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Steps of the Learning Programme

The introduction to the new techniques has to be grad-
ual as for TEM. Theoretical knowledge and instru-
ment handling are learnt in the first instance. The
practical exercises comprise:

— Learning the functional mode of the endoscopic in-
struments

— Coordination of up to three instruments under di-
rect view

— Performance of commonly used knotting and sutur-
ing techniques

- Handling of the endoscope under direct vision and
after coupling it to a video camera

- The teamwork required (surgeon, assistant and
cameraman)

— The handling of the suction/irrigation device and in-
sufflation equipment

- The penetration of a porcine phantom abdominal
wall using the Veress needle and establishment of a
pneumoperitoneum

— Use of the monopolar and bipolar diathermy

— Adhesiolysis, appendicectomy and cholecystecto-
my in the phantom

Before starting simulation procedures of clinical oper-
ations, videos of the clinical operation are viewed. In
the future it is planned to have video support of the
course with video tapes designed specifically to
demonstrate each step of the procedure.

The acquisition of practical skills in the course pro-
gresses in gradual steps. The first two steps are per-
formed by viewing without the endoscope and then by
direct vision down the endoscope. Participants share a
phantom and mutually assist each other. From the
third step the video system is used, and the surgeons
operate in teams of three.

Practical Exercises on the Semm Pelvitrainer

Step 1: Knot Tying and Suturing Techniques

The Semm Pelvitrainer has a transparent Plexiglas
roof with ports for the endoscopic instruments
(Fig.6.4). Three different viewing conditions are pos-
sible similarly as in TEM. Figure 6.5 shows the three
levels of optical control: direct viewing, endoscopic
and direct viewing, and endoscopically with covered
Plexiglas. With the covered phantom the video cam-
era is necessary to provide a view for the assistants.
During this phase of the course, knot-tying and sutur-

Fig.6.4. Semm’s Pelvitrainer with Plexiglas roof through which
instruments and the endoscope can be introduced

ing techniques are performed on cloth and animal tis-
sue:

- Ligation using the pretied catgut Ethibinder or Sur-
gitie

- Ligation after insertion of suture around a pedicle
using the extracorporal Roeder and other knots

— Interrupted and continuous suturing techniques
with extracorporeal and intracorporeal knots (see
Chap.7)

— Stapled anastomoses

Step 2: Trocar Insertion

Step 2 of training includes the simulation of Veress
needle placement and trocar insertion on the modified
Pelvitrainer (Fig.6.6). Complications in laparoscopic
surgery are most often associated with trocar inser-
tion, and so care is taken to practise them on the Pelvi-
trainer. Furthermore, this practice is repeated using
the porcine abdominal wall. This includes the reusable
trocars and the disposable ones marketed by AutoSu-
ture and Ethicon.
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Fig.6.5a—c. Semm’s Pelvitrainer can be used with three levels of
optical control: a direct viewing; b endoscopic viewing comple-
mented by direct viewing; ¢ endoscopic viewing alone after cov-
ering the Plexiglas

Fig.6.6. Semm’ Pelvitrainer is modified by using a Plexiglas
roof with a bigger entrance. Through this entrance various tech-
niques of puncture are performed on porcine abdominal wall

6.6
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Dissection Using the Closed Anatomical Phantom
(Tiibingen Trainer)

Structure of the Phantom

The phantoms presently available do not provide opti-
mal training for general surgery. We have developed
new phantoms which are used in the course of opera-
tive laparscopy. (Tiibingen Trainer designed by
Naruhn, Buess and Moetzung). These phantoms are
based on anatomical torsos made by the Coburger
Lehrmittel Anstalt (CLA; 8630 Coburg, Germany).
The construction allows incorporation of cither an
“abdominal wall” of Plexiglas (Fig.6.7a) or a flexible
rubber wall as a substitute for the abdominal wall

Fig.6.7a,b. Design of the Tiibingen Trainer: a transparcnt roof
with integratcd ports for the instruments; b elastic roof

Fig.6.8a, b. Tiibingen Trainer for operative laparoscopy.
a Trainer with plastic organs. b A segment of porcine liver with
attached gallbladder is inserted into the receptive fossa of a plas-
ticliver

(Fig. 6.7b). By this method, accurate simulation of tro-
car insertion through the abdominal wall is possible.
Animal organs and tissues required for the exercises
can be placed in the “abdominal” cavity (Fig.6.8).



76 G.Buess and A. Cuschieri

Fig.6.9. Position of the operating team for appendicectomy and
adhesiolysis. The surgeon stands to the left caudad to the cam-
eraman

Operation Teams and Video Technique

From step 3 onwards participants work in teams of
three, as in clinical procedures. Using a video camera
attached to the endoscope, all steps of the procedures
are carried out operating from the video screen. This
procedure has certain advantages:

— The operating team and theatre staff can all follow
the progress of the operation on the video screen.

- Usual teamwork is possible in contrast to operation
by direct vision through the endoscope.

— Avoidance of contact between the endoscope and
the surgeon’s face maintains the sterile field.

— The surgeon can work in a comfortable body posi-
tion in contrast to stooping over to maintain direct
vision through the endoscope.

The surgeon carries out the dissection. The camera-
man comes next in importance by guiding the endo-
scope with the attached camera, providing optimal
overview or close-up details as required. Jerky move-
ments of the camera hinders precise surgical work. Al-
ternatively, the use of easily adjustable laparoscope
holders can be demonstrated and practised.

Early in training the assistant has only to maintain
the constant instrument position; the surgeon places
them in. With experience the assistant participates in
the dissection by actively exposing the optimal tissue
plane for the surgeon. During the course each partici-
pant rotates through the various roles of surgeon, cam-
eraman and assistant.

Step 3: Adhesiolysis

Division of adhesions is one of the most important en-
doscopic operations. In contrast to open surgery, the
exposure is better and the wounds created are less
likely to cause subsequent new adhesions. Using the
Tiibingen Trainer, an adhesion is created in the right il-
iac fossa between an animal bowel and the anterior ab-
dominal wall using a strip of its mesentery. The opera-
tion is performed using the same team position as for
appendicectomy (Fig.6.9). The adhesion is divided in
the following ways (Fig.6.10a):

- Bipolar coagulation close to the abdominal wall fol-
lowed by cutting using hook scissors (Fig.6.10b)

— Scissor division followed by Ethibinder or Surgitie
ligation of the stump on the mesenteric aspect
(Fig.6.10c¢)

- Preliminary ligation in continuity using Roeder
knots tied extracorporeally (Fig.6.10d)

>

Fig.6.10a—d. Adhesiolysis using thc Tiibingen Trainer. a A strip
of the mesentery is attached to the roof, simulating an adhesion
and bipolar coagulation (yellow arrow) is applied: b cutting
after bipolar coagulation; ¢ cutting with scissors and subsequent
ligation of the stump close to the bowel; d double ligature in
continuity using Roeder knots
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Fig.6.11. a Appendicectomy with the Tiibingen Trainer. Aloop  plastic colon. The mesoappendix is coagulated by bipolar for-
of small bowel simulating the appendix is inserted inside the  ceps. b Ligature of the appendix
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Fig.6.12. Cholecystectomy with the Tiibingen Trainer. A seg-
ment of porcine liver with attached gallbladder is fitted into a
preformed space of a plastic liver. The gallbladder is held by two
grasping forceps. V-shaped dissection of the neck

Step 4: Appendicectomy

This operation incorporates further surgical tech-
niques. We teach the technique as described by Goetz:
the phantom is prepared by mimicking the appendix
with small bowel introduced into the caecum
(Fig.6.11). The small bowel mesentery mimics the
mesoappendix. This is coagulated using bipolar for-
ceps before scissor division. The appendix stump is lig-
ated using an Ethibinder (Fig.6.11 b; see Chap. 15).

Step 5: Cholecystectomy

Extensive training covering all steps of cholecystecto-
my is the main aim of the course. We teach the stan-
dard procedure based on preliminary dissection of the
cystic pedicle. A porcine liver segment with attached
gallbladder is fitted into a preformed space of a plastic
liver (Fig.6.12). Closely following the steps performed

clinically, each participant performs four cholecystec-
tomies and so participates in 16 operations.

As a first step Hartmann’s pauch and the neck of
the gallbladder are dissected in a V-shaped manner.
Thereafter the cystic duct is dissected. Exposure is ob-
tained by upward traction on the fundus of the gall-
bladder, using the forceps inserted subcostally in the
line between navel and gallbladder. The lateral grasp-
ing forceps via the port at the anterior axillary line is
used to manipulate Hartmann’s pouch (Fig.6.12).
Close to the gallbladder, the connective tissue which
covers the cystic duct is removed using the monopolar
hook dissector (see Chap.16). Only small amounts of
tissue are lifted up with the hook before cutting to pre-
vent coagulation injury to the adjacent tissue. The cys-
tic duct is encircled using the hook and freed over a
distance of 2 cm. The small porcine cystic duct is
clipped close to the gallbladder, opened with mi-
croscissors and cannulated with a ureteric catheter
with a bent tip. (Riisch, 7050 Waiblingen, Germany).
This is introduced through the centre of a suction
probe (Fig.6.13a) and held in position by a partially
closed clip (Fig.6.13b). By advancing the ureteric
catheter, the suction probe is withdrawn 5 cm to keep
it from the arca of interest during the simulated
cholangiogram. The completion of the dissection fol-
lows the steps outlined in Chap. 16.
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Fig.6.13a—c. Exercises for intraoperative cholangiography.
a Catheter for cholangiography. 7050 Waiblingen, Riisch, Ger-
many. b A modified ureteric catheter with a preformed angle is
introduced into the cystic duct. ¢ The catheter is held in place by
a partially closed clip across the cystic duct

Fig.6.14a-d. Dissection with the combination sucker.
(Wolf, 7134 Knittlingen, Germany). a Combination instrument.
b The gallbladder is bluntly dissected with the specially de-
signed sucker tip. ¢ Bleeding vessels are coagulated with the tip
of the combination instrument (yellow arrows) d Electrical cut-
ting with the hook



82 G.Buess and A. Cuschieri: Training in Endoscopic Surgery

Fig.6.15. Extraction of the gallbladder via the navel. With large
stones the navel incision is enlarged using a small metal guard

For blunt dissection of the gallbladder from the liv-
er we use a new instrument, the combination sucker
(Wolf, 7134 Knittlingen, Germany). This has a spe-
cial tip design, allowing blunt tissue separation
(Fig.6.14 a), similar to swab dissection. Five-millime-
tre instruments (e. g. the hook dissector) can be insert-
ed centrally. In this combination we use the hook for
coagulation and cutting of exposed vessels (Fig.6.14b)
In our experience monopolar diathermy is safe to use
insituations where no thin structures are involved. e. g.
liver bed, rectum, oesophagus. Particular care with
monopolar coagulation has to be taken near the com-
mon bile duct as well as with thin structures such as ad-
hesions and mesoappendix.

After complete dissection of the gallbladder, the
endoscope is moved to the left upper port and the gall-
bladder extracted via the navel incision (Fig. 6.15). Ex-
tension of this incision, if required, is easily achieved
using a small metal guard. Methods of dealing with a
large gallstone load involving extractors, stone
lithotripsy and extraction through the exteriorized
neck of the gallbladder can also be demonstrated and
practised.



7 Basic Surgical Procedures

A. CuscHIERL L. K.NATHANSON, and G. BUESs

Introduction

Dissection, haemostasis, knotting and tissue approxi-
mation constitute the essence of surgical practice
whether this is open or laparoscopic. With the present
technology there are a number of restrictions which
impose an extra degree of difficulty in executing these
basic surgical skills by the laparoscopic approach. An
appreciation of the nature of these problems helps the
surgeon to modify or adapt the technique to enable
the necessary level of proficiency and speed to be
achieved. The important restrictions include problems
with depth perception and instrument coordination,
interpretation of the endoscopic anatomy which is of-
ten magnified by the optic to a varying extent depend-
ing on the distance between the end of the telescope
and the target field, and restricted instrument mobility
imposed by the attachment of the access cannulae to
the abdominal wall or the limited internal diameter of
the operating endoscope (mediastinoscope or recto-
scope). These problems are reviewed in detail in
Chap. 13.

Dissection

Exposure, Manipulation and Retraction

Dissection of tissue planes is dependent on adequate
exposure of the relevant anatomy. As in conventional
open surgery, tissue planes are revealed by traction
and countertraction using atraumatic graspers. Cor-
rect siting of the trocar and cannulae is crucial to
achieve this with ease. Careful stepwise lifting of tissue
using two atraumatic graspers forms the basis of ma-
nipulation. The tissue (e.g. small bowel) is grasped by
the left forceps and held tented until it is picked up fur-
ther proximally or distally (as required) by the right
grasper when the left hold is released and the left for-
ceps applied further down, and so on. The process re-
sembles “walking on stilts”.

Exposure of a particular region is enhanced by ap-
propriate positioning of the patient such that gravity
shifts away unwanted structures which would other-
wise obscure the operative field. The specific methods
of retraction available are as follows.

Grasp-Lift Traction. This method is applied on tissues
or hollow viscera using 5.0-mm graspers. It is prefer-
able that these are of the atraumatic variety and have a
self-locking mechanism. Especially if prolonged ten-
sion is kept on the structure, the use of traumatic for-
ceps may lead to perforation of the organs with leak-
age of contents particularly when the grasper is
removed. If the same position is required for some
time, the grasper can be clipped in the desired position
to the drapes or preferably held in an adjustable clamp
fixed to the rail of the operating table.

Elevation-Rod Retractors. These are inserted under
solid organs such as the left lobe of the liver and by de-
pression of the external part are used to lift the struc-
ture to expose the underlying anatomy to the optic.
The most commonly used rod retractor is the 5.0-mm
palpating probe. Care is needed in the use of such a
device to avoid stabbing of the hepatic parenchyma,
which can occur despite the rounded end of the instru-
ment. Another hazard follows from the use of exces-
sive pressure by the rod which may lead to splitting as
the rod indents the liver substance. In this respect the
use of the fan or umbrella retractor (Fig.7.1) mini-
mizes some of these problems and provides lift of the
liver over a wider surface.

Endoretractor. This instrument (Fig.7.2) has two dis-
tinct advantages. The first is that it does not use up one
of the available accessory operating cannulae since it
is introduced through the 11.0-mm optical cannula
over the telescope. The second advantage stems from
the fact that the retractor moves with the optic and lifts
structures ahead of the visual field. It has three seg-
ments: a thin long cylinder which fits over the optic and
inside the cannula beyond which it projects externally,
a half-circle 5.0-cm viewing section (open inferiorly)
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Fig.7.1a,b. Three-pronged (5-mm) retractor. When the bulbous
prongs are extruded, lift over a wider surface is provided (Storz):
a Closed; b open

Fig.7.2. Components of the endoretractor: the retracting rod
which drops down in front of the optic, the viewing section which
consists of a half-circle segment open inferiorly and the long
cylindrical section into which the 30° 10-mm tclescope is intro-
duced (Storz). Retractor with 30° forward-oblique telescope in-
side

through which the end of the 30° 8.0-mm optic can be
moved, and a terminal retractor end which consists of
arod. This drops down following insertion to an angle
of 45° with the horizontal. Adjustments to the retrac-
tion requirements are easily achieved by telescoping
the cylinder over the optic or vice versa. We have
found the use of this prototype instrument particularly
useful in subhepatic surgery, e.g. cholecystectomy,
vagotomy and mobilization of the gastro-oesophageal
junction (Fig.7.3).

Technique and Types of Dissection

Certain general principles apply irrespective of the
type of dissection practised: gentle handling of the tis-
sue, precise grasping and care to avoid oozing which
obscures the visual field to a greater extent than in

Fig.7.3. Endoretractor in use during laparoscopic cholccystec-
tomy

open surgery as the dark red blood obscures vision by
absorbing the incident light from the optic.

Whenever possible, a two-handed dissection
should be used whereby the surgeon lifts the tissue
with an atraumatic forceps using the left hand and dis-
sects with the desired instruments using the right hand.
Two-handed dissection is considerably facilitated by
the use of laparoscope holders (see Chap. 13) which,
by obviating the services of a cameraman, create more
elbow room in the immediate vicinity of the operating
table.

Blunt Dissection

The technique of pledget swab dissection developed in
Dundee is an important ancillary method to other
forms of dissection. The required instruments are
5.0-mm spoon biopsy forceps (Fig.7.4) and an ap-
pendix extractor. The technique can only be used with
safety with a metal 11.0-mm cannula. The disposable
cannulae are unsuitable for this purpose as the flap
valve catches the pledget swab during withdrawal with
arealrisk of dislodgement. During assembly, the scrub
nurse first introduces the spoon biopsy forceps inside
the appendix extractor (Fig.7.5). The swab is then im-
paled on the sharp prong fixed to the inside of the low-
er cusp before the instrument is closed on the swab, the
anterior part of which projects beyond the end of the
instrument. The latter is kept forcibly closed by wind-
ing sterile rubber bands around the handles of the in-
strument. The tip of the biopsy forceps holding the
pledget swab is withdrawn inside the appendix extrac-
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Fig.7.4. Spoon biopsy forceps for grasping pledget swab (Storz)

Fig.7.5a-c. Assembly uscd for pledget swab disscction. a The
spoon biopsy forceps is first introduced through the appendix ex-
tractor. b The jaws are usced to grasp the pledget, and rubber
bands are applicd on the handlcs to keep the jaws firmly closed.
¢ The biopsy forceps grasping the swab is then retracted inside
the appendix cxtractor before the assembly is handed to the sur-
geon

tor before it is handed to the surgeon. It is inserted in
this position inside the 11.0-mm cannula to the opera-
tive field.

Pledget swab disscction is particularly useful for
opening up tissue planes, separation of loosely bound
structures such as the gallbladder from the liver
bed, mobilization of hollow organs, e.g. gastro-
oesophageal junction, separation and clearing of deli-
cate structures, e.g. arteries, ducts and nerves, and in
mopping up or controlling minor oozing (Fig.7.6). On
completion of the swab dissection, the end of the for-
ceps including the pledget swab is retracted inside the
appendix extractor before withdrawal through the
11.0-mm cannula.
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Fig.7.6. Swab dissection in use

Once the appropriate tissue plane is opened by
sharp dissection, blunt mobilization can be achieved in
some situations by use of the closed scissors, palpating
probe or suction instrument. The latter is particularly
useful in situations where the mobilization is accom-
panied by a constant minor ooze as the field can be as-
pirated dry and irrigated whenever necessary without
change of instrument.

Scissors Dissection

We consider that the two-handed scissors-atraumatic
forceps technique is the mainstay of complex laparo-
scopic surgical dissection. The dissecting scissors
available are of two kinds: twin- and uni-action. Both
blades of the former type are movable, whereas in the
uni-action variety one of the blades is fixed. The twin-
action instrument is preferable because teasing of tis-
sue to create the necessary plane by opening the
blades is evenly distributed on both sides and there-
fore less likely to cause tearing by unequal shear. The
ideal dissecting scissors should be insulated right up to
the blades and be slightly curved at the tip. There are
certain guidelines for the safe use of scissors during
dissection:

1. The instrument is advanced under vision in the
closed position until it reaches its target.

2. A small superficial incision is made in the peritoneal
lining of the structure to be mobilized.

3. The blades are introduced in the closed position in-
side the created defect and then gently opened to
create the plane.

4. The blades are then withdrawn in the closed posi-
tion before re-advancement to cut the undermined
edge or structure.

5. If uni-action scissors are used, the fixed blade is in-
serted underneath the structure or tissue plane and
the movable blade used for cutting under vision.

6. Electrocautery should be used sparingly as this
blunts the cutting edges of the scissor blades. When
needed, soft electrocoagulation (<200 V) is per-
formed with the outer edge of the closed scissors. It
is far more preferable, however, to coagulate with
the insulated dissecting forceps.

7. When not in use, dissecting scissors should be with-
drawn completely or inside the accessory cannula,
since the sharp ends may cause stab wound injuries
to any organ, particularly the liver.

Electrosurgical Hook Knife

This is a useful instrument which was popularized by
French surgeons. It is used in association with
monopolar cutting or blender current. To overcome
the problem of smoke generation during electro-
cautery, the hollow instrument has a trumpet valve-
controlled suction/irrigation system. There are two
basic functional ends: the curved semicircle and the L-
shape. The latter allows better control and is less likely
to become tangled or adherent to the tissues. The Val-
ley-Lab instrument, in addition to incorporating suc-
tion/irrigation, has exchangeable tips for cutting and
coagulation.

The safe use of the electrosurgical hook knife en-
tails an awareness of the mechanism of action of high-
frequency (HF) electrocutting (monopolar). This is
dependent on the production of electric arcs concen-
trating the entire current onto a single point where the
tissue is immediately vaporized. The operating peak
voltage to produce this effect has to be in the 200-
500-V range. If the voltage drops below 200 V, tissue
cutting cannot be achieved since the electric arcs can-
not be generated. On the other hand, if the voltage ris-
es above 500 V, the electric arcs produced are so in-
tense that the tissue is carbonized and the electrode
may be damaged. Within the safe operating range, the
depth of the coagulation of the cut edges increases
with increasing voltage and intensity of the electric
arcs. In practice, the depth of coagulation during elec-
trocutting is determined by the setting of the HF out-
put power and the degree of modulation of the current
(blend or mix). It is also influenced by three other fac-
tors: thickness of the cutting electrode, rate and depth
of cutting and the impedance of the HF generator.
With a conventional HF unit having an impedance of
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Fig.7.7. Cutting of tissue planes with the electrosurgical hook
knife is best performed using the heel of the instrument

Fig.7.8. Dissection and division of adhesions is undertaken by
lifting and stretching the structurce inside the curvature of the
knife before activating the blender current to achieve the cut and
coagulate the edges. In gencral, however, division of adhesions is
conducted with greater safety by the use of the scissors

250 ohm, fluctuations in the current on the output
voltage and intensity of the electric arcs are produced
by variations in the depth and rate of cutting. This may
lead to carbonization of the tissue along the cut edges,
particularly at the beginning and end of the cut. This
problem, which is a major consideration in laparo-
scopic surgery, can be obviated by the use of HF surgi-
cal units which incorporate automatic control circuits.
These ensure that the intensity of the electric arcs are
kept constant irrespective of the cutting rate and
depth. It is highly recommended that this type of auto-
matic control unit is used in association with the elec-
trosurgical hook knife in laparoscopic surgery.
Cutting with the electrosurgical hook knife is best
done with the heel of the instrument (Fig.7.7). During
activation of the current, the usual precautions are
taken to avoid diathermy damage to surrounding tis-
sues. During dissection the tissue is lifted by the hook
such that it becomes tented on the end of the instru-

ment and pulled away from subjacent structures be-
fore the current is activated (Fig.7.8). The same tech-
nique is used for performing oesophageal myotomy
(see Chap. 11).

Stripping

This dissection technique is favoured in North Ameri-
ca, particularly for dissection of the cystic duct and
artery. It is performed by the use of an atraumatic dis-
secting forceps which is used to strip peritoneum and
subjacent areolar and adipose tissue surrounding the
structures. Though effective, the technique leads to
oozing but is generally considered to be safe. It is also
used for separating fine avascular adhesions.

Hydrojet Dissection

This is a simple but useful technique for elevation
of tissue planes and is practised in performing pelvic
lymphadenectomy. It is also used in the dissection of
structures when these are surrounded by adipose tis-
sue since the high-pressure jet breaks down the fat
globules thereby exposing the required anatomy.

Laser Dissection

The physics and principles underlying the use of laser
dissection and photocoagulation are outlined in
Chap. 4. The three lasers used in laparoscopic surgery
are argon, Nd:YAG, KTP and holmium:YAG. Most
laparoscopic laser dissections are carried out using the
contact mode (bare fibre) in preference to the free-
beam mode because of the enhanced safety and the
tactile feedback. The one major disadvantage of lasers
during laparoscopic dissection is the risk of inadver-
tent damage from the “past pointing” or “shoot past™
phenomenon where the laser energy penetrates
through the intended target and damages deeper
structures. Unintentional damage may also be inflict-
ed by imperfect beam collimation in the non-contact
mode and shake. Laser dissection is also slower than
electrosurgical. It is claimed by some that smoke gen-
eration is less than with electrocautery although there
is little evidence for this assertion.

Ultrasonic Dissection

Recently a laparoscopic probe for use with standard
ultrasound dissecting machines used in open surgery
has been introduced. Preliminary evaluation in ani-
mals suggests that it will be useful in the dissection of
tissue planes, e. g. fatty cystic pedicle and separation of
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the gallbladder from the liver bed. However, further
experience of its use in humans is required before a
definite assessment of its usefulness can be made. The
limitation of all ultrasound dissectors is that they have
to incorporate straight tips.

Sharp Scalpel Dissection

Scalpels of various shapes can be introduced through
5.5-mm cannulae and can be used to incise organs such
as the common bile duct (for supraduodenal explo-
ration) and hollow viscera during the creation of anas-
tomosis. Apart from this scalpel dissection has a very
limited place in laparoscopic surgery and great care
should be exercised during the introduction, use and
withdrawal of these instruments. In addition to steel,
diamond and ceramic knives are now available.

Haemostasis

One of the limitations of laparoscopic surgery is the
control of bleeding, and, indeed, haemorrhage during
laparoscopic and other forms of endoscopic opera-
tions is the most common reason for conversion to the
open procedure. This applies particularly to cut,
bleeding arteries which rapidly retract within sur-
rounding adipose and connective tissues. In this con-
text, the most important guideline is careful dissection
with securement of blood vessels by whatever method
is used prior to their being cut. In this form of surgery,
the operator cannot afford to take chances because it
is not possible to rapidly put a swab or finger on the
bleeding point. Nonetheless, control of bleeding when
it occurs is possible in many instances if the right tech-
nique is adopted. It is, however, best prevented by
prior electrocoagulation, photocoagulation, ligature
in continuity or clipping.

Electrocoagulation

Electrocoagulation is the mainstay for achieving
haemostasis during endoscopic and laparoscopic dis-
section. Again, it is important to appreciate the princi-
ples underlying safe electrocoagulation of tissues.
When an HF alternating electric current is applied
specifically for endogenous heating of living tissue, the
temperature rise is proportional to the specific electric
resistance of the tissue, the duration of current flow
and the square of the root mean square of the electri-
cal current density. Largely because of the irregular

current density distribution in the tissue, the tempera-
ture rises at different rates in various zones in the tis-
sue. As the current density is largest in the zone of con-
tact between the tissue and the electrode, the maximal
temperature is reached there, with the temperature
decreasing proportionately with the distance from the
contact area. The safe feasibility of monopolar elec-
trocoagulation depends on this phenomenon since the
further away the tissue is from the contact area, the
less likely the damage. By contrast, heating of the tis-
sue in bipolar electrocautery is confined to the area be-
tween the two ends of the probe. Once the tempera-
ture of the tissue near the contact surface has reached
boiling point, a layer of vapour forms between the tis-
sue and the electrode which impedes further current
flow. Thereafter the sequence of changes depends on
the peak voltage. If this is less than 200 V, the coagula-
tion process slows down until the tissue next to the
electrode has dried out when further current flow
ceases. If the current is not switched off, the coagulum
becomes adherent to the electrode. When this hap-
pens, removal of the electrode will dislodge the coagu-
lum and precipitate renewed bleeding.

If the peak voltage exceeds 200 V, once the tissue
next to the contact area has dried out, electric arcs are
produced which carbonize and puncture the coagu-
lum, thereby causing the coagulation process to con-
tinue unabated until the generator is switched off or
the dried-up coagulum is so thick that it resists further
puncture by the electric arcs.

There are three coagulation modes which can be
used: soft, forced and spray. There is no doubt that soft
coagulation is the safest mode to use in ES, especially
when administered in a bipolar fashion. As the peak
voltage is less than 200 V, no electric arcs are generat-
ed between the coagulating electrode and the tissue
during the entire process with elimination of tissue
carbonization. Soft coagulation is recommended in la-
paroscopic surgery whenever monopolar or bipolar
electrodes are brought into direct contact with tissue.
Asthe reproducibility of the soft coagulation depth in-
creases inversely with the impedance of the HF gener-
ator, a unit with automatic voltage control is ideal. Ac-
tivation of the unit should cease during soft coagula-
tion when vapour formation commences, as beyond
this stage the coagulum will desiccate and become ad-
herent to the probe. There are now generator units
with an automatic de-activation of the HF current
once the end of the coagulation process has been
reached. These are ideal for laparoscopic soft coagula-
tion because they eliminate the above problem and
the risk of detachment of the coagulum on withdrawal
of the probe.
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Fig.7.9. During monopolar electrocautery, as the HF current
flows through long segments of tissue with the same cross-sec-
tion, the entire length of the structure may be electrocoagulated

Fig.7.10. HF frequency current applied with the monopolar
technique flows preferentially through narrow segments. Thus
the coagulation starts at the point of constriction of the tissue and
not at the point of contact with the electrode (yellow circle)

In forced electrocoagulation, high peak voltages are
used (greater than 500 V) to generate electric arcs be-
tween the electrode and the tissue in order to obtain
deep coagulation. Forced coagulation which is applied
with thin or small electrodes (e.g. TUR) is unsuitable
and dangerous in laparoscopic surgery.

Spray coagulation is a non-contact mode where
long electric arcs are intentionally generated by
strongly modulated HF voltages (few kilovolt) to
surface coagulate raw bleeding areas or achieve
haemostasis from inaccessible vessels. A recent inno-
vation which is likely to enhance the scope of spray co-
agulation during endoscopic and laparoscopic surgery
is the argon beamer for use with HF surgical units with
automatic circuit control. In essence, this device emits
ajet of argon gas in the middle of which is the tungsten
electrode. In addition to conducting the electric arcs,

the jet of gas, removes and dries the field of blood and
fluid during the coagulation process. The big practical
advantage of this form of spray coagulation is the great
reduction in the depth of coagulation and elimination
of the surface carbonization which is induced by stan-
dard conventional coagulation.

The measures needed to ensure safety and avoid
complication during HF electrosurgery are outlined in
Chap.13. However, it is important to stress that bipo-
lar coagulation is safer than monopolar and should be
used whenever possible.

In using monopolar electrocautery it is important
to appreciate that, if HF current flows through long
segments of tissue with the same cross-section, the en-
tire length of the structure may be electrocoagulated
(Fig.7.9). Furthermore, HF frequency current applied
with the monopolar technique flows preferentially
through narrow segments. Thus the coagulation starts
at the point of constriction of the tissue and not at the
point of contact with the electrode (Fig.7.10).

Endocoagulator (Heater Probes)

The endocoagulator for use in laparoscopic surgery
was developed by Semm. In this safe and ingenious de-
vice electricity is used to heat the operating tips of in-
struments such as the point coagulator and crocodile
forceps. The destructive heat is then transferred to the
tissue by direct conduction. The safety of the system
lies in three respects. First, there is no direct contact
between the electric current and the tissues; secondly,
the coagulation temperature (90-120°C) and the co-
agulation time can be preselected to avoid carboniza-
tion; and thirdly, the operating tips, because of their
miniature mass, cool rapidly soon after the heating cy-
cle is switched off, thereby preventing accidental dam-
age from inadvertent contact with adjacent organs.
The endocoagulation system is the safest form of coag-
ulation in laparoscopic surgery and, by avoiding desic-
cation and vaporization, reduces adhesion formation.

Ligation in Continuity

Asinopensurgery large vessels can be ligated in conti-
nuity before being cut using the Roeder slip knot (see
below). This knot is safe (in terms of its resistance to
reverse slipping) only when tied with dry catgut. If the
vessel or pedicle is large (greater than 3.0 mm), it
should be doubly ligated with 1/0 catgut for increased
safety. The Roeder knot works well only with catgut.
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Clipping

The use of clips is described later on in this chapter. It
is important, however, to stress that the correct clip
size and direction of application (at right angles to the
vessel) are crucial factors in the prevention of slippage
and delayed bleeding.

Photocoagulation

Both free-beam and contact laser can be used for pho-
tocoagulation, although the latter (using a bare tip
fibre) is more precise and safer, particularly in terms of
the shoot-past phenomenon.

Arrest of Active Bleeding

If bleeding is encountered during the course of an en-
doscopic or laparoscopic operation the following se-
quence of measures must be followed:

1. If this consists of simple oozing, pressure by pledget
swab or blunt tip of the palpating probe is instituted
and the area then irrigated with warm heparinized
saline. Any minor bleeding points can then be soft-
contact coagulated if necessary.

2. Active arterial bleeding requires immediate precise
grasping of the bleeding vessel with an insulated for-
ceps. Often an extra part is required for suction of
the area. The options are then to soft electrocoagu-
late the vessel (if less than 3.0 mm) or clip it proxi-
mal to the grasped point if large. However, if control
is not rapidly achieved (within a few minutes), it is
safer to convert to open operation.

Knotting

Safe reliable knotting is crucial to tissue approxima-
tion. In laparoscopic surgery special techniques are re-
quired to achieve this purpose. Both internal and ex-
ternal knotting is possible after the acquisition of the
necessary skills, which can only be obtained by prac-
tice on the bench trainer. Many surgeons who have re-
cently taken up laparoscopic surgery rely exclusively
on clipping to secure ductal structures and vessels.
This is an unsatisfactory practice since situations are
often encountered when it is not possible to clip a
structure safely, either because it is too large or be-
cause the access is limited. In other circumstances, the

use of metal clips may be undesirable because of long-
term consequences such as the internalization of a
metal clip used to secure the cystic duct during chole-
cystectomy. In time, this may lead to the formation of
ductal calculi.

External Slip Knot

The most important external slip knot is based on that
described by Roeder (Fig.7.11a) for tonsillectomy and
introduced by Semm in laparoscopic surgery in the
mid-1970s. It works best with dry catgut (plain and
chromic) and to a lesser extent with silk. We have in-
vestigated the safety (in terms of the tension required
toinduce reverse slipping) of the Roeder knot using an
ex vivo test rig. Dry catgut gave the best performance,
and the safety of this knot improved sixfold after hy-
dration due to swelling of the material. The knot is ac-
ceptably safe when tied with silk as this material also
swells with hydration. None of the other available ma-
terials gave a sufficient safety margin to allow reliable
tying with this technique. The catgut Roeder knot can
be safely used for ligation of vessels up to 3.0-mm di-
ameter. This assertion is backed up by experiments we
have performed and the experience of its use in Kiel in
gynaecological operations performed since 1977. For
larger vessels, the application of two loops is required
to ensure safety. The modified Roeder knot (double
hitch at the beginning and end) introduced by Melzer
is a safe knot with polydioxanone and when tested in
our laboratory was found to resist a tension of 1200 g.
Other external slip knots are unreliable as they slip
readily with tensions lower than 600 g.

*
Fig.7.11. a Roeder slip knot. The knot has three components:
(1) simple hitch; (2) three external winds; (3) locking hitch.
b Melzer knot for polydioxanone
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Fig.7.12. a Preformed endoloop. b The endoloop isloaded into
the suture applicator, and this is then introduced down a 5.5-mm
cannula

Preformed Catgut Endoloops

Endoloops are based on the Roeder knot and are com-
mercially available (Ethibinder, Ethicon, Surgitie,
Auto Suture). The item is packaged with the long tail
of endoloop threaded through a push-rod, the end seg-
ment of which is snapped off to release the end of the
tail of the catgut. The endoloop is loaded into the su-
ture applicator, and this is then introduced down a
5.5-mm cannula (Fig.7.12). After the loop is fed into
the peritoneal cavity totally inside a suture applicator,
the loop is exteriorized from the latter by advancing
the rod. A grasping forceps is placed inside the loop
and is used to pick up and tent the tissue inside the loop
which is then tightened around it and locked firmly in
place (Fig.7.13). This technique is suitable for dealing
with fresh perforations of the gallbladder, for securing
the base of the appendix during appendicectomy, for
closure of a peritoneal gap and for closure of a wide
cystic duct, although ligature in continuity is prefer-
able in dealing with the last problem (see below).

Ligature in Continuity
Using the Roeder External Knot

Ligature in continuity before the structure is divided
cannot be achieved by the preformed endoloop. For
this purpose a catgut suture is threaded through the
push-rod which is loaded inside a suture applicator.
The steps of this important technique are illustrated in
Fig.7.14. Two needle holders are needed to execute
this procedure. A 3.0-mm one (which allows room for
the suture lying alongside it within the suture applica-
tor) is used to grasp the end of the suture (leaving the

Fig.7.13. Afterthe loopisfedinto the peritoneal cavity totally in
asuture applicator, the loop is exteriorized from the latter by ad-
vancing the rod. A grasping forceps is placed inside the loop and
used to pick up and tent the tissue inside the loop which is then
tightened around it and locked firmly in place

push-rod outside) and is inserted together with the su-
ture applicator down a 5.5-mm cannula. The end of the
suture isadvanced by the needle holder around the de-
sired pedicle and grasped momentarily by the 5.0-mm
needle holder (inserted via another cannula) before it
is transferred back to the 3.0-mm holder (Fig.7.15,a)
and then withdrawn to the exterior through the suture
applicator. To prevent damage to the tissue by serra-
tion from the suture during the withdrawal process,
the 5.0-mm needle holder is inserted inside the loop to
take the tension and friction off the structure. Once
the end of the suture emerges out of the cannula. the
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Fig.7.14a-i. Steps involved in ligation in continuity with catgut
using the cxternal Rocder knot. a The instruments needed are:
accessory 5.5-mm cannula, suture applicator, push-rod contain-
ing suture, 3.0-mm needle holder, hook scissors (not shown) and
a grasping forceps. b Step 1: loading of suture applicator with

3.0-mm necdle holder grasping the suturc. ¢ Step 2: inscrtion of
the loaded suture applicator into the trocar and placement of the
suture around the “structurc”. d Step 3: withdrawal of the su-
ture through the suturc applicator with grasping forceps pre-
venting serration of the “structure™
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Fig.7.14. e Step 4: assistant’s finger sealing the suturc applica-
tor. fStep 5: completed Roeder knot. g Step 6: knot engaged
into the suture applicator. h Step 7: Roeder knot slipped down
by the push-rod with counter-traction on the tail of the suture.
i Step 8: final locking of the knot
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Fig.7.15a, b. Cystic duct ligated in continuity with chromic
catgut using Roeder slip knot technique

assistant seals the suture applicator by finger occlusion
to prevent gas leakage, whilst the Roeder knot is tied
and trimmed before it is laid down to the desired site
by the push-rod under visual control (Fig.7.15,b).
Once locked in place, the suture is cut with hook scis-
sors.

PDS External Slip Knot

In 1991, in Tiibingen, Germany, Melzer developed a
special knot for PDS (polydioxanone, Ethicon). With
synthetic materials, the usual external slip knot does

Table 7.1. Comparison of tension required for reverse slipping
of external slip knots using catgut and PDS

USP  Suture type Knot Tension (N) after10s

Mean hydration
Range

0 Dryplaingot Roeder 11.5 9.5-13.5

0 PDS Ethicon 4.5 3.5-55

0 PDS Roeder 10 8.5-11.5

0 PDS Melzer 24.5 21-28

2-0 PDS Melzer 25.25 22.5-31

not provide a sufficient safety margin in keeping the
thread firmly locked around a vessel. This is due to
their low friction coefficient, which allows reverse slip-
ping. In order to increase the mechanical friction of
the slip knot, Melzer modified the Roeder technique
in a simple way. The tying procedure starts with a sur-
gical knot. After three external winds and trimming as
in Roeder’s technique a doubled end knot finishes the
procedure.

The reverse slipping of this modified slip knot was
tested and compared to several other types of external
knots, including the Roeder loop using catgut
(Table 7.1). The knots were pushed down and the
loops locked around two PTFE cylinders using a force
of 20 N. Thereafter the two cylinders were distracted
with force increasing at a rate of about 1 N s~! and the
tension at which reverse slipping occurred was mea-
sured using an electronic strain gauge. All sutures
were hydrated by immersion in pig’s bile for 10 s — the
average time a well-trained surgeon needs to cut the
suture. PDS tied with the new technique gave the best
results. 2-0 PDS thread can be stressed up to breaking
point without the knot slipping in nearly every case.

Catgut shows increased safety once hydrated, but
the required hydration time to reach maximum
strength is longer.

The new knot is available commercially as a PDS
Endo Loop, and detailed knotting instructions are
printed on the sterile packages of PDS Endo Ligatur
and PDS Endo Suture.

External Surgeon’s Knot

The advantages of this technique include familiarity
with its use in open surgery and applicability to all su-
ture materials. The two ends of the ligature (or suture)
are exteriorized inside a suture applicator or reducer
tube (to avoid entanglement in the valve). Whilst the
assistant puts a finger between the two strands on top
of the suture applicator to prevent gas leaks, the first
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Fig.7.16. Ring pusher used for external reef knotting (surgeon’s
knot) (Storz)

component of the surgeon’s knot (double hitch) is
fashioned. Whilst the two ends are kept taut, the hitch
is slid by means of a slit circle metal pusher and locked
in place by the knot pusher (Fig.7.16). The second and
third components of the surgeon’s knot are fashioned
externally, pushed down and firmly locked in a similar
fashion. The author has used this knot both experi-
mentally and clinically. Despite its obvious advan-
tages, it has certain drawbacks, which are:

1. Some materials do not slide easily after creation of
the first double hitch. This applies to silk and catgut
and, to a lesser extent, to some of the synthetic ma-
terials such as polyamide. This problem can be over-
come by using a single throw, but then it is difficult
to lock the first component which becomes loose be-
fore the second hitch reaches it.

2. If the gap in the ring is too wide in relation to the
suture, the ring can easily come off the “tightrope”
during transit inside the suture applicator. This
problem can, of course, be readily overcome by use
of appropriately sized ring gaps to match the thick-
ness of the suture being used.

Internal Knots

Internal knots are used in relation to suturing more
commonly than external knots. Irrespective of the
method used, the number and type of locking throws
will be governed by the type of suture material used.
Internal knotting requires practice to be performed
smoothly and quickly, and this is best achieved by use
of the practice bench with foam or animal tissue speci-
mens.

Standard Microsurgical Knot

Undoubtedly the microsurgical knot is the most diffi-
cult knot to execute in laparoscopic surgery. It requires
a two-handed technique using two self-grasping nee-
dle holders of the Semm’ type (usually 3.00 and
5.00 mm). In practice there are certain important
points which the authors have found to be important in
facilitating this task:

1. The suture must be short (not exceeding 10 cm).

2. The tail must be kept short and its tip placed in a po-
sition where it can be readily grasped.

3. If the tail is on the left, the long limb of the suture is
grasped in the left needle holder and the suture
wound on the right one, which can then be advanced
with ease to the left to grasp the tail (Fig.7.17).

4, Itis easier to wind the suture on the receptive needle
holder with the needle still attached and held near
its tip. The needle is positioned parallel to the recep-
tive needle holder and its butt pushed towards the
needle holder as the suture is wound around the lat-
ter (Fig.7.18). This is, of course, only possible with
interrupted sutures and does not apply to continu-
ous suturing. In any event, a double wind is neces-
sary for the first throw to enable a certain amount of
locking.

5. Following the double winding of the first compo-
nent of the knot, the tail must be grasped as near to
its tip as possible to facilitate sliding as the needle
holders are separated to create the first hitch.

6. For secure knotting, the winding of the second com-
ponent (single or double depending on material) of
the knot must be in the reverse direction to the first
and the winding of the third component identical to
that of the first.
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7.18

Fig.7.17. Internal knotting using the standard microsurgical
technique. Positioning and use of the active and passive ncedle
holders in relation to the location of the tail. If this is on the left
side, the long limb of the suturc is grasped in the left needle hold-
er and vice versa

Fig.7.18. Internal microsurgical knotting. Technique for facili-
tating winding of the suture around the receptive needlc holder
with the necdle still attached and held near its tip

Dundee Internal Jamming Knot

The Dundee internal jamming knot is quicker and eas-
ier to execute than the standard microsurgical knot
and was developed to facilitate continuous suturing. It
has four components:

1. External jamming slip loop knot (JSLK)

2. Reversal of needle through loop

3. Slide of loop (from the tail) and locking (from the
standing part)

4. Restraining hitch. The mirror image of this knot
which slides from the standing part and is locked
from the tail is known as the Crabber’s eye knot.



98 A.Cuschierict al.

Fig.7.19a-c. Stepsin the execution of the external JSLK

The external JSLK is shown in Figs.7.19 and 7.20.
The suture is grasped along the long limb (“standing
part” in knotting jargon) close to the needle and intro-
duced inside the peritoneal cavity inside a suture ap-
plicator.

After the needle is passed through the tissue, the
suture is pulled until the JSLK impinges on the tissue.
Whilst tension is kept on the suture, the needle is re-
versed and passed through the loop, bringing the
length of the suture alongside the knot (Fig.7.21). The
suture is then grasped close to the loop and the tail
pulled in the opposite direction to slide the loop on the
suture. The knot is “jammed” by pulling on the suture
whilst applying counter-traction on the knot by the
needle holder (Fig.7.22).

The restraining hitch is only necessary for inter-
rupted knots tied with this technique (Fig.7.23). Only
one such hitch is necessary if silk is used, but other ma-
terials, such as polyamide, which do not lock as well as
silk require two restraining hitches.

Aberdeen Knot

This is the best terminal knot for ending a continuous
suture line. After three interlocking loops have been
made and locked, the suture is introduced through the
last loop before traction is applied to close the loop
and secure the knot.

Fig.7.20a, b. When fashioned (a), the JSLK should be slipped
from the tail to form a 1.0-cm bind or loop after which the tail is
cutshort (1.5 cm) (b)
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Fig.7.21. After the ncedle is passed through the tissue, the su-
ture is pulled until the JSLK impinges on the tissue. Whilst ten-
sion is kept on the suture, the needle is reversed and passed
through the loop bringing the length of the suture on the side of
the knot

Fig.7.22. The suture is then grasped close to the loop and the tail
pulled in the opposite direction to slide the loop on the suture.
The knot is “jammed™ by pulling on the suture whilst applying
counter-traction on the knot by the needle holder

Fig.7.23. For interrupted suturing, onc or two restraining hitch-
es are uscd (depending on the material) to secure the knot

Clips and Knot Substitutes

Non-absorbable metal clips (titanium) arc available in
various sizes. As in open surgery, selection of the ap-
propriately sized clip for the pedicle in question is im-
portant. Care must be taken during their application,
and a second clip should be used whenever considered
necessary. Recently a preloaded clip applicator with
automatic clip delivery to the jaws has become avail-
able (Endoclip, American AutoStapler). This instru-
ment allows rapid, precise and repeated clipping with-
out the need of withdrawing the instrument to load it,
thereby speeding the procedure considerably.

One of the reservations with clips has been their lia-
bility to slip, especially if they are not of the right size
in relation to the structure or have not been applied at
right angles to its long axis and traction is applied to
the clipped structure. They also interfere with both
computed tomography and magnetic resonance imag-
ing. Absorbable polydioxanone clips provide an at-
tractive alternative to metal ones. Applicators de-
signed to allow their laparoscopic use are available.
Again, clip selection is important to match the size of
the pedicle. If the clip applied is too small, the tissuec
will overlap the locking mechanism, which will not op-
erate. On the other hand, a clip which is too large will
not anchor securcly and tends to slip off the pedicle.
Absorption of these clips takes about 6 months.

Some surgeons use clips on the end of sutures in-
stead of knots (Fig.7.24). Whilst undoubtedly quicker,
this practice is unsafe as the grip on the suture material
by the clip is not secure enough, and it comes off easily
with the minimum of traction. The only clip which is
strong enough to hold the suture is made of silver,
and this is used in endoluminal rectal surgery (sec
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Fig.7.24. Metal clip at the end of a suture which is used instead of
knotting during continuous suturing by some surgeons. This
method is unreliable as the minimum of traction on the suture re-
sults in the clip slipping off

Chap.25). Resorbable clips with similar grip strength
are being developed.

Laparoscopic Suturing

Suturing requires considerable practice on a trainer.
There is considerable scope for further development
with respect to atraumatic sutures, needles, holders
and temporary occlusion devices for laparoscopic su-
turing of organs.

The sutures must be atraumatic and the needle
straight or only curved at the tip (ski-shaped) to facili-
tate grasping by the needle holder and passage of the
needle through the tissue. The suture, which must be
short (not exceeding 10.0 cm), is grasped near the nee-
dle by a 3.0-mm needle holder and introduced into the
peritoneal cavity inside a suture applicator from the
left side. A 5.00-mm needle holder inserted through
the right side is used to grasp the needle close to its
butt. The tip of the needle is held up towards the ab-
dominal wall until the exact site of suture commence-
ment is decided. Both interrupted and continuous su-
turing is possible, the latter being easier and quicker.

The basic technique of suturing uses two needle
holders. The 5.0-mm needle holder is used to effect

Fig.7.25. The basic technique of suturing uses two needle hold-
ers. The 5.0-mm needle holder is used to effcct ncedle passage
through the tissuc (active) on to the 3.0-mm needle holder (rc-
ceptive). The latter is then used to grasp and pull the needle
which is then regrasped by the 5.0-mm needle holder just before
it cmerges fully from the tissue

needle passage through the tissue (active) onto the
3.0-mm needle holder (receptive). The latter is used to
grasp and pull the needle, which is then regrasped by
the 5.0-mm needle holder just before it emerges fully
from the tissue (Fig.7.25).

Continuous Suturing

At present most continuous suturing is most common-
ly performed with 30-mm straight-needle atraumatic
sutures although the authors mounted on 30-mm half-
circle needles which are straightened except for a
small curve close to the needle tip. For ease of perfor-
mance, continuous suturing requires three cannulae,
two positioned such that the two needle holders meet
along the line of the intended anastomosis at right an-
gles, and the third, which is sited cephalad to the area,
is used by the assistant to grasp the suture and take up
the slack after each needle passage. The initial termi-
nal knot (the standard microsurgical recf knot or the
Dundee knot with preformed jamming loop) is tied in-
ternally. With each needle passage the assistant picks
up the slack and keeps uniform tension on the suture
line. This has the added advantage of tenting and sta-
bilizing the tissues, thereby facilitating needle passage
(Fig.7.26). At times one runs out of suture length be-
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Fig.7.26. Technique of continuous suturing. After each run, the
assistant picks up the slack and ensures that the correct tension is
kept on the suture line. The stitches are of the seromuscular type.
A special suture holder with rubber-shod jaws is used to hold ten-
sion on the suture line (Storz)

fore completion of the suture line. In this eventuality,
whilst tension is kept on the suture by the assistant,
a new suture is inserted through the tissue and an in-
ternal knot tied leaving the tail longer than usual
(2.0 cm). This is then tied to the preceding suture.

We have adopted this technique for fashioning
cholecystojejunostomy and gastroenterostomy. The
posterior suture line is completed with the viscera un-
opened taking deep seromuscular bites. The opening
of the adjacent organs is the made with diathermy.
Thereafter the anterior layer is sutured using the same
technique. During these experiments we have ob-
served minimal leakage of intestinal contents from the
small bowel. This may be related to the high intra-ab-
dominal pressure which compresses the bowel. Leak-
age from the stomach, however, still occurs, presum-
ably because of the thicker walls and temporary
occlusive devices are needed: laparoscopic tissue
clamps or occlusive balloons (inserted through a small
stab wound in the stomach). A fluid-containing organ
such as the gallbladder is aspirated prior to the con-
struction of an anastomosis.

Fig.7.27. a Endo-ski needle which eliminates the problem of
needle swivel during laparoscopic suturing by having a triangu-
lar shaft. b The needle locks in one of three positions within the
jaws of a Semm needle holder

Technical Problems
with Current Suturing Instruments

The Semm’s needle holders described above have one
major disadvantage. The configuration of and the grip
by the jaws on the needle shaft, though adequate
enough to prevent needle slide during suturing, is not
firm enough to prevent needle swivel. This makes it
difficult to use needles with any significant curvature,
and current straight needles have to be used. The limi-
tation of the straight needle in ensuring a smooth glide
through the tissues is well known. We have overcome
this problem by the design of atraumatic sutures
(Vicryl silk, and Nuralon) mounted on “ski needles”
which are round bodied near the slightly curved tip
and triangular along the straight shaft (Ethicon,
USSC). The needle is gripped along the triangular
shaft and locks in one of three positions inside the jaws

b
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of a Semm’s needle holder: vertical, foward and back-
ward tilt (Fig.7.27).

The alternative is the use of the Cook needle hold-
ers which grasp the needle by a different mechanism
and totally abolish the problem of needle swivel. The
disadvantages of these needle holders are twofold.
The first relates to the difficulty of internal knotting
with these instruments, and the second is that a partic-
ular needle holder can only grasp the needle at one an-
gle. This necessitates the use of three needle holders:
standard version (right-angled), left-hand version
(needle angled to the left) and right-hand version
(needle angled to the right).

Staplers

Tissue approximation by stapling devices will consid-
erably enhance the scope of gastrointestinal laparo-
scopic surgery. At present, however, the existing
devices have limited applicability. The recently intro-
duced AutoSuture Endo GIA laparoscopic stapler ap-
pliesclips on either side over a distance of 3.0 cm and is
useful for closure/transection of the stump during la-
paroscopic appendicectomy, in dealing with lung bul-
lae and for wedge pulmonary resections. Undoubted-
ly, however, this stapling device has further potential,
and it is currently being evaluated for the execution of
gastrointestinal anastomoses and colonic resections.
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8 General Principles of Thoracoscopic Surgery

A. CUSCHIERI

Introduction

There is no doubt that the substantial benefit to the pa-
tient resulting from thoracoscopic surgery emanates,
toalarge extent, from the avoidance of a thoracotomy.
Apart from the immediate consequences of thoraco-
tomy which often precipitate cardiorespiratory de-
compensation and require postoperative ventilatory
and inotropic support, the recovery period following a
thoracotomy extends over a period of several months,
particularly in elderly patients and those with co-exist-
ing cardiac disease. Post-thoracotomy pain, including
intercostal neuralgia, is a very common occurrence. It
detracts from the benefit of the operation and usually
requires prolonged treatment or referral to pain clin-
ics. In addition, scapular fixation to the chest wall and
the development of a frozen shoulder are frequently
encountered and necessitate active treatment.

Instrumentation and A pproaches

Currently the instrumentation used is the same as that
for laparoscopic surgery (see Chap.2). However, spe-
cific thoracic instrumentation entailing the use of
curved instruments is currently being developed
(Storz) and will facilitate the surgical manoeuvres. In
addition to the basic operating instruments, the fol-
lowing equipment is essential: 5.0- and 8.0- or 10.0-mm
30° forward-viewing telescopes, xenon or halide light
source, electronic insufflator, endocamera, efficient ir-
rigating/suction system and electrosurgical generator
preferably with automatic circuit to ensure uniform
coagulation during use of blender current and with
monopolar and bipolar output facilities.

There are three basic approaches to thoracoscopic
surgery: unipuncture, multipuncture and mediastinal.

Unipuncture Approach

This was pioneered by Wittmoser for thoracoscopic
and retroperitoneal work. A single cannula is used to
accommodate the optic and instruments including
electrocautery probes and suction/irrigation (Fig. 8.1).
Itis ideally suited to the execution of denervation pro-
cedures such as sympathectomy and vagotomy.

Multipuncture Approach

This was developed in Dundee. In addition to a sepa-
rate cannula for the telescope (placed inferiorly),
three or four accessory trocar cannulae are inserted
under vision to accommodate the instruments needed
for two-handed dissection. This approach is required
for the performance of pleurectomy, oesophageal dis-
section and oesophageal myotomy (see Chaps. 10, 11).
Flexible cannulae are much preferable to rigid ones in
thoracoscopic surgery.

Mediastinal Approach

This approach was developed by Buess et al. The me-
diastinum is accessed through a standard cervical inci-
sion along the anterior margin of the left sternomas-
toid muscle by the use of a specially designed
operating mediastinoscope. The technique is used for
the perivisceral dissection of the oesophagus (see
Chap. 12).

Anaesthesia, Patient Positioning
and Monitoring

Anaesthesia

General endotracheal anaesthesia is necessary. Unless
there is a specific indication, a double lumen endotra-
cheal tube (Carlen’s) is not required, and the standard
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8.1

8.2

endotracheal single lumen tube is sufficient as collapse
of the lung is achieved by varying the inflow of gas and
the insufflation pressure (see below).

Patient Positioning

For thoracoscopic work, particularly when the multi-
ple puncture technique is used, it is essential to posi-
tion the patient in such a way as to obtain maximal su-
perior displacement of the scapula and maximal
widening of the intercostal spaces. This is achieved by
using the standard prone posterolateral thoracotomy

Fig.8.1. Unipuncture system of Wittmoser

Fig.8.2. Position of the paticnt for thoracoscopic surgery. The
standard posterolateral position is used with the arm well ab-
ducted and the table split such that the intercostal spaces are
opened to their fullest extent

position with the arm well abducted and the table split
such that the ribs are splayed out to the fullest extent
possible (Fig.8.2). The positioning of the patient for
endoscopic oesophagectomy is quite different and is
dealt with in Chap. 12.
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Patient Monitoring

Intraoperative continuous monitoring of the cardio-
vascular system and gas exchange are essential. The
cardiovascular parameters which must be monitored
are: ECG, arterial blood pressure and central venous
pressure. These are crucial for the early detection of
arrythmias and the onset of a low-output state which
may occur due to the raised intrathoracic pressure. A
Swan-Ganz catheter (with thermistor) for the deter-
mination of wedge pulmonary artery pressure and es-
timation of cardiac performance is inserted in patients
with myocardial disease. Gas exchange is monitored
by pulse oximetry and end-tidal CO,. Blood gas analy-
sis is undertaken whenever considered necessary dur-
ing the course of the operation.

Cannulae Placement for Multipuncture
Approach and CO; Insufflation

In thoracoscopic surgery, there is no special advantage
to the use of sheathed disposable trocar cannulae as
the technique for initial insertion is different and all
the remaining cannulae are inserted under visual con-
trol.

In the multipuncture approach, four cannulae
(sometimes five) are used (Fig.8.3). The inferior two
are 11.5 mm in diameter for use of the 10.0-mm 30°
forward-oblique telescope and insertion of clip appli-
cator and pledget swab for blunt dissection. The upper
two cannulae, both 5.5 mm, are used for the insertion
of the operating instruments such as grasping forceps,
scissors, etc. Siting of these access cannulae is critical
so that by moving the viewing telescope from the ante-

Fig.8.3. The multipuncture approach for thoracoscopic lung
and oesophageal surgery. A minimum of four trocar and cannula
assemblies are used

rior to posterior position, exposure as well as instru-
mental access is available to the entire chest cavity and
its contents.

Insertion of Initial Cannula

Unless the lung is collapsed or the patient has an in-
dwelling intercostal drain, the initial cannula (anterior
upper 5.5-mm) must be inserted under direct vision us-
ing a special technique designed to abolish the risk of
damage to the lung parenchyma. The steps involved
are:

1. Through a small skin stab wound, the 5.5-mm trocar
and cannula assembly is advanced through the sub-
cutaneous tissue into the intercostal muscle layer
(Fig.8.4). The trocar is then removed, and a 5.0-mm
telescope is inserted, and the cannula is connected
to the gas line set at the lowest inflation rate and an
inflation pressure which must not exceed 6 mm Hg.

2. By rotation and gradual advancement of the cannu-
la ahead of the optic, the subpleural space is reached
(Fig.8.5). If there are no adhesions binding the pari-
etal pleura to the lung parenchyma, a translucent
film with fine vessels is seen. This indicates a safe
window through which the oblique tip of the cannu-
la can be further advanced with a to-and-fro rota-
tional movement.

3. When the cannula breaches the parietal pleura, the
combined effect of the insufflating gas pressure and
lung compliance results in collapse of the underly-
ing lung away from the cannula tip, at which point
the telescope is advanced for inspection of the pleu-
ral cavity (Fig.8.6). In the presence of adhesions
binding the lung to the parietal pleura, the inspec-
tion of the latter by the telescope in the extrapleural
space identifies a dull opaque appearance. In this in-
stance, the cannula direction is changed or the site
altered until a safe window is found. The above pro-
cedure is unnecessary in patients with an indwelling
intercostal drain. In this instance, the chest tube is
connected to the gas inflow from the electronic in-
sufflator set at the minimal flow rate and a pressure
of 6.0 mmHg. The upper anterior 5.5-mm trocar
and cannula is then inserted in the standard fashion.
The gas line is transferred to the cannula and the
chest drain removed. The 5.0-mm optic is intro-
duced for initial inspection of the pleural cavity and
the insertion of the other cannulae.
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Fig.8.4. The 5.5-mm trocar and cannula assembly is advanced
through the subcutaneous tissue into the intercostal muscle lay-
er. The trocar is then removed, and a 5.0-mm telescope is insert-
ed

Fig.8.5. By rotation and gradual advancement of the cannula
ahead of the optic, the subpleural space is reached. If there are
no adhesions binding the parictal pleura to the lung parenchyma,
a translucent film with fine vessels is seen. This indicates a safe
window through which the oblique tip of the cannula can be fur-
ther advanced with a to-and-fro rotational movement

Fig.8.6. When the cannula breaches the parietal pleura, the
combined effect of the insufflating gas pressure and lung compli-
ance results in collapse of the underlying lung away from the can-
nula tip, at which point the telescope is advanced for inspection
of the pleural cavity

CO; Insufflation

The main purpose of CO, insufflation in thoracoscop-
ic surgery is to collapse the lung. This is achieved by
varying the amount of gas flow into and pressure with-
in the thoracic cavity. In achieving this objective the
pressure achieved within the hemithorax must not ex-
ceed 6.0 mmHg as otherwise mediastinal shift and a
low cardiac output ensue. In addition, the gas inflow
should never exceed 1.0litre a minute. It is of
paramount importance in terms of patient safety that

thoracoscopic surgery is conducted with full cardiac
monitoring as outlined above. As the pulmonary
parenchyma is not mechanically handled by this pneu-
matic compression, re-expansion of the lung is imme-
diate after the procedure is completed.

Dissection, Haemostasis
and Tissue Approximation

Undoubtedly the best operating optic for thoraco-
scopic work is the 30° forward-oblique 10.0-mm tele-
scope since this allows the surgeon to look down on the
operative field and permits rapid changes of the view-
ing angle by rotation of the telescope. For mediastinal
and basal work the 45° optic may be needed. As the
procedure progresses, the position of the telescope
and dissecting instruments may need to be changed to
permit continued smooth dissection.

The basic surgical techniques of thoracoscopic
surgery require a two-handed approach and are based
on the same principles outlined in Chaps.7 and 13.
Lung bullae are best ligated with preformed en-
doloops of chromic catgut. In thoracoscopic work,
electrocoagulation is best applied in the bipolar mode.
Direct aortic branches to the oesophagus should be
clipped rather than coagulated whenever possible. In
any event, haemostasis has to be meticulous as even
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minor oozing rapidly obscures the view by collecting
in the mediastinal gutter. Irrigation with warm hep-
arinized saline is often needed to achieve a clear field.

Synchronous Flexible Endoscopy

The concomitant use of a flexible oblique viewing en-
doscope is of considerable help in thoracoscopic
surgery on the oesophagus. Particularly when ap-
proached from the left side, the oesophagus lies deep
in the aorto-vertebral gutter and, although there are
distinct anatomical landmarks, it is not easily visual-
ized at the start of the procedure. In addition, any mi-
nor oozing gravitates in the gutter, further obscuring
the visualization of the organ.

The concomitant use of a flexible endoscope over-
comes both problems. The endoscope isinserted at the
start of the procedure and the tip of the instrument ad-
vanced to the oesophagogastric junction. Insufflation
is kept to a minimum, and the light is left switched on.
The lower end of the oesophagus is then casily identi-

fied by transillumination right at the start of the dissec-
tion (see Chap. 11). The dissection is considerably fa-
cilitated when the oesophagus is lifted up out of the
aortovertebral gutter by turning the end of the flexible
endoscope upwards (see Chap.11). As the operation
progresses, subsequent segments of the gullet are lift-
edin this fashion.

Intercostal Drainage

Intercostal underwater seal drainage is advisable after
every thoracoscopic procedure and mandatory after
ligation of blebs and pleurectomy for pneumothorax.
The drain is inserted via the anterior 11.5-mm cannula
site under vision to ensure accurate placement in the
desired position. As the technique avoids the need for
lung retraction, patchy collapse and consolidation
common after open thoracic procedures are virtually
abolished, and expansion of the lung is rapid and full
usually within 12-24 h, after which the chest drain is
removed.
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Indications

Peripheral Blood Flow Disturbances
of the Upper Extremity

The vasomotor fibers for the fingers and hand ascend
from the 5th to the 3rd thoracic ganglion in the sympa-
thetic trunk, pass through the stellate ganglion, and
join the brachial plexus (Fig.9.1). The much-practiced
extirpation of the stellate ganglion is unnecessary and
indeed is contraindicated due to its side effects
(Horner’s syndrome). Selective endoscopic microsur-
gical division of the rami communicantes of the 5Sth,
4th, and 3rd ganglia interrupts the preganglionic vaso-
motor fibers, which is important for the improvement
of long-term results. At the postganglionic level, the
long vasomotor fibers in the interganglionic trunk be-
tween the 3rd and 2nd sympathetic ganglia can be di-
vided on the 3rd rib.

Hyperhidrosis

Sites of occurrence of hyperhidrosis are highly vari-
able and can range from the head to the plantar sur-
face of the foot (Fig.9.2). Involvement of the hand and
axilla is the most common and severe manifestation.
In accordance with the strictly segmental course of the
sudomotor fibers, the principal sweat zones can be se-
lectively denervated both in the cervical segments and
in the entire thoracoabdominal region as far as the
12th thoracic segment.

Hyperhidrosis of the Head, Face, and Neck. Isolated
involvement of these regions is relatively uncommon
but very troublesome. Selective division of the rami
communicantes of the 2nd thoracic ganglion is suffi-
cient, preferably including the caudal T1 group of rami
(Fig.9.3). An interganglionic section performed on
the 2nd rib between T2 and T1 additionally interrupts
the postganglionic fibers for the upper extremity.

Hyperhidrosis of the Hand and Arm. The fingers and
palm are most strongly affected. Sudomotor denerva-
tion is accomplished by the selective preganglionic
section of the rami communicantes of the 5th, 4th, and
3rd thoracic ganglia. If only the fingers and hand are
affected, the axilla is unaffected, and there is a desire
to spare the chest wall zones, the section can be per-
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Fig.9.1. Course of the sympathetic fibers for the fingers, hand,
and arm. They pass as long fibers through the rami communi-
cantes of the 2nd or 3rd-5th segments. Rerouted in the associat-
ed sympathetic ganglia, they ascend in the sympathetic chain
through the interganglionic trunks and pass through the stellate
ganglion before joining the brachial plexus. The neurotomy sites
are marked in red. (Schematic lateral section of the spinal col-
umn)
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Fig.9.2. Segmental distribution in the region of the upper quad-
rants. Due to the ascending course of the sympathetic fibers, a
neurotomy at T2/1 also denervates the cervical segments and the
trigeminal zones (neck and face). The T4-5 junction is at the nip-
ple level, the T9-10 junction at the level of the umbilicus

formed at the postganglionic level in the inter-
ganglionic trunk between T3 and T2 on the 3rd rib.

Axillary Hyperhidrosis. The axilla is a common, usual-
ly very troublesome site of occurrence (Fig.9.4). Be-
cause the axillary zone is supplied by short, segmental-
ly arranged sudomotor fibers, only the segmental
interruption of the rami communicantes will produce
satisfactory results. The axilla is supplied centrally by
T3 and caudally by T4; an effective denervation should
encompass T2-4.

Truncal Hyperhidrosis. The truncal zones, with their
strictly segmental sudomotor innervation, likewise
can be denervated only by direct interruption of the
rami communicantes. The specific locations of the hy-
perhidrotic zones are determined preoperatively by a
sweat test, and the location of the denervated areas is
verified postoperatively. For the frequent involve-
ment of the anterior chest and upper back, the sections
cover levels T3 to T8/9; the abdomen and lower back
can be denervated at T10-12.

Erythroderma Syndrome

A recurrent flushing of no apparent cause, typically in-
volving the face, ears, forehead, and neck and usually
precipitated by contact with other people, is a little-ap-
preciated condition that can be very distressful for the
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Fig.9.3. The sympathetic fibers for the craniofacial region pass
mainly through the rami communicantes of T2 and possibly the
caudal bundles of T1. They ascend longitudinally in the sympa-
thetic trunk and traverse the stellate ganglion and upper cervical
ganglia. The neurotomy sites are marked in red

Fig.9.4. Given the strictly segmental course of the sympathetic
fibers for the axilla and trunk, interganglionic nerve sections are
unsuccessful; denervation of these zones requires the segmental
division of the rami communicantes. The neurotomy sites are
marked in red
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caudal
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Fig.9.5. The vagal trunk on the right sidc passes beneath the
azygos arch, giving off superior bronchial branches while still
above the arch and the main groups of the bronchial branches
just caudal to the arch. A low bronchial branch also may arise
from an anterior abdominal trunk. The phrenic nerve courses
farther anteriorly on the venous trunk

patient. This sympathetic dysfunction can be relieved
by sectioning the rami communicantes of the 2nd sym-
pathetic ganglion and the caudal group of the 1st sym-
pathetic gangion. Any anastomotic rami that course
over the st rib should be interrupted as well.

Pain Syndromes

Nocitropic fibers coursing in the sympathetic system
contribute significantly to pain symptoms and fre-
quently play a leading pathophysiologic role in pa-
tients with causalgia, painful posttraumatic reflex dy-
strophy, or an upper abdominal pain syndrome.

Sympathicogenic Reflex Dystrophy of the Upper Ex-
tremity. This is treated by section of the T3-5 rami
communicantes or the interganglionic fibers between
T3 and T2.

Pain Syndromes of the Chest Wall. In these syndromes
the neurotomy must encompass the segmentally ar-
ranged fibers in the rami communicantes of the region
between T2/3 and T8/9.

phrenic
nerve

vagus
nerve

superior
bronchial
branch

recurrent
laryngeal
nerve

caudal
bronchial
branches

Fig.9.6. The main vagal trunk on the left side passes over the
aortic arch to the hilar region. where the bronchial branches
arise antcrolaterally in multiple groups. Just above and medial to
this site, the recurrent laryngeal nerve winds beneath the aortic
arch. The hemiazygos vein usually exhibits a relatively small
caliber

Upper Abdominal Pain Syndromes. These result
mainly from certain forms of chronic pancreatitis, rare
“postcholecystectomy syndromes™ with no pathologic
or anatomic substrate, inoperable upper abdominal
cancer, intestinal angina, and jejunal peptic ulcer.

Pain conduction for the upper abdominal organs is
mediated by the splanchnic nerves. For the stomach
and gallbladder, it is sufficient to section the T5/6-8
splanchnic roots; for the pancreas, the rhizotomy
should extend to T11.

Bronchial Asthma

Selective division of the bronchial rami of the vagus
nerve (Fig.9.5) can improve or relieve bronchospasm
(confirmed in animal experiments for various bron-
choconstrictor stimuli; Ulmer et al. 1982). As we
showed in the 1950s, selective vagotomy can be per-
formed thoracoscopically at a site caudal to the azygos
arch on the right side (Fig.9.5), and caudal to the aortic
arch in the region of the pulmonary hilum on the left
side (Fig.9.6). Itis not necessary to add a sympathecto-
my for the bronchial region.
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Fig.9.7. Division of the right vagus ncrve into posterior abdomi-
nal trunks, which are distributed to the gastric fundus and cor-
pus, and anterior abdominal trunks, which mainly supply the
antrum and the liver
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Fig.9.8. Division of the left vagus nerve into posterior abdomi-
nal trunks, which supply the gastric fundus and corpus, and ante-
rior abdominal trunks, which chiefly supply the antrum and the
liver

Peptic Ulcer Disease

Thoracoscopic division of the abdominal vagal nerve
trunks has become the procedure of choice for the
treatment of jejunal peptic ulcer (Fig.9.7, 9.8). We al-
ways add a splanchnicotomy at T5/6-8. Primary duo-
denal peptic ulcer can be treated by semiselective tho-
racoscopic sections of the posterior abdominal trunks,
likewise combined with splanchnicotomies for the gas-
troduodenal region (see above).

Angina Pectoris

Minimally invasive surgery is particularly important in
the case of the heart when it replaces, say, a bypass op-
eration. Expecially as an adjunct to intraluminal coro-
nary interventions, endoscopic neurotomy continues
to be an important procedure for the permanent, se-
lective autonomic protection of the heart.

The cardiac branches of the sympathetic trunk and
vagus nerve are easily accessible to thoracoscopy in
the region of the pleural apex, (Fig.9.9) and the aortic
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Fig.9.9. Pain fibers ascending from the heart via the cardiac-aor-
tic plexus and the cardiac nerves of the sympathetic system pass
through the sympathetic cervical ganglia but then descend again
in the sympathetic trunk before entering the spinal cord segmen-
tally between T1 and TS. Thus, thesc fibers can be cut thoraco-
scopically at the interganglionic level in the upper sympathetic
cord or within the rami communicantcs. The cardiac branches of
the vagus nerve run anterolateral to the main vagal trunk in the
apical region
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plexus is easily accessible on the aortic arch
(Wittmoser 1963).

Instrumentation

The thoracoscopic surgery of pleural adhesions began
in the 1920s and 1930s using a multipuncture technique
in which the telescope, distal light source (small, low-
voltage bulb), and operating instruments were passed
into the thoracic cavity through various puncture sites.
For the more precise thoracoscopic surgery of the au-
tonomic nerves using optical magnification, we have
always preferred a single-puncture technique in which

Fig.9.10. Our first gas-tight operating thoracoscope (1959) with
multiple operating channels. Light from the proximal incandes-
cent bulb is concentrated by a concave mirror and transmitted
through a quartzrod

Fig.9.11. a Modern opcrating endoscope with retractable tele-
scope and multiple instrument channels. b Tip of the operating
endoscope with dissccting hook, suction, and coagulation elec-
trode

the operating instruments are automatically kept
within the visual field of a 0° telescope and within the
congruent illuminating beam. This avoids the coordi-
nation problems of the multipuncture technique.

The first gas-tight operating thoracoscope with multiple
operating channels and a proximal light source (quartz
rods) was produced in 1959 from a design that we de-
veloped in collaboration with Storz (Fig. 9.10).

The gas-tight seal and pressure-regulated CO- delivery
(developed in 1957) allowed for precision surgery
even under difficult intrathoracic pressure conditions
(e.g., in bronchial asthma patients) (Chap.2.
Fig.2.9a).

Air-lens systems (Hopkins) and fiberoptic light cables,
in use since 1965, reduce the diameter of the telescope,
making it possible to enlarge the operating channels to
the current standard (Fig.9.11).

Operating endoscopes with a retractable telescope (in
use since 1975) provide full-circumference protection
of the operating space at the end of the sheath
(Fig.9.12). This permits endoscopic dissection under
vision in any soft tissue environment, i.e., during per-
foration of the chest wall or abdominal wall.

Our oblique telescope (introduced in 1973) permits the
introduction of rigid, relatively large-caliber instru-
ments (bipolar forceps, clip placers, ultrasound

Fig.9.12. Principle of tube dissection. With the tclescope retract-
ed, the end of the sheath provides a circumferentially shiclded
space for tissue dissection
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probes, photocoagulators, etc.) through a straight op-
erating channel (Fig.9.13) and is currently used in al-
most all endoscopic disciplines.

The flexible optical adapter (“accordion optic”), de-
signed by us in 1968 (Fig.9.14), employs a system of
prisms and lenses that can transmit the endoscopic im-
age without significant loss of resolution or color qual-
ity from the eyepiece to a large three-tube video cam-
era while preserving the intraoperative mobility of the
endoscope. Since the development of mini-video cam-
eras that couple directly to the endoscopic eyepiece,
the adapter can now be used as a high-quality viewing
device for observers.

The low-frequency electrocautery with a Dechamps-
type curved platinum-iridium loop (Fig. 9.15) is ideally
suited for the microsurgical dissection of fine struc-
tures, sectioning and concomitant hemostasis, and for
the division of massive cordlike or membranous pleu-
ral adhesions. A flexible model 3 mm in diameter is
available for curved operating channels, and a thicker,
rigid version is availble for straight channels. The in-
strument works by heating of the wire loop, with no
flow of electric current through the tissue.

Fig.9.13. Our oblique-viewing endoscopic telescope permits the
insertion of rigid, larger-caliber operating instruments

Fig.9.14. Our flexible optical adapter can transmit the endo-
scopic image to a heavy camera or can permit viewing by an assis-
tant

Unipolar high-frequency forceps with appropriate in-
sulation are part of the standard equipment for
hemostasis.

Bipolar forceps have been our preferred instrument
since 1970 because they are safe to use on smaller
bleeding points.

Thermostabilized bipolar forceps (Fig.9.16) are the
least hazardous coagulation instrument currently
available but require a special control device
(Fig.9.17).

Light-contact coagulation probes are easy to use but
provide a limited depth of coagulation.

Fig.9.15. Low-frequency platinum-iridium electrocautery with
Dechamps-type curved cutting loop

Fig.9.16. Forceps for thermostabilized bipolar coagulation

Fig.9.17. Standard HF 400-watt power unit (fop) with auxiliary
integration unit and low-voltage LF generator (bottom)

9.15

9.16

9.17



116 R. Wittmoser

Fig.9.18. Generator for thermostabilized bipolar HF coagula-
tion. The coagulation time (left) and coagulation temperature
(center) can be preset and are displayed by continuous digital
readouts. The power in watts (right) is microcontroller-regulated
when the unit is in the automatic operating mode (circuit dia-
gram, Fig.9.19)

Equipment for Thoracoscopy

A standard high-frequency unit with a maximum pow-
er output of 300400 W is needed mainly for unipolar
forceps coagulation. The unit can also supply bipolar
forceps or probes (up to about 50 W).

An auxiliary integration unit (Fig.9.17) contains a low-
voltage low-frequency generator to power the low-fre-
quency (LF) cautery (with platinum-iridium loop),
which we prefer over the high-frequency (HF) cautery
for dissection and cutting, and an integration circuit
that permits the operator to switch from the HF to the
LF cautery at any time by pressure on a footswitch.

BICOAGULATOR

TEMP 1

WATT

AMP

TEMP 2

Fig.9.19. Circuit diagram for the unitin Fig.9.18

Fig.9.20. A CO, insufflation unit with preset, electronically con-
trolled insufflation pressure and dual electronic pressure limiter.
Digital display of intracavitary pressure and flow (and of total
filling volume). Touch switches are used to preset and adjust the
parameters

A generator for thermostabilized bipolar HF coagula-
tion permits coagulation at a constant preset tempera-
ture using special probes and forceps (Figs.9.18,9.19).

A CO; insufflation unit enables the insufflation pres-
sure to be preset and electronically maintained at a
constant level. The current filling pressure, intracavi-
tary pressure, and flow are indicated on digital dis-
plays (Fig.9.20).

Suction devices feature a selector switch and pressure
limiter to protect the lung tissue, with volumetric mon-
itoring (e. g., at 500 ml) to ensure that significant blood
volumes are not missed and with digital negative pres-
sure readout. Roller pumps of adequate capacity are
also suitable.

An Infrared generator allows photocoagulation.
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Positioning

The prone position affords the best access to the sym-
pathetic chain and vagus nerve branches, because the
lung falls forward under the force of gravity, giving
free access to the spine and mediastinum.

The patient’s head lies on a kidney-shaped rest
of adjustable width that supports the forehead
while leaving the cyes, nose, and mouth exposed. This
provides unobstructed access for intubation anesthe-
sia.

The upper arm on the operated side hangs freely,
while the forearm is suspended in a sling with the el-
bow flexed 90°. This position draws the scapula away
from the spine to provide a favorable access angle for
endoscope insertion.

The contralateral arm rests on a transfusion board
with the shoulder and elbow joints in an intermediate
position.

The pelvis is elevated to permit unrestricted ab-
dominal respiratory excursions.

The video equipment and auxiliary devices are
placed at the head of the operating table (Fig.9.21).

Fig.9.21. Setup for left-sided thoracoscopy using a parascapular
approach to the 5th ICS. Video recording endoscopy (video
cable shown in red)

Incision

We find that a single incision is generally adequate. A
10- to 12-mm oblique incision in the Sth intercostal
space (ICS) at the medial scapular border, 12-15 cm
from the midsagittal line, usually affords good access
to the entire thoracic sympathetic trunk and the vagus
nerve branches (Fig. 9.22).

For sympathectomies of the more cranial segments
- T1-T3/4 - it is better to enter within the 4th ICS di-
rectly at the scapular border. For dissection of the cau-
dal sympathetic segments — T10-T12 — we prefer en-
tering in the 7th or 8th ICS at the same paravertebral
distance.

Approach through the 6th ICS is most favorable for
vagus nerve dissection caudal to the azygos arch.

For sympathetic nerve dissections in the apical re-
gion and costophrenic recess, one portal can be estab-
lished in the 4th ICS and a second portal in the 8th ICS.
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Fig.9.22. Prone position for a right-sided thoracoscopic sympa-
thicotomy or vagotomy. The pelvis and shoulder are clevated.
The arm on the operated side hangs downward while the oppo-
sitc arm rests on an infusion board. The head is supported on a
contoured, adjustable rest

Operating Technique

The Anatomy of the Sympathetic Nervous System
(Figs.9.5,9.6)

The sympathetic trunk courses over the heads of the
ribs and is usually visible through the pleura
(Fig.9.23). Obesity or scarring of the pleura can how-
ever, obscure the sympathetic trunk, which then must
be exposed by sharp dissection of the pleura at the
heads of the ribs.

The sympathetic ganglia are located in the inter-
costal spaces or, less commonly, on the associated cau-
dal rib.

The interganglionic trunks course between the
ganglia over the corresponding ribs and often are
clearly visible and palpable using the cold LF cautery
as a probing instrument.

The rami communicantes arise at the dorsal border
of the typically triangular ganglion (Fig.9.24). The
main trunk of the gray rami, which joins the intercostal
nerve, is frequently visible through the pleura. The
white rami course in a deeper layer (viewed from the
pleura), behind or medial to the ganglion, and emerge
from the spinal cord roots (Fig.9.25).

The visceral rami arise ventrally from the sympa-
thetic ganglia. The cardiac and pulmonary rami are
faintly visible beneath the pleura.

Fig.9.23. Right thoracic cavity with the azygos venous tribu-
taries and azygos arch. At left is the sympathetic trunk, which
courses on the heads of the ribs and is visible through the pleura.
Below the azygos arch are the abdominal trunks of the vagus
nerve on the esophagus. Above the azygos arch, the main vagal
trunk is visible through the pleura. The pulmonary hilum (sec-
tioned) is shown at right
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Fig.9.24. Right thoracic cavity, 4th and 5th segments. Dorsally
(at left) the main bundles of the rami communicantes arise from
the dorsal ganglion border near the intercostal vessels, where
they are clearly visible through the plcura, which is largely de-
void of fat

white
rami communicantes

splanchnic
gray nerve

rami communicantes
intercostal nerve

Fig.9.25. Diagram of the gray and white rami communicantes at
the dorsal ganglion border (/eft) and of a splanchnic nerve root
(right)

Fig.9.26. In the lowcer third of the picture is the first large
splanchnic root, which arises from the 6th thoracic segment and
descends behind (left) the esophagus and azygos vein to enter
the main trunk of the splanchnic nerve. The lung appears at right.
and at the top of the picture is the azygos vein inflow tract and the
azygos arch

The splanchnic roots, especially the main root,
which usually ariscs from T6, are frequently visible
and palpable bencath the parietal pleura (Fig.9.26).
Passing obliquely forward and downward, the roots of
T6-T8 unite in the trunk of the greater splanchnic
nerve, while the more caudal roots unite in the trunk of
the lesser splanchnic nerve.

On the right side the main splanchnic nerve trunks
run dorsal and parallel to the azygos vein. In this
region the thoracic duct also courses between the eso-
phagus and azygos vein into the subpleural space;
aberrant branches may be in direct proximity to the
splanchnic nerves. On the left side the splanchnic
nerves run just dorsal to the hemiazygos vein. This re-
gion is generally devoid of large lymphatic trunks.
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Sympathectomies

T1-3 Sympathectomy. The fibers for the face and neck
(erythroderma, hyperhidrosis, pain syndromes) are
accessible at T2.

Creation of a Pleural Window. The subpleural course
of the nerve is visualized with the operating thoraco-
scope (Fig.9.31 a). A Deschamps-type dissection hook
is passed beneath the pleura to elevate it from the
nerve (Fig.9.31b). The LF cautery is activated by hand
switch to heat the hook (without passing current
through the tissue) and divide the elevated tissue
(Fig.9.31c). This creates a pleural window through
which the exposed nerve can be picked up on the
hook, isolated by blunt dissection (Fig.9.31d, e), and
divided by activation of the hook.

Extension of the Pleural Window. The window is first
extended inferiorly into the 2nd ICS past the sympa-
thetic ganglion while the parietal pleura is elevated
from the nerves and blood vessels. Safety is further in-
creased by CO; insufflation (at about 20 mbar) into
the subpleural space.

The pleura is incised over the ganglion for several
millimeters dorsally until the ganglion, usually trian-
gular in shape, is exposed at the base of the pleural
window (Fig.9.27).

Dissection of the Rami Communicantes at the Dorsal
border of the T2 Ganglion. The superficial main bun-
dle of the gray rami, which lies just beneath the pleura,
is picked up on the LF cautery loop and electrically
served.

The deeper white rami are picked up on the LF
cautery loop, which is bent back slightly, starting from
the 2nd rib and proceeding caudad along the dorsal
border of the interganglionic trunk. The rami are ele-
vated away from the underlying vessels and divided.
The dissection is performed under optical magnifica-
tion to ensure completeness and is continued past the
caudal border of the ganglion, which should then be
freely mobile.

Tl1 Partial Communicating Ramicotomy. The first tho-
racic ganglion joins with the 8th cervical ganglion to
form the stellate ganglion, whose extirpation or dis-
ruption leads to a complete Horner’s syndrome with
severe narrowing of the palpebral fissure and pupil-
lary constriction. Because the sudomotor and vasomo-
tor fibers for the craniofacial region ascend largely
from T2 and only pass through the stellate ganglion in
their centripetal course, an open stellectomy is con-

Fig.9.27. Sympathetic ganglion dissected in a pleural window.
The main bundle of the gray rami communicantes is given off up-
ward (dorsally); the interganglionic trunks pass to the right and
left

traindicated. Since several such centripetal fibers may
be present in the caudal fascicles of the T1 rami com-
municantes, they also should be cut in suitably sclect-
ed cases (see above): A pleural window is placed at the
cranial border of the 2nd rib, extending 10-15 mm
dorsally from the interganglionic trunk. The dissec-
tion is carried upward to the caudal border of the T1
ganglion, where the two to four most caudal bundles of
the rami communicantes, which pass dorsally toward
the 2nd rib, are dissected and coagulated (Fig.9.28).

T1-2 Anastomotic Ramicotomy. In approximately two
thirds of cases the 2nd rib is crossed dorsal to the inter-
ganglionic trunk by one to three fine branches that
pass from the 1st to the 2nd intercostal space (Kuntz’s
fibers) and establish a neurophysiologic shunt.
Adding the division of these rami ensures complete
autonomic denervation of the face and neck region: A
pleural window is made dorsally from the head of the
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Fig.9.28. Besides the rami communicantes in the 2nd ICS, two
caudal bundles of rami communicantes from T1 and an anasto-
motic ramus between the 1st and 2nd ICS have been divided

2nd rib. Usually the anastomotic rami are plainly visi-
ble in the pleural window and can be picked up on the
LF cautery loop and divided. It is also sufficient to co-
agulate a strip of pleura against the costal periosteum.

Dissection of the T3 Ganglion. Just as at T2, a pleural
window is created over the ganglion, and the rami
communicantes are dissected. Complete division of
the rami is particularly important in axillary hyper-
hidrosis because the axilla is supplied mainly by seg-
mental sudomotor fibers from T3. Although coagula-
tion of the gray rami should be adequate in theory, we
also recommend cutting the deeper white rami while
giving attention to fine anteromedial fibers; this avoids
the residua and recurrences that are particularly com-
mon at the T3 level (T3 syndrome). Additional coagu-
lation of the T2 and T4 gray rami ensures a good result
for axillary hyperhidrosis.

T3-T5 Sympathectomy

The preganglionic sympathetic fibers for the hand and
arm course in the white rami communicantes of the 5th
segment (Fig.9.29) where, as at T2 (see next para-
graph), they can be segmentally dissected and divided
before they ascend as long fibers via the interganglio-
nic trunks to the stellate ganglion and brachial plexus.
This can ameliorate acral blood flow disturbances as
well as hyperhidrosis of the hand and arm. Access in
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Fig.9.29. Rami communicantes of the 3rd to 5th segments:
anatomic appearance

Fig.9.30. Sweat test to evaluate the success of the sympathicoto-
my. The effect of denervating the upper right quadrant is indicat-
ed by the light coloration

the 3rd-5th ICS is gained through pleural windows
several millimeters in diameter over the sympathetic
ganglia. These sections also interrupt the sudomotor
fibers in the gray rami for the axilla and chest wall as
for as the nipple line (T5-6 junction, Fig.9.30).

The Perspiration Test. This test is used to help deter-
mine whether sympathectomy is indicated and to
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Fig.9.31. a The position of the operating mediastinoscope with
respect to the operative field. The subpleural course of the nerve
is demonstrated. b The pleura is bluntly engaged with the
Deschamps-type dissection hook and elevated from the nerve
and surrounding chest wall. ¢ Activating the LF current heats
the hook and divides the pleura. d The nerve is picked up on the
hook and bluntly dissected along its course. e Endoscopic ap-
pearance of the nerve on the hook. The large interganglionic
trunk at the border of the 3rd right thoracic ganglion can be
picked up on the cautery loop and safely divided. f Nerve after
division

check the result. An iodine-oil-starch emulsion [com-
position: iodine 3.0, ether 34.0, corn starch (dried at
60° for 24 h) 45.0, castor oil 68.0] is applied to the skin.
When the patient perspires the light-brown solution
turns blue-black. After sympathectomy the denervat-
ed area remains completely light brown or exhibits
isolated spots of discoloration, while sudoriparous
areas turn blue-black. The results are recorded in a
standardized series of colour photographs.

Procedure

— The patient drinks 1 1 warm tea with 1 g acetylsali-
cylic acid.

— The emulsion is applied using a wide brush.

— The patient is covered with a heating frame and a
blanket.

— The temperature is raised to 60° and maintained un-
til the effect is achieved (average 35 min).

T3 Interganglionic Sympathectomy

The pleura is windowed on the head of the 3rd rib and
thus between the 2nd and 3rd sympathetic ganglia.
The interganglionic trunk is usually visible or at least
palpable at this level and can be picked up on a cautery
loop and safely divided by switching on the current
(pistol grip) (Fig.9.31). After division and dissection
of the perisympathetic tissue, the stumps will retract
and can be buried beneath the edges of the pleural
window as a precaution against reinnervation.

The interganglionic sympathectomy at T3 inter-
rupts the long fibers for the fingers and hand, though at
the postganglionic level. An interganglionic section at
T4 can be added to prevent recurrence.

T2 Interganglionic Sympathectomy

Interganglionic sympathectomy at T2, between the
2nd and 1st thoracic ganglia, interrupts the long fibers
for the face, head, and neck. The pleural window is
placed at the head of the 2nd rib, and the intergan-
glionic trunk, which usually is on the ventral aspect of
the head of the rib, is carefully identified, picked up on
the cautery loop, and divided. Confusion with fiber
bundles of anterior langitudinal muscle (longus colli)
must be avoided. A large vascular bundle may cross
the 2nd rib dorsally near the interganglionic trunk and
may run closely adjacent to an anastomotic sympa-
thetic branch (see above, T1-2 Anastomotic Ramico-
tomy).

Because an interganglionic syr
interrupts the fibers for the finger
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addition to the fibers for the face, head, and neck, the
indication is generally limited to cases where there are
corresponding sites of hyperhidrotic involvement and
the axilla and chest wall are to be spared. Other cases
are better managed by selective division of the rami
communicantes (see above, T3 Interganglionic Sym-
pathectomy).

T6-T12 Sympathectomy

The trunk wall in this region is innervated mainly by
short segmental sympathetic fibers that can be inter-
rupted only within the rami communicantes at the dor-
sal ganglion border (for treatment of truncal hyper-
hidrosis, thoracic pain syndromes).

“Normal” anastomic conditions tend to prevail at
the 6th-9th sympathetic ganglia (Fig.9.32), so a stan-
dard pleural window is placed over the ganglion. The
gray rami that pass to the trunk wall usually arise in a
large bundle from the tapering dorsal ganglion border,
where they can be superselectively isolated and coagu-
lated or sectioned (see above, T1-3 Sympathectomy).
The deeper bundles of white rami also are isolated
from the intercostal vessels and divided to prevent
reinnervation.

Anatomic variants of the sympathetic trunk are com-
mon at the 10th-12th sympathetic ganglia, e.g., the
trunk may deviate dorsally between T9 and T10 and
then resume a more ventral course toward the spinal
column at T11 and T12. In obese patients this region
may be obscured by lipomatous tissue that must be re-
moved. The dissection follows the course of the inter-
ganglionic trunks, which tend to be much thinner in
this area than in the cranial segments as the pleura
over them is incised from ganglion to ganglion. The
pleura over the ganglia is further incised a few millime-
ters dorsalward until the ganglion is exposed. After
identifying the anatomic relationships, the surgeon
proceeds with dissection of the rami communicantes
at the dorsal ganglion border in standard fashion (see
above).

For exposure of the T12 ganglion and usually T11 as
well, the reflection of the costophrenic recess must be
incised and the retropleural supraphrenic space
opened. From there the subphrenic retroperitoneal
space is entered by tracing the interganglionic trunk
between T12 and L1 through the diaphragm.

Interganglionic Sympathectomies at T9--12

Interganglionic sympathectomies at T9-12 may have
to be added (see above, T3 Interganglionic Sympa-
thectomy), since longer descending sympathetic
fibers in these segments usually contribute to the in-
nervation of the trunk wall. The denervation can be
extended into the pubic and inguinal region by thora-
coscopic interganglionic sympathectomy in the region
of the T12-L1 interganglionic trunk (a bilateral proce-
dure in males may cause retrograde ejaculation).

Anatomic Variations

Anatomic variations of the sympathetic trunk and in
the course of the intercostal vessels can complicate dis-
section of the sympathetic branches.

Anastomotic rami between the Ist and 2nd ICS may be
absent or multiple. Usually one to three fine branches
cross the 2nd rib dorsal to the T1-2 interganglionic
trunk (see above, T1-2 Anastomotic Ramicotomy)
and a vascular bundle. An anastomotic ramus may
closely overlie the dorsal or ventral aspect of the vas-
cular bundle, in which case it must be bluntly freed
with the curved cautery loop, isolated, and divided.
There is usually a space several millimeters wide be-
tween an anastomosing vascular bundle and the inter-
ganglionic trunk; this space also may contain a sympa-
thetic anastomotic branch that is closely apposed to
the cranial costal border of the interganglionic trunk
and first enters the 2nd ICS at the inferior costal mar-

gin.

Anastomotic rami in other segments are less common,
either passing obliquely upward and backward from a
caudal ICS into the adjacent cranial space (e.g., from
T4 to T3) or descending obliquely backward from a
cranial ICS into the adjacent caudal space (e.g.. from
T2 to T3). In rare cases an ICS (e. g., T3) may receive
anastomotic inflow from both the cranial and caudal
sides, in which cases there may occasionally be no sep-
arate ganglion with segmental rami communicantes.

The location of the sympathetic ganglior: in the ICS is
variable. Not infrequently, the ganglion deviates from
its typical “central” position between the heads of ad-
jacent ribs and may be as low as the associated caudal
rib, possibly even extending into the next ICS. In this
case the segmental ICS does not contain a ganglion but
only a long interganglionic trunk, which may be
markedly thin. A low-sited ganglion is not uncommon
when large vessels overlie the sympathetic trunk in the
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ICS (see next paragraph). In other respects, however,
the segmental arrangement of the sympathetic system
is so regular that selective neurotomies can be per-
formed with a high degree of accuracy, as postopera-
tive sweat tests can affirm (Fig.9.30). Earlier concepts
of a highly variable anastomotic network have not
been confirmed.

Variations in the course of the intercostal vessels are
also observed. The sympathetic trunk generally lics di-
rectly bencath the parietal pleura, the intercostal ves-
sels coursing medial to it (or behind it as viewed from
the pleural cavity). A large vein or venous bifurcation
may “overlie” the sympathetic trunk, however, com-
ing between it and the pleura.

In thesc cases the ganglion is often displaced onto
the associated caudal rib, so that the rami communi-
cantes can be retracted downward from the vein and
safely coagulated. If the ganglion is directly covered by
the vein, the vessel is completely undermined on the
cranial and caudal sides so that the rami can be picked
up and divided.

Less commonly an intercostal artery passes over
the ganglion or an arterial bifurcation passes close be-
neath it, and the intercostal artery of the cranially ad-
jacent ICS may be apposed to the sympathetic trunk.
This can lead to hemorrhage or cause confusion be-
tween a contracted artery and the interganglionic
trunk. With benefit of optical magnification, the arte-
rial branches can be separated from the sympathetic
trunk and will not scriously hamper access to the rami
communicantes and interganglionic trunks.

Deviations in the course of the vessels are most
common in the 2nd through 4th segments.

Splanchnicotomies
T5/6-8 Splanchnicotomy

The branches arising at T5/6-8 mostly supply the
stomach and duodenum. The highest, usually best-
developed splanchnic root most commonly arises at
T6 but may originate at T5 or T7.

The main root is exposed in its obliquely forward de-
scending course on the spinal column in the region of
the next lower intervertebral disc (Figs.9.26, 9.32)
ventral to the sympathetic trunk using a pleural win-
dow several millimeters in diameter. This is a largely
avascular zone near the crossing of the intercostal ves-
sels, which usually is clearly visible. The splanchnic
root is picked up on the curved cautery loop, pulled
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Fig.9.32. Right sympathetic trunk with origins of the splanchnic
root and the azygos system. Course of the vagus nerve on the
esophagus. The thoracic duct at the border of the azygos vein
may give off branches that closely approach the splanchnic roots

away from the spine, and divided (Fig.9.33). After dis-
section of the loose perisympathetic connective tissuc,
the stumps will retract several millimeters and can be
buried beneath the pleural margins. When the root
arises from the 6th sympathetic ganglion, it is divided
between the 7th and 8th segment due to its obliquely
descending course.

Splanchnic roots (usually small) arising from the 7th
and 8th sympathetic ganglia likewise take an obliquely
forward descending course before converging on the
trunk of the greater splanchnic nerve. These splanch-
nic roots, which are variable in size and number be-
tween T5 and T8 (usually numbering 2-4), are individ-
ually exposed and divided through small pleural
windows one segment caudal to their origin on the
spine.

The main trunk of the greater splanchnic nerve is
sought at T9/10 on the spinal column, distal to the af-
fercnts from the T5-8 roots. The splanchnic trunk runs
just dorsal to the azygos vein (right) or hemiazygos
vein (left). It must be isolated from the vein in its pleu-
ral window and dissected completely “naked” by blunt
dissection (especially on the right side) to avoid injury
to thoracic duct branches. These branches are difficult
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Fig.9.33. Main root of the splanchnic nerve of T6, dissected and
elevated in its course on the 7th thoracic vertebra (patient in
prone position)

to identify by dissection and, on the right side, may be
closely apposed to the greater splanchnic nerve. Their
injury leads to a chylothorax that will require treat-
ment.

There is no comparable danger of chylothorax on
the left side, but the bloodless hemiazygos vein may be
confused with the splanchnic trunk in its course
through the frequently abundant subpleural connec-
tive tissue and fat; profuse hemorrhage results if this
vein is severed (Fig. 9.34).

Having been largely isolated from the adjacent tis-
sues, the splanchnic trunk is finally picked up on the
curved LF cautery loop, brought through the pleural
window, carefully reidentified (compressibility, dis-
tensibility, surface structure, glossiness), and electri-
cally divided (pistol grip switch).

The stumps, which display an engorged, gleaming
white cross section, are mobilized somewhat further
and buried beneath the edges of the pleural window.

If the splanchnic nerve is not visible or palpable due
to copious subpleural fat, the parietal pleura is opened
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Fig.9.34. Left sympathetic trunk with splanchnic roots and
hemiazygos system. Termination of the thoracic duct in the api-
cal region. Thus vagus crosses the aortic arch and passcs over the
pulmonary hilum to the esophagus

in the area of the 10th thoracic vertebra with a trans-
verse or ventrodorsal incision starting from the azygos
trunk on the right or the descending aorta on the left.
The structures coursing in this area are dissected by
predominantly blunt technique as far as the dorsal
sympathetic trunk until the trunk of the greater
splanchnic nerve, several millimeters thick, can be iso-
lated.

T9-11/12 Splanchnicotomy

The caudal splanchnic roots, usually finer than the
more cranial roots, converge upon the iesser splanch-
nic nerve, which supplies the upper abdomen and es-
pecially the pancreas. To the extent that they can be
demonstrated, they are individually isolated and di-
vided, taking special care to identify the trunk of the
lesser splanchnic nerve, which runs just dorsal to the
greater splanchnic nerve but cannot always be distin-
guished from it. In most indications for low denerva-
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tion, however, it is appropriate to interrupt the greater
splanchnic nerve as well.

For deep dissection of the splanchnic trunks, the re-
flection of the costophrenic recess is incised to gain ac-
cess to the nerves in the loose connective tissue of the
retropleural supraphrenic space on the spinal column.

Right-Left Differences in Dissections
of the Sympathetic Nervous System

The sympathetic trunks and their branches are ar-
ranged with such extensive lateral symmetry that
largely identical conditions prevail for dissections on
the right and left sides.

On the right side the operating field is clearly sub-
divided by the conspicuous trunk of the azygos vein
and especially by the azygos arch. The course of the
thoracic duct close to the right main splanchnic nerve
trunks should be noted in caudal splanchnicotomies.

On the left side, the pulsations of the aorta and aor-
tic arch can transmit motion to the field about the cen-
tral portion of the sympathetic trunk, which may
course near or directly “behind” the descending aorta,
especially in obese patients. The apical region, tra-
versed by the subclavian artery, can be more difficult
to survey on the left side, the 2nd rib can be more diffi-
cult to identify, and the parietal pleura may be thick-
ened near the great arteries.

The thoracic duct courses at the left pleural apex be-
tween the sympathetic trunk and subclavian artery be-
fore terminating at the junction of the subclavian and
jugular veins. Thus, dissection at the 1st and 2nd sym-
pathetic segments must not proceed too far anteriorly
(toward the subclavian artery) to avoid thoracic duct
injury. Lesions of the main trunk can lead to chylo-
thorax with daily volumes in excess of 1 1, and require
aspiration, reinfusion, and clip occlusion.

Vagus Nerve Anatomy
The Right Vagal Trunk

The right vagal trunk passes from the pleural apex to
the trachea, which it crosses in its obliquely downward
and backward course (Fig.9.35). The vagal trunk is
usually visible or at least palpable in its course be-
tween the innominate venous trunk and the trachea
(using a cold electrode or probe) along with the carti-
laginous tracheal rings.

The vagus nerve then passes beneath the azygos
arch toward the esophagus, where the inferior main
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Fig.9.35. The right main vagal trunk, descending from the apical
region, passes obliquely over the trachea, where it gives off supe-
rior bronchial branches, and runs beneath the azygos arch,
where it gives off the main groups of pulmonary branches to the
main bronchus. The abdominal trunks (anterior and posterior)
descend on the esophagus

group of the right bronchial or pulmonary branches
arises just caudal to or within the concavity of the
venous arch and passes over the main bronchus to the
lung. The bronchial artery may be closely apposed to
the vagal branches, and they may intertwine.

The superior bronchial branches originate from the
main trunk cranial to the azygos arch (Fig. 9.35).

The recurrent laryngeal nerve on the right side
arises from the vagal trunk so far cranially, in the apical
region, that it is rarely visible.

The right abdominal trunks usually divide after the
origin of the bronchial branches into one or two large
anterior and posterior trunks that descend along the
esophagus to the cardia.

The Left Vagal Trunk

The left vagal trunk descends from the pleural apex
over the aortic arch, below which it gives off the recur-
rent laryngeal nerve (Fig.9.36), which winds back up
around the arch.

The inferior main group of the left bronchial
branches arises from the main vagal trunk in the hilar
region and passes over the main bronchus to the lung.
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Fig.9.36. The left main vagal trunk descends to the aortic arch
from the apical region, crosses over the aortic arch, and passes
beneath the hemiazygos vein, where it gives off fine supcrior
bronchial branches. The large left recurrent laryngeal nerve
winds around the aortic arch, in whosc concavity the main
groups of bronchial branches pass over the main bronchus and
can be selectively interrupted. The anterior and posterior ab-
dominal trunks continue their descent on the esophagus; the pos-
terior trunks may partly underlie the aorta, coming between it
and the esophagus

Individual superior bronchial branches, usually of
smaller caliber, arise from the vagal trunk at the aortic
arch level and descend into the hilar region (Fig. 9.36).

Past the origin of the bronchial branches, the left ab-
dominal trunks descend on the esophagus to the cardia
as anterior and posterior trunks; the latter may cont-
inue on to a level below the aorta.

Right Bronchial Vagotomy
Superior Bronchial Branches

A pleural window is opened over the main vagal trunk,
which descends obliquely backward and medially
from the pleural apex over the trachea (Fig.9.37). The
large nerve, several millimeters thick, can be isolated
by predominantly blunt dissection at the base of the
pleural window. Several fine bronchial branches usu-
ally arise in this area, passing obliquely to the azygos
arch and the root of the lung. Dissecting craniad from
the azygos arch, the operator picks up the branches at

Fig.9.37. The right main vagal trunk descends from the plcural
apex (top), runs obliqucly over the trachea, where it is visible
through the thin pleural layer, and passes beneath the azygos
arch. The phrenic nerve apears at upper right on the brachio-
cephalic trunk. At lower right is the partially collapsed lung

the border of the main trunk on the curved cautery
loop and divides them. If there is copious subpleural
fatty tissue, the whole tissue layer can be picked up and
divided in stages without individual dissection of the
branches until the border of the nerve trunk is free and
the nerve can be separated from the mediastinum. The
nerve is dissected as far beneath the azygos arch as
possible from the cranial side, assisted by undermining
of the arch.

Inferior Bronchial Branches

A pleural window is created at the inferior concave
border of the azygos arch (Figs.9.38, 9.39) over the
main vagal trunk, which here runs beneath the venous
arch, usually passing close to the main bronchus on the
medial side. As the pleural window is extended toward
the root of the lung, the bronchial or pulmonary



9.39

Thoracoscopic Sympathectomy and Vagotomy

129

Fig.9.38. Thoracoscopic view of the right mediastinum: The azy-
gos vein (left) receives several large-caliber intercostal veins. At
right is the partially collapsed lung, and next to it is the esopha-
gus, on which the vagal branchces are faintly visible beneath the
thin pleura. The bronchial branches arise at the level of the
slightly prominent main bronchus, whilc the abdominal trunks
continue their descent

Fig.9.39. Origin of the bronchial branchcs from the main vagal
trunk below the azygos arch. The bronchial branches are dissect-
ed from the underlying tissue, clevated, and divided with the
electrocautery

branches that pass in several large trunks over the
main bronchus are isolated, picked up from the
bronchus, and divided. Attention is given to the poste-
rior bronchial artery, which may be closely apposed to
the nerve bundless or wind around them. Aside from
their pulsations, which are not always visible, the arte-
rial branches are more elastic than the nerve branches,
so they are distinguishable when optical magnification
is used. Bleeding arteries are occluded with clips or
bipolar coagulation.

The completeness of the dissection is ensured by vi-
sualization of the main trunk, which if possible is
traced into the cranial operative field by undertunnel-
ing the azygos arch. Fine intermediate bronchial
branches that arise in the region of the azygos arch it-
self are divided. Attention is also given to any fine,
lower bronchial branches arising from an anterior ab-
dominal trunk at the caudal border of the hilum.

Left Bronchial Vagotomy (Figs. 9.36, 9.40-9.44)
Superior Bronchial Branches

The left superior bronchial branches of the vagus
nerve arise from the vagal trunk on the aortic arch
and descend obliquely to the pulmonary hilum. Dur-
ing the dissection of these branches, attention is given
to the left recurrent laryngeal nerve, a large nerve that
runs opposite to the aortic arch, which it winds around
before ascending to the trachea.

Inferior Bronchial Branches

The left inferior bronchial branches arise from the va-
gal trunk in the hilar region (Fig.9.43,9.44) and pass in
several large bundles over the main bronchus to the
lung. Their dissection can be hampered by the strong
pulsations of the hilar vessels and aortic arch. After
placement of a pleural window over the vagal trunk
(Figs.9.41, 9.42), its course is traced downward from
the aortic arch, and the bundles of the bronchial rami,
which usually issue from the trunk almost at right
angles in this region, are selectively picked up on the
curved electrocautery, isolated from the hilar struc-
tures, and divided. With a complete bronchial vagoto-
my, the vagal trunk can be freely mobilized in the di-
rection of the aorta or even displaced beneath the
descending aorta. Large lymph node packets, fre-
quently anthracotic, can increase the difficulty of the
dissection. Also on the left side, care is taken to protect
the posterior bronchial artery.
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Fig.9.44. Diagram for Fig.9.43: the bronchial branches are
picked up with the electrocautery and divided past their origin
from the main trunk

Right Abdominal Truncotomy (Figs.9.7,9.35, 9.45)

A pleural window is placed on the esophagus caudal to
the azygos arch and main bronchus. At this level the
vagus nerve has already given off the main group of its
bronchial branches and divides into anterior and pos-
terior abdominal trunks, which can be selectively visu-
alized.

Posterior Trunks

The most posterior esophagogastric trunk may pass be-
neath the ascending azygos vein, in which case it must
be lifted out, taking care to protect the nearby thoracic

<

Fig.9.40. Rcgion of the left plcural apex. Below is the aortic
arch, and above is the origin of the subclavian artery, which is
crossed at its origin by the hemiazygos vein. There the main vagal
trunk passes beneath the vein and over the aortic arch and is dis-
tributed within its concavity. At left is the hilar region of the lung

Fig.9.41. A pleural window is cstablished in the concavity of the
aortic arch over the main vagal trunk

Fig.9.42. Here the vagal trunk is dissected frce and can be mobi-
lized for identification. The recurrent laryngeal nerve also arises
at this Ievel, winding below the aortic arch before ascending

Fig.9.43. Vagal trunk cxposcd at a slightly more caudal level.
where the main group of bronchial branches pass to the main
bronchus in the hilar region

Fig.9.45. Right thoracic cavity: caudal to the azygos arch are the
abdominal trunks, which descend on the esophagus past the
origin of the bronchial branches. At right is the partially col-
lapsed lung, at top the azygos arch

duct, whose injury leads to chylothorax. The safest site
for dissection, then, is proximally in the area of the va-
gus nerve division, where the posterior trunks also
tend to be well separated from the azygos vein.

The remaining one or two posterior trunks, usually
of larger caliber, are dissected downward from the va-
gus nerve division (Fig.9.45) while incising the pleura
on the esophagus, picked up from the muscle with the
cautery loop, and transected by electrocoagulation.
Injury to the esophageal wall is easily avoided during
this maneuver unless longitudinal muscle fiber bun-
dles are mistaken for nerve trunks.

Anterior Trunks

The anterior abdominal vagal trunks, usually one or
two in number and of relatively small caliber, can like-
wise be identified caudal to the vagus nerve division on
the esophagus and cut with the electrocautery in con-
ditions requiring total truncal vagotomy, such as an
anastomotic peptic ulcer or jejunal peptic ulcer. With a
primary duodenal ulcer, the procedure can be limited
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to the more selective posterior truncotomy since the
anterior abdominal trunks mainly supply the antral re-
gion.

Left Abdominal Truncotomy (Figs. 9.8, 9.36,9.46)

On the left side as well, the vagus nerve division on the
esophagus can be exposed through a pleural window
placed caudal to the main bronchus and the origin of
the main group of bronchial vagus branches. The dis-
section is more difficult on the left side, because the
nerve usually begins to divide while still on the pul-
monary hilum within the aortic arch; the pulsations of
the aorta, pulmonary vessels, and pericardium trans-
mit motion to the operative field; the mediastinal pleu-
ra is often thickened and fatty; and nodal clusters are
commonly encountered in the hilar region.

Fig.9.46. Left pleural cavity: after placement of a pleural win-
dow, a large posterior abdominal vagal trunk has been pulled
forward from below the descending aorta (at right) and elevated
from the underlying csophagus, where it can be safely divided
just caudal to the hilar region

Posterior Trunks

The posterior abdominal vagal trunks may pass be-
neath the aorta, so that the most posterior esopha-
gogastric trunk between the esophageal wall and aorta
must be pulled forward for safe electrocoagulation.
Unipolar high frequency is contrainidicated near the
aorta, but the LF platinum-iridium cautery can be
used with relative safety. The remaining larger-caliber
posterior trunks, one or two in number, can be dissect-
ed on the esophagus even at a more caudal level.

Anterior Trunks

The anterior abdominal vagal trunks, usually onc or
two in number and of small caliber, can be identified
and sectioned on the esophagus below the level of the
pulmonary hilum in cases requiring total truncal vago-
tomy (e.g., jejunal peptic ulcer; see above, Right ab-
dominal Truncotomy, Anterior Trunks). There is no
danger of esophageal wall injury if the nerve trunks
are bluntly dissected with the cautery loop, picked up
from the muscular coat, and divided with the LF
cautery.

Cardiac Nerve Ramisection

The sympathetic cardiac nerves originate from the
sympathetic trunk between T1 and T4-5. On endo-
scopic microsurgery they can be identified as fine
branches at the ventral ganglionic margin and severed
(Fig.9.47). To ensure that the desired effect is
achieved it is advisable also to inactivate the neural
anastomoses on the subclavian and mammary arteries
by dividing the parietal pleura except for the adventi-
tia. Since the cardiac sympathetic fibers in the sympa-
thetic trunk are long fibers and run through the cervi-
cal ganglia, additional interganglionic divisions may
be performed at T1-2, T2-3, and T3—4 (see “T3 Inter-
ganglionic Sympathectomy” and “T2 Interganglionic
Sympathectomy”, p. 123), if it seems the selective car-
diac nerve ramisection might not be sufficient (fibers
ascending directly to the cervical ganglia!), and pro-
vided there is no contraindication to the cutting of the
sudomotor and vasomotor fibers supplying the cranial
quadrant (face, arm, and upper thorax).

Interruption of the sympathetic cardiac fibers not
only symptomatically eliminates pain in angina pec-
toris but also lower the oxygen cornsumption of the
heart muscle at a given level of cardiac work (Eckstcin
etal.).
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Fig.9.47. Autonomic denervation for angina pectoris. / Division
of sympathetic cardiac nerves at ventral margin of sympathetic
trunk ganglions T1 to T4-5. 2 Ramisection of anastomoses on
subclavian and mammary arteries. 3 Interganglionic sympa-
thectomy at T1-2, T2-3, and T3-4. 4 Division of parasympathe-
tic cardiac rami between vagal trunk and phrenic nerve. 5 Resec-
tion of superficial cardiac plexus on aortic arch

The parasympathetic cardiac rami descend from the
capula of the pleura between the vagus nerve and the
phrenic nerve to the aortic arch, where they form the
superficial cardiac plexus. They are most reliably sev-
ered by dividing the pleura at the aortic arch and re-
secting the cardiac plexus except for the adventitia; at
the latter site some sympathetic cardiac fibers are also
cut.

Interruption of the parasympathetic cardiac fibers
should eliminate the vasoconstrictor effect of the
parasympathetic nervous system on the heart. Com-
bined division of the sympathetic and parasympathet-
ic fibers therefore appears the physiologically most
promising method of dealing with angina pectoris.
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10 Thoracoscopic Ligation of Pleural Bullae and Parietal Pleurectomy
for Recurrent Spontaneous Pneumothorax.
Treatment of Empyema and Pericardiectomy

A.CuscHierI and L. K. NATHANSON

Introduction

Recurrent spontaneous pneumothorax occurs in 4.3
per 100000 patients per year with a male:female ratio
of 5:1. Spontaneous pneumothorax of less than 20 %
hemithoracic volume in an otherwise healthy adult
who is not breathless is best managed by observation
and selective use of oxygen therapy. However, over
70% of patients present with lung collapse greater
than 25 %. Therefore, the majority of patients require
active management with intercostal tube drainage.

Surgical treatment is needed in certain specific pa-
tient groups. It entails the identification of the cause of
the air leak and its closure with maximal preservation
of lung substance, followed by measures directed at
promoting permanent adhesion of the visceral pleura
of the expanded lung to the chest cavity. Thoracotomy
with parietal pleurectomy (or pleural abrasion), with
excision, oversewing or stapling of any visible pleural
blebs and postoperative tube drainage is an effective
and well-validated procedure. A long-term study with
2-8-year follow-up showed no recurrence and no sig-
nificant impairment of the mechanical efficiency of
respiration. However, in this report 7.7 %-16.6 % re-
duction in vital capacity persisted for 2 months and re-
turned to preoperative values only at 5 months. This
was attributed by the author to the trauma of the heal-
ing wound impairing ventilatory function. The smaller
axillary thoracotomy incisions have partially ad-
dressed this problem, but the trade-off is cramped ex-
posure during excision of the pleural bullae and
pleurectomy. Exposure of the pleural cavity with the
thoracoscope linked to the charge-coupled device
(CCD) camera and external video monitor is superb
and is combined with three accessory cannulae for in-
troduction of instruments. The pleural bulla is ligated
in situ, and a pleurectomy is performed by stripping
away the upper two-thirds of the parietal pleural by
sharp and blunt dissection.

Indications and Patient Selection

The indications for thoracoscopic ligation of bullae
and pleurectomy are indentical to those of the stan-
dard open surgical treatment involving thoracotomy.
They are:

1. Failure of the lung to re-expand due to persisting air
leak. This occurs in 4 %-14 % of patients; manage-
ment is by intercostal tube drainage.

2. Ipsilateral recurrence which increases in likelihood
from 16 % after the first episode to 30 % following
the third.

3. Contralateral occurrence.

4. Bilateral simultaneous pneumothorax which is life
threatening.

5. Special-risk groups such as aircrew and divers.

Anaesthesia

General anaesthesia can be performed with standard
endotracheal single lumen tube intubation. Where it is
felt advantageous to use a double lumen tube to aid
collapsing the lung, this can be considered. However. a
portal of entry for gas into the pleural space is still re-
quired. In addition, pleural bullae are best visualised
with only a partially collapsed lung. Furthermore, the
risk of postoperative atelectasis is increased by com-
plete intraoperative collapse of the lung, especially in
patients who have had partial collapse of the lung for
some time preoperatively and in patients with chronic
obstructive airways disease.

Patient Positioning, Skin Preparation
and Draping

The patient is placed on the operating table in the pos-
terolateral thoracotomy position with the arm held ab-
ducted to ensure maximal superior displacement of
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the scapula. The table is split to maximise the spread of
the intercostal spaces.

The skin of the entire chest wall is prepared for
surgery by cleaning with disinfectant soap, followed by
the application of an alcohol-based antiseptic lotion.
Drapes are applied to isolate the operative field which
must extend from the midscapular level superiorly to
the 12th rib inferiorly, and from the sternal margin an-
teriorly to the vertebral column posteriorly.

Layout of Ancillary Instruments
and Positioning of Staff

The surgeon operates facing the back of the patient
with the scrub nurse on the same side but further
down. The assistant stands on the opposite side of the
operating table. The disposition of the associated in-
strumentation is to some extent dependent on the lay-
out of the operating theatre, but, if possible, the elec-
tronic insufflator, light source, telescope warming
system, irrigation system and electrosurgical unit
should be stacked behind the surgeon. Ideally two
television monitors should be used, one opposite the
surgeon and scrub nurse, and the other facing the as-
sistant, both being sited close to the head end of the
operating table.

Specific Instrumentation
and Consumables

In addition to the standard laparoscopic cquipment,
the following instruments should be available: 5.0 mm
forward-viewing telescope, pledget swab holder and
two needle holders (3.0 and 5.0 mm). The important
consumables are preformed chromic catgut endoloops
(Ethibinder, Surgitic), intercostal drain and 3/0 poly-
dioxanone sutures or polysorb sutures mounted on
endoski needles.

Operative Steps
Cannulae Placement

A two-handed dissection technique is essential. For
this reason, four cannulae are needed. The ideal posi-
tion of these is shown in Fig. 10.1. The inferior two are
11.0 mm in diameter for use of the 10.0 mm 30° for-

Fig.10.1. Sitcs for the placement of the cannulae for thoraco-
scopic ligation of bullac and pleurcctomy. The posterior cannu-
lac must be placed anterior to the angle of the ribs to avoid injury
to the intercostal nerves

ward-oblique telescope and insertion of a gauze pled-
get to aid blunt dissection. The upper two cannulae,
both 5.5 mm, are used for the insertion of grasping for-
ceps, scissors and the sutures/ligatures. Correct posi-
tioning of these cannulae is very important. Placement
must be such that, by moving the viewing thoraco-
scope from the anterior to posterior position and by
using unoccupied cannulae for instruments, exposure
as well as instrumental access is available to the entire
upper pleura and lung surface. The use of the 0° for-
ward-viewing optic is not advised because of the rigid-
ity of the thoracic cage. The oblique view allows one to
look around the curvature of the lung and minimise
the amount of instrumental lung retraction required.
In fact, an optic with more oblique forward viewing,
e.g.45° may on occasions enhance the exposure.

Initial Insufflation

Usually, the patient has a pneumothorax present at the
time of surgery or has an intercostal tube drain (ITD)
in place. In the casc of a pneumothorax already being
present, the initial (5.5 mm) cannula is introduced
blindly into the pleural space with care. The lung can
then be collapsed further to improve exposure by con-
nection of the CO; insufflator to this cannula with the
automatic cut-off pressure set at 6 mmHg. If the lung s
fully expanded with an ITD, then initial collapse of the
lung is obtained by connection of this to the insufflator
and allowing 500 ml CO; gas into the pleural space.
The patient is carefully monitored during this phase to
detect any adverse haemodynamic effects consequent
on mediastinal shift due to the raised intrathoracic
pressure. The initial cannula can then be introduced in
the same fashion. If, however, the lung is expanded
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without an ITD, then the initial cannula must be in-
serted under direct vision (see Chap. 8) with the insuf-
flator connected to the trocar. When the oblique tip of
the cannula, as it is rotated, breaches the parietal pleu-
ra, the combined effect of the insufflating gas pressure
and lung compliance results in rapid separation of un-
derlying lung from the cannula tip obviating injury to
the visceral pleura. This process is carefully monitored
visually with the forward-viewing S mm thoracoscope.
Once the first cannula is positioned, the accessory
ones are inserted under direct vision, with the position
from within being apparent by fingertip indentation of
the intercostal space. Penetration is easily controlled
by this technique, and the risk of damage to lung
parenchyma or mediastinal structures is avoided.

Initial Inspection of the Lung

The lung surface is inspected with the 30° forward-
oblique telescope from its apex downwards, looking
for bullae which constitute the most common source of
recurrent air leaks into the pleural cavity. The lung can
be gently displaced with round-tipped instruments to
reveal allits surface. Itisimportant that this inspection
is thorough. In otherwise fit patients with recurrent
pneumothorax, the bullae are predominantly sited in
or around the apical segment of the upper lobe and, al-
though usually multiple, are located close to each oth-
er. In patients with obstructive airways disease, the
position of the bullae and cysts tends to be more
widespread and often involves the lower lobe. There is
a small group of these patients in whom, despite the
presence of a refractory pneumothorax, surface bullae
cannot be identified at thoracoscopy despite a careful
and thorough search (see below). If the leak cannot be
identified, the chest cavity, should be filled with warm
(38°C) Ringer’s lactate solution to identify the site by
the bubbling. It is very important that the solution in-
fused is warmed to the night temperature as otherwise
some bradycardia may be induced.

Ligature/Oversewing of Bullae
Ligation of Apical Bullae

Rapid control of the bullae by ligation is made possible
with the endoloop using chromic catgut and a pretied
Roeder knot (Fig.10.2). The loops with their push-rod
are loaded into the suture applicator and then into the
cannula. Once the loop is in the pleural cavity, the bul-
la is grasped within the loop and held steady while the

Fig.10.2. The preformed endoloop is placed around the base of
the bulla whilst this is help up by the grasping forceps. The Roed-
er slip knot is then tightened and locked in place securing the
base of the bullac. The excess ligature is cut about 1.0 cm from
the knot

Fig.10.3. Completed ligation of the apical bullac

one-way slip knot is tightened against the push-rod
(Fig.10.3). This knot swells as it hydrates so increasing
its ability to resist slipping in the reverse direction. We
have previously demonstrated that chromic catgut
tied with the Roeder slip knot can withstand a tension
of approximately 1000 g before reverse slipping oc-
curs. This is likely to be far in excess of the force cxert-
ed by the pleural bleb, and if any reservation is held, a
second ligature can be easily applied. We emphasisc
that synthetic ligatures used with this knot only sustain
half this tension.
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Oversewing of Large Bullae or Cysts

Large bullac or cysts encountered in patients with ob-
structive airways disease cannot be ligated with the en-
doloop technique. These are closed by the inversion-
oversewing technique using continuous suturing with
3/0 polydioxanone. Although some surgeons practise
excision prior to suturing, this is less satisfactory than
the above. The technique of inversion overscwing is
shown in Fig. 10.4. The techniques for continuous su-
turing are described in Chap.7.

The endo GIA stapler (AutoSuture) is a useful in-
strument. When activated, this stapling device, which
is introduced down the 12 mm cannula, fires two rows
of six staples and has an integral blade which is slid to
divide betwecn the two stapled lines. It is possible to
seal large bullac and cysts with this stapler although
the technique of precise inversion of the cyst wall is not
possible with this device. At this stage one cannot en-
visage any material advantage to the use of the Endo
GIA stapler over the suturing technique described
above in the treatment of large cysts or bullae except
for ease of use.

Fig.10.4a—c. Technique of inversion overscwing for large bul-
lae/lung cysts. a The apex of the bulla or cystis incised over a dis-
tance of 1.0 cm. This results in immediate deflation. The interior
of the bullae is inspected for identifiable bronchiolar leaks which
require individual suturc ligation. b A continuous suturc grasp-
ing 1.0 cm superficial bites of adjacent lung parcnchyma and
perimeter of the cyst wall is used to approximate the edges of the
lung substance together over the inverted wall of the deflated
bullac or cyst. This forms an internal packing filling the inter-
naliscd defect and scaling the suturc line from the inside. ¢ Al-
ternatively the basc of large bullac together with the adjacent
lung tissue is stapled using the endo GIA

Stapling of Bullae and Wedge Pulmonary Resections
There is no doubt that the endo GIA stapler facilitates
closure/resection of large or multiple bullae. Our clini-
cal and experimental studies have shown that better
results are obtained by using the smaller stapler head
(white). The optimal technique for stapler closure/re-
section entails the preliminary apical puncture of the
bulla. With the bulla tented upwards, the stapler is
then placed just below the junction between the walls
of the bulla and the lung parenchyma. The stapler
head is closed and fired in this position. The bulla is
then extracted. Basically the same technique is used
for pulmonary wedge resections. These may require
multiple firing of three or four stapler heads. Often
a combined technique of endo GIA stapling and
endoloop knotting is required.

Parietal Pleurectomy

The pleural strip begins by marking the posterior, an-
terior and inferior limits of the dissection with scissors
division of the parietal pleura. Anteriorly, the limit is
the internal thoracic artery, readily traced down from
the subclavian artery as it arches over the apex of the
thoracic cavity. The posterior limit on the left side is
the lateral border of the thoracic aorta, while on the
right the limit is the azygos vein. The inferior limit is
taken as the level of the inferior two cannulae, which
results in an upper two-thirds pleurectomy.

Grasping forceps lift and steady the pleura whilst it
is initially incised with scissors. Once the avascular
plane is entered, blunt pleural stripping of the chest
wall may be expedited with a pledget introduced
through a reducing tube and 11.0 mm cannula. Anim-
portant aspect of this technique is for the surgeon to
use instruments in each hand while viewing the opera-
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Fig.10.5. Partially completed pleurectomy

tion on the video screen. This gives important tactile
feedback of the force exerted on tissue. As the proce-
dure progresses, the position of the telescope and dis-
secting instruments requires to be changed to allow ef-
ficient dissection. As the pleura is lifted, it is excised in
segments and extracted via the cannula to clear the op-
erative field. Care should be taken at the apex of the
thoracic cage. The sympathetic trunk lying over the
neck of the ribs must be preserved. Injury is possible
by traction on the pleura tenting the chain up, easily
resulting in scissors, diathermy or traction injury. The
upper two-thirds of the pleura can be rapidly dissected
in this way (Fig.10.5). If desired, the lower pleura can
be destroyed by contact with a monopolar diathermy
probe. Any bleeding that occurs can easily be con-
trolled by coagulation or ligature. Blood clots are
washed with warm saline irrigation and the pleural
space aspirated dry prior to completion of the opera-
tion. An ITD is inserted via the anterior 11 mm cannu-
lasite. The cannulae are withdrawn, and the skin is ap-
proximated with interrupted sutures.

In some patients no pleural bullae can be detected.
In this situation, the edges of the lung near the fissures
should be systematically viewed to avoid missing a
small bulla. Once the surgeon is satisfied that no bullae
are present, an extensive pleural strip with endocoagu-
lation of any residual parietal pleura is performed. Al-
ternatives to pleurectomy include abrasion with
polyethylene pledget, electrocoagulation and photo-
coagulation (laser). Argon beam spray coagulation is
the must efficient and quick method. When used it is
important that one of the thoracic access ports is kept
completely open as otherwise a dangerous rise in in-
trathoracic pressure will ensue.

Intraoperative Complications

The lung may be damaged by rough instrumental re-
traction. Unless extensive, this will usually seal post-
operatively without resort to ligature or direct suture.
It is worth emphasising again the importance of avoid-
ing injury to the lung parenchyma or mediastinal
structures during instrument insertion into the pleural
cavity while this is out of the operator’s field of view on
the video screen. This is especially likely to occur when
the optics are close up to the structure during pleural
dissection.

During blunt dissection, the pledget may become
dislodged from its grasping forceps and fall out of view.
This is best prevented by carefully securing the locking
mechanism of the grasping forceps. Itis our practice to
augment the locking mechanism (since this often fails)
by a sterile (autoclaved) rubber band wound round
the handles of the instrument. If dislodgement does
occur and the pledget cannot be immediately found,
the grasping forceps is exchanged for the suction/aspi-
ration cannula. After 30° head-up tilt of the patient,
pressurised warm saline is copiously irrigated over the
lung to wash all blood and clots vigorously. The view is
then directed down to the costophrenic angle, and, af-
ter aspiration of the fluid by the suction cannula, the
pledget will be found. Damage to the intercostal
nerves caused by the trocars inserted through the in-
tercostal space can cause morbidity due to neuralgia.
For this reason, the posterior cannulae should be in-
serted anterior to the angle of the ribs where the
nerves are protected in the intercostal groove. The
conically shaped trocars may also have some benefit
here as they have more of a muscle-splitting effect dur-
ing entry and are potentially less likely to damage mus-
cles, vessels and nerves than sharp pyramidal trocars.

Postoperative Care

Postoperative lung re-inflation is usually rapid with-
out the patchy collapse/consolidation frequently en-
countered after open surgery. We attribute this benefi-
cial effect to the avoidance of handling and retraction
of the lung during endoscopic surgery since the pul-
monary parenchyma can be kept collapsed to the de-
sired level with intermittent CO; insufflation. This,
combined with the free chest wall movement and im-
proved ability to cough, due to avoidance of a thoraco-
tomy wound, often results in full lung expansion and
removal of the ITD by the 2nd postoperative day.
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Pain is minimal and consists of posterior chest wall
and shoulder soreness usually during the first 12 h af-
ter the procedure. It is treated with standard analgesic
medication using intramuscular opiates. Antibiotic
therapy is not administered unless a chest infection de-
velops postoperatively.

In patients with recurrent pneumothorax but oth-
erwise normal lung parenchyma, postoperative recov-
ery is rapid, and discharge from hospital is usually on
the 3rd or 4th postoperative day. Patients with obstruc-
tive airways disease require a significantly longer peri-
od of recovery because full lung expansion is slower
and may take several days to weeks. Often these pa-
tients require positive pressure ventilation for the first
24 h after surgery. The main reason for the delay in
achieving full lung expansion in these patients is due to
the loss of lung compliance in this disorder.

Clinical Results and Discussion

To date, our experience with thoracoscopic ligation
and pleurectomy has been entirely favourable. The
procedure achieves the same early results as those ob-
tained by thoracotomy, and there is no reason to ex-
pect a lower cure rate than that obtained by open
surgery since the same procedure is performed. Our
longest follow-up now extends to 36 months, and
there has been no instance of recurrence of the pneu-
mothorax subsequent to discharge from hospital. The
significant complications encountered in the first
twenty five patients were two: rupture of bulla in the
contralateral lung during the postoperative period in
one patient and intercostal neuralgia in another. In the
latter patient, one of the 5.5 mm posterior cannulae
was inserted behind the angle of the rib and resulted in
damage to thc intercostal nerve. Since that time, we
have ensured that no cannula is inserted posterior to
the angle of the rib and have not encountered a repeti-
tion of this complication. We were particularly im-
pressed with the outcome of a patient with chronic res-
piratory failure due to sevcre obstructive airways
disease who developed a pneumothorax with com-
plete lung collapse unresponsive to conservative mea-
sures. This patient was considered to be unfit for tho-
racotomy. Although it took 2 weeks to achieve full
lung expansion after her thoracoscopic procedure, she
made a full recovery and was discharged from hospital
3 weeks after her operation. We have since encoun-
tered one major complication in a patient who devel-
oped staphylococcal empyema after ligation of multi-
ple bullae.

Fig.10.6. Endophoto of pericardial window for pericardial cffu-
sion

Treatment of Empyema

Currently, using a similar technique, we are evaluating
the thoracoscopic approach to the treatment of tho-
racic empyema. Provided the disease has not reached
a chronic stage, evacuation of pus and debris and
decortication with adequate lung expansion can be
achieved in 70 %-80 % of patients.

Pericardiectomy

The thoracoscopic approach is ideally suited to the
management of patients with pericardial disorders
and effusions. The pericardium can be approached
though the right or left approach although we favour
the latter. The technique involves grasping the peri-
cardium anterior or posterior in the phrenic nerve and
pericardiophrenic vessels using a pericardial hook and
opening it with twin active scissors. A sufficient win-
dow is then cut for biopsy and to decompress the peri-
cardial cavity (Fig. 10.6). A sample of the pericardial
fluid (blood-stained, purulent or clear) is taken for cul-
ture. Following decompression a flexible endoscope
can be introduced for inspection of the myocardium
and inner aspects of the residual pericardial sac.
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Introduction

Oesophageal motility disorders fall into two major
categories: disorders of oropharyngeal transfer and
those which affect the body of the oesophagus and the
lower oesophageal sphincter. They cause a consider-
able amount of symptomatic disability such as dyspha-
gia, odynophagia, regurgitation and non-cardiac chest
pain. In addition, they predispose to the development
of aspiration pneumonitis, especially in patients with
intractable symptoms. This chapter deals with the tho-
racoscopic surgical treatment of motility disorders af-
fecting the body and lower sphincter of the oesopha-
gus.

Motility Disorders of the Oesophageal Body

Motility disorders are further subdivided into specific
and non-specific. The important specific motility dis-
orders are: diffuse oesophageal spasm, symptomatic
oesophageal peristalsis (nutcracker oesophagus) and
achalasia. They have a distinctive manometric pattern
and require specialized oesophageal function tests for
accurate characterization. These investigations in-
clude detailed oesophageal manometry to obtain the
pressure profile within the oesophagus and the re-
sponse to wet and dry swallows, oesophageal transit
studies using a radiolabelled liquid or solid bolus and
24-h ambulatory pH monitoring to establish the pres-
ence or absence of associated acid reflux and defects in
the oesophageal acid clearance mechanism.

Achalasia

The diagnosis of achalasia is usually made by clinical
history, barium swallow, upper gastrointestinal en-
doscopy, manometry and scintigraphic transit studies.
The distinctive manometric features of achalasia are:
elevation of the resting pressure of the oesophagus,
absence of peristaltic contractions in the body of the
oesophagus in response to swallowing, failure of a nor-

motensive or hypertensive lower oesophageal sphinc-
ter to relax on deglutition and increased sensitivity of
the oesophageal smooth muscle to cholinergic ago-
nists.

Diffuse Oesophageal Spasm

This disorder is characterized by substernal chest pain
simulating angina-like attacks or dysphagia or both.
The radiological appearances on the barium swallow
demonstrate localized non-progressive spastic con-
tractions in the body of the oesophagus (rosary bead
or corkscrew oesophagus). Manometry identifies an
increased incidence of non-peristaltic high-amplitude
contractions.

Nutcracker Oesophagus

Nutcracker oesophagus is the second most common
cause of non-cardiac chest pain (normal coronary an-
giograms). It is characterized by peristaltic con-
tractions of increased amplitude and duration.
Oesophageal manometry is essential for its diagnosis
using accepted criteria of mean amplitude of contrac-
tions (>180 mmHg) and duration of contractions
(>7.5s).

The non-specific disorders do not conform to any
specific manometric profile and are often secondary to
oesophageal reflux disease. This is the most common
cause of non-cardiac chest pain.

Management and Indications
for Surgical Treatment

Achalasia

The medical management of patients with achalasia is
unsatisfactory, and relief of dysphagia is obtained ei-
ther from balloon dilation or cardiomyotomy. There is
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considerable controversy regarding the operative or
endoscopic management of the condition. The propo-
nents of balloon dilation resort to surgical treatment
only for failures or recurrence after this procedure.
Others advocate cardiomyotomy in all the patients.
Even amongst surgeons, opinion is divided as to
whether the operation is best performed through the
thorax or the abdominal route and whether an addi-
tional antireflux procedure is needed. Careful review
of the reported literature on the subject indicates the
following:

1. Although the results of balloon dilation are equiva-
lent to those of cardiomyotomy in the short term,
the long-term results are better following surgical
treatment.

2. The incidence of gastro-oesophageal reflux is much
lower after a thoracic cardiomyotomy than after the
abdominal procedure. The low incidence of reflux
after thoracic cardiomyotomy does not justify the
routine addition of an antireflux procedure. This is
an undoubted advantage as any form of fundoplica-
tion is undesirable in patients with defective or ab-
sent effective peristalsis in the oesophageal body.

Nutcracker Oesophagus and Diffuse Oesophageal
Spasm

The current management of patients with non-cardiac
chest pain is unsatisfactory. Most are associated with
nutcracker oesophagus and, less commonly, diffuse

Fig.11.1. Position of the patient for thoracoscopic myotomy: left
postecrolateral approach. The left chest wall is arched upwards by
splitting the table to ensure maximal width of the intercostal
spaces, and the left armis held well abducted

oesophageal spasm. Medical management includes
antireflux medication and the use of nitrates, calcium
antagonists and cimetropium bromide. The relief with
these agents is uncertain, and controlled studies have
found these drugs to be no better than placebo in re-
lieving chest pain associated with diffuse oesophageal
spasm and nutcracker oesophagus. Therapy with cal-
cium channel blockers often precipitates or exacer-
bates existing gastro-oesophageal reflux. Only 5% of
patients with intractable symptoms unresponsive to
medical treatment or who require doses of these
agents producing substantial side effects are referred
for surgical management. This involves long
oesophageal myotomy tailored to the extent of the
manometric abnormality with or without an antireflux
procedure.

Anaesthesia, Patient Positioning
and Preparation

General anaesthesia is carried out with standard endo-
tracheal double lumen tube intubation. The patient is
placed on the operating table in the left prone postero-
lateral thoracotomy position with the arm held well
abducted to ensure maximal superior displacement of
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the scapula. In addition, the operating table is split to
arch the left hemithorax and obtain maximal spread of
the intercostal spaces (Fig. 11.1).

Skin Preparation and Draping

The skin in prepared with medicated soap (Hibiscrub)
followed by the application of skin antiseptic of the
surgeon’s choice. The operative field is draped such
that the entire rib cage is exposed from mid-scapular
level above to the 12th rib below, and the sternal bor-
der anteriorly to the vertebral column posteriorly.

Position of Instrumentation and Staff

The position of the staff and instrumentation in rela-
tion to the patient placed in the prone posterolateral
left thoracotomy position is shown in Fig. 8.2. For most
of the procedure the surgeon operates from the right
side of the operating table.

Details of Specific Instrumentation and Consumables

In addition to the standard laparoscopy set, the follow-
ing are needed:

1. 5.0-mm optic

2. Telescope holder

3. Corrected beam splitter

4. L-shaped electrosurgical hook knife
5. Twin-action dissecting scissors

6. Flexible fibre-optic endoscope

Insertion of Flexible Endoscope

Following induction of anaesthesia, a standard for-
ward or oblique-viewing flexible endoscope is intro-
duced and the tip placed just below the oesophagogas-
tric junction. Once in position, the light is switched off.
This endoscope is subsequently used for two purposes:
identification of the oesophagus in the aortovertebral
gutter by transillumination and endoscopic lifting of
the organ to facilitate exposure and dissection. This
helpful adjunct is advisable for both cardiomyotomy
and long oesophageal myotomy.

Fig.11.2. Position of cannulac

Cannulae Placement

As shown in Fig.11.2, four to five cannulac are used.
The inferior two are 11.5 mm in diameter for use of the
10.0-mm 30° forward-oblique telescope and insertion
of clip applicator and pledget swab for blunt dissec-
tion. The upper two to three cannulae, all 5.5 mm, arc
used for the insertion of grasping forceps, scissors and
electrosurgical hook knife. Accurate placement of
these access cannulae is critical for adequate exposure
and ease of dissection. It is important that the posteri-
or cannulae are placed anterior to the anglc of the rib
to avoid damage to the intercostal nerve which can
produce distressing neuralgia postoperatively.

The first cannula to be inserted is the anterior up-
per 5.5-mm one (fourth interspace). This is carried out
under direct vision using a special technique which ob-
viates the risk of damage to the lung parenchyma (see
Chap.8). The trocar and cannula assembly is intro-
duced through a small stab incision in the intercostal
muscle space. After removal of the trocar, the cannula
is connected to the electronic insufflator set at minimal
flow and a pressure of 6.0 mm Hg. A 5.0-mm telescope
attached to the endocamera is then introduced inside
the cannula such that the tip of the optic lies just proxi-
mal to the oblique tip of the cannula, thereby visualiz-
ing the stretched tissues ahead of the latter device. The
cannula is then carefully “reamed” through the tissues
by rotation with gentle force exerted from the wrist
until the parietal pleura is breached, when the com-
bined effect of the insufflating CO, flow pressure and
lung compliance results in collapse of the underlying
lung away from the cannula tip. The remaining cannu-
lae are then inserted under direct vision after their op-
timal position is ascertained from within by the inden-
tation of the relevant intercostal space.
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Intrathoracic Pressure and Cardiac Monitoring

The safety of the procedure is dependent on the avoid-
ance of mediastinal shift which will occur rapidly and
lead to hypotension and cardiac arrythmias if the pres-
sure within the hemithorax exceeds 8.0 mm Hg. In our
experience, a working pressure of 6.0 mm Hg (prese-
lected on the electronic insufflator) provides this safe-
ty margin and ensures satisfactory lung collapse.

The essential monitoring includes: ECG, central
venous pressure, arterial pressure and urine output. A
Swan-Ganz catheter for monitoring of the pulmonary
wedge pressures and cardiac output is only used in pa-
tients with established heart disease.

Operative Steps

Exposure of the Lower Oesophagus

This step is common to both cardiomyotomy and long
oesophageal myotomy with minor differences which
are outlined below.

The first landmark to be identified is the inferior
pulmonary ligament. This is divided with scissors using
electrocautery to small vessels crossing thismembrane
(Fig.11.3). The identification of the lower oesophagus
is then readily achieved by switching the light source of
the flexible endoscope and dimming the light to the
thoracoscope endocamera assembly.

The mediastinal pleura over the hiatal margin is di-
vided. Several small vessels require control by electro-
coagulation during this step. It is important that a dry
field is kept as even minor oozing results in pooling of
blood in the aortovertebral gutter with impairment of
vision. The dissection of the upper surface of the lower
oesophagus is considerably facilitated by flexing the
tip of the endoscope forwards, thereby lifting the or-
gan from its gutter. Complete mobilization of the en-
tire circumference is unnecessary, the dissection being
limited to exposure of the upper half of the circumfer-
ence of the oesophagus.

Long Mpyotomy for Nutcracker and Diffuse
Oesophageal Spasm. The mobilization of the lower
oesophagus is completed when the phreno-oe-
sophageal membrane and its attachment to the oe-
sophago-gastric (OG) junction have been exposed. At
this stage the vagal trunks are identified and pre-
served.

mediastinum
pericardium

diaphragm

Fig.11.3. Exposurc of the lower ocsophagt.s and OG junction
before division of the inferior pulmonary ligament

Cardiomyotomy for Achalasia. The anterior leaf of the
exposed phreno-oesophageal membrane has to be di-
vided and dissection continued anteriorly until the
OG junction and adjacent lesser curvature of the
stomach are visualized.

Tailored Long Oesophageal Myotomy

Dissection of Body of the Oesophagus. After mobiliza-
tion of the lower oesophagus, further dissection of the
gullet proceeds in a cephalad direction with division of
the mediastinal pleura medial and parallel to the de-
scending thoracic aorta until the lower limit of the aor-
tic arch is reached (Fig. 11.4). This is best performed
with scissors. The inferior pulmonary vein has to be
gently mobilized from the oesophagus and retracted
medially with the lung parenchyma. Once the medi-
astinal pleura is divided, further mobilization of the
anterior half of the circumference of the oesophagus is
needed. For this purpose lifting of the ocsophagus
from the gutter is achieved by traction on the grasped
medial and lateral edges of the cut mediastinal pleura
(Fig.11.4). This is aided when necessary by forward
flexion of the flexible endoscope. This stage of the
oesophageal mobilization is carried cut with a mixture
of scissors and pledget swab dissection. A constant di-
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Fig.11.4. The division of the mediastinal pleura is carricd out
medial and parallel to the aorta and cxtends from the hiatus to
the aortic arch

rect aortic branch to the oesophagus is encountered
just above the inferior pulmonary vein. This vessel is
secured by clipping prior to division. The myotomy is
commenced in the lower oesophagus. At this stage we
consider it safer for the surgeon to resort to monocular
vision directly through the telescope. For this reason
an image-corrected beam splitter (Storz, Tuttlingen,
Germany) is inserted between the telescope and the
endocamera. This allows simultaneous direct viewing
by the surgeon and television monitoring for the assis-
tant and nurse. There is no doubt that both the resolu-
tion and depth perception is incomparably better by
direct viewing. This approach is needed to perform the
procedure with safety in terms of avoidance of perfo-
ration of the oesophageal mucosal tube during the
myotomy.

Mpyotomy. The extent of the longitudinal myotomy is
tailored to the extent of the manometric abnormality.
It often requires extension to the level of the aortic
arch. The myotomy is started at the lower end of the
exposed oesophagus using twin-action scissors until
the submucosal plane is reached. This is then opened
by distraction of the scissor blades (Fig. 11.5). The sub-
mucosal plane is then separated from the muscle
layers using blunt (closed) scissors dissection. The
L-shaped electrosurgical hook is then introduced and

Fig.11.5. The myotomy is started at the lower end using the
twin-action scissors to scparate the muscle fibres until the sub-
mucosal plane is cxposed

Fig.11.6. The L-shaped electrosurgical hook is used to lift,
stretch and tent the muscles away from the mucosal tube before
blender current is applicd
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used to lift, stretch and tent the muscles away from the
mucosal tube before blender current (output 35 W,
blender setting 2) is applied. The tenting of the muscle
layers is crucial since this creates a constriction which,
by altering electrical conductivity, localizes the coagu-
lation process to the cut area (Fig. 11.6). The myotomy
isextended in a cephalad direction until the aortic arch
isreached. Nerves which cross the line of the myotomy
are mobilized and lifted up such that the myotomy can
proceed without their division.

If the lower oesophageal sphincter is normal, it is
left intact; if hypertensive, the myotomy is extended to
the OG junction but not across it. The thoracoscopic
appearance of a completed long oesophageal myoto-
my is shownin Fig. 11.7.

Cardiomyotomy

The myotomy is limited to the lower 4.0-5.0 cm of the
oesophagus and includes the OG junction and adja-
cent 1.0 cm of stomach wall (Fig.11.8). It is com-
menced in the lower oesophagus as described above
using twin-action scissors until the submucosal plane is
used. As the OG junction and stomach are reached,
the myotomy becomes more exacting technically be-

Fig.11.7a,b. Completed long oesophageal myotomy. a En-
dophoto; b drawing

cause the submucosal plane is not as well developed as
in the oesophagus. However, with careful dissection
and lifting and use of monocular vision, it is feasible to
extend the myotomy onto the adjacent stomach wall
without mishap. It is preferable to accept a certain
amount of oozing from the cut muscle edges than to
persist with repeated electrocautery to obtain abso-
lute haemostasis during this stage of the procedure be-
cause of the risk of inadvertant mucosal perforation. If
oozing does become a problem, control with a pledget
swab introduced through the 11.0-mm cannulainside a
reducer tube deals effectively with this problem. If the
gastric mucosa is accidentally perforated, then a single
interrupted suture using 3/0 black silk is used to close
the defect.

Insertion of Nasogastric Tube
and Indwelling Chest Drain

At the end of the procedure, the endoscope is with-
drawn and replaced by a nasogastric tube. This is guid-
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Fig.11.8. Extcnt of myotomy for achalasia

ed down the oesophagus into the stomach under visual
control to eliminate the possibility of perforation of
the exposed mucosal tube. The hemithorax isirrigated
with warm isotonic Ringer’s lactate (38°C) to clean
the aortovertebral gutter. A chest drain is inserted
through one of the access cannulae and the lung inflat-
ed. Recently we have abandoned the use of a nasogas-
tric tube. Before the flexible endoscope is removed,
insufflation of air distends the mucosa and confirms its
integrity.

Removal of Cannulae and Closure of Wounds

The cannulae are then removed. The stab wounds are
infiltrated with bupivacaine and the edges approxi-
mated with subcuticular dexon.

Postoperative Care

The patients arc kept in the recovery ward for 6 h and,
if stable, are then transferred to the surgical ward. A
chest X-ray should demonstrate full lung inflation at
this stage. The re-expansion of the lung is rapid and
uncomplicated in these patients because there is little

Fig.11.9. Appearance of the chest wall 4 weeks after thoraco-
scopic myotomy

mechanical compression of the pulmonary parenchy-
ma during the operation.

The nasogastric tube is removed on the 1st postop-
erative day and oral fluids started if the second chest
film confirms continued full lung expansion and ab-
sence of extravasated air or fluid leaks. The chest drain
is removed on the same day. If satisfactory progress is
maintained, oral feeding is started on the 2nd postop-
erative day. Pain is usually minimal and consists of
chest soreness during the first 12 h. It ismanaged by in-
tramuscular opiate injections administered as rc-
quired.

Patients are usually fully ambulant by the Ist post-
operative day and are discharged on the 4th day after
the operation.

Clinical Results

The series to date is small and consists of 10 patients
who underwent tailored oesophageal myotomy (six
nutcracker, two diffuse oesophageal spasm), and two
underwent cardiomyotomy for achalasia. The appear-
ance of the chest wall at 4 weeks after the procedure is
shown in Fig.11.9. There have been no instances of
post-thoracoscopy pain, and recovery was quick with
return to full activity by 2-3 weeks.

Symptomatic review at the outpatient clinic during
a follow-up period which averages 6 months has con-
firmed complete relicf of non-cardiac chest pain and
dysphagia in patients with nutcracker oesophagus and



148 A. Cuschieri et al.: Thoracoscopic Oesophageal Myotomy for Motility Disorders

diffuse oesophageal spasm. One patient (a smoker) in
this group developed epigastric pain and was found to
have duodenal ulceration; he has responded to raniti-
dine therapy.

Complete relief of dysphagia has been obtained by
the achalasia patients who have no dietary restrictions.
To date, these patients have not complained of any re-
flux symptoms. One of the two patients treated for
achalasia by thoracoscopic myotomy continued to
have some dysphagia. This was due to in complete
division of the muscle evats across the gastro-
oesophageal junction. We now prefer is perform car-
diomytomy through the laparoscopic approach.

Comment

The most common motility disorder responsible for
non-cardiac chest pain is the nutcracker oesophagus
whichis found in27 %—48 %. The exact mechanism re-
sponsible for the pain remains unknown although the
findings of a recent study on the capacity of the
oesophageal blood flow to rewarm the oesophagus af-
ter a cold challenge are suggestive of ischaemia result-
ing from the high-amplitude contractions or spasm.

A collective review of the long oesophageal myoto-
my involving 199 operations from ten reports between
1964 and 1982 showed that this procedure resulted in
symptomatic relief in 77 % of patients suffering from
hypermotility disorders. Nonetheless, this operation is
infrequently performed for symptomatic hypermotili-
ty disorders despite the generally acknowledged view

that medical therapy is unsatisfactory in a substantial
cohort of patients, certainly far in excess of the 5%
who are treated surgically. The reason for the reluc-
tance to resort to surgical management probably
stems from the need for an extensive thoracotomy.
There is no doubt that, apart from the morbidity and
prolonged convalescence, thoracotomy is frequently
accompanied by intractable chest pain including neu-
ralgia which is difficult to treat and often necessitates
referral to specialist pain clinics. Restricted shoulder
movement due to scapular fixation and a frozen shoul-
der joint are also common after thoracotomy and ac-
count for a significant disability and reduced capacity
for work.

The initial experience with the thoracoscopic ap-
proach has shown that an extensive tailored myotomy
can be achieved with safety and good symptomatic re-
lief with rapid recovery, early discharge and accelerat-
ed convalescence. The thoracoscopic myotomy per-
formed on our patients was not accompanied by an
antireflux procedure as the endoscopic procedure
does not disturb the normal anatomy of the lower
oesophagus. Longer follow-up is needed to determine
whether reflux with defective clearance is induced by
the tailored thoracoscopic myotomy in these patients.
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12 Perivisceral Endoscopic Oesophagectomy

G. Buess, H. D. Becker,and G. Lenz

Introduction

Carcinoma of the oesophagus is one of the most malig-
nant tumours of the gastrointestinal tract. Patients
with this disease have risk factors which mean they
withstand major surgery poorly. Typically, surgery re-
quires thoracotomy, resection of the oesophagus and
lymph nodes, and mobilization of the stomach by ex-
tensive laparotomy. The anastomosis of the prepared
stomach to the cervical oesophagus is performed in
the neck.

The need for lymph node clearance is controver-
sial. Clinical studies have not shown a clear-cut benefit
for this, and the anatomy of the mediastinum does not
allow complete resection of all mediastinal lymph
nodes.

The thoracoabdominal approach in these frail pa-
tients leads to significant postoperative pulmonary
complications resulting in high mortality. Several
groups interested in minimizing the trauma of the tho-
racotomy changed to blunt oesophageal dissection.
Avoidance of thoracotomy meant that the dissection
was performed without visual control.

The aim of decreasing complication rates by using
this technique has not been borne out by current re-
ports of results. The reason for this is probably the in-
creased tissue damage of the mediastinum during
blind dissection. Using experimental animal studies
we have shown major cardiopulmonary and other ef-
fects caused by both conventional techniques; on the
other hand, endoscopic microsurgical dissection of the
oesophagus (EMDO) had much less influence on
these parameters.

After the establishment of clinical transanal endo-
scopic microsurgery (TEM) in 1985, we went on to
develop the instrumentation required for EMDO and
performed extensive animal studies. This operative
technique is called EMDO according to its developers
Buess, Kipfmiiller, Naruhn and Melzer. Its first clinical
application was in 1989, performed by Buess and
Beckerin Tiibingen.

Indications
and Preoperative Investigations

Indications

A definite statement of the indication for EMDO is
not possible so soon after clinical introduction of the
technique. After the successful initial phase, where
operations were limited to patients with T1-3 tu-
mours, the indications have now broadened to include
tumours of any size and location where preoperative
work-up does not show evidence of invasion of vital
structures.

Preoperative Investigation

The routine diagnostic work-up includes: barium
meal, oesophagoscopy with biopsy, anteroposterior
and lateral chest X-ray, computed tomographic scan of
the chest and upper abdomen, lung function tests and
cardiac assessment. Regarding biochemical investiga-
tions, liver function impairment is taken to be of par-
ticular importance. In our collective series of patients
in Tiibingen, portal hypertension on the basis of alco-
holism is often seen.

Endoscopic findings should give exact tumour lo-
calization and information of its extent. Evidence for
perioesophageal infiltration of adjacent organs is not
reliably demonstrated by computed tomographic
scan. Endoluminal ultrasound is at present unques-
tionably better at indicating the depth of invasion.
This information is of utmost importance for the accu-
rate use of ES. Using mediastinoscopic dissection, the
operative exposure is limited, and evaluation by tactile
palpation, as in all ES procedures, is not possible.



150 G.Buessetal.

Preoperative Preparation
and Patient Consent

Preoperative Preparation

Smokers are advised to stop smoking. Patients with
obstructive airways disease should have intensive
preparation with physiotherapy and medical treat-
ment.

Patient Consent

The risk of complications using EMDO is essentially
the same as in conventional surgery. In addition, con-
sent for conventional thoracotomy is discussed, as
conversion from EMDO may be required in certain
situations. Understanding the nature of the conven-
tional procedure, the patients must have stated a pref-
erence for EMDO.

Anaesthesia!

During preoperative evaluation, carefully watch for
dehydration, hypovolaemia, anaemia, hypokalaemia
and hypomagnesaemia. Most of the patients are high-
risk cases, often with reduced general health, poor
nutritional status due to dysphagia and cachectic dis-
ease, alcohol dependency with reduced liver function
and other related diseases, habitual smoking accom-
panied by chronic bronchitis and reduced lung func-
tion. Patients on total parenteral nutrition may devel-
op intraoperative hypoglycaemia after discontinua-
tion of high-concentration glucose solutions; these
patients may also require increased ventilation due to
the significantly increased CO, production because
of lipogenesis, and postoperative weaning from the
respirator may be difficult.

Patients with oesophageal diseases tend to regurgi-
tate and aspirate. Special attention is required in cases
of obstruction or stricture of the oesophagus when la-
ryngeal reflexes are impaired. An empty stomach is no
guarantee of an empty oesophagus! In case of doubt, a
large nasogastric tube is inserted and the stomach and
oesophagus aspirated before induction of anaesthesia;
confer with the surgeon and be careful: there is risk of
injury.

Endobronchial (one-lung) anaesthesia, often used
in oesophageal resection with laparotomy and right-

! The following section was written by G.Lenz.

side thoracotomy, is unnecessary in the case of endo-
scopic dissection. Access to the patient is, however,
considerably reduced in the two-cavity procedure with
two operating teams. Almost all of the patient except
for the right arm is draped, and access to the nose-
mouth area, endotracheal tube and gastric tube is
markedly reduced.

General endotracheal anaesthesia. is often com-
bined with continuous thoracic epidural anaesthesia
which is performed before the induction of general
anaesthesia. It is best to treat the patient as a “full-
stomach” case and perform a rapid sequence induc-
tion with high-capacity suction at hand. Orotracheal
intubation is performed with a non-kinking spiral
tube. Large-lumen venous cannulae (right forearm in
particular), a central venous catheter or Swan-Ganz
catheter (right jugular vein in particular) and an arteri-
al cannula (right radial artery) are inserted. After con-
sultation with the surgeon, a large-lumen gastric tube
(30 French) isinserted. Bladder catheterization, rectal
temperature monitoring, and eye protection are also
performed. Pulse oximetry and expiratory CO, moni-
toring should also be performed. Balanced anaesthe-
sia is performed with good muscle relaxation, especial-
ly to prevent coughing or pressing during endoscopic
dissection.

The close anatomical interrelationships between
the endoscopic operative field and major structures
(trachea, bifurcation, bronchi, heart, major vessels,
parasympathetic fibres) pose the risk of possible com-
plications: reflex bradycardia, arrhythmia, cardiovas-
cular depression, massive problems with mechanical
ventilation. Intraoperative tendency to atelectasis is
increased by intrathoracic manipulations and intra-
abdominal procedures; this leads to pulmonary shunt-
ing due to an impaired ventilation: perfusion ratio.
Ventilation problems can also result from compres-
sion of trachea or bronchi due to leverage from the en-
doscope during preparation. Most of these problems,
however, subside after temporary interruption of ex-
treme endoscopic manipulations; massive haemor-
rhage and pneumothorax have not occurred in our pa-
tients. Postoperatively, the patient is transferred to the
intensive care unit. Overnight ventilation is recom-
mended, especially in the presence of pulmonary
pathology and weaning problems. Extubation should
be performed when the patient is awake and sitting,
since postoperatively there may be no barrier against
reflux and aspiration. Delirium should be anticipated
in alcoholic patients.
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Patient Positioning, Skin Preparation
and Draping

Patient Positioning

The operation is performed simultaneously by two
teams of surgeons. The patient is positioned in the fol-
lowing way: using the supine position the thorax is ele-
vated on the right with a 5-cm thick support allowing
skin preparation to the posterior axillary line. The
head is rotated to the right and fixed in position to the
operating table with adhesive surgical tape. This
preparation allows both operating teams to work with-
out hindering cach other, and rapid conversion to an
anterolateral thoracotomy is possible during the medi-
astinal dissection (Fig. 12.1).

Skin Preparation and Draping

After shaving the operative site, the skin from the
symphysis pubis to the chin and laterally to the posteri-
or axillary line is washed with antiseptic solution and
covered with sterile adhesive drapes (Fig. 12.2).

Fig. 12.1. Positioning on the operating table. The right thorax is
elevated approximately 5 cm. the head turned to the right and se-
cured with adhesive surgical tape

Fig. 12.2. Draping the operative site. Isolation from the anaes-
thetic area is achieved by a frame covered by drapes

The mediastinal operating team is isolated from the
anaesthetic area using a frame covered with sterile
drapes allowing access to the left side of the neck.

Layout of Ancillary Instrumentation
and Positioning of Staff

Positioning of Staff

The operation is performed simultaneously by the two
operating teams. The surgeons performing the gastric
mobilization occupy their usual positions, the medi-
astinal surgeon sits on the left side of the thorax with
the assistant standing next to him/her. The mediastinal
scrub nurse/technician changes position during the op-
eration: during exposure of the oesophagus via the
cervical incision he/she hands instruments to the sur-
geon and assistant (Fig. 12.3 a). During endoscopic
mediastinal dissection he/she stands behind and to the
right of the surgeon in order to correctly hand over and
remove the long straight instruments (Fig. 12.3b).

Arrangement of Ancillary Instrumentation

Instruments for the mediastinal dissection are ar-
ranged on two instrument tables. Conventional instru-
ments are used for the neck exposure. During the me-
diastinal dissection, the mediastinal instrument table
is placed to the left of the surgeon.

The video equipment, xenon light source, and suc-
tion and irrigation equipment is placed on a separate
bench (we use the TEM unit).
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Fig. 12.3 a, b. Positioning of the operating team, a During cervi-
cal exposure, the scrub nurse stands between the mediastinal
surgeons. b During the mediastinal dissection, the scrub nurse
stands to the right and behind the surgeon. The handover of in-
struments must be in line with the mediastinoscope

The front lens is cleaned by the assistant using irri-
gation controlled by a foot pedal. The monopolar
diathermy cable used during the mediastinal dissec-
tion is simply connected into the classical handle for
the conventional exposure of the neck.

Specific Instrumentation

Operating Mediastinoscope

The space for the endoscopic operation is created by
mechanical distraction of tissue planes. Initially space
must be prepared by open dissection, and, once

enough space for the tip of the mediastinoscope is cre-
ated, the operation field is exposed bty the “olive™. To
achieve this we have designed a new operating medi-
astinoscope which has a central working channel and a
shaped olive at the tip which exposes the field during
the operation (Fig. 12.4 a).

We developed a circular olive during a long phase
of experimental operations. In experimental studies,
exposure with this olive (Fig. 12.4b) was very good;
however in the small compact mediastinum in hu-
mans, a good result could not be obtained. The circu-
lar cross-section of the olive resulted in a poor
overview of the oesophagus which was pushed too far
aside during dissection. We therefore altered the
olive’s cross-sectional shape in such a way that it occu-
pies much less space, and the grooved region main-
tains the oesophagus in a central position (Fig. 12.4 c¢).
This olive can be rotated around the endoscope so that
the instrument can be moved around the circumfer-
ence of the oesophagus, keeping it in a stable position
during dissection.

Instruments are introduced down the instrument
channel of the mediastinoscope. In cross-section the
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Fig. 12.4 a—c. The opcrating mediastinoscope. a The operating
mecdiastinoscope showing the angled handle, cyepicce and distal
dilating olive. b The early circular olive did not allow ideal
oesophagcal centralization. ¢ The final version of the dilating
olive makes dissection casier by centralization of the oesophagus

instrument channel measures 8x12 mm (Fig. 12.5).
Within the mediastinoscope a lens irrigation system is
integrated, allowing its cleaning at any time during the
operation.

The forward-viewing optic has an opening angle of
72 ° and is a lengthened laparoscopic instrument. The
eyepiece end of the opticis angled at 60 °.

Surgical Instruments

Only one instrument can be introduced via the central
instrument channel. When any bleeding is revealed by
the sucker, the time taken to change instruments could
lead to a critical loss of view. This problem is overcome
by simple combination of instruments.

Fig. 12.5. A cross-section of the operating mediastinoscope. The
working channel is an incomplete circle
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d

Fig. 12.6 a—d. The combination sucker. a Sucker showing grasp-  position of the grasping forceps. d The tapered shaft of the front
ing forceps within it. b The grasping forceps withdrawn intothe  piecc of the sucker with a non-insulated tip
wider diameter area. ¢ Enlarged view of the ring for the neutral
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Combination Sucker with Central Instrument
Passage

A suction cannula of 8-mm outside diameter (Fig.
12.6a) tapers down at the tip to 5-mm internal dia-
meter. The operating instruments can be introduced
down this channel and retracted back within the wider
bore segment of the sucker (Fig. 12.6b) if suction and
coagulation are required. Small ridges on the central
instrument shaft allow it to be steadied by the rubber
seal of the sucker (Fig. 12.6¢). The avoidance of instru-
ment change-over by this system thus saves time. The
non-insulated tip of the sucker is fashioned in such a
way that vascular pedicles are centralized during dis-
section and coagulation (Fig. 12.6d).

Instruments Used Down the Combination Sucker

The forceps for monopolar coagulation (Fig. 12.7b) is
used to grasp exposed vessels and coagulate them. In
addition, it grasps the plastic tube used to pull the tran-
sected oesophagus down and the mobilized stomach
up for interposition. On the handle is a socket for the
attachment of a diathermy cable. The shaft of the for-
cepsisinsulated, while the jaws are grooved accurately
and have a roughened surface.

The forceps for bipolar coagulation is used for coag-
ulation of isolated vessels, especially in those cases
where monopolar coagulation could be expected to
exacerbate existing cardiac rhythm disturbances.
However, to date we have not encountered clinical

Fig. 12.7 a—¢c. The opcrating instruments. a Insulated scissors;
b insulated forceps for monopolar coagulation: ¢ combination
sucker

problems using monopolar high-frequency coagula-
tion.

The jaws of the scissors (Fig. 12.7a) are straight and
used to cut non-vascular structures or those which
have already been coagulated. Using a specially de-
signed Clip applier, vessels can also be clipped.

Steps of the Operation

Simultaneous Procedure

The abdominal and mediastinal operating teams begin
simultaneously. Abdominally the stomach is mobi-
lized in preparation for pulling up, as in the conven-
tional procedure. Special attention is paid to maintain
a good blood supply to the whole stomach and provide
enough mobilization to allow tension-free anastomo-
sis in the neck.
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Mediastinal Dissection in the Tumour-Free Region

Beginning at the suprasternal notch, the skin incision
is made for approximately 10 cm along the anterior
border of left sternocleidomastoid muscle. Taking
care the external jugular vein is not damaged, the strap
muscles are divided in the direction of the muscle fi-
bres, and the omohyoid muscle is transected. The lat-
eral thyroid capsule is exposed, and the crossover of
the inferior thyroid artery and recurrent laryngeal
nerve is displayed. Below this crossover, the oesopha-
gusis exposed by careful blunt dissection from the pos-
terior aspect of the trachea and prevertebral fascia.
After dissection around the right side of the oesopha-
gus using a blunt right angle, a silicon sling is placed
around the oesophagus.

The oesophageal dissection continues just outside
the plane of the longitudinal oesophageal muscle fi-
bres. Using pledget dissection, the loose areolar tissue
surrounding the oesophagus is separated revealing
vascular structures which are grasped by forceps and
diathermied using monopolar coagulation. This dis-
section is continued for 2-3cm inferior to the
suprasternal notch, creating enough space for the in-
troduction of the operating mediastinoscope.

At this point the change is made from the conven-
tional operating technique to the endoscopic tech-
nique. The instrument table with the instruments for

- oesophagus

mediastino-

Fig. 12.8a-d. The landmarks during mediastinal dissection.
a Posterior, between spine and oesophagus. b Endoscope posi-
tioned on the left side of the oesophagus with the aorta laterally.
¢ Anteriorly, between the oesophagus and trachea. d Placed on
the right side of the oesophagus, pleura to the right

endoscopic dissection is correctly positioned and con-
nected to the ancillary instruments (Fig. 12.3b). The
scrub nurse/technician then positions him/herself be-
hind and to the right of the surgeon, allowing optimal
handing over and receiving of the endoscopic instru-
ments. The assistant surgeon helps by providing opti-
mal traction on the oesophageal silicon sling, by acti-
vating the diathermy and by irrigating the front lens as
required using a foot pedal.

Perioesophageal Dissection

Anterior traction on the oesophagus is achieved by the
assistant using the silicon sling, thus providing space
posteriorly for the introduction of the medi-
astinoscope olive. Initial olive introduction is guided
digitally and may be made easier using a small right-
angled retractor. At this stage, the groove of the olive
is oriented anteriorly and so it partially encircles the
posterior oesophagus, centralizing it (Fig. 12.8 a).
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Fig. 12.9. Dissection between oesophagus and trachea. The
white cartilages of the trachea in the upper half of the image (see
Fig.12.8¢)

With the combination sucker, blunt dissection pos-
terior to the oesophagus is started (Fig. 12.10a). By
careful pushing movements (Figs. 12.10b,12.11) of the
combination sucker, the loose areolar plane between
the oesophagus and surrounding structures is separat-
ed, taking care to remain close to the longitudinal
oesophageal muscle fibres. Space is created by me-
chanical distension provided by the olive. Exposure is
thus maintained for further dissection (Fig. 12.10 ¢).

Ongoing dissection displays strands of tougher con-
nective tissue passing obliquely from above into the
wall of the oesophagus (Fig. 12.14b). These tissue
bridges may be connective tissue with a suspensory
function or vagal branches. Identification as a branch
of the vagus is possible if the vagal trunk is exposed.

Those bridges that appear not to contain vessels are
placed under traction by forward pressure by the me-
diastinoscope (Fig. 12.14a). Muscle fibres will avulse
from the oesophagus if these bridges are not initially
cut with scissors (Fig. 12.14 b).

If, after blunt separation of the mediastinal areolar,
tissue vessels are seen (Fig. 12.10c), they have to be
controlled by coagulation (Fig. 12.12) before division
(Figs.12.10e,f,12.13). Experience has shown that ves-
sels greater than 1-mm in diameter require coagula-
tion using grasping forceps (Fig. 12.10 e, 12.12). Using
this technique the vessels are first mechanically com-
pressed and then coagulated. Alternatively a clip ap-
plier can be used.

The dissection of the left side (Fig. 12.8b) of the
oesophagus follows the same principles, but starts
again in the neck after repositioning of the olive. The
perioesophageal space is dissected by visual orienta-
tion of the longitudinal oesophageal muscle fibres.
Landmarks to the left are the aortic arch and descend-
ing thoracic aorta.

The anterior dissection (Fig. 12.8 ¢, 12.9) again com-
mences from the neck. The olive is introduced be-
tween the trachea and the oesophagus with its groove
again oriented towards the oesophagus. Landmarks
during this dissection include the posterior wall of the
trachea and the ridges of the cartilaginous tracheal
rings.

The dissection of the upper half of the oesopha-
gus is completed by dissection on the right side
(Fig. 12.8d). Keeping the plane of dissection close to
the muscle fibres, the azygos vein situated laterally is
normally not exposed.

Below the tracheal bifurcation, the movements of
the lung surface are clearly visible through the translu-
cent parietal pleura. The thin pleura is often breached
during dissection at this point. Providing the mediasti-
nal dissection is haemostatic, pleural drainage is not
required.

Dissection in the Region of the Tumour

Prior to the operation, accurate information about the
anatomical site and depth of tumour invasion is re-
quired by the surgeon. The best available information
is provided by endoluminal ultrasound. During dissec-
tion around the tumour, fibrous tissue encountered
will be more dense. To ensure complete tumour re-
moval, the plane of the muscle fibres can no longer be
followed, and a margin of perioesophageal tissue must
be resected with the specimen.

If difficulties with orientation occur, further dissec-
tion should be continued in another quadrant of the
oesophagus. By finding an area without tumour infil-
tration outside the oesophagus, the plane of dissection
can be re-established. Dissection of the oesophagus
down one side distal to the tumour facilitates the dis-
section of the whole tumour-bearing area.

Careful probing of the areolar tissue outside the tu-
mour with the combination sucker helps in identifying
the plane of dissection. Further division of adherent
fibrous tissue is begun proximally. With advanced
tumours, the dense fibrous tissue identified by the
sucker has to be divided by scissors. Identifiable ves-
sels within the fibrous tissue are coagulated before di-
vision.
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Fig. 12.10a-f. The perioesophageal dissection. a An overview  areolartissue. ¢ By carcful probing of the perioesophageal areo-
showing the olive being placed posterior to the oesophagus. lartissue, space is created and held apart by the olive
b The suction probe is then advanced to the perioesophageal
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f

Fig. 12.10. d Small vesscls and arcolar tissue connections which  trolled with either monopolar or bipolar coagulation. f A co-
may contain vessels arc controlled by sucker coagulation.  agulated vessel being divided by scissors
e Larger vesscls are grasped with insulated forceps and con-
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Fig.12.11. Dissection of the oesophagus using the sucker. Longi-
tudinal fibres of the oesophagus in the lower half of the image
(see Fig. 12.10b)

Fig. 12.12. Vessel is grasped by the monopolar forceps. Oeso-
phagus on the right side (see Fig. 12.10 ¢)

With tumours of the distal third of the oesophagus,
tumour dissection is alternately performed by the me-
diastinal and abdominal surgeons.

The initial abdominal step is to expose the hiatus.
With small tumours, blunt dissection upwards may be
all that is required, while more advanced tumours may
be dissected under vision from below with a right-
angled retractor.

Similar to combined synchronous abdominoper-
ineal excision of the rectum, the plane of dissection
may be demonstrated from above using the mediasti-
nal combination sucker or olive position. This plane is

Fig.12.13. Coagulated vessel is cut by scissors (see Fig. 12.10f)

entered from below by the abdominal surgeon’s finger
(Fig. 12.15). The decision as to who continues further
dissection is made on the basis of which surgeon has
the best access. With advanced tumours the additional
information provided by the abdominal surgeon’s dig-
ital assessment improves the safety of the mediastinal
surgeon’s dissection. Digital dissection from below
may identify vascular bridges requiring coagulation
and division from above. Finally, the remaining tissue
bridges can easily be dealt with during the following
step of the dissection.

e

Fig. 12.14 a, b. Dissection of the oblique connecting strands to
the oesophagus. a Excessive traction on these fibres causes mus-
cle avulsion. Bleeding obscures the view. b Early exposure of
the oblique connecting strands, followed by coagulation and di-
vision

Fig. 12.15. Identification of the plane of dissection behind the
tumour by digital contact between the finger of the abdominal
surgeon and combination sucker
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12.14 a

12.15



c

Fig. 12.16 a—c. Preparation for folding of the oesophagus.  diastinoscopiccontrol. ¢ Structuresstill attached to the oesopha-
a Pulling the plastic tube up from the hiatus. b After GIA oe-  gusare placed in traction, coagulated and divided
sophageal transection, the oesophagus is folded over under me-
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Fig. 12.17. Pulling the plastic tube up from the hiatus, fingers of
the abdominal surgeon (sec Fig. 12.16 a)

Dissection After Folding of the Oesophagus

Initial preparation is made by advancement of the me-
diastinoscope to the hiatus. The abdominal surgeon
places a plastic tube within the view of the medi-
astinoscope. Under vision this is grasped by the jaws of
grasping forccps and the mediastinoscope is with-
drawn to the neck (Fig. 12.16 a, 12.17). The nasogastric
tube within the oesophagus is withdrawn by the anaes-
thetist. Using traction on the silicon sling around the
cervical oesophagus, the mediastinal surgeon trans-
ects the oesophagus approximately 3 cm distal to the
inferior thyroid artery using a GIA stapler. Prior to
transection, the mediastinal oesophagus is sutured to
the plastic tube with strong suture material.

By gently pulling on the plastic tube, the oesopha-
gus folds on itself. The mediastinoscope is inserted to
follow this process visually (Fig. 12.16 b). At this stage
of the operation, the space available is greater than
during perioesophageal dissection and allows a superi-
or view for the mediastinal surgeon. Tension on re-
maining adherent fibrous connections exerted by the
abdominal surgeon allows their easy identification,
exposure and division (Fig. 12.16 ¢). The extraction of
the oesophagus down to the hiatus is controlled by the
mediastinoscope, and the specimen is removed with a
small cuff of stomach. The specimen is then opened.
displayed and photographed.

The posterior mediastinum is displayed by the ab-
dominal surgeon inserting a swab mounted on a grasp-
ing forceps up to the tracheal bifurcation (Fig. 12.18).
By following the swab as it is slowly withdrawn by the
mediastinoscope, an optimal view of the oesophageal
bed is obtained. Control of blecding is ensured by co-
agulation so that at the end of this step definitive
haemostasis is attained.

Abdominal Pull-Through and Cervical Anastomosis

With a plastic tube securcly sutured to the stomach,
the mediastinoscope is used to pull the plastic tube up
to the neck. Avoiding twisting of the stomach, it is
carefully pulled up through the posterior mediastinum
to the neck. With the upper part of the stomach re-
maining at the suprasternal notch without tension, an
anastomosis to the cervical oesophagus is performed

Fig. 12.18. Final control of blecding within the mediastinum.
The exposure is facilitated by a swab mounted on grasping for-
ceps controlled by the abdominal surgeon
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Fig. 12.19. The stomach is pulled to the neck and an end-to-end
anastomosis performed

using a two-layered end-to-end technique (Fig. 12.19).
On completion, drains are inserted to the cervical
anastomosis and subphrenic region.

Postoperative Care

In the early postoperative period monitoring is per-
formed in the intensive care unit. Assisted ventilation
is provided for a minimum of 24 h. Daily chest X-rays
are performed to identify pleural effusions. Where
uncertainty about the presence of a pleural effusion
exists, ultrasound examination is performed. Pleural
effusions greater than 300 ml have to be drained.
Between the 7th and 10th postoperative days, the
anastomosis is checked by a Gastrografin swallow,
thereafter oral intake commences.

Results

Using the EMDO technique, from September 1989 to
October 1990 we operated on 17 patients (15 males
and two females) suffering from oesophageal cancer.
The average age of the patients was 54.1 years (range,
47-73); mean symptom duration was 4 months. The
majority of tumours were located slightly below the
level of the aortic arch. Two were located in the upper
third, eight in the middle third and seven in the lower
third of the oesophagus.

Histologically 15 were squamous cell carcinomas
and two adenocarcinomas. The postoperative tumour
staging revealed six T1, four T2 and seven T3 tumours.
Lymph node status was not determined, as lymph
node clearance was not attempted.

The average total operating time was 205 min, 61 of
which was the average duration of the endoscopic dis-
section. In all cases intraoperative blood loss during
mediastinal operation was less than 200 ml.

At commencement of clinical application of
EMDO, chest tubes were routinely placed when pleu-
ra was opened during dissection. As expericnce was
gained, we decided to place the tubes only selectively.
Of our last ten patients, only three required pleural
drainage when pleural effusions macle this necessary
in the postoperative period. Thoracic duct leakage oc-
curred in one patient and could be controlled endo-
scopically without evidence of problems postopera-
tively. The stomach was anastomosed to the cervical
oesophagusin 16 patients, with one having a jejunal in-
terposition.

No intraoperative problem was encountered dur-
ing mediastinal dissection, but one death occurred
postoperatively. This was unrelated to surgery and was
caused by complications resulting from a septic throm-
bosis induced by a central line. This was only discov-
ered at postmortem examination.

Postoperative recovery was marked by better tho-
racic wall movements and lower analgesic require-
ment. Phase II-type studies of these benefits in recov-
ery are under way.

Data of long-term survival cannot be evaluated due
to the short mean follow-up period.
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Part II1: Abdominal Procedures



13 General Principles of Laparoscopic Surgery

A. CUSCHIERI

Introduction

In this section the steps of various established laparos-
copic abdominal procedures are described. All are es-
sentially based on basic surgical skills, the acquisition
of which is essential for safe laparoscopic surgery.
There is a real risk that in the enthusiasm to embrace
this new approach to surgical treatment, surgeons are
learning how to perform laparoscopic procedures such
as cholecystectomy without acquiring all the basic
skills necessary to cover all eventualities. These basic
skills are covered in some detail in Chap. 7.

There are some restrictions and difficulties in exe-
cuting these basic skills of laparoscopic surgery, but
these can be overcome by adhering to certain princi-
ples which facilitate the execution of laparoscopic pro-
cedures. In this chapter, the nature of these problems
are outlined, and techniques and precautions are de-
cribed which the author has found to be useful in terms
of the safe and efficient execution of laparoscopic op-
erations.

Problems Inherent
to Laparoscopic Surgery

An appreciation of the nature of these problems helps
surgeons to modify or adapt their technique to enable
them to achieve the necessary level of proficiency and
safety. The important restrictions encountered in la-
paroscopic surgery are as follows.

Depth Perception and Instrument Coordination

The first and major problem concerns the image of the
operative field, whether viewed by direct monocular
vision or from a television monitor. In either instance,
the resulting two-dimensional image creates problems
with hand-eye coordination and depth perception to
the surgeon. However, depth perception and resolu-
tion are better with direct monocular vision. It is true

that with practice and care, both estimation of depth
and accurate instrument coordination are mastered.
In this process certain adjustments are necessary
which after a while become automatic:

1. Surgeons must resist the habit of looking at their
hands when viewing the monitor.

2. The appropriate anatomical reference points to
guide the tip of the instrument to its target must be
picked. The direction of the cannula is maintained
by the assistant during withdrawal or re-insertion of
instruments. This permits automatic homing of the
instrument tip to the target area without risk of in-
jury to organs or entanglement in adjacent struc-
tures, thereby avoiding the need for constant with-
drawal of the optic to view the instrument insertion
without compromise of safety.

3. Instrument manipulation is easy when the surgeon
works close-up with the operating tip of the instru-
ment ahead of the optic, and extremely difficult
when the instrument faces the optic as the orienta-
tion of the image is reversed.

Anatomy

Undoubtedly the view of the operative field is better
than that encountered in open surgery. However, the
size of the anatomical structures is altered, and this
varies in accordance with their distance from the view-
ing telescope: the shorter the distance, the greater the
magnification. This may pose problems with identifi-
cation of certain structures, especially when viewed
across the television monitor. When doubt exists, the
surgeon should detach the endocamera from the tele-
scope and resort to direct monocular vision until the
true nature of the suspect anatomy has been estab-
lished. If measurement of actual size is considered nec-
essary, this is best achieved by reference to a graduated
probe introduced for this purpose. Another problem
results from the vasodilatation induced by the CO,. At
times this imparts an “inflamed” shiny appearance to
the tissues and organs.
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Restricted Instrument Mobility

The movement of instruments used for dissection and
tissue approximation is limited by the attachment of
the cannulae to the abdominal wall. The mobility pos-
sible is that which can be obtained around a fixed point
and, in essence, is outlined by a cone. Thus cannulae
placement for optimal use of the operating instru-
ments relevant to the intended task is crucial. Untold
difficulties in the execution of surgical dissection, liga-
tion and suturing will be encountered if the respective
positions of the cannulae are such that the instruments
when introduced are:

1. Too close, or worse still parallel, to each other
2. Too near the optic
3. Too close to the operating field

The guidelines which the author has found useful for
the placement of the accessory instrument cannulae
are:

1. Ensure a safe distance between cannulae to avoid
crowding and entanglement. This distance must not
be less than 5.0 cm.

2. The two operating cannulae (used to execute the in-
tended task) must be positioned within the opera-
tive field so as to ensure that the ends of the instru-
ments meet at a 90° angle to each other. The ideal
distance from site of entry into the abdominal wall
from the operative field should equal half the length
of the instruments used for dissection and tissue ap-
proximation. This is based on the balance principle
where force at either side is equal if the fulcrum is in
the centre.

3. The third cannula is sited primarily with a view to
optimal retraction.

4. A fourth cannula may be needed for special tasks,
e.g. taking up the suture slack during continuous su-
turing, insertion of slings, onset of complication
such as bleeding, etc.

5. All cannulae are inserted under direct vision after
establishing the right position by the finger depres-
sion test.

6. The appropriately sized cannulae are used in the
right place. Usually at least one of the operating
cannulae is an 11.0-mm one (essential for pledget
dissection and insertion of clip applicator). It is im-
portant to determine the optimal site of this large
cannula. If, during the course of the operation, a fur-
ther large cannula is needed instead of one of the
5.5-mm cannulae, this can be replaced quickly by
use of the dilating system (Fig. 13.1).

7. Meticulous maintenance of re-usable trocars and
cannulae to ensure perfect valve function and seal
(washers) is crucial to safe complex rnanipulations.
including difficult or complex dissections and sutur-

ing.

Disposable Versus Non-disposable
Cannulae

The non-disposable metal trocar and cannulae can be
obtained with one of two configurations of the trocar
tip: pyramidal cutting or conical. Although the former
needs less force for introduction because of its cutting
edges, we prefer to use the smooth conical varicty
since this minimizes vascular damage and hacmatoma
formation when the tip is negotiated through the pari-
etes. The conical trocar should also be hollow inter-
nally and have a perforation near the tip so that gas cs-
capes giving rise to an easily audible hiss when the
trocar penetrates the parietal peritoncum. This is an
important safety feature and signifies that no further
advancement of the trocar is needed. At this stage the
trocar is removed before the cannula is advanced fur-
ther into the peritoneal cavity.

The tip of the cannula can be straight or bevelled.
The latter is preferable because it can be advanced
through the parietes with greater ease. This is impor-
tant when the visually guided system of cannula intro-
duction is needed, e.g. previously opcrated paticnts
and in thoracoscopic surgery (see Chap.7). Provided
that they are well maintained, non-disposable trocars
and cannulae have along working life. [tis the author’s
practice to use them except for the first cannula. Since
this is the most dangerous step of laparoscopic surgery
(unless the open technique is used), the use of a
sheathed disposable cannula is sensible.

There is no doubt that there are advantages to the
use of disposable cannulae. The disposable item is al-
ways pristine, and problems with valve malfunction
are obviated. The spring-loaded sheath system which
automatically covers the sharp trocar point when the
abdominal wall is penetrated adds a certain measure
of safety against trauma to internal organs during in-
sertion. It does not, however, abolish completely the
risk of accidental trauma to the internal organs during
insertion of these cannulae. Although undoubtedly
saferin this respect than the metal ones, visceral injury
caused by disposable trocars and cannulae can occur
and is well documented. The explanation for this is re-
lated to the “sheath drag” which is influenced by two
factors: the distance between the trocar point and the
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Fig.13.1. Dilating system for replacing a 5.5-mm cannula with an
11.0-mm one. The instruments needed arc a 5.0-mm rod and di-
lating tube (10.0 mm). / The metal rod is inscrted in the 5.5-mm
cannula and the dilating tube inside the 11.0-mm cannula. 2 The
5.5-mm cannula is removed over the rod and the dilating
tube/11.0-mm cannula inserted over the rod which acts as a guide
to the peritoneal cavity. 3 This assembly is threcaded through the
abdominal wall using a rotational thrcading movement. 4 The
process is conducted under visual control by the endocamera.
5 The metal rod is removed. 6 Large cannulainsitu

rim of the sheath (Fig. 13.2) and the resistance or thick-
ness of the abdominal wall. If the distance between the
trocar point and the sheath is significant, the sheath is
held back by a resistant or obese abdominal wall al-
lowing the trocar to penetrate to its fullest extent un-
covered. This, together with the inevitable depression
of the abdominal wall, approximates the trocar point
to underlying organs which may be injured before the
sheath drag is overcome (Fig.13.3). The ideal protec-
tive spring-loaded sheath should conform to the trocar
and for this reason requires to be split.

The use of disposable (AutoSuture or Ethicon)
cannulae ensures smooth insertion and withdrawal of
instruments and abolishes the problem of gas leaks
due to sticking of the trumpet valve. Another problem
which is encountered with the non-disposable cannu-

Fig.13.2a,b. The distancc between the perimeter of the protce-
tive outer sheath and the sharp point of the trocar determines the
degrec of sheath drag. a Autosuture trocar; b Ethicon trocar

Fig.13.3. Sheath drag which may lead to visceral injury

lae incorporating a trumpet valve is the nced to de-
press the valve to move the instrument within the can-
nula. This is rather frustrating, may lead to “stabbing™
or accidental removal of the cannulae during with-
drawal of the instrument. The latter problem is also

13.2,13.3
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encountered with the disposable cannulae unless an
outer fixing screw tube (AutoSuture) is used. Non-
disposable cannulae with flap valves obviate this prob-
lem.

The disadvantages of disposable cannulae (5 and
10 mm) include cost and the inability to introduce
pledget swabs with safety since these are caught by the
valve on withdrawal and thus risk dislodgement. In
this respect, pledget swab dissection can only be con-
ducted with the use of the 11.0-mm cannulae (metal or
disposable) with an appendix extractor to isolate the
valve from the swab passage. Meticulous care and
maintenance of metal cannula with respect to the
valve mechanism and washers is crucial to their proper
function and thus safety of the laparoscopic opera-
tions.

Safe Creation of Pneumoperitoneum
and Laparoscopic Trocar
and Cannula Insertion

There is no doubt that the most dangerous steps of any
laparoscopic procedure are insertion of the Veress
needle and insertion of the first large trocar and can-
nula for the optic.

Creation of Pneumoperitoneum
in the Previously Unoperated Abdomen

The equipment necessary consists of a Veress needle
connected to a modern high-flow electronic CO; in-
sufflator which is capable of variable flow rates of up
to 10 litres/min and allows preselection of the intra-ab-
dominal pressure (see Chap.2). Optimal exposure is
obtained with a constant pneumoperitoneum of 10-
15 mmHg.

The Veress needle is most often inserted at the sub-
umbilical site where the laparoscope trocar and can-
nula will be sited. However, no hesitation should be
felt in choosing a different site if adhesions are sus-
pected (see below). Before the needle is inserted, the
depth from the abdominal wall to the aorta should be
assessed by finger depression (palpation test). Particu-
larly in thin individuals, this can extend to only a few
centimetres. The needle is grasped by the stem
(Fig.13.4) not more than 3.0 cm from the tip and intro-
duced through a small skin stab wound by a “feeding”
technique through the various layers of the parietes
using pressure from the wrist only. Often the click of
the spring-loaded safety mechanism is heard when the
posterior rectus sheath and peritoneum are breached.

Fig.13.4. Technique of insertion of the Veress needle favoured
by the author. The needle is held by the stem and “threaded”
through the parieties

The direction preferred by the author when the sub-
umbilical route is used is upwards and to the right
beyond the aortic boundaries, but this is a matter of in-
dividual choice.

There are a variety of tests used to ensure that the
needle tip is lying free in the peritoneal space, but the
important ones are the saline injection/aspiration test
and monitoring of the early insufflation pressure and
flow rates by the electronic insufflator. In the syringe
aspiration test, saline is instilled into the peritoneal
cavity. As this flows away from the needle it cannot be
aspirated back if the tip is free. Following this test, the
needle is attached to the gas inflow tube from the in-
sufflator with the pressure set at 12-15 mmHg and
flow at minimum (1.0 litre). If the needle tip is free, the
static intra-abdominal pressure should not exceed
3.0 mmHg and rise gradually to reach the preset value.
Incorrect positioning of the needle tip is evident if the
early pressure is high and the flow is low, when reposi-
tioning is necessary. Some of the newer-generation
electronic insufflators emit an audible signal to indi-
cate that a correct free position of the needle tip has
been achieved. Throughout the insufflation process,
periodic percussion of the abdominal quadrantsis per-
formed to ensure that the insufflation is total and not
confined to one region.

It is important not to insufflate rapidly as this may
cause cardiac arrythmias. In this context, the safest
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practice is to establish the pneumoperitoneum to the
desired level of pressure before switching the machine
to the high-flow setting. If at any stage cardiac arryth-
mias including bradycardia or hypotension are en-
countered, partial desufflation is undertaken and gas
inflow is stopped until the patient has stabilized. In this
situation it is, however, extremely important to retain
enough of a pneumoperitoneum to maintain an ade-
quate view of the peritoneal cavity (see below).

Creation of a Pneumoperitoneum
ina Scarred Abdomen

Special measures are needeed in these patients to
avoid the risk of injury to adherent bowel. In this con-
text, the important adhesions are those which bind or-
gans to the anterior abdominal wall. These can now be
detected by ultrasound examination, and this investi-
gation is highly desirable in these patients as an experi-
enced ultrasonographer can indicate the precise posi-
tion where the Veress needle can be inserted with
safety. The test depends on the measurement of the
visceral slide with respiratory movements and with ab-
dominal wall ballottement. The abdomen is scanned
horizontally and vertically by a 7.5-MHz probe to
identify and measure the movement (slide) of the air-
containing organs against the parietal peritoneal line.
Adherent bowel is identified by absent or diminished
slide. The ultrasound examination may be carried out
preoperatively or after induction of anaesthesia de-
pending on local facilities.

In addition, there are certain precautions and mea-
sures which need to be adopted in these patients. The
first is obvious: the needle should be inserted at least
5.0 cm away from any scar and preferably in a quad-
rant away from the scarred region. This is particularly
important if the ultrasound visceral slide test cannot
be performed. The tests to ensure adequate free posi-
tioning of the needle tip in the peritoneal cavity must
be carried out without fail in these patients, and re-
peated percussion is performed during the insufflation
to ensure uniform distension of the abdomen.

Difficulties may occasionally arise despite the
above protocol. In these situations, further attempts to
insert the Veress needle should be abandoned and
open laparoscopy resorted to, preferably using the
modified Hasson’s cannula (see below).

Insertion of Laparoscopic Cannula
in the Previously Unoperated Abdomen

The most common site for the insertion of the
11.0-mm cannula is the subumbilical region. The au-
thor now uses a disposable 11.0-mm cannula in prefer-
ence to the metal equivalent to increase the safety
margin. This large cannula size is preferable to the
next size down (10.5 mm) as it allows a better flow rate
of gas when the 10.0-mm optic is inserted. However, it
needs to be used together with a 10.5-mm reducer as
otherwise gas leaks around the telescope.

There are two methods of insertion of this cannula:
the direct and the Z-route. The latter entails the ad-
vancement of the trocar and cannula through an initial
subcutaneous path before the direction is changed and
the rectus abdominis and its sheath negotiated. The
advantages of this technique include the avoidance of
the linea alba and the creation of a flap closure once
the cannula is withdrawn resulting in a stronger
wound. However, extraction of organs such as the gall-
bladder is more difficult with this technique which is
less popular than the direct route.

Whatever method is used, careful attention to de-
tail and technique is essential. An adequate incision of
the skin and subcutaneous tissue commensurate with
the size of the cannula is needed. The trocar and can-
nula assembly (metal or disposable) is held in the right
hand, with the butt of the trocar firmly pressed against
the palm and the index finger alongside the long axis of
the shaft 3.0 cm away from the tip (Fig.13.5).

The periumbilical region is pulled firmly up by the
left hand so that the abdominal wall is tended upwards
and the trocar and cannula introduced through the

Fig.13.5. Safe technique for introduction of thc laparoscopic
trocar cannula. Pressure is exerted from the wrist as the trocar
point is rcamed through the abdominal wall. The index finger
acts as a safety stop
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subumbilical incision parallel to the axis of the aorta
pointing to the centre of the pelvis. Alternatively, two
strong Littlewood’s forceps are applied to the edges of
the skin wound and the abdominal wall pulled up by
traction exerted on the forceps by the assistant. Pres-
sure from the wrist accompanied by a to-and-fro rota-
tional movement is used to gradually “ream” the tro-
car and cannula through the parietes. Pressure on the
butt of the trocar against the palm of the hand prevents
riding of the trocar inside the cannula as it encounters
resistance provided by the abdominal wall. The tip of
the index finger against the shaft of the assembly acts
as a safety stop in case of sudden give. The perforation
near the tip of the (non-disposable) trocar leads to a
sudden escape of gas with a resultant audible hiss as
soon as complete penetration of the abdominal wall is
achieved. When this happens, the trocar is withdrawn
before the cannula is advanced further. The gas line is
then connected to the side port of the cannula and the
port opened to maintain gas inflow.

Insertion of the Laparoscopic Cannula
in the Scarred Abdomen

There are two complementary techniques which en-
sure safety of cannula insertion in patients with a
scarred abdomen once the pneumoperitoneum has
been induced. The first is the sounding test for adhe-

Fig.13.6. Sounding test for assessment of the CO, cushion be-
neath the intended site of trocar insertion

sions (Fig.13.6). A 12-cm long fine needle attached to
a saline-filled syringe is introduced perpendicularly
through the abdominal wall in the region where the
trocar and cannula insertion is envisaged. As the
needle is advanced, gas is slowly aspirated and should
be identified as constant bubbling through the saline
in the barrel of the syringe. The bubbling will stop
when the needle tip touches any tissue. The level of the
needle at the skin surface when bubbling stops is
marked simply by grasping the shaft beween the fore-
finger and thumb of the left hand. The needle is then
withdrawn when bubbling recommences but ceases
again when the anterior abdominal wall is reached.
This distance equates to the depth of the free space
available for safe insertion. By repeating the process at
various angles to the horizontal over an entire circle, a
good mental picture of the extent of the CO, cushion
underneath the intended trocar and cannula insertion
site is obtained. In these patients an extra safety pre-
caution consists in the initial insertion of a 5.5-mm can-
nula. Once the surgeon is satisfied with the position
and absence of iatrogenic damage by inspection
through a 4.0-5.0-mm telescope, the latter is with-
drawn and the small cannula replaced by an 11.0-mm
one using the trocar dilatation system.

In difficult cases with irregular or pitted scars, it is
preferable to insert a 5.5-mm trocar and cannula, per-
haps at a site earmarked for one of the accessory sites
for instrument insertion, well away from the scarred
region. A 5.0-mm telescope is then introduced to scan
the peritoneal cavity. The large telescopic trocar and
cannula can then be inserted under vision.

Open Laparoscopy

The main advantage of open laparoscopy is the avoid-
ance of vascular injuries which, though rare, are never-
theless encountered and may indeed be life threaten-
ing. The technique of open laparoscopy consists of
surgical exposure of the peritoneal cavity through an
incision just beneath the umbilicus. Although an ordi-
nary cannula may be used, the procedure is best per-
formed using the cannula first described by Hasson in
1974 and which has since been modified. The modern
version of the Hasson’s cannula (Fig. 13.7) has an outer
sliding olive which can be fixed to the cannula shaft by
ascrew arrangement. This allows the surgeon to adjust
the length of the cannula inserted into the peritoneal
cavity. The bulbus end of the olive maintains the seal at
the site of entry through the linea alba. The struts on
the either side of the olive are used for the anchoring
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13.7

13.8a

Fig.13.7. Modecrn version of Hasson's cannula (Storz)

Fig.13.8.a A vertical 2.0-cm skin incision is made in thc immedi-
ate subumbilical region. The linca alba is identified and divided
in the same line between two artery forceps. The extraperitoneal
fat and underlying peritoneum are incised to open the peritoneal
cavity. Two 1/0 sutures arc inserted at either end of the wound,
each catching the two cdges of the linca alba. b Hasson's cannula
in place

sutures. The third component of the assembly is the
blunt obturator which fits inside the cannula.

A vertical 2.0-cm skin incision is made in the imme-
diate subumbilical region. The linea alba is identified
and divided in the same line between two artery for-
ceps. The extraperitoneal fat and underlying peri-
toneum are incised to open the peritoneal cavity. Two
1/0 sutures are inserted at either end of the wound,
each catching the two edges of the linea alba
(Fig. 13.8). The modified Hasson’s cannula with obtu-

rator is then introduced into the peritoneal cavity. The
obturator is removed and the appropriate position of
the olive on the cannula shaft is adjusted to maintain
the desired insertion of the cannula tip (about 1.0 cm
from the parietal peritoneum). The olive is fixed in this
position by the screw mechanism. The two end sutures
are then tied to the struts on the olive and the gas line
connected to the side port of the cannula. On comple-
tion, the two sutures are released from the struts and,
following removal of the cannula and desufflation, are
tied to close the fascial defect. Open laparoscopy can
also be performed using a standard 11.0-mm cannula.
In this instance, a purse-string suture is needed to en-
sure a tight seal around the cannula.

Open laparoscopy is used routinely by some sur-
geons. There is no doubt that the practice is safe and it
does not prolong the procedure overall. The problem
with it relates to the siting of the Hasson’s cannula in
patients who have had previous surgery as the sub-
umbilical position may not be the desired site in these
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patients. In these cases an attempt should be made to
locate the cases of these adhesions prior to choosing
the site of insertion of the Hasson’s cannula.

Management of Collapse
During Induction of Pneumoperitoneum
or Initial Trocar Insertion

The causes of hypotension during this stage of a la-
paroscopic procedure are shown in Table 13.1. By far
and away the most common and important is bleeding,
and this accounts for the vast majority of deaths associ-
ated with both diagnostic and therapeutic lapa-
roscopy. In most instances, the bleeding is retroperi-
toneal, but, when unrecognized and progressive, it
may burst through into the peritoneal cavity with sud-
den massive bleeding and a fatal outcome.

Much less commonly, hypotension is associated
withssignificant arrythmias due to hypoxia from inade-
quate ventilation, particularly in the Trendelenberg
position or myocardial infarction or pneumothorax
(least common). Bradycardia is frequent, especially in
the elderly. It results from reflex vagal stimulation due
to stretching of the peritoneal membrane or local irri-
tation with CO,. It is largely prevented by slow induc-
tion of pneumoperitoneum and premedication with
atropine.

Gas embolism with CO, is very rare. In animal ex-
periments, volumes in excess of 1.0 litre injected intra-
venously are needed before the cardiac output falls
significantly. In the few cases of gas embolism reported
in the literature, evidence of direct vascular injury has
not always been present. Cases are, however, docu-
mented when CO; embolism resulted from the Veress
needle penetrating the uterus or the liver. The practi-
cal approach to sudden collapse of the patient is as fol-
lows:

Table 13.1. Causes of hypotension during induction of pncumo-
peritoneum and initial trocar and cannula insertion

Cause Comment

Bleeding Retroperitoneal, most common
cause of death

Ventricular arrythmias

Myocardial infarction

Rare, Veress ncedle in uterus or liver

Rare

Inadequate ventilation
Heart failurc

CO; embolism
Pneumothorax

1. If the hypotension and tachycardia are not associat-
ed with significant cardiac arrythmias, bleeding
must be assumed to be the cause. If the hypotension
is severe, all instruments are left in situ, and an im-
mediate midline laparotomy is performed. It is im-
portant that the Veress needle or trocar and cannula
assembly is not removed before the abdomen is
opened.

2. If the hypotension is mild to moderate, a quick scan
of the peritoneal cavity with a forward-viewing tele-
scope is performed. If a haematoma is documented,
this is inspected over a period of several minutes. If
seen to be expanding, an immediate laparotomy is
undertaken.

3. If the hypotension is associated with cardiac arryth-
mias, e.g. bigeminal rhythm, ventricular ectopic
beats, ventricular tachycardia or fibrillation, imme-
diate cessation of the insufflation and corrcction of
hypoxia together with the necessary resuscitation
measures are warranted. Under these circum-
stances, it is best to postpone the operation.

4. Gas embolism is best diagnosed by a precordial
Doppler probe which will reveal a mill-wheel mur-
mur in which case the patient should be immediate-
ly placed in the left lateral position with the head
down to minimize the right outflow tract obstruc-
tion.

Factors Facilitating Laparoscopic Surgery

Strict attention to detail and careful preparation and
planning will be rewarded by a smoother, quicker op-
eration, avoiding frustration and minimizing the risk
of complications.

Patient Position

The supine position is used for the creation of a pncu-
moperitoneum and manipulation of the small and
large bowel. When a view of the supracolic compart-
ment is required, head-up tilt of the table allows the
omentum, colon and small intestine 10 move inferiorly
by gravity. Conversely, a good view of the pelvic con-
tents is obtained by the Trendelenberg tilt. If visualiza-
tion of the colon in the paracolic gutters is needed, a
lateral tilt (either left or right) is helpful. Care must be
taken to stabilize the patient on the table during any
tilting away from the horizontal. This is important to
prevent pressure being exerted on unprotected limbs
or bony points if a small amount of slipping occurs.
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Stabilization can be achieved by supports under the
arms, stirrups or, better still, a safety belt that anchors
the pelvis to the table. The head and arms are usually
well supported by anaesthetic arm boards.

Maintenance of an Adequate Pneumoperitoneum
Throughout the Procedure

An adequate pneumoperitoneum is crucial to safe
laparoscopic surgery since on it depends adequate vi-
sualization of the relevant anatomy. Particular atten-
tion to maintenance and assembly of the instrumenta-
tion to avoid valve malfunction and intact washers is
crucial if non-disposable cannulae are used. Gas leaks
around the shaft of the cannula are prone to occur
when the incident angle of the cannula (usually the
telescopic one) is such as to depress the abdominal
wall around the entry site. When this position is neces-
sary, it indicates that the siting of this cannula has been
incorrect, and the insertion of an another in the appro-
priate place is indicated.

Another important consideration relates to ade-
quacy of gas inflow. If the gas line is attached to the
telescopic cannula (usual arrangement), an 11.0-mm
rather than a 10.5-mm non-disposable cannula should
be used as the space between the telescope and the in-
ner wall of the shaft of the cannula is wider, thereby al-
lowing a higher gas inflow from the insufflator.

Nasogastric Aspiration
and Catheterization of the Bladder

Complete decompression of the stomach by Fr 14 na-
sogastric tube (Salem sump suction type) serves three
purposes. During insufflation accidental penetration
of the stomach is made less likely. Secondly, visualiza-
tion of the contents of the supracolic compartment sac
is enhanced. During reversal of anaesthesia, particu-
larly during the danger period shortly after extuba-
tion, the risk of vomiting due to a stomach bloated with
gas is minimized.

Apart from being a safe precaution during initial in-
sufflation, decompression of the urinary bladder is es-
sential for good access to the pelvic organs.

Laparoscopes, Warmers and Holders
Although it requires familiarization, the 30° forward-

oblique telescope is preferable to the forward-viewing
optic for tissue dissection and approximation. In the

first instance, with the cable pointing upwards, it al-
lows the surgeon to look down on the operative field
rather than tangentially. Furthermore, it permits rapid
changes of viewing angle by simple rotation of the tele-
scope. However, a system to hold the telescope and en-
docamera to prevent rotation and change of view is
necessary if the forward-oblique telescope is used. In
difficult cases, it is advantageous to mount the camera
on a beam splitter to allow direct viewing down the la-
paroscope simultancously with television monitoring
of the operative field.

Prior warming of the laparoscope is essential to es-
tablish and maintain a good view since this prevents
condensation of the warm saturated air inside the peri-
toneal cavity on a cold lens surface. There are com-
mercially available dry telescope warmers. However,
the author prefers immersion of the optics in a warm
sterile container filled with water kept at a constant
temperature of 50°C inside a water bath. During oper-
ations, blood and tissue may cloud the lens and the
same warming system is used to immerse and clean the
optic while at the same time re-warmingit.

The use of a telescope camera holder which is easily
adjustable has several advantages. By dispensing with
the cameraman, it creates more elbow room around
the immediate environment of the operating table and
facilitates two-handed manipulations which are essen-
tial for tissue approximation. The ideal holder should
permit rapid and smooth adjustment in all directions:
sideways, to monitor and guide instrument insertion
towards the operative field; in and out, to change from
wide-angle to close-up viewing; and up/down, to alter
the incident angle with the horizontal. The various la-
paroscope holders are reviewed in Chap. 2.

Measures to Ensure Safe Application
of Electrocautery

General Consideration

Irrespective of the nature, high-frequency electro-
cautery can only be used in the presence of CO,. Al-
though N,O is not inflammable, it supports combus-
tion and therefore cannot be used in laparoscopic
work if the use of electrocautery is contemplated.
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Monopolar Electrocautery

There are certain basic considerations which must be
met to ensure safe use of monopolar electrocautery
during laparoscopic surgery. The maximal power out-
put has to be matched with the application, and in this
respect high-output units are dangerous because the
adjustment of their output in the low power range is
imprecise and unreliable (see Chap. 7).

The neutral electrode should have an even surface
and is applied to the patient’s upper thigh covering a
large area of clean hairless skin. Special efforts are
made to ensure that the patient’s skin does not come
into contact with metal components of the operating
tables, chucks and restraining devices or damp cloth-
ing. The connecting cables to the neutral and active
electrodes must be in perfect condition with respect to
their insulation and connector plugs. The monopolar
high-frequency unit must not be operated in the vicini-
ty of an ECG electrode (minimal distance of 15 cm).
The minimal power setting should be employed with
any current, and this should not be activated until the
tissue is grasped and lifted to ensure that adjacent or-
gans are not in contact with the active electrode. The
non-insulated part of the active electrode must not
touch any metal, telescope or cannula. Electrocoagu-
lation should be applied to the thinnest point of the
structure or adhesion to prevent secondary coagula-
tion from the high current density. If the required co-
agulation or cutting effect is not achieved, a quick
check of the following is made: neutral electrode is in
position, all connections are correct, metallic parts of
the instruments and electrodes are clean, there is no
shorting due to inadvertent contact between active
electrode and metal (optics and cannula). This check
should be performed before increasing the power out-
put of the generator.

Bipolar Electrocautery

The output for bipolar endoscopic application should
be in the range of 40-80 W. If a combined machine is
used, it must have a separate bipolar circuit. Bipolar
generators do not require a neutral patient electrode,
but the combined machines do, and the same safe-
guards described above with regard to safe application
of the neutral electrode must be strictly adhered to.
When using bipolar electrocoagulation, only the mini-
mal power necessary is used, and every precaution
must be taken to avoid contact between the active
electrode and metal instruments. The tips of the elec-
trode must be kept clean as encrusted coagulated tis-

sue on the tips of the instrument impairs the coagula-
tion efficiency.

Conversion to Open Surgery

The safety of laparoscopic surgery is dependent on the
rapid conversion to an open procedure whenever the
need arises. This is the reason why laparoscopic
surgery should only be performed by fully trained ab-
dominal surgeons. The underlying principle is that no
surgeons should attempt a laparoscopic operation un-
less they are fully competent or privileged in perform-
ing the equivalent operation by the conventional open
technique. Equally important, the patient should con-
sent to this eventuality. The sensible surgeon will not
interpret the need to convert to open surgery as a fail-
ure of therapy but simply as the course of action need-
ed to ensure a satisfactory outcome in the individual
patient.

Final Check and Inspection
of Stab Wounds

After each laparoscopic procedure, a thorough in-
spection is advisable, not just of the operative area but
of the entire peritoneal cavity to ensure against missed
trauma during the induction of the pneumoperi-
toneum or initial trocar insertion, to establish that the
peritoneal gutters and pelvis are dry and to inspect the
stab wounds for bleeding or haematema formation.

Fig.13.9. Technique for control of abdominal wall bleeding us-
ing the large 60 mm needle (Fig. 13.10). The ends of the suture
arc tied over a gauze roll
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Fig.13.10. Straightsuturc holder (Storz)

Bleeding from the stab wounds is most commonly
from epiperitoneal vessels close to the posterior rectus
sheath. This situation is readily dealt with by a 2/0 non-
absorbable suture on a 60-mm (hand) straight cutting
needle. This is introduced through the abdominal wall
to one side of the bleeding point. The needlc is grasped
internally by a 5-mm needle holder and the suture
partly drawn in beforc the needle is reversed and
passed through the abdominal wall on the other side of
the bleeding point. The two ends of the suture are then
pulled tight and tied over a gauze roll (Fig. 13.9). The
suture is cut and removed 12 h later. If available, the
same procedure can be more quickly performed by the
use of the straight suture holder (Fig.13.10) which is
similar in principle to the cobbler’s awl. With the su-
ture threaded in, the holder is passed through the ab-
dominal wall on one side of the bleeding point. The su-

ture is then grasped internally before the suture holder
is withdrawn. It is then re-inserted (unloaded) on the
opposite side of the bleeding point. The suture is
threaded through the eye of the straight holder which
is then exteriorized.

Infiltration of the wounds with long-acting local
anaesthetic (e.g. bupivacaine) reduces postoperative
soreness. Suturing of the linea alba and rectus sheath is
advisable for the large stab wounds (11 mm) to avoid
hernia formation. All the skin wounds are closed with
subcuticular absorbable sutures or skin tapes.

References

Berei G, Cuschicri A (1986) Practical Laparoscopy. Bailliere
Tindall, London

Sigel B, Golub RM, Loiacono LA ct al. (1991) Technique of ul-
trasonic dctection and mapping of abdominal wall adhesions.
Surg Endosc 5: 161-165



14 Diagnostic Laparoscopy and Laparoscopic Adhesiolysis

A. CUSCHIERI

Introduction

There is no doubt concerning the diagnostic value of
laparoscopy in general surgery, gastroenterology and
oncology. The maximal benefit is derived if surgeons
use this diagnostic facility regularly as an integral part
of their routine practice. Often the benefit extends be-
yond establishing the diagnosis in that this simple and
safe diagnostic procedure influences the subsequent
management of the patient. In some instances, it
avoids the need for a laparotomy and reduces the cost
of treatment for this reason and by obviating the need
for expensive imaging tests. In the latter respect, it is of
special practical benefit in underprivileged countries
where high technological imaging facilities are not
available. This chapter addresses three aspects of la-
paroscopy in surgical practice:

1. Its diagnostic potential in the elective and emergen-
cy situation.

2. The ancillary methods which enhance or confirm
the diagnostic potency of the procedure.

3. Laparoscopic adhesiolysis.

Diagnostic Laparoscopy
Equipment

Standard. This is identical to that described in previous
chapters although the telescope used is smaller
(6.5 mm) and is introduced through a bevelled 7-mm
cannula, preferably with a conically tipped trocar as
this minimizes haematoma formation through muscu-
lar or vascular injury. The usual site of insertion of the
laparoscopic trocar and cannula is below or to the side
of the umbilicus. This position is changed in the pres-
ence of abdominal scars with the same precautions
used as outlined in Chaps. 7 and 13. Viewing may be di-
rect monocular or through the television monitor us-
ing an attached charge-coupled device (CCD) camera.
The telescope may be forward viewing or 30 ° forward

oblique. The latter is preferable, especially for close-
up viewing of the surface architecture of organs such
as the liver and for obtaining target biopsies under vi-
sion. In addition, by rotation of the telescope, it allows
different angles of inspection of any lesion encoun-
tered. An accessory 5.5-mm trocar and cannula assem-
bly is placed under vision most commonly in the left
hypochondrium. This is necessary for the palpating
probe. Other cannulae may need to be inserted in the
individual case depending on requirements.

Minilaparoscopy. The minilaparoscopy set (Fig.14.1)
was designed for emergency examination under seda-
tion and local anaesthesia. The sterile basic set is kept
on amobile cart which also houses the insufflator, light
source and suction/irrigation equipment (Fig.14.2) so
that the procedure can be performed in the emergency
room or by the patient’s bedside.

Indications

The clinical situations where laparoscopy can provide
useful information which either establishes the diag-
nosis or influences subsequent management of the pa-
tient are outlined in Table 14.1.

Liver Disease

Laparoscopy is used extensively in hepatology. Often
the macroscopic appearances alone are highly diag-
nostic although biopsy confirmation is always desir-
able. The non-malignant disorders which are of special
importance to the surgeon and which can be docu-
mented by laparoscopy are: hepatic fibrosis, cirrhosis,
fatty degeneration, portal hypertension, cholestasis
and benign local lesions such as cysts, haemangiomas,
microhamartomas, focal nodular hyperplasia and ade-
nomas.

There is no other investigation which approximates
the diagnostic yield of laparoscopy for the detection of
cirrhosis. The procedure clearly demonstrates the ab-
normal surface appearance of the disease: the scar-
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8

Fig.14.1a-g. Minilaparoscopy instrument set, consisting of: (a)  scopic protected pointed knife; (f) atraumatic grasper; (g) trau-
telescopc (4 mm); (b) accessory cannula; (¢) Veress needle in-  matic grasper
side telescope cannula; (d) irrigation suction cannula; (e) laparo-
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Fig. 14.2. Minilaparoscopy equipment housed in a purposc-built
mobile trolley for usc in abdominal trauma

Table 14.1. Indications for laparoscopy

Elective

Assessment and biopsy of acute and chronic liver disease
Primary and secondary liver tumours
Staging of malignancy

Ascites of unknown origin
Undiagnosed abdominal mass

Fever of unknown origin

Chronic abdominal pain

Pelvic adnexial discase in the female
Impalpable testis

Emergency

Acute abdomen

Abdominal trauma

ring, regenerative nodules and the enlarged gallblad-
der. In addition, the overall size of the liver is readily
appreciated. The size of the regenerating nodules is so
variable in the individual case as to render the distinc-
tion between macro- and micronodular cirrhosis inap-
propriate in the majority of patients. Aetiological im-
plications of the cirrhosis on the basis of nodule size
are therefore unsound. Very large nodules (>1.0 cm)
with dense fibrosis are, however, indicative of post-

Fig.14.3. Enlarged distended gallbladder in a patient with can-
cer of the head of the pancreas

necrotic scarring irrespective of aetiology. The macro-
scopic assessment of the cirrhotic liver should always
be accompanied by a laparoscopic liver biopsy. In ad-
dition to its greater diagnostic yield, laparoscopic liver
biopsy for cirrhosis is safer than the blind percuta-
neous procedure because haemostasis can be ensured
by compression or electrocoagulation of the biopsy
site. This is of real practical benefit in patients with
compromised liver function and disordered coagula-
tion.

Intrahepatic cholestasis due to primary or drug-in-
duced liver disease can be distinguished from large
bile duct obstruction caused by lesions of the extra-
hepatic biliary tract, the nature of which can be deter-
mined by laparoscopically guided cholangiography
and targeted biopsy/cytological studies during the
same session. The dramatic appearance of the large
distended gallbladder caused by malignant obstruc-
tion of the lower bile duct can be readily identified
(Fig.14.3) and, if necessary, temporary transcystic de-
compression instituted laparoscopically.

Benign local lesions can be identified, monitored
when necessary and in some instances treated laparo-
scopically. Haemangiomas are not infrequent lesions,
and, although the majority can be identified by imag-
ing tests such as ultrasonography and computed to-
mography (CT), the true nature of some is missed by
these imaging tests. This may lead to percutaneous ul-
trasound-guided biopsy with disastrous consequences.
The vascular nature of these lesions should be con-
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Fig.14.4. Secondary dcposits in the liver from a primary rectal
cancer

firmed or excluded by laparoscopy in the first instance.
Benign hepatic adenomas can be identified and moni-
tored by serial laparoscopy to document regression or
progression. Adenomas appear as greyish-white
smooth swellings with a fine network of surface ves-
sels. The liver parenchyma around the base of the le-
sion extends as a thin layer for a few millimetres over
the margins of the lesion. In some instances, as with
hepatic non-parasitic simple cysts, dcfinitive treat-
ment by aspiration followed by deroofing can be ef-
fected laparoscopically.

Laparoscopy is invaluable in the detection and
management of malignant liver tumours. Primary
hepatomas arising in a normal liver form smooth intra-
parenchymal lesions which cause surface elevation of
the liver parenchyma. Their exact lobar/segmental lo-
cation, size and extrahepatic involvement can be de-
termined laparoscopically. The laparoscopic informa-
tion can influence the management of the paticnt by
indicating the feasibility of hepatic rescction or the
need for transplantation. Hepatomas arising on a
background of cirrhosis (cirrhomimetic) form whitish
elevated or nodular areas of tissue which contrast with
the darker appearance of the regenerating nodules.
They are often multicentric. Much less commonly, the
neoplastic foci exhibit a green discolouration.

To the general surgeon, the detection and biopsy
confirmation of sccondary deposits (Fig.14.4) in the
liver from common cancers constitutes one of the most
important benefits of laparoscopy. It avoids the need
for other expensive investigations and, in some pa-
tients, an operative intervention. Not infrequently, the
“solitary metastasis” diagnosed by CT is observed to
be multiple at laparoscopy, with one large deposit sur-
rounded by several surface satellite lesions over a vari-
able distance. In terms of their laparoscopic appear-
ances, secondary deposits in the liver assume the

following appearances: discretely nodular (potentially
resectable), expansively nodular (occasionally re-
sectable), nodular and infiltrating, miliary and diffuse-
lyinfiltrating. The last three are always inoperable and
usually associated with a very limited survival.

Staging of Malignancy

Apart from the detection of hepatic secondary de-
posits, laparoscopy gives reliable information on the
degree of advancement of common intra-abdominal
cancers and lymphomas. In the author’s experience,
laparoscopy is particularly useful as an immediate
prelaparotomy procedure in the following cancers:
pancreatic, lower oesophageal, gastric and colorectal.
In these tumours, it is the only reliable method for the
detection of peritoneal deposits. Laparoscopy is
100% accurate in detecting non-resectability but
overestimates the operability rate. In patients suffer-
ing from these tumours, the inoperable stage can
therefore be identified and laparotomy avoided if pal-
liation can be performed laparoscopically or by non-
surgical means. The question which has to be ad-
dressed by prospective clinical studies is whether
laparoscopy should be used routinely or selectively in
these patients. With the exception of pancreatic can-
cer, the author’s practice has changed to the latter
since routine laparoscopy before laparotomy for all
patients imposes an inordinate case load. In our view,
laparoscopy is indicated in patients with oesophageal,
gastric and colorectal cancer when the preoperative
work-up and clinical findings suggest the possibility of
advanced metastatic disease and the patient’s symp-
toms can be palliated by endoscopic or other non-sur-
gical means.

There is good evidence that laparoscopy can rapid-
ly confirm clinical stages I1I and IV of Hodgkin’s dis-
ease and allow histological confirmation and typing. In
patients with suspected clinical stages I and 11, laparo-
scopic inspection of the liver with multiple liver
biospies and single splenic biopsy can obviate the need
for staging laparotomy in up to 70 % of patients. Simi-
lar considerations apply to patients with non-
Hodgkin’s lymphomas.

Ascites of Unknown Origin

In the majority of patients with ascites, the aetiology
can be ascertained by clinical and laboratory studies
including culture and cytological examination of a
sample of ascitic fluid. In some 20 % of cases, however,
the diagnosis remains obscure despite the standard
work-up. Laparoscopy is generally reserved for these
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patients. It is particularly useful for establishing the di-
agnosis of ascites associated with intra-abdominal in-
flammatory disease such as tuberculous peritonitis
and Crohn’s disease, ascites associated with liver dis-
ease and that accompanying occult intra-abdominal
malignancy. The macroscopic appearances of the fluid
in malignant ascites is extremely variable. It may be
clear and yellow, dark green in malignant bile duct ob-
struction, chylous as a result of malignant occlusion of
the main lymphatic pathways, frankly blood stained
and gelatinous or mucoid.

Chronic Abdominal Pain

The most common indication for diagnostic la-
paroscopy in the author’s practice is chronic abdomi-
nal pain. Often these patients are referred from other
physicians including internists after extensive investi-
gations have failed to establish the cause of the recur-
rent abdominal pain. We have undertaken both retro-
spective and prospective studies on the value of
laparoscopy in the management of these patients.
These have consistently shown positive findings which
influenced subsequent management in 30 % and nor-
mal laparoscopic appearances in the majority. The for-
mer group undoubtedly benefit from subsequent
treatment based on the laparoscopic findings. The out-
come of patients with negative laparoscopic findings is
far less favourable, as despite reassurance, the vast
majority have continued to experience abdominal
pain and some have indeed gone on to exploratory la-
parotomy with a negative result.

Other Conditions

There remains a miscellaneous group of patients in
whom laparoscopy may be needed either to establish a
diagnosis or to provide further information needed to
plan the right surgical treatment. Examples of the for-
mer include patients with undiagnosed or obscure in-
tra-abdominal masses and patients with pyrexia of un-
known origin, especially in tropical countries. A good
example of pretreatment laparoscopy is the impal-
pable testis, where the intra-abdominal location of the
testis, its size and feasibility of orchiopexy can be de-
termined before surgical exploration.

Emergency
Acute Abdomen

Emergency laparoscopy is exceedingly useful in the
management of patients with acute right iliac fossa
pain and tenderness. This particularlv applies to fe-
males in whom the differentiation between acute ap-
pendicitis and acute ovarian pathology, ectopic preg-
nancy and salpingitis can be readily made. In patients
with salpingitis, culture material can be obtained and
definitive treatment, i.e. evacuation of pus and saline
lavage can be instituted laparoscopically. Ovarian
pathology and ectopic pregnancy can also be treated
via the laparoscopic approach. In patients of both
sexes, the exclusion of acute appendicitis avoids un-
necessary surgery with substantial cost saving to the
hospital. If appendicitis is confirmed, appendicectomy
can be performed laparoscopically (sec Chap. 15).

The diagnosis of mesenteric vascuiar insufficiency
can be difficult, and there is no reliable diagnostic test.
Often these patients are old and have co-existent car-
diovascular and chronic obstructive airways disease.
Laparoscopy is very useful for the detection of
ischaemic bowel and for establishing the need for op-
erative intervention in these poor-risk patients.

Another useful indication for emergency la-
paroscopy is in the diagnosis of acute peptic perfora-
tion. This is particularly relevant nowadays as suture
closure and peritoneal toilet can be effected laparo-
scopically (see Chap.22).

Abdominal Trauma

The value of minilaparoscopy in the diagnosis and
management of acute abdominal trauma has been val-
idated by both prospective and retrospective studies.
Its main advantage over abdominal lavage is in obviat-
ing laparotomy in those patients with minor injuries
which can be managed conservatively and in those pa-
tients in whom intra-abdominal bleeding has stopped
spontaneously. It is indicated in stab wounds and blunt
injuries, but is contraindicated in high-velocity missile
injuries.

In patients with stab wounds, minilaparoscopy
readily identifies complete penetration of the abdomi-
nal wall. In the absence of the latter, these patients can
be discharged with complete safety after toilet and
suture of their abdominal wall wounds.

Although there is a strong argument for routine usc
in all stable patients with blunt abdominal trauma,
minilaparoscopy is particularly indicated in the fol-
lowing clinical situations:
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1. When the clinical picture and physical signs are ob-
scured by impaired level of consciousness from any
cause

2. Equivocal signs on physical examination in a con-
scious patient

3. Unexplained tachycardia and hypotension in a pre-
viously stable patient

Contraindications

The absolute contraindications are uncorrected bleed-
ing disorders, the cardiovascularly unstable patient
(heart failure), unstable abdominal injuries and ab-
dominal trauma inflicted by gun shots or high-velocity
missiles, chronic respiratory failure and abdominal
wall sepsis. Caution is needed in the presence of large
hiatus herniae and irreducible external hernia, but
provided a low-tension pneumoperitoneum is used
and desufflation is complete at the end of the proce-
dure, laparoscopic procedures can be conducted with
safety in these patients. Obesity is a contraindication if
it is extreme to the extent that the instruments cannot
reach beyond the layers of the abdominal wall.

Laparoscopy in the High-Risk Groups

Special precautions are needed in the following
groups of patients.

Patients with Abdominal Scars. The risk here relates to
the possibility of visceral trauma, and the steps and
measures outlined in Chap. 7 must be followed.

Patients with Abdominal Distension by Excessive Gas
or Ascites. Ascitic patients are especially at risk of in-
testinal trauma as the loops of small intestine are float-
ing on the surface of the ascitic fluid. A useful practical
step in these patients consists of withdrawal of suffi-
cient ascitic fluid once the Veress needle is in situ to re-
duce the distension and intra-abdominal pressure be-
fore the start of the insufflation. This facilitates the
creation of an adequate pneumoperitoneum without
incurring a dangerousrise in the intra-abdominal pres-
sure and greatly reduces the risk of bowel injury dur-
ing the insertion of the laparoscopic trocar and cannu-
la.

Patients with Bleeding and Coagulation Disorders. The
disorder may be congenital or secondary to acquired
disease, most commonly cirrhosis. The risk of bleeding
applies to the stab wounds caused by the insertion of

cannulae and, of course, to biopsy and fine-needle as-
piration cytology. Laparoscopy in these patients
should be backed by full haematological assessment
and advice such that any clotting deficiency is correct-
ed by the appropriate pretreatment. In addition,
diathermy including the suction/coagulation probe
must be available, and the operator must be familiar
with the technique of laparoscopic abdominal wall su-
turing to control bleeding from any of the stab wounds
(described in Chap.7). Minimizing the number of tro-
cars and cannulae used in these patients is a sensible
option.

Patients with Cardiorespiratory Disease. Laparoscopy
can be performed in these patients either under gener-
al or local anaesthesia. A fully trained anaesthetist
must be in attendance, and complete monitoring of the
cardiovascular and respiratory function must be main-
tained throughout the procedure. In these patients, a
low-tension (5-10-mm Hg) pneumoperitoneum is ad-
visable.

Preparation and Anaesthesia
Preparation

The preparation of patients for diagnostic laparoscopy
includes assessment of risks for general anaesthesia. In
patients considered at significant risk, the procedure is
best performed under local anaesthesia with intra-
venous sedation. Correction of any clotting abnormal-
ity by the appropriate measure is important. Catheter-
ization to empty the urinary bladder immediately
before the procedure avoids the risk of vesical injury,
particularly with the subumbilical or suprapubic
approach (favoured by some gynaecologists). The
catheter may be removed after the bladder is emptied
or at the end of the procedure. Nasogastric intubation
is needed in all patients undergoing emergency la-
paroscopy and may be necessary in routine elective
cases if the stomach is distended with air swallowed
during intubation. Shaving is unwarranted except in
very hairy individuals. A diathermy pad (neutral elec-
trode) should always be applied as electrocoagulation
may be needed during the procedure. Antibiotic pro-
phylaxis is unnecessary for routine diagnostic la-
paroscopy but may be dictated by the underlying con-
dition.
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Anaesthesia

In terms of ease of performance, especially when mul-
tiple cannulae are used, diagnostic laparoscopy is best
conducted under general endotracheal anaesthesia
with muscle relaxation and controlled ventilation.
This permits the use of CO; as the insufflating agent
without significant changes in the plasma blood gases,
pH and electrolyte levels.

In patients considered unfit for the above, local
anaesthesia with intravenous sedation with benzo-
diazepines titred to the needs of the patient is em-
ployed. In this situation, insufflation of the peritoneal
cavity should be performed with nitrous oxide for two
reasons. In the first place, the insufflation is less
painful; and secondly, blood gas disturbances conse-
quent on the establishment of the pneumoperitoneum
are less likely, particularly if the patients breathes
30% oxygen throughout the procedure. Although
N,O is not inflammable, it supports combustion and
therefore electrocoagulation cannot be used.

Local anaesthesia can be administered in three
ways:

1. Infiltration of all the layers of the abdominal wall at
the intended sites of cannulae insertion

2. Lower intercostal nerve block

3. Field/rectus sheath block

Technique of Elective Diagnostic Laparoscopy

Following the creation of the pneumoperitoneum, the
laparoscope cannula is introduced, usually in the sub-
umbilical position. Thereafter, the telescope is insert-
ed and viewing commences (direct monocular or with
CCD camera and television monitor). An accessory
(5.5-mm) trocar and cannula is then inserted under vi-
sion in the left upper quadrant along the linea semi-
lunaris, halfway between the umbilicus and the costal
margin. This is needed for the palpating probe and
suction/coagulation cannula. Other accessory cannu-
lae are inserted in other sites as needed.

General Inspection

The procedure entails an initial general inspection of
the peritoneal cavity and its contents, followed by spe-
cific inspection of diseased organs. Exposure of the
various quadrants and regions is facilitated by chang-
ing the position of the operating table (head-up down
and lateral tilt). For this reason, the patient should be
strapped.

The supracolic compartment is examined with the
table in a head-up tilt. This helps to display the anato-
my and ensures that the omentum drops down by grav-
ity away from the area of inspection. The first land-
mark is the falciform ligament. The liver is inspected
next. With the use of the palpating probe, only the pos-
terior surface (pars affixa) of the liver is not visible at
laparoscopy. It is useful to keep the telescope some
5.0 cm from the liver to obtain a good overview. Closer
inspection of the parenchyma and any focal lesions
can be obtained by advancing the tip of the telescope
or using the zoom facility of the endocamera. The oth-
er contents of the right hypochondrium are inspected:
gallbladder, antroduodenal segment of the stomach
and hepatic flexure. These organs are exposed by lift-
ing the liver with the palpating probe. The anterior
surface of the body of the stomach and the gastrocolic
omentum are visualized next. The proximal stomach
and the cardio-oesophageal junction are inspected af-
ter the left lobe of the liver is lifted with the palpating
probe. In the left upper quadrant, the splenic colon
and upper descending colon can be inspected, but the
normal spleen is not accessible for inspection. This or-
gan can only be seen when enlarged with the patient in
a head-up tilt and with the table rotated well to the
right. If a 30° forward-oblique telescope is used, it is
turned 180° to inspect the diaphragmatic and parietal
peritoneum of the upper abdomen. This completes the
inspection of the supracolic compartment.

The infracolic compartment is best examined with
the patient in the supine position and lateral tilt (right
or left) opposite to the side being examined. The
omentum; appendix; caecum; ascending, transverse,
descending colon; and paracolic gutters can be in-
spected using the two grasping forceps technique (see
below). The technique for inspection of the loops of
the small intestine is described below. The lower aorta
and iliac vessels can also be visualized. Both ureters
can be identified in thin individuals.

A steep Trendelenburg position is required for in-
spection of the pelvic organs. Small bowel loops have
to be lifted and placed in the abdomen before full in-
spection of the rectum, bladder and female pelvic or-
gans can be made. In the female, uterine manipulation
through the vagina greatly assists in viewing all parts of
the pelvis. This can be achieved by a Hegar dilator
within the uterine cavity with a vulsellum forceps on
the anterior lip of the cervix (Fig.14.5). For this rea-
son, examination of the female pelvis is best conduct-
ed with the patient in the lithotomy position.
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Fig.14.5. Uterine manipulation with Hegar’s dilator and vulsel-
lum forceps assists the laparoscopic exposure of the female
pelvic organs

Specific Organ Inspection

Special techniques are required for inspection of the
pancreas and intestinal loops. There are two ap-
proaches for examining the pancreas: the supragastric
and the infragastric. Two accessory cannulae are need-
ed (Fig.14.6). In addition, the following instruments
are required: scissors, two insulated atraumatic grasp-
ing forceps, electrocautery cable and palpating probe.
The telescope must be of the forward-oblique viewing
type (30° or 45°).

The supragastric method is particularly suited to
thin patients. The palpating probe introduced through
the right accessory cannula (p3) is used to elevate the
liver, thereby exposing the gastrohepatic omentum. A
window is cut through an avascular area using scissors
introduced through the left accessory cannula (p2).
The palpating probe is then advanced through the
aperture and used to elevate the liver substance above
the lesser sac. The scissors are replaced by an atrau-
matic forceps which is advanced to grasp the lower
margins of the hole in the lesser omentum and adja-
cent lesser curve. This grasping forceps is used to pull
the stomach downwards and forwards. The telescope
is then introduced inside the lesser sac for inspection
of the pancreas.

The infragastric method gives better access to the
pancreas and is favoured by the author except in thin
individuals. The gastrocolic omentum near the greater

ﬁﬁb two rings = 10 mm

wil I
-

Fig.14.6. Sites of insertion of accessory trocars and cannulae for
laparoscopic inspection of the pancreas

one ring = 5 mm

two arrows = working trocar
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curvature is grasped by an atraumatic forceps intro-
duced through the right accessory cannula. An open-
ing is cut by scissors (left cannula) in a relatively avas-
cular area below the greater curvature. Often a few
vessels require electrocoagulation during this step.
The grasping forceps is then replaced by the palpating
probe (right cannula), and this is introduced through
the opening in the gastrocolic omentum for a distance
of 5.0 cm and used to elevate the stomach. A grasping
forceps introduced through the left cannula is used to
stent the opening on the left side, whilst the telescope
is advanced into the lesser sac for inspection of the
pancreas.

The small intestine is best examined in a retrograde
fashion starting at the terminal ileum. The first loop is
grasped between two atraumatic forceps and inspect-
ed on either side. The first grasper (close to the cae-
cum) is then released and applied beyond the second
and so on, the process resembling “walking on stilts”.
Once the upper jejunum is reached, the table is tilted
head down, the omentum placed in the supracolic
compartment and the transverse colon lifted up. In
obese patients this may necessitate the use of a third
cannula. With practice, the entire small intestine from
the ileocaecal junction to the ligament of Treitz can be
inspected.

Ancillary Diagnostic Techniques

Biopsy

The technique used depends on the surface anatomy
of the lesion. If exophytic, a biopsy forceps technique
is used. By contrast, for flat lesions, including
parenchymal liver biopsy, a needle core technique is
employed.

Forceps Biopsy

There are three kinds of biopsy forceps: sharp point,
punch and Semm’ tooth and cup instrument
(Fig.14.7). The first, which is usually insulated, is the
most commonly used instrument and is particularly
suited for biopsy of exophytic hepatic lesions. The
punch and Semm’s forceps allow larger specimens to
be taken from locations such as the diaphragm, pari-
etal peritoneum and intestinal serosal surfaces.
Irrespective of instrument and intended biopsy site,
the technique used is the same. A 45° angle between
the line of cannula penetration (containing the biopsy
forceps) and the lesion constitutes the best approach.

Fig.14.7a-c. Types of biopsy forceps. a Standard pointed insu-
lated (Storz); b punch biopsy forceps (Storz); ¢ Semm’s tooth
biopsy forceps (Storz)

Fig.14.8. Technique of biopsy of exophytic lesion using the
pointed biopsy forceps

With the instrument held in the open position, the
fixed jaw is inserted beside and under the lesion, the
mobile jaw is then closed over the tissue which is
grasped and cut by the sharp edges of the opposed jaws
(Fig.14.8). The instrument is then withdrawn in the
closed position and the biopsy retrieved. The biopsy
site is then inspected for bleeding. Often, minor ooz-
ing is stopped by direct local pressure with the suc-



Diagnostic Laparoscopy and Laparoscopic Adhesiolysis 189

Fig.14.9. Biopty device for precise and safe biopsy of hepatic
parenchyma

tion/coagulation probe. More brisk bleeding is con-
trolled by electrocoagulation.

Core Needle Biopsy

Core needle biopsy of the liver can be obtained by use
of Menghini, Tru-Cut or Biopty device. The latter
(Fig.14.9) is a mechanized spring-loaded device which
uses the Tru-Cut principle. The firing mechanism trig-
gered by the thumb ensures rapid closure of the cut-
ting outer cylinder. The device permits excellent
single-handed control with minimal trauma to the
hepatic parenchyma. Again, the liver biopsy site is in-
spected and any bleeding controlled as described
above.

Cytology

Cytological material can be obtained during la-
paroscopy in three ways: brush technique, peritoneal
washing and fine needle aspiration (FNA).

Brush Cytology

Brush cytology may be used alone and in combination
with other biopsy techniques. It is particularly suitable
for surface lesions in sites which are relatively inacces-
sible to the core needle biopsy or when the latter
method cannot be used, e. g. flat surface lesions on the
intestines. The cytology brush isinserted inside its out-
er protective sheath down the suction cannula. This al-
lows better guidance by imparting rigidity to the as-
sembly. Brushings of the lesion are taken after the
outer plastic sheath has been retracted. Before with-
drawal, the brush is retracted inside the plastic sheath.

Peritoneal Washings

There isincreasingly good evidence from the Japanese
literature that peritoneal washing yields very reliable
prognostic information in patients with gastrointesti-
nal cancer and is used routinely in some centres for the
staging of ovarian, gastric and colonic neoplasms. The
technique was first described for use in open surgery.
The method is, however, readily adapted to staging la-
paroscopy for intra-abdominal tumours. The tech-
nique is very simple and entails the instillation of
200-300 mlsaline into the pelvis via the suction cannu-
la. The fluid is gently stirred in the pelvis and then aspi-
rated back. After centrifugation, the pellet is exam-
ined cytologically for malignant cells.

Fine Needle Aspiration Cytology

In addition to aspiration of free peritoneal fluid and
bile, FNA is ideal for the biopsy of pancreatic lesions
and lymph node masses encountered during diagnos-
tic laparoscopy. A 23-gauge Chiba or lumbar puncture
needle attached to an empty 10-ml syringe is used. Cell
yield and recovery are considerably enhanced if the lu-
men of the needle is first coated with heparin solution
(1000 units per millilitre). This is achieved by aspirat-
ing 1 ml of the solution and then squirting it out com-
pletely before use. For pancreatic lesions, the needle
can be made to traverse the stomach with complete
safety. This is easier than trying to guide the needle
through the opening in the gastrocolic omentum into
the lesser sac. Suction by the syringe is maintained as
the needle traverses the lesion in at least three direc-
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tions over a period of 30 s. Suction is stopped before
the needle and syringe are withdrawn. After discon-
nection of the needle from the syringe, the plunger is
withdrawn up to the 10-ml mark. The syringe is then
re-attached to the needle, the contents of which are
squirted onto a glass slide. Squash preparations are
made by laying a second slide on top of the first and
sliding one against the other.

Cholangiography

Laparoscopic cholangiography can be performed ei-
ther transhepatically or through the gallbladder. Ei-
ther technique does not commit the surgeon to any
procedure on the biliary tract.

Transhepatic Cholangiography

This is indicated in the absence of the gallbladder or
when the organ is grossly contracted or is packed with
alarge stone load. The Chiba needle is introduced into
the liver substance. Initially, we used to impale the
right lobe medial to the gallbladder, but nowadays we
prefer to insert the needle to a depth of 5 cm, pointing
towards the suprahepatic vena cava, into the left lobe
medial to the umbilical fissure to avoid the left branch
of the portal vain. The needle is connected by PVC
tubing and a three-way tap to two 50-ml syringes, one
containing 20% sodium diatrizoate (Hypaque) and
the other normal saline. Screening is commenced as
small increments of contrast are injected. When the
needle tip is in a vascular channel, contrast is seen to
disappear quickly in a centrifugal direction. The
needle is withdrawn slightly and contrast injection re-
peated until the ductal system is entered. This can be
confirmed by aspiration. Enough contrast is then in-
jected to outline the entire biliary tract. On comple-
tion, the site is inspected for bile leakage or bleeding.
Usually a few seconds of compression with the suction
cannula deals with this problem, but is come cases
electrocoagulation may be needed.

Transcystic Cholangiography

A variety of long disposable sheathed intravenous
cannulae may be used for this purpose. There are two
options: direct puncture of the exposed surface of the
gallbladder (usually the fundus) or entry into the gall-
bladder lumen through its bed after traversing the liv-
er substance. Contrary to expectations, direct punc-
ture of the fundus of the gallbladder usually seals very
rapidly after withdrawal of the cannula, particularly if

the gallbladder is emptied by aspiration prior to re-
moval of the cannula. Entry of the gallbladder lumen
through the edge of the right lobe is, however, pre-
ferred by the author as the tamponade effect of the liv-
er substance completely eliminates the problem of bile
leakage. Direct puncture of the fundus is reserved
when the transhepatic method proves difficult. It is fa-
cilitated by grasping the gallbladder to apply counter-
traction as the needle tip is stabbed into the lumen,
otherwise there is a tendency for the gallbladder wall
to recede away from the needle.

Ultrasound Examination
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