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Preface 

The second volume of Operative Manual of Endoscopic Surgery covers some of 
the operative endoscopic procedures which have been introduced into clinical 
practice since the publication of VoI. 1. In the general section, we have included 
an updated chapter on instrumentation and new chapters on anaesthetic manage­
ment of patients undergoing endoscopic surgery and on video image and record­
ing. Both topics are of importance to the practice of endoscopic surgery and have 
not been adequately covered in the reported literature. 

Volume 2 deals with endoscopic procedures)nthechest and abdomen. There 
have been significant advances in thoracoscopic surgery duririg the past 2 years; 
particular reference rs made to anatomical pulmonary resections and oesophageal 
resections. As far as the gastrointestinal trad is concerned, we have included 
gastric and allied operations but have not covered the colorectal region as we 
believe that more evaluation is needed before definitive accounts can be written 
on endoscopic colorectal resections, especially for cancer. For this reason, we have 
decided to defer this important topic to VoI. 3, which is in preparation. The same 
applies to laparoscopic repair of abdominal hernias. 

The same layout has been adopted as in VoI. 1 of the series, with heavy em­
phasis on illustrative representation of the operative steps and techniques. In the 
diagrams on sites of trocar/cannulae, we have indicated not only the site and size 
but also the functional role of each port. 

As on the previous occasion, we are very grateful to the contributing authors 
for the high quality of their submissions and in this respect, our editorial task has 
been a light one. We also would like to acknowledge the constant support and en­
couragement from the staff at Springer-Verlag, especially Ms. B. Wehner, in the 
preparation of this volume. 

A. CUSCHIERI G. BUESS J. PERISSAT 
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1 Instrumentation and Allied Technology for Endoscopic Surgery 

A. MELZER, G. BUESS, and A. CUSCHIERI 

Introduction 

The instrumentation for endoscopic surgery has in­
creased substantially since 1989 when the first 
laparoscopic cholecystectomy was performed; how­
ever, the instruments and the technology have not 
advanced significantly from the original devices de­
signed and developed by Jakobeus [1], Wittmoser 
and Pfau [2], Semm [3] and our teams [4, 5]. Al­
though trocars, cannulae, needle holders, scissors, 
forceps, and clip and stapler systems have been re­
fined the basic technical problems of endoscopic 
surgery have not been overcome [6]. Sutures, liga­
tures and difficult organ dissections have to be exe­
cuted with rigid needle holders, external slip knots 
and unergonomic handles across a two-dimension­
al operative field. Thus, complicated endoscopic 
operations can only be conducted safely by experi­
enced surgeons. These procedures will be facilitated 
if the present disadvantages and limitations of en­
doscopic surgery technology due to restricted han­
dling of tissue, lack of tactile sensation and force 
control are resolved [7] and three-dimensional vi­
sion is established routinely [8]. More complex and 
exacting procedures require even more intricate and 
delicate instrumentation. It is important that the 
surgeon become familiar with engineering and 
technological principles because he is the one who 
has to address the technical operative problems. 
Aside from the need for instrument development, 
certain basic medical and surgical principles must 
be followed. These include adequate operating 
times, completely sterile equipment, minimum mal­
function and uncompromised patient safety. In this 
respect it is important that we encourage the indus­
try and engineering departments to co-operate with 
surgeons in order to produce the instrumentation 
which meets the needs of endoscopic surgery. 

Developmental Principles 

Historically, physicians and technicians have 
worked closely to develop surgical instruments. Al­
though these instruments were relatively primitive, 
they incorporated the necessary design features for 
good function using the manufacturing processes 
available at that time. Over the past centuries nu­
merous instruments have been made [9]. Some were 
modified and then discarded, according to the pro­
gress in surgical science and current knowledge 
[10]. The conventional instruments of open surgery 
have obviously stood the test of time and over the 
years have been perfectly adapted to their purpose. 
But this tradition of instrument development and 
processing amongst surgeons and technicians has 
been interrupted and in past years the initiative has 
been taken over by industry. 

New Area of Surgery: 
Old Principles of Development 

Endoscopic surgery reveals the limitations and fun­
damental problems of current instrumentation. In 
this respect, the close co-operation between the en­
gineer and the surgeon is assuming more impor­
tance, and so, as in the past, they must join effort 
to utilize all the available technological advances to 
produce the instrumentation which is best suited 
for the operations. Endoscopic surgery requires 
new instrumentation, e.g. instruments which are 
steerable, multifunctional, with automatic sutur­
ing, etc. Our goal has been to create the required 
tools by appropriate design [11]. As in former 
times, the instruments are designed by both the sur­
geon and the technician. This interdisciplinary 
linkage has revealed an important advantage; while 
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the surgeon is learning some important rules of de­
sign and principles of construction, the technician 
is acquiring knowledge concerning basic surgical 
and medical principles [12, 13]. 

Interdisciplinary Co-operation 

We have established an interdisciplinary team con­
cerned with the development of endoscopic surgi­
cal technology. This team always operates with a 
specific goal according to the principles of the co­
operative model, which is divided into two levels: 

- Level 1 entails the development of simple instru-
ments and devices in consideration of practical 
surgical requirements for endoscopic opera­
tions. 

- Level 2 includes system research [14] of en­
doscopic surgery as the cornerstone of the devel­
opment of advanced, intelligent instrumenta­
tion and operating systems. 

Fig. 1.1. Innovation level 1 in technology development for 
endoscopic surgery. 
The developmental process is subdivided in four phases: 
first phase (1): theoretical solutions and simple models; sec­
ond phase (II): practical approval of ideas in phantom ex­
periments on animal tissue; third phase (III): animal experi­
ments and professional manufacturing of prototypes; fourth 
phase (IV): clinical tests and industrial production. AII sec­
tions of the development are interconnected and thus influ­
enced and controlled by each other, not necessarily proceed­
ing from phase 1 to phase 4. Ideas can be realized in ali 
phases depending on their technological complexity or the 
medical approach 

The development in level 1 is governed by the 
surgical problem and consists of four phases 
(Fig. 1.1). These phases are interconnected and in­
fluenced by current technologies as well as system 
analysis and techniques. 

In phase one the surgeon and the technician 
discuss and outline a number of theoretical solu-
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tions regarding the instrument with sketches, draw­
ings and simple wire or wooden models. 

Phase two includes the crafting of simple proto­
types, for example by modifying conventional in­
struments and creating test phantoms using animal 
tissue. At this stage the options are reduced to those 
which appear promising at the initial testing and 
only these are processed in the next phase. Whether 
engineers are involved in the theoretical calculation 
and design depends on the devices which are plann­
ed. The industry has to be involved early to consid­
er processing, serial production and marketing. 

In phase three the prototype is designed, manu­
factured and tested, first in phantoms and then in 
animals. Further modifications can be made in a 
workshop close to the animallab. The practical ex­
perience gained by the use of the instrument in ani­
mals of ten requires that an instrument be rede­
signed. 

In phase four a real prototype of the final in­
strument is manufactured by a medical instruments 
manufacturer. Only a device which has been suc­
cessfully tested in human surgical procedures 
should reach the market for routine clinical appli­
cation. However, reliability and clinic al value of the 
solution only becomes apparent after an instru­
ment has been used routinely. Not seldom, medical 
progress in other fields competes with or outmodes 
the operation itself. 

This model is flexible; there are no fixed demar­
cations between the phases. The very first proto­
type of a simple instrument, for instance, can reach 
the routine usage phase and, by contrast, more 
complex developments such as manipulators or 
multifunctional instruments [7] may require pro­
cessing through all the phases plus extensive testing 
and modification. 

Level2 entails systems research [14] and the de­
velopment of intelligent instrument systems. The 
next generation of instruments will be intelligent 
steerable instruments equipped with microsensors, 
actuators [7, 15] and complex electronic controlling 
systems. The development of such instrumentation 
is, indeed, difficult and specific research must be 
conducted e.g. on qualification of tactile and pro­
prioceptive impulse transmis sion [16, 17] or 
microsensor and actuator systems to achieve appro­
priate remote handling under three-dimensional 
endoscopic vision. Such delicate developments re-

quire the whole spectrum of scientific engineering. 
Therefore we are collaborating with research teams 
from the Nuclear Research Centre, Karlsruhe (KfK) 
Germany, the Fraunhofer Society, St. Ingbert, Ger­
many, and the German Aerospace (DASA), Mu­
nich, Germany. The design and te sting may be en­
hanced by simulating and modelling tools. In cur­
rent microsystem engineering, computerized check 
of the design is indispensable [15]. The engineer 
proves and tests his development repeatedly to 
eliminate instrument failures. Such quality assur­
an ce and error analysis in endoscopic surgery will 
provide more reliable instrumentation. Even so, 
there is still the need for final experimental and 
clinic al evaluation, because in surgical practice, in­
strument performance during actual operations is 
what ultimately determines its usefulness. It is im­
portant that the surgeon become more familiar 
with engineering principles and technological sci­
ence, because he is the one who has to address the 
technical problems and to indicate the ways of re­
solving them. Hence, one of our most important 
aims is to create useful interdisciplinary co-opera­
tion in the future which requires that both groups 
be able to understand a certain basic language 1. 

Technological and Medical 
Considerations Governing Safe 
Endoscopic Instrumentation 

Reliability 

Spatial restrictions put limitations on the design 
and construction of reliable and safe endoscopic 
instrumentation. Multifunctional devices are espe­
cially delicate and susceptible to breakage, and so 
cleaning and sterilization can damage instruments 
[18]. Besides the financial aspect, breakage and loss 
of a jaw, for instance, while clamping a vessel, is 
unacceptable and can cause complications. The 
paramount problem in technical design, though, is 
the narrow calibre and the length of the instru­
ments. Critical constructions with hinges and small 

1 A new journal, Endoscopic Surgery and Allied Technolo­
gies, has been established to provide a forum for interdis­
ciplinary communication, for example. 
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Fig. 1.2 a, b. Problems in cleaning endoscopic instruments. 
a Samples of standard instruments were placed in a simula­
tor box in order to examine their cleanability (Ttibingen). 
b Because of the tube character of the long instruments, the 
capillary gaps at the jaws and handle in conjunction with 
the intra-abdominal pressure become considerably stained 
with blood, which remains after routine work 

bolts (Fig. 1.2) must be re-designed in order to 
achieve a simple and reliable action system which is 
simple and safe to use. Disposable instruments may 
solve some of the problems. They are completely 
sterile and the minimal lifetime requirement en­
sures in part appropriate function, e.g., scissors are 
sharp. However, the functions are often not as pre­
cise and optimal as required. Grasping forceps are 
sometimes unsuitable and the precise action of the 
jaws reduced because of instability and hysteresis 
of grip and hinges. Various considerations may re­
quire reduction of production costs, especially the 
desired low sales price. Thus either the design or 
the variety of construction material may affect in­
strument function and reliability. 

In order to reduce the costs incurred in en­
doscopic surgery by disposables "re-posables" or 
semi-reusable instrumentation should be designed 
which meets the requirements for both endoscopic 
SurgerY and hygiene [19]. The functions should be 
controlled as easily as possible so that surgical Pro­
cedures can be performed precisely and quickly. In 
addition, easy and fast sterilization and reproces­
sing must be possible without significant less in re­
liable function and lifetime of the instrument. 

The parts which are subject to excessive wear 
and tear or which are too delicate to undergo the 
work-up can be disposed of, and the function of re­
usable parts frequently and regularly checked, pref­
erably by specialized staff. 

Applicability 

Disinfection and Sterilization 
of Endoscopic Equipment 

Hygienic requirements for instruments and equip­
ment depend on the likelihood of contamination 
and subsequent infection in the patient. There are 
three risk levels [20]: Highly critical are those in­
struments exposed to the patient's blood or tissue, 
semi-critical are those exposed to mucous mem­
branes, and noncritical are those only in contact 
with the skin. For these different levels, different re­
duction rates of micro-organisms are mandatory. 
For high-risk instrumentation a microbe reduction 
of 106, including spores, is necessary and for semi­
critical equipment 105, excluding spores. 
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If an instrument is exposed to the organs and 
possibly to the blood in endoscopic surgery it must 
be treated as a highly critic al item. Cross-contami­
nation and subsequent infection must be avoided 
by completely cleaning and subsequently sterilizing 
the instruments. The optimal sterilization process 
is autoclaving. However, 121 o C - 134 o C pressur­
ized and saturated water steam can severely damage 
heat-sensitive instruments made of plastics or op­
tics and electronic devices. The explosive and toxic, 
ethylene oxide (EO) is used for low-temperature 
sterilization of heat-sensitive materials. The EO 
process requires delicate machinery and safety con­
siderations and is less effective than steam process­
ing. Prior to use the instrument has be to exposed 
to air to reduce the gas content. This airing time is 
up to 1 week for plastic and 24 h for metal. Thus 
the minimal time for an EO cycle is 1 day [21]. 

The low-temperature "sterilization" of the in­
struments using Sidex or other solutions such as 
glutaraldehyde, formaldehyde or peracetic acid is 
suitable for disinfection for semi-critical instru­
ments but of limited value for instruments exposed 
to tissue and blood and cannot be recommended. 
There have been a few cases of proven transmission 
of HBV infection caused by endoscopic systems 
[20]. However, it is hardly possible to follow such 
infection pathways, and absence of evidence of in­
fection does not mean there is no risk of infection. 
Hence, instruments must always be sterilized. 

Newly developed methods of low-temperature 
sterilization can completely sterilize even delicate 
and temperature-sensitive systems [22]. The Sterrad 
System (Johnson&Johnson, Norderstedt, Germa­
ny) is a H20 2 low-temperature plasma process 
which allows nontoxic, rapid sterilization at tem­
peratures not above 50°C [23]. 

The process proceeds in the following manner: 
The instruments are sealed in a special package and 
placed in the plasma chamber of the device and a 
vacuum created. Approximately 1.8 mI H20 2 are 
injected into the chamber. The H20 2 immediately 
vaporizes due to the vacuum and all instruments 
are contacted. A radio-frequency, high-voltage field 
is generated and breaks down the H20 2 molecules 
into free radicals. These react with organic materi­
als and thereby destroy micro-organisms. The 
whole cycle (ca. 75 min) is completed by refilling 
the chamber with filtered air. 

Low-temperature plasma sterilization is limited 
primarily to surface sterilization; however, electron­
ic equipment, in particular, synthetic materials can 
be sterilized and no airing is required. In addition, 
no special building or construction work is re­
quired in the clinic because the system is only the 
size of a large cleaning machine. 

Basic Rules of Disinfection, 
Cleaning and Sterilization 

The principle rule of work-up is disinfection, clean­
ing and subsequent sterilization. Cleaning and 
disinfection is usually a combined process. It must 
be possible to wet all surfaces of the instrument to 
adequately flush and rinse it [19]. Frequent tests of 
sealing are mandatory sin ce the instrument cannot 
be disassembled after it has been sealed. 

Preliminary results of our investigations in Tii­
bingen indicate that cleaning facilities for standard­
design, rigid, reusable endoscopic forceps and scis­
sors are inadequate (Fig. 1.2b). Therefore, we have 
developed in co-operation with Netzsch Newamatic 
(Waldkraiburg, Germany) and Jakoubek (Liptin­
gen, Germany) the Tiibingen container (Fig. 1.3 a). 
After surgery the nurse places the instrument, dis­
assembled if required, in this container and con­
nects all tubes to special interfaces. The contents of 
the container are automatically cleaned and ther­
mally disinfected, as usual. All internal surfaces of 
the instrument are reached by measuring the irriga­
tion flow through all channels. The same container 
is then returned to the operating theatre and the 
scrub nurse can reassemble the instrument for the 
next operation. Thus, direct contact with contami­
nated instruments which are usually inadequately 
cleaned and scrubbed by hand can be minimized. 
Not only in consideration of recent identification 
of HIV virus in blood aerosols during surgical pro­
cedures [24] hand cleaning should be abolished to­
tally. 

Cleaning and disinfection depend more on the 
design of the instrument than on the washing ma­
chines because those have stood the test of time 
and their cleaning properties have been confirmed 
and are reliable for existing traditional instruments. 
Although the Association of Operating Room 
Nurses (AORN) strongly recommends the disas-
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'v 
sembling of alI surgical equipment for sterilization 
[25, 26], endoscopic instruments can only rarely be 
efficiently and easily disassembled. Disassembled 
instruments are easier to de an and to sterilize [27]; 
however, the deaning requires a considerable 
amount of work by hand and equipment 
(Fig. 1.3 b). Conventional cannulae, for example, 
consist of several parts which are difficult to take 
apart and to assemble (Fig. 1.3 c). We have attempt­
ed to develop instruments which can be easily dis­
and re-assembled while maintaining appropriate 
and reliable functions. The first prototypes of 
hingeless modular instruments designed and con­
structed in colIaboration with PCIIJakoubek (Lip­
tingen, Germany) and Nitinol Devices and Compo­
nents NDC (Fremont, CA, USA) are promising 
(Fig. 1.4a). Other manufacturers such as Storz 
(Tuttlingen, Germany) or Wolf (Knittlingen, Ger­
many) are marketing instruments which can be 
disassembled (Fig. t.4b). 

Fig. 1.3. a In the Tiibingen container (Netzsch Newamatic 
and Jakoubek) irrigation of endoscopic instruments is auto­
matically controlled; thus cleaning and disinfection is facili­
tated. b Cleaning usually requires considerable manual work 
and sophisticated equipment such as brushes, injection con­
nectors and other tools. This adds significant risk to the per­
son doing the cleaning of becoming contaminated and to the 
instrument of becoming damaged. c Conventional trocars 
and cannulae consist of several parts which are difficult to 
take apart and to assemble 

The industry should be encouraged to supply 
the surgeon with suitable, practical equipment 
which also meets the requirements for hygiene and 
work-up. Therefore, norms and standards must be 
established for endoscopic instruments 1. 

The solution to these problems may be to re­
place reusables with disposables, but this would be 
of unacceptable expense. In our view the use of 
disposables should be restricted to certain instru­
ments, such as staplers and other delicate ones. The 
shaft, handle and other simple parts should be re­
usable. The use of disposables leads to another im­
portant problem, that is reprocessing and reuse of 
disposable instruments, which seems to be prac­
tised in a number of hospitals. This policy is criti­
cal, because the manufacturers guarantee the func­
tion of their devices for the first use only. If the in-

1 A comittee to develop DIN standards for endoscopic 
surgery was founded in September 1993. 

b 
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r 

Fig. 1.4. a A new generation of hingeless modular instru­
ments designed and constructed together with PCI! 
Jakoubek and Nitinol Devices & Components NDC can be 
easily disassembled and cleaned. b Storz, Wolf and other 
manufacturers are marketing standard hinge instruments 
which can be "taken apart" to facilitate cleaning 

strument breaks subsequent ta reprocessing, the 
surgeon is fully responsible for any resulting haz­
ards [19]. We have only used reprocessed dis­
posables in experimental surgery in animals and ac­
cording ta aur experience the life-time of such in­
struments is of ten reduced after work-up and steril­
ization. However, cost-efficiency studies must be 
performed. Economical and ecological principles 

such as waste, energy, material and labour also 
need ta be intensively investigated in order to find 
the optimal endoscopic instruments. 

Biocompatibility 

Biocompatibility is an important restriction in the 
design of endoscopic instruments as regards con­
struction material, sealing grease and oii. The ma­
terial has to meet certain requirements: no toxic ef­
fects to tissue, minimal tissue reaction, maximum 
chemi cal resistance to chemi cal influence, etc. [28]. 
The materials suitable for instruments must be of 
high mechanical quality. However, mechanical sta­
bility is inversely proportional to biocompatibility. 

a 

b 
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Biocompatibility 
Bioactiv: 
Ceramics 

Bioinert: 
Titanium 

Biotolerant: 
Stainless 

Steel 
Mechanical Quality 

Fig. 1.5. Schematic illustration of the relationship between 
biocompatibility and mechanical quality of materials. The 
higher the level of biocompatibility of the material the lower 
the mechanical stability. For example, ceramics are bioactive 
materials, which means that the surface of the ceramic is ei­
ther covered by a layer of protein molecules or it is actively 
integrated within tissue formation (calcium hydroxy dissolu­
tion apatite in bone). But their elasticity and mechanical 
stability is low. The bioinert materials such as titanium form 
passive oxide layers that protect within the human body. The 
biotolerable materials, such as tantalum and stainless steel, 
provide high stability, minimal tissue reaction and accep­
table rate of dissolution of contents 

Synthetie materials must be processed under 
clean conditions, e.g. the content of heavy metal 
must be kept to a minimum. Biodegradable plastics 
are preferable for clips and other implanted materi­
als; however, their spectrum of processing is limit­
ed, there are fewer manufacturing facilities avail­
able and the mechanical stability is reduced com­
pared to metal. Figure 1.5 illustrates the level of 
biocompatibility of common materials used in 
medieal equipment. 

Imaging Principles 

Due to reduced sensory input such as loss of tactile 
feedback and the two-dimensional video image, the 
endoscopic surgeon requires additional anatomieal 

information. Hence, angiography, ultrasound, 
computed tomography (CT) and magnetic reso­
nance imaging (MRI) [29-35] are employed to im­
prove the appraisal of the anatomy and pathology 
of the operative field. 

Intraoperative Cholangiography 

Intraoperative cholangiography is not a new tech­
nique. Since it was introduced by Mirizzi and advo­
cated by Hickens in 1936 [30], its routine use is still 
under discussion and the application in laparo­
scopic cholecystectomy has heightened this contro­
versy [31, 32]. The editors, however, recommend its 
routine use during laparoscopie cholecystectomy, 
because there is no substitute diagnostic technique 
which yields comparable anatomic al detail. More­
over, the surgeon who is not practised in perform­
ing routine intraoperative cholangiography will not 
progress to more complicated procedures. The 
quality of cholangiography depends on the radio­
logical equipment and its competent use [30]. 

Mobile X-ray machines with three blind expo­
sures during and after the injection of different 
amounts of contrast are unsuitable and yield poor 
results. In addition, the important filling phase 
during contrast injection is missed. Due to such 
mishaps the procedure has to be repeated frequent­
ly and is time consuming. With the modern C-arm 
imaging systems (Fig. 1.6) with digital enhance­
ment software such as real-time subtraction, road 
mapping modes and image storage provide ex­
cellent high resolutions exposures [33] (OEC 
Diasonies, Salt Lake City, UT, USA; Philips Medi­
cal Systems, London UK; Siemens, Erlangen, Ger­
many). Using digital real-time subtraction 
angiography (DSA) with intravenous contrast injec­
tion, arteries can be visualized, obviating the need 
for direct arterial puncture. Unwanted background 
information is "subtracted", leaving only an image 
of the contrast-filled vessels, which is the difference 
between the "mask image" obtained at the start of 
subtraction and the contrasted exposure. When em­
ployed during intraoperative cholangiography, 
DSA is of particular benefit because it reveals addi­
tional anatomical details which can be obscured by 
overlapping structures. All the state-of-the-art C­
arm machi nes support the subtraction technique. 
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Fig. 1.6. Digital C-arm imaging systems provide superb ex­
posures owing to new functions such as real-time subtrac­
tion, road mapping modes and image storage (OEC 
Diasonics, Philips Medical System, and Siemens) 

The zoom, activated on the trackball panel, allows 
two- or four-fold magnification of a selected area 
of interest. "Peak opacification" compares the 
darkness of alI pixels subsequently and replaces 
previous pixels by the darkest pixels acquired dur­
ing the imaging process. By means of an automatic 
equalization of the contrast the "autohisto" takes a 
sampling of grey-scale values of the image and de­
termines the correct level of an optimized and 
sharp exposure. The resulting image shows an opti­
mum of contrast and quality for post-processing 
and image storage. The "road mapping" function 
obtains a sequence of subtracted images of a 
preselected original mask which is particularly use­
fuI for interventional cholangiography. With "real­
time imaging" a selected stored image can be dis­
played on the left monitor and the active screening 
process on the right monitor. The running image 
can be enhanced by keeping an average of pixel val­
ues over several frames and a special feature reduc­
es motion artefacts. It provides an average of the 
"noise" caused by small movements, allowing these 
to be viewed without undue lag. The images are 
stored on a hard disc, and so the surgeon can select 
images as they appear on the screen by means of a 
foot switch. These files can than be recalled and 

post-processed by transmitting the data on X-ray 
film cassettes of a mulfiformat camera or as video 
signals in SVHS quality on tapes or if desired as 
video prints by means of a laser video imager. 

Ultrasound 

The biliary tract and abdomen can be viewed using 
laparoscopic ultrasound [34, 35]. In contrast to ra­
diological imaging, ultrasound operates on high­
frequency longitudinal sound waves, which by re­
flection emanate an echogram of the biological tis­
sue. The appropriate diagnostic range of the fre­
quency (3.5 -10 MHz) is obtained by a piezoelec­
tric transducer. The size, shape and resonance fre­
quency of the emitting silicon crystals determine 
the course of the sound beam within the examined 
tissue. To create a two-dimensional scanning field, 
the transducer crystal can be alternately moved 
within a sector of 60 o up to 120 o, or numerous 
transducer crystals linearly connected in a row are 
sequentially activated. The latter yields excellent 
resolution and a rectangular image which obviates 
the visual distortion of the triangular sector. The 
sound beam passes through the different celllayers 
that have different acoustic impedance which leads 
to attenuation of the sound beam. Attenuation is 
due to the loss of energy caused by reflection, re­
fraction, divergence and absorption. The more at­
tenuation caused by the sound through the tissue, 
the lower is the resultant signal intensity. The re­
flected sound signals detected by the receiver pro­
duce the image of the tissue texture according to 
the different signal intensities produced by the tis­
sue impedance. The ultrasound image effects are 
"shadowing" and "enhancement". A sound shad­
ow occurs when the intensity of tissue (fibrous, cal­
cification or gas) is higher than an average attenua­
tion according to the depth of tissue, which is bal­
anced by means of the electronic controlling unit of 
the imager, whereas enhancement is caused by tis­
sue which has lower attenuation (e.g. fluid) than 
that of the underlying structure. 

The degree of the resolution of the image in re­
spect of the depth of the examined tissue is deter­
mined by the frequency of the ultrasound transduc­
ers. The lower the frequency, the deeper is the expo-
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sure, but the degree of resolution decreases. By con­
trast, the higher the frequency (up to 20 MHz in in­
travascular scanning) the greater is the resolution, 
but the depth of the field is reduced [36]. For en­
doscopic purposes a range of 5 -10 MHz seems to 
be appropriate. The ultrasound imaging systems 
are digitally enhanced and the pulse echo is con­
verted into real-time, two-dimensional and even 
three-dimensional images. The contrast agents used 
are different from those used in radiology. Gas mi­
crobubbles in a fluid matrix provide the enhance­
ment. However, the routine application of ultra­
sound contrast agents requires further research and 
evaluation. 

Laparoscopie Ultrasound Probes 

The ultrasound probes currently available for lapa­
roscopy are the sector scanner made by Endomedix 
(lrvine, CA, USA) and the Aloka linear probe 
(Keymed; Southend-on-Sea, UK). However En­
domedix is no longer trading. The 7.5 MHz 
LaproScan (Endomedix) (Fig. 1.7 a, b) employs a 
sector of 90°, one probe in side view and one in 
transverse view. Although the scanning can be con­
trolled by the handpiece, its resolution and image 
qualities need further refinement. 

The Aloka probe (Keymed) has a linear array 
which consists of aligned transducer elements. Its 
image is of high quality and comparable to that of 
hand scanners. However, the array beams in a rect­
angular direction, which decreases its applicability 
[34]. A convex surface of the transducer would rep­
resent a considerable improvement. Aiso a deflect­
able and adjustable scanning position of the distal 
tip is adequate [35]. The paramount problem of a 
deflectable probe (IV - E 1, Olympus Optieal; To­
kyo, Japan) is steam sterilization, because the tech­
nology employed is comparable to that of the flexi­
bIe endoscope scanners (see Fig. 1.7b). 

Duplex Scanning 

The Doppler effect - a reflected sound wave from 
an object moving away from the acoustie source 
has an enlarged wavelength, whereas the reflected 
wave from an object moving towards the source has 

Fig. 1.7. a Endomedix (Irvine, CA, USA) used to market an 
ultrasound sector scanner which can be applied 
laparoscopically. Although sector scanning leads to image 
distortion, the scanning image can be gained from one sin­
gle point. b A deflectable, linear sector scanner is available 
from Olympus Optical. The linear scanning requires a rela­
tively large contact square to the organ; however, it produces 
superb images 

a shortened wave length - is the principle which 
allows blood flow and direction to be detected and 
venous flow to be distinguished from arterial flow. 
The duplex scanning system facilitates endoscopic 

a 
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dissection of structures containing large vessels in 
difficult anatomical regions [37, 38]. Doppler pro­
bes are available from Medasonics (Fremont, CA, 
USA) and Meadox Surgimed (Oakland, NJ, USA). 

Optical Systems 

From the technological point of view the rod lens 
systems of rigid endoscopes are nearly optimized 
and further considerable improvement is physically 
limited. The resolution and colour quality of the 
current endoscopes corresponds to that which the 
human eye is able to perceive. Although distortion­
free telescopes are available, distortion correction is 
stiH under discussion for monocular endoscopy. 
Distortion facilitates depth perception but the cor­
rected optical system gives a better image (see 
VoI. 1, Chap.2). 

Disposable Endoscopes 

The latest development in rigid endoscopes is the 
disposable laparoscope by USSC (Norwalk, CT, 
USA). Although light weight, not heat conductive 
and equipped with a lens cleaner, the image quality 
is not fully adequate for endoscopic surgery. The 
compromise in quality is due to the cheap produc­
tion required to make the price affordable. From 
the technological point of view, plastic lenses made 
of polymethylmethacrylate can yield superb image 
quality (Minolta photo lenses). Especially the coat­
ing with metal oxides and nanometre-size silicate 
particles gives plastic both excellent dereflection 
and scratch resistance properties which are compa­
rabIe to those of glass. 

However, these lenses are larger than endoscopic 
ones and the correction of chromatic and spheric 
aberrations of lenses requires different sorts of 
glass with different light defraction indices. Cur­
rently, plastic lenses have approximately the same 
light defraction index. 

In future, the plasma sterilization method will 
make it possible to sterilize temperature-sensitive 
material such as plastic lenses made of polymethyl­
acrylate routinely. In this respect the advantages of 
plastic lenses - light weight, reduced heat conduc-

tion and reduced risk of damage - should be con­
sidered for high-quality reusable endoscopes. 

Video Equipment 

The paramount element of the image quality is the 
video equipment used for the operation [39]. The 
superb imaging quality of the telescopes are re­
duced by the resolution and colour quality of the 
cameras. The heart of the camera is the charge-cou­
pled device (CCD) chip which is extensively de­
scribed in VoI. 1, Chap.2. The chips currently em­
ployed in endoscopic cameras are 1/2 inches diago­
nally. There are about 333000 pixels and 400 x 400 
lines; ca. 1000 x 1000 lines and 1 million pixels are 
desirable. Preliminary experience with endoscopic 
HDTV in Tubingen has revealed considerable ad­
vantages and enhancement of endoscopic surgical 
procedures due to the superb resolution 1250x920 
lines and 2.2 million pixels. HDTV endoscopy wiH 
be commercialized by BTS (Eindhoven, The Neth­
erlands) and Wolf. The minimal size of the rod lens 
system suitable for HDTV resolution is that of a 
10-mm endoscope. 

Digital video processing and recording is cur­
rently available (e.g. Canon, Sony, etc.) and holds 
great potential as the pictures are indefinitely 
stored on optic discs but current costs are prohibi­
tively high. However, in combination with HDTV 
endoscopy digital video would fulfil all require­
ments regarding colour trueness and resolution 
that are necessary for adequate visualization in en­
doscopic surgery. 

Rigid Chip Endoscopes 

The integration of the CCD chip within the tip of 
the endoscope seems to be of considerable advan­
tage compared to the classic endoscope and camera 
system. It is light weight and easy to handle and the 
camera does not need to be adapted. The complete 
set can be sterilized so that no cover is required and 
the loss of light through the rod lenses and above 
through the connection between light cable en­
doscope and ocular camera can be avoided. How­
ever, resolution and colour reproduction of current 
CCDs are inferior to that of rigid rod lens systems. 
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Stereoscopes 

In addition to the stereo telescope of transanal en­
doscopic microsurgery (Wolf) stereo laparoscopes 
manufactured by Aesculap (Thttlingen, Germany) 
Olympus Winter&Ibe (Hamburg, Germany) and 
Opticon (Karlsruhe, Germany) and others are avail­
able. However, they are only useful in combination 
with two cameras for three-dimensional video tech­
niques. Stereoscopes are comprised of two high­
quality optic al systems integrated into one tube. As 
high-precision optic adjustment and additional 
parts such as lenses and prisms are required, the 
manufacturing is difficult and more expensive than 
monocular endoscopes [40]. The two optics should 
be distortion-free, because this is important for a 
maximum correspondence of the two images. 

Fig. 1.8. a Flexible endoscopes are being used increasingly in 
endoscopic surgery, e.g. for common bile duct exploration 
and intraoperative lithotripsy (Endomedix). b Photographic 
representation of a flexible choledochoscope (URF-P2, 
Olympus Optica!). Comparable scopes are available from 
Storz, Wolf, Pentax and others. c Semi-disposable scopes 
(Endomedix) can be resterilized using ethylenoxide or form­
aldehyde a limited number of times, depending on care and 
handling 

Flexible Endoscopes 

Flexible endoscopes are being used increasingly in 
endoscopic surgery, e.g. for common bile duct ex­
ploration (Fig. 1.8 a). Flexible scopes (Storz, Wolf, 
Olympus Optical, and Pentax, Tokyo, Japan) can 
only be reliably sterilized by EO or formaldehyde 
processing which is time consuming and involves 
an additional risk of damage to these expensive de­
vices. Semi-disposable scopes, (Endomedix; 
Fig. 1.8c) can be resterilized a limited number of 
times using EO or formaldehyde. The problem is 

b 

c 
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Fig. 1.9. a The new thoracofibrescopes have a rigid shaft but 
are flexible on the distal end (LTF, Olympus, Optical). AI­
though the optical quality is inferior compared to rod lens 
endoscopes, the deflecting is of considerable benefit for di­
agnostic thoracoscopy. Schematic comparison of surgical 
manoeuvres using rigid (b) versus semiflexible (c) telescopes. 
Surgical manoevers are more difficult to conduct when the 
endoscope is deflected because the eye coordination axis is 
reversed 

c 
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that these thin and delicate endoscopes are easily 
damaged, which, considering their price, is a major 
disadvantage for general use in endoscopic explora­
tion of the bile duct. However, direct optic imaging 
of the biliary tract is desired and of considerable 
benefit for lithotripsy of common bile duct stones. 

The use of a semi-flexible introduction sleeve 
through which the scope should be inserted 
through the cannula into the abdominal cavity is 
one way of preventing breakage. 

Semi -flexible Endoscopes 

To construct a semi-flexible endoscope the conven­
tional flexible endoscope was shortened and modi­
fied by a rigid intersection (e.g. Olympus Optical; 
Fig. 1.9 a). Such a construction permits additional 
degrees of freedom of the viewing direction. How­
ever, the image quality of fibreoptics and the illu­
mination do not fulfil alI the endoscopic surgical 
requirements because they are inferior to rigid tele­
scopes. The use of these flexibles scopes requires 
experience and care to prevent mishaps during 
surgical manoeuvres (Fig. 1.9b, c). Baxter has intro­
duced a semi-flexible scope which is operated via a 
joy stick placed at the hand-piece. The movements 
of the front section are controlled by servomotors; 
however, orientation problems similar to those of 
fulIy flexible endoscopes occur during its utiliza­
tion. 

An adjustable viewing angle of the front lens of 
a rigid endoscope, for example, from O °to 90°C, is 
of considerable advantage, making change of the 
optic during complicated procedures unnecessary. 

Although the optic quality of the rigid rod lens 
system is superior to that of fibrescopes, it restricts 
a viewing angle adjustment. Such a construction 
would require miniaturized moveable prism sys­
tems with adjustable optic segments as employed in 
Wittmoser's segmental optic [41]. Precise sealing 
would be required for cleaning, but autoclaving 
seems impossible. 

An optical system which alIows three-dimen­
sional viewing with auto iris, auto focus, zoom and 
auto convergence combined with optimal resolu­
tion and colour reproduction is almost like the 
human eye. Such a system is required to provide the 
image quality that permits the highest possible 

safety during an operation. With CCD chip tech­
nology [6] combined with micromechanics and 
microelectronics in a microsystem [15] it may be 
possible to create such a sophisticated optical sys­
tem. 

Light Sources 

There is no new technology of light generation and 
transmissions; however, existing systems have been 
refined. The new halogen metal vapour arc lamps 
emit light of daylight quality at a colour tempera­
ture of 5700 K. The life-time of these advanced 
bulbs can now be measured and they are simple to 
replace. The light sources still have some disadvan­
tages: light cables can only be interchanged with 
special connectors, and the iris control is usualIy 
not interchangeable between cameras and light 
sources of different manufacturers. Automatic 
lamp changing and standardized interfaces of iris 
control and light cable connection are required. 

Intraluminal Illumination 

Procedures such as cardiomyotomy benefit from 
intraluminal illumination with the gastroscope. 
The EndoLumina (BioEnterics, Carpinteria, CA, 
USA) includes a soft and transparent silicon 
elastomere bougie connected with a glass fibreoptic 
bundle that is designed to be attached to a light 
source. The light is transmitted through the surface 
of the bougie and thus transilluminates thin organ­
ic tissue such as the oesophagus walI. Different 
shapes and diameters are available. The device is 
autoclavable, but may not be soaked since the elas­
tom ere absorbs the disinfectant and subsequently 
leaks out, causing tissue damage. 
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Fig. 1.10 a, b. Mechanical (a) versus gas pressure (b) disten­
sion of the abdominal wall. With mechanicallift there is in­
sufficient exposure due to the non-uniform "tent-like" dis­
traction of the abdominal wall, whereas gas insufflation 

a 

C02 Insuflatlon 

b 

provides an adequately exposed operative field. However, 
gasless laparoscopy entails advantages for high-risk patients 
and in cases of trauma 
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Exposure of the Operative Field 

New Technology of Mechanical Distension 
and Gasless Laparoscopy 

Mechanical distension of the operative field is as 
old as surgery itself. Since introduced by Mouret in 
laparoscopic surgery, various devices such as 
hooks, barbs and fans have been used to distend 
the abdominal wall. Aside from simplicity, me­
chanical distension has certain advantages: gas in­
sufflation can be avoided, it is reliable and instru­
ment design is less restricted. Thus, a round cross­
section of the instrument shaft is no longer essen­
tiaI. 

From the clinical viewpoint the elderly or the 
trauma patient may benefit if extensive gas insuf­
flation is avoided because there is less effect on ven­
tilation and the risk of CO2 embolism and emphy­
sema are decreased. In addition, due to the intra­
abdominal pressure the phrenic nerve may be ir­
ritated and cause shoulder pain. Particularly in the 
event of substantial bleeding mechanical distension 
permits immediate introduction of instruments 
without altering the haemodynamic condition of 
the patient. The disadvantages of mechanical lift 
include insufficient exposure, due to the non­
uniform "tent-like" distraction of the abdominal 
wall (Fig.1.10), and trauma to the peritoneum 
which may lead to adhesion formation. Some pa­
tients complain of postoperative pain in the area 
where the hook was introduced. 

Devices for Gasless Laparoscopy 

The simplest method of mechanicallift is to apply 
sutures to the skin or insert a thick thread through 
the abdominal wall. The Dundee technique of sus­
pending the abdominal wall by using a drain with 
an inserted rod (Fig. 1.11 a, b) is of considerable 
help during procedures such as fundoplication, 
vagotomy, etc. The soft plastic tube reduces trau­
matization of the peritoneum and postoperative 
pain in the suspended area. However, since this 
technique does not contain built-in safety features 
such as automatic release or spring gauge it has to 
be used with care. 

Semm's sus pension device is a simple rod with a 
hinge at the distal end. The tip can be deflected and 
a T-shaped barb results (WISAP, Sauerlach, Ger­
many). A French suspender (Societe 3X, Caluire & 
Cuire, Paris, France) designed according to Mouret 
consists of a specially curved stainless steel rod 
which can be screwed through a small inci sion and 
than used to lift the abdominal wall (Fig. 1.11 c). 
However, damage to the peritoneum may be caused 
by both instruments. A fancier and more expensive 
device, the LaparoLift, is available from Origin 
(Menlo Park, CA, USA, Fig. 1.12). The principle is 
the same; a hook-shaped element (LaparoFan) is 
inserted through an incision and the abdominal 
wall is lifted. In our view the blades of the hook 
should be redesigned in order to improve their 
"atraumatic" design. This lift system is not 
sterilizable as it is large but it can be covered with 
a sterile polyethylene tube. Although, the 
LaparoLift is the only system with which over­
distension might be avoided because of an integrat­
ed spring gauge, this is not achieved automatically. 
The limit for safe distension varies considerably 
from patient to patient and is influenced by several 
factors. 

Hydraulic Distension 

Operations such as extraperitoneal hernia repair 
and urological procedures such as nephrectomy or 
removal of para-aortic lymph nodes require precise 
exposure of dedicated anatomical regions. An ef­
fective, but simple and cost-saving method is de­
scribed by Rassweiler (VoI. 3). The finger of a con­
ventional surgical glove is mounted at the tip of a 
laparoscope with instrumentation channeI. Subse­
quent to blunt insertion and tunnelling, the finger 
is filled with a predetermined volume of saline so­
lution (500-1000 mI). After initial filling, the bal­
loon becomes transparent due to distension and 
thus the space created by blunt dissection of the an­
atomicallayers can be visualized. Subsequent to as­
piration of the balloon via standard suction and re­
moval the scope can be positioned and the extra­
peritoneal operative field insufflated at 
5 - 8 mmHg. Similarly functioning disposable bal­
loons are available from Origin, General Surgical 
Innovations (Portola Valley, CA, USA) and others. 
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• Fig.1.11a-c. Suspending the abdominal wall using a drain 
with an inserted rod (Dundee technique). a The first step in­
cludes the insertion of a drain trocar mounted with a silicon 
tube. b The stainless steel rod is then placed between the in­
sertions and the tube is fixed to a gallow. c The suspender 
according to Mouret (Societe 3X; Caluire&Cuire, Paris, 
France) consists of a specially curved stainless steel rod 
which can be screwed into the abdominal cavity through a 
small inci sion 

.... 
Fig. 1.12. The Laparo Lift device by Origin is electrically 
driven 

c 
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Gas Insufflation 1 

Several new types of gas insufflators have been in­
troduced. Some important changes are electronic 
pressure and flow control, maximum gas flow of up 
to 20 lImin, electronic flow measurement, gas heat­
ing and filters. 

Pressure Control 

Basically, an insufflator reduces the gas pressure of 
a CO2 cylinder to low pressure needed in the hu­
man body. This pressure reduction is governed by 
the following parameters: intra-abdominal pres­
sure, the insufflation (driving) pressure, the insuf­
flation flow, and the gas temperature. 

Intra-abdominal pressure is the most important 
parameter to control. Due to the blood pressure of 
about 10 mmHG in the vena cava, the intra-ab­
dominal CO2 pressure should not exceed 
15 mmHG. Therefore, an insufflator should have a 
barrier against inadvertent CO2 pressure preset for 
over 15 mmHG and a pressure relief system 
(Fig. 1.13). 

Exact pressure control is of importance during 
suction and especially during argon beam spray co­
agulation. The use of argon beam coagulators, in 
particular, can cause major elevation of the intra­
abdominal pressure. Furthermore, conventional ir­
rigation and aspiration devices with piston pumps 
and imprecise adjustment also cause significant 
fluctuation of the intra-abdominal pressure. 

Roller pumps, by contrast, are precisely adjust­
able to determined volumes (Fig. 1.14). For in­
stance, if an argon beam spray coagulation device 
is used it insufflates approximately 411min. The 
roller pump suction can then be adjusted to 
equilibrate pressure, provided a sucker is intro­
duced. By contrast to the conventional suction de­
vice which aspirates ca. 2.4 lliquid per minute and 
sucks ca. 201 air, a roller pump aspirates approxi­
mately the same amount of liquid and air 
(2.9113.11). 

1 In co-operation with S. Sawatzki, WOM, Berlin. 

The integration of a roller pump and aspirator 
would be more reliable and useful. This could auto­
matically stop the gas input as well as aspirating the 
required amount of gas necessary to maintain the 
intra-abdominal pressure within defined limits. 
Such a system has recently been developed in Tii­
bingen, the Operating System OREST I (Dornier 
Medizintechnik, Germering, Germany). 

Flow 

The gas flow is created by pressure difference: the 
higher the pressure difference, the higher the flow. 
But the flow depends also on the flow resistors 
along the flow path (e.g. tubes, needle, trocar, etc.). 
During an operation of 1 h the consumption of 
CO2 is about 601, resulting in an average flow of 
1 lImin. The maximum flow of 20 1 indicated by 
the manufacturers not only reduces the life-time of 
the gas bottle, but also represents potential danger 
for the patient due to the risk of overpressuriza­
tion. However, as the maximum flow depends both 
on the driving pressure and the diameter and length 
of the supplying tubes, the maximum flow of the 
device is never achieved at the output site of the 
cannulae. Our examinations indicate a real flow of 
up to 6 - 9 lImin. A flow higher than 9 lImin seems 
unnecessary and carries considerable risks. 

To prevent insufflation in the event of incorrect 
insertion of the Verres needle, e.g. intra-arterially, 
the driving pressure should not exceed more than 
50 mmHg, which consequently reduces the maxi­
mum flow. In order to achieve both safe and stable 
pneumoperitoneum, an adequate pressure and flow 
control is necessary (which can be described as soft 
approach pressure control, SAPC). In addition, the 
output site (cannula) requires optimization and 
standardization. Most of the current insufflators 
work intermittently to obtain intra-abdominal pres­
sure by means of pressure equalization. With a 
powerful controlling algorithm the average flow of 
such a device reaches 90070 of a comparatively con­
tinuously working device. The advantage of the in­
termittently working device is the elegant pressure 
measurement without additional tubes. From the 
point of view of safety, the high-flow gas inSUffla­
tion itself may cause severe complications, due to 
the lack of a safety val ve, which would automati-
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Fig. 1.13. A modern insufflator with safety valves and elec­
tronic control of all functions 
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Fig. 1.14. The roller pump suction allows adjustment to de- .. 
termined volumes of either gas and liquid. Depending on 
the rotation speed of the roller, certain volumes are squeezed 
through the tube. Thus, excessive aspiration of gas is abol­
ished 

Vx • Yi = Vg 
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cally reduce the intra-abdominal pressure in the 
event of dangerous rise of the abdominal pressure. 
In this respect the conventional acoustic high pres­
sure alarm is not sufficient. Although, the risk of 
overpressurization is minor, an insufflator equip­
ped with such safety features should be preferred. 

External Pressure Relief 

Beacon Laboratories, Inc. (Broomfield, ca, USA) 
have a safety valve device, the Pressure Guard, 
which lets off gas when a preset pressure is reached. 
The device is simple but effective. An open plastic 
bag is placed at one of the IV stands of the patient. 
A scale indicating the pressure in mmHg is printed 
on the bag. Once filled with saline up to the desired 
relieving pressure level, e.g. 13 mmHg, and connect­
ed to one of the cannulae, every increase of the in­
tra-abdominal pressure over the set level is relieved. 
The excess gas bubbles out into the atmosphere. 
The bubbling stops when the cavity pressure reach­
es the set level. However, the relief of overpres­
surization depends on gas flow from the insufflator 
and cannula type used. 

Temperature Control 

Expanding CO2 gas cools down strongly, which is 
described by the Joule-Thomson effect. With the 
Joule-Thomson coefficient the gas temperature de­
crease of about 45 cc caused by a pressure reduc­
tion of 60 bar can be calculated. Regarding the low 
thermal capacity of CO2 gas, the heating of a flow 
of 9 lImin to room temperature only requires a 
small quantity of thermal energy. The heat is 
created by the electronic components of the insuf­
flator. At the output site of the insufflation tube 
CO2 gas has reached room temperature. The only 
cooling effect to the patient is caused by CO2 with 
room temperature. Although Semm advocates 
heating of insufflation gas, since the shoulder pain 
seems to be greatly reduced [42], the thermal capac­
ity of CO2 is not sufficient to de crease the body 
temperature significantly. A core temperature drop 
of 0.3 C C is caused by 40 - 50 1 insufflated gas at 
room temperature [43]. Only in case of high flow 

(ca. 911min) does the intra-abdominal temperature 
drop 0.7 cc below intra-oesophageal temperature, 
but the body appears to be able to increase intra­
abdominal temperature by 2 cC/min [44]. A com­
parison of nonheated gas and heated gas insuffla­
tion (Flow Therme, WISAP) has not revealed a sig­
nificant difference in temperature drop in the two 
groups [45]. For extended laparoscopic operations 
with extensive insufflation rates the use of humidi­
fied and heated CO2 may help to reduce thermal 
loss of the patient [46]. 

In comparison, the heating of 100 1 CO2 from 
room temperature to 37 cc extracts as much ther­
mal heat from the patient as 200 mI irrigation liq­
uid being warmed up by the patient by 3 cc. Due 
to its higher thermal capacity, the irrigation liquid 
can cause significantly more cooling of the abdo­
men than the insufflated CO2• Instead of heating 
the CO2 gas, adequate temperature of the irriga­
tion liquid seems more important. 

Gas Reservoir 

None of the insufflators currently available con­
tains an additional gas reservoir. It is of ten noticed 
that it is necessary to change the gas bottle when 
the abdomen collapses. Aside from the hazardous 
risk, changing the gas cylinder causes a delay. The 
solution is quite simple: a main reservoir and a re­
serve cylinder. An acoustic or optic signal would in­
dicate that the pressure in the main cylinder is de­
creasing and the reserve cylinder would then auto­
matically be switched ono A manometer placed at 
the back of the insufflator should constantly show 
the actual reserve pressure. This additional reser­
voir would eliminate the inconvenience and danger 
of sudden decompression of the pneumoperitone­
um during the operation. 

The right choice of purchasing an insufflation 
device should be based on a through understanding 
of the clinical significance of several tests and eval­
uations [47] as well as the individual requirements 
of endoscopic operations. Besides technical specifi­
cations the insufflator should be easy to use, 
operate fully automatically, display intra-abdomi­
nal pressure and flow values clearly, and have a 
pressure relief system. 
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Exposure Maintenance 

During the operation the front lens is of ten stained 
by condensation and blood. Several useful antifog 
solutions are available for maintaining a clear view. 
To clean a stained optic and external instruments 
the laparoscopic scope warmer (Applied Laparos­
copy; Laguna Hills, CA, USA) is useful. This 
sterilizable thermos bottle contains 500 mI of ir­
rigation fluid which is kept hot for 3 - 4 h 
(Fig. 1.15). A more expensive telescope warmer, an 
electrically heated device is manufactured by Wolf; 
however, it cannot be sterilized and care has to be 
taken to cover it sufficiently with sterile polyethyl­
ene film. 

Optic Irrigation 

Only few telescopes have integrated irrigation chan­
nels for maintaining the operative view. These are 
the TEM stereoscope and the Mediastinoscope 
(both by Wolf). The hydrolaparoscope (Circon AC­
MI, Stamford, CT, USA) has recently been intro-

Fig. 1.15. The scope warmer (Applied Laparoscopy) is a 
sterilizable thermos bottle which keeps 500 mi irrigation 
fluid hot for 3 - 4 h 

duced which permits both rinsing of the lens and 
irrigation of the operative field (Fig. 1.16a). Optic 
irrigation is imperative in delicate dissections, 
because accidental bleeding from a large vessel can 
quickly obscure the view. Bleeding was the most 
common cause for conversion from endoscopic 
procedure to open surgery in a multicentre study in 
major European centres [48]. 

Combination of Insufflation, Irrigation 
and Suction 

Since irrigation fluid drops at the front lens can im­
pair the view until they dry, the Tiibingen system 
combines suction, insufflation and irrigation to 
maintain a clear lens (Fig. 1.16b). The gas is intro­
duced via a channel of an outer sleeve which fits to 
conventional 10-mm telescopes. The gas stream of 
the CO2 is led over the objective lens and, hence, 
condensation is avoided (Fig. 1.16b4). In addition 
the front lens can be irrigated by means of an sepa­
rate rinsing channel (Fig. 1.16 b2). The front lens is 
immediately dried due to the constant gas output. 
This exposure maintenance system has been tested 
experimentally and clinically and is manufactured 
by Wiest (Munich, Germany). 

Energy Systems 

High-Frequency Devices and Instruments 1 

The quality of cutting and coagulation and the pre­
vention of undesired side effects are of central im­
portance during high-frequency (HF) surgery. Ma­
jor prerequisites are the instruments and suitable 
generators as well as application techniques and 
their adequate execution. Once the surgeon is ac­
quainted with the specific characteristics of HF 
surgery it becomes a versatile and safe technique 
for operative endoscopy. 

1 In co-operation with G. Farin, Erbe Elektromedizin, Tii­
bingen, Germany. 
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Quality of the Cutting 

The quality of the cutting is determined by the type 
and extent of the thermal damage tothe cutting 
margins. The tissue along the cutting margins 
should suffer as little thermal damage as possible 
so as to promote postoperative wound healing. Par­
ticularly, the delicate dissection of vascularized 
structures requires adequate differentiation of tis-

Fig. 1.16. a The hydrolaparoscope (Circon, ACMI) permits 
rinsing of the optic front lens as well as irrigation of the op­
erative field. b The Tiibingen system (Wiest) combines suc­
tion, insufflation and irrigation to maintain a clear view. 
The COz is led over the front lens, thus drying drops of 
condensation. Smoke is aspirated due to the constant flow 
of gas 

sue layers. For histopathological examination of 
the specimen, precise cutting is mandatory. Howev­
er, the cutting margins should be coagulated suffi­
ciently to ensure efficient haemostasis while cut­
ting. Carbonization of the cutting margins should 
be avoided under aH circumstances, and tissue va­
porîzation should be kept to a minimum because 
the vapour and smoke obscure the endoscopic view. 
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Reproducible Cutting 

The quality of the cutting depends on the intensity 
of the electric arc between the cutting electrode and 
the tissue, and the electric arc on the level of the 
electric voltage, the shape of the cutting electrode 
and the cutting procedure. The amplitude of the 
HF voltage between the cutting electrode and the 
tissue must reach at least 200 V, since the electric 
arc cannot be ignited at lower voltages. The higher 
the HF voltage, the greater the intensity of the 
microelectric arc and thus of the thermal damage 
to the cutting margins (Fig. 1.17 a). "Low-coagula­
tion" cutting can be achieved with low, unmodulat­
ed HF voltages, thin-cutting electrodes and swift 
incision. "High-coagulation" cutting is achieved 
with high HF voltages, thick-cutting electrodes and 
slow movement during cutting. However, the am­
plitude of the HF voltage should not exceed 500 V, 
since the electric arc between the cutting electrode 
and the tissue becomes so intensive that carboniza­
tion and vaporization develop. 

Since the amplitude of the HF voltage and the 
intensity of the electric arc between the cutting elec­
trode and the tissue determine the quality of the 
cutting effect, HF surgery devices with automatic 
voltage or arc control should be used in order to en­
sure a reproducible and constant quality of cutting. 
This also precludes the undesired side effects such 
as carbonization and vaporization. 
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Fig. 1.17. a The relationship between high-frequency (HF) 
voltage, intensity of the micro electric arc and thermal dam­
age to the cutting margins. HF devices with automatically 
regulated HF output provide reproducible quality of the cut­
ting effect. b The relationship between HF voltage and in­
tensity of the coagulation effect. HF devices with automati­
cally regulated HF out put voltage in the "soft coagulat ion" 
ffiDde ensure absence of electric arcs and maintain a soft and 
moist coagulum 

Quality of the Coagulation 

An important criterion for the quality of the coag­
ulation is, again, the type and extent of the thermal 
damage to the tissue. As regards the extent of the 
coagulation zone, the reproducibility of the intend­
ed effects and the prevention of the unintended ef­
fects play an important role. It should always be en­
sured that only as much tissue as is needed for ther­
apeutic purposes is coagulated. Desiccation (dehy­
dration) of the coagulated tissue leads to shrinkage, 
which thereby supports haemostasis. However, 
desiccation can also lead to adhesion of the coagu­
lated tissue to the electrode, thus incurring the risk 
of tearing it off from the surrounding tissue and in­
ducing bleeding [49]. Carbonization represents a 
considerable risk for postoperative adhesion and 
should therefore be avoided [50]. 

b 
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Reproducible Coagulation 

Coagulation depends particularly on the level of 
the electric voltage between the coagulation elec­
trode and the tissue. Pure coagulation with ade­
quate desiccation, minimal vapour formation and 
without carbonization can be achieved with HF 
voltages of amplitude ranging between 20 V and a 
maximum of 190 V. If the amplitude of the HF 
voltage exceeds 200 V, then electric arcs are formed 
which produce carbonization and smoke. As the 
coagulum remains soft and moist in the absence of 
electric arcs, this coagulation mode is termed "soft 
coagulation" (Fig. 1.17 b). 

In monopolar coagulation, the spatial develop­
ment of the coagulation zone is proportional to the 
effective surface of the contact and inversely pro­
portional to the square of the electric voltage be­
tween the coagulation electrode and the tissue 
(Fig. 1.18). In bipolar coagulation, the spatial de-

Fig. 1.18 a - f. Comparison of the spatial development of the 
coagulation zone of monopol ar (a-c) and bipolar (d-f) 
high-frequency (HF) current. a, d contact coagulation; b, e 
puncture coagulation; c, f spread coagulation 

velopment of the coagulation zone is largely limit­
ed to the tissue between the poles of the bipolar co­
agulation instrument. Because of the strong influ­
ence of the voltage on the spatial development of 
the monopolar coagulation zone, HF surgery de­
vice with automatic voltage control should be used. 

Excessive desiccation and adhesion between tis­
sue and electrode can largely be avoided by means 
of the automatic switch-off of the coagulation pro­
cess when the vapour phase has been reached in the 
coagulum. This is related to the change of the tis­
sue's electrical features and lowered water content. 
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Argon Gas 
Coagulation 

Since sometimes a relatively large area must be 
coagulated with a small monopolar electrode, the 
electric voltage between the electrode and the tissue 
must exceed 200 V. Electric arcs have to be generat­
ed which sufficiently penetrate electrically insulat­
ing layers of dried out tissue. This coagulation 
mode is termed "forced coagulation". When apply­
ing "forced coagulation" in the presence of air, 
desiccation, carbonization, vaporization and the 
adhesion effect must be expected. However, when 
applying forced coagulation or other HF modes in 
combination with irrigation fluids such as water, 
these unintended side effects become minor or en­
tirely nonexistent [51]. 

Voltages with amplitudes above 2000 V generate 
electric arcs of such length that contact of the ac­
tive electrode with tissue becomes unnecessary. AI­
though a surface coagulation can simply be gained 
by moving the electrode over the tissue at a dis­
tance, a reproducible coagulation effect is not pos­
sible. In the presence of oxygen this "spray coagula­
tion" leads to considerable carbonization, vapor­
ization and adhesion, which limits its application 
during endoscopic operations. 

Inert Gas Coagulation 

Argon gas coagulation is the preferred method for 
contact-free coagulation of tissue surfaces. Here 
the HF current is applied to the tissue by means of 

Argon Gas Coagulation within tha GIT 

Fig. 1.19a, b. The different application techniques of inert 
gas coagulation. a The argon gas is ionized due ta the high­
frequency (HF) electric al field and thus forming the electric 
arc which leads ta a relatively constant coagulation depth of 
the tissue without significant carbonization. b Flexible ap­
plication of argon gas coagulation within the gastrointesti­
nal tract 

an electrically ionized argon gas jet [52]. Argon is 
suitable for this because it is naturally relatively 
ionized and it has a high electric conductivity. The 
chemically inert argon prevents the carbonization 
and vaporization of the coagulum. Correct appli­
cation technique leads to a relatively constant co­
agulation depth and well-controlled desiccation of 
the tissue surface, which permits adequate haemo­
statis (Fig. 1.19 a, b). Once a HF generator with a 
sufficiently controlled constant HF voltage is used, 
the depth of the coagulation zone is reproducible. 

Argon gas coagulation is now a proven method 
for haemostasis in the gastrointestinal tract [53] as 
well as being useful for pulmonary [54] and splenic 
surgery [55]. In addition to a HF surgery device, ar­
gon gas coagulation requires a controlled argon 
source and an argon gas coagulation probe suitable 
to the specific application. 
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Instrumentation for HF Surgery 

Today, a broad spectrum of monofunctional, bi­
functional and multifunctional HF surgery instru­
ments is available for cutting and coagulation, and 
also in combination with other functions 
(Fig. 1.20). 

Cutting Instruments 

The simplest cutting instrument regarding design 
and application is the monopolar cutting electrode 
in needle form. In endoscopy surgery the thin-nee­
dle electrode can function as a scalpel for precise 
dissection and cutting. The advantage of thin-nee­
dle electrodes is that the HF current required for 
cutting is so low that there is only minimal thermal 

Fig. 1.20 a - c. Examples of bifunctional cutting/coagulation 
instruments. a The needle is used for cutting, the distal ring 
for coagulation. b The two thin wires are used for bipolar 
cutting, the two thicker wires for bipolar coagulation. This 
instrument is additionally equipped with an irrigation chan­
uel. c The three different cutting techniques; monopol ar 
(left); bipolar (middle); quasibipolar (right). HF, high fre­
quency 

damage to lateral tissue structures. A HF surgery 
device with automatic maximum voltage or arc 
control carries advantages for the use of HF nee­
dles. If the minimum voltage of 200 V necessary for 
cutting is not achieved, thin-needle electrodes may 
easily bend or even break and stick in the tissue. At 
voltages with amplitudes higher than 500 V a thin 
needle can quickly glow away. In order to abolish 
this risk, bipolar and quasi-bipolar cutting elec-
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A. Quasi·Bipolar Cutting B. Monopolar Cutting 

Fig. 1.21. Monopolar (right) and quasibipolar (leit) needle 
electrodes with adjustable needle length are available for 
preparation cuts with critical inci sion depth. (From: En­
doscopic Surgery Allied Technologies 1 (1993) 103, Thieme 
Verlag, Stuttgart) 

trodes have been developed. The "quasi-bipolar" 
needle electrodes combine both the above-mention­
ed advantages in application of a thin-needle elec­
trode and the safety advantages of a bipolar elec­
trode. Figure 1.20c gives a schematic representation 
of the three different cutting techniques. Mono­
polar and quasi-bipolar needle electrodes with ad­
justable needle length are available for preparation 
cuts with critical incision depth (Fig. 1.21). 

Coagulation Instruments 

As opposed to conventional surgery and flexible 
endoscopy, instruments designed specifically for 
coagulation are rarely used in endoscopic surgery. 
In order to save the time needed for changing in­
struments, suction tubes or forceps are often used 
as monopolar or bipolar coagulation instruments. 
Hooks primarily designed for blunt manipulation 
of preparation are also used as cutting and coagu­
lation instruments in arthroscopy and laparoscopy. 
The utilization of these instruments represents a 
compromise between optimal function and time 
saving. Figure 1.18 shows various coagulation tech­
niques which can be carried out with both mono­
functional, bifunctional and multifunctional in­
struments. 

Bifunctional Cutting/Coagulation Instruments 

Bifunctional cutting/coagulation instruments in­
corporate principally two surgical techniques. An 
instrument primarily designed for cutting is used 
for coagulation, such as practised in transurethral 
resection (TUR) with the resection snare, or the in­
strument is equipped with separate cutting and co­
agulation electrodes. Coagulation with an instru­
ment designed primarily for cutting entails the risk 
of unintended cutting. This can be ensured if the 
"soft coagulation" mode described above is ap­
plied. If "soft coagulation" does not provide suffi­
cient haemostasis due to too small an effective con­
tact area, "forced coagulation" can be applied. 
However, due care must be taken, as "forced coagu­
lation" carries the risk of a cutting effect due to the 
electric arc. In order to reduce this risk, the diame­
ter of the cutting instruments is increased as is nec­
essary for a low-coagulation cutting quality. Bi­
functional cutting/coagulation instruments are 
equipped with a cutting and a coagulation elec­
trode (Fig. 1.20, 1.21). Figure 1.22 represents a sec­
tional drawing of a multifunctional cutting-coagu­
lation instrument. The needle electrode is advanced 
automatically by means of a pneumatic actuator 
which is activated prior to the HF current. 

Multifunctional Instruments for HF surgery 

Cutting and coagulation have been combined with 
other functions, such as suction, irrigation, grasp­
ing, mechanical dissection, ultrasound dissection 
etc. to produce multifunctional instruments. As 
multifunctional instruments are not only connected 
with a HF surgery device, but also with suction and 
irrigation equipment, complex systems are formed 
that must be co-ordinated with regard to ergonomy 
and safety (Fig. 1.22). 

HF Surgery Device 

Today, HF surgery devices are available for opera­
tive endoscopy that meet the requirements for re­
producibility of cutting and coagulation effects 
and in the prevention of undesired side effects. By 
means of automatic monitoring, regulation and 
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Fig. 1.22. Sectional drawing of a multifunctional instrument 
with pneumatic actuator_ (Multifunctional instrument from 
Erbe, Tiibingen, Germany, designed for endorectal surgery). 
When the cutting mode is activated, the bipolar cutting nee­
dle is pneumatically advanced. (From: Endoscopic Surgery 
Allied Technologies 1 (1993) 98, Thieme Verlag, Stuttgart) 

control of the electric al parameters the quality of 
the cutting and/or coagulation effects are ensured. 
As multifunctional instruments require complex 
control and monitoring functions to operate, these 
instruments and devices should be equipped with 
interfaces through which they communicate with 
each other. In order to assure sustained availability 
of the systems, the relevant devices should be 
equipped with automatic error detection and report 
functions. In operative endoscopy, a HF surgery 
device or a corresponding surgical instrument can 
no longer be viewed independently of each other, 
but must be treated jointly as components of a 
system [56]. 

The use of vibrations in ultrasound frequency is 
not limited to diagnostic imaging purposes. Several 
reports of liver surgery with ultrasonic dissection 
have been positive [57, 58]. A recent introduction 
has been the use of vibrations in the harmonic 
range, leading to a cutting and coagulating instru­
ment for endoscopic surgery, the "harmonic scal­
pel" (Ultracision, Smithfield, RI, USA). 

Ultrasonic Dissection 

With ultrasonic dissection damage to vessels ducts 
and nerves can be avoided whilst soft tissue such as 
fat or glandular parenchyma are separated or cleav­
ed. This is achieved through a cavitational effect 
which occurs at the tip of the vibrating rod of the 
device (25000/s). The ultrasonic high energy con­
verts water to steam. Thus, the efficacy depends on 
the water content of the tissue and the cells which 
are in contact with the dissection tip. Fat and 
parenchymatous cells contain more water than con­
nective tissue, thus the cavitational effect causes 
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Fig. 1.23. The ultrasonic dis sector by Surgical Technology 
Group (Andover, Hampshire, UK) carries significant advan­
tages for dissection of parenchymatous organs. Similar de­
vices are available from ValleyLab/Pfizer and Soring 

fragmentation of parenchymatous cells and fat but 
structures containing signifieant amounts of coUa­
gen such as vessels and nerves are left intact. Figure 
1.23 shows the ultrasonic dissector by Surgical 
Technology Group (Andover, UK). Similar deviees 
are available from ValleyLab/Pfitzer (Boulder, ca, 
USA) and Soring (Quickborn, Germany). Addi­
tional electrocoagulation functions are optionaUy 
available. The ultrasonic and HF current can be ac­
tivated simultaneously. Their effects are additive 
and as the HF is conducted in electrolytic solu­
tions, vessels, ducts and nerves are coagulated. The 

Fig. 1.24. Comparison of the thermal effect of ultrasonic 
(Ieft), high-frequency (middle) and laser (right) 

HF should, therefore, be applied carefuUy and cer­
tainly reduces the safety margin of the ultrasonie 
probe. A combination of a HF hook with an 
ultrasonic dissection probe is available from Erbe. 

Ultrasound Cutting 

If the frequency of the vibrating tip respective to 
the central rod is increased up to 55000 Hz (har­
monie range), the energy applied to the tissue 
whieh is in contact with the probe generates suffi­
cient heat for coagulation. The thermal effect is 
dominant. If the tip is shaped like a scalpel, cutting 
and slightly coagulating effects are produced. The 
increased frequency, however, causes technieal dif­
ficulties, including interference and resonance, es­
peciaUy when the vibrations are transmitted over a 
long distance (40 cm). The "harmonic scalpel" 
(Ultracision) is remarkable, because the knife is not 
really sharp and only cuts when the tip is vibrating 
in the harmonic range. The coagulating effect is, 
however, not deep and seems to be insuffieient to 
prevent bleeding. Variant instruments are available 
with coagulation tips; spatulae and even a scissors 
have recently been introduced. AU instruments 
have been clinieally tested [59] and are available in 
5-mm sizes (except the scissors). Figure 1.24 illus­
trates the thermal effect of ultrasound, HF and la­
ser. 
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Gallstone Lithotripsy 

Gallstone fragmentation techniques vary from sim­
ple mechanical disintegration to ultrasound, piezo­
electric and laser fragmentation [60, 61]. For en­
doscopic purposes alI these techniques have both 
advantages and disadvantages. 

In mechanicallithotripsy soft stones are grasped 
and crushed with a forceps or using the Dormia 
basket. More sophisticated lithotripsy can be per­
formed using unique and very effective motor driv­
en systems such as LaproLith and RothoLith (En­
domedix). The RothoLith is flexible and was devel­
oped for percutaneous gallstone fragmentation, the 
LaproLith mainly for disintegration of gallstones 
prior to removal of the gallbladder. When switched 
on, the stones are completely fragmented within 
seconds and the residualliquid mixture can be aspi­
rated easily. However, very large stones cannot be 
fragmented because they do not rise in the vortex 
caused by the rotating blade. 

Ultrasonic Lithotriptors 

The ultrasonic desintegration of stones is based on 
the cavitational effect which was explained above. 
The shock impulses create shock waves which 
disintegrate the stone. The difficulties in transmit­
ting the vibrations to the tip limit the length and 
the flexibility of ultrasound lithotripsy probes. The 
efficacy is low and depends on the composition of 
the stones, so that only the stones with high 
bilirubin and calcium content are fragmented effi­
ciently by this technique. 

Electrohydraulic Lithotripsy 

Shock waves can be created electrohydraulically by 
means of two exposed electrodes (wires) at the tip 
of the probe. An electrostatic charge generated by 
a piezoelectric element produces a spark at the tip 
which creates a shock wave. The disintegration ef­
fect is greater than that caused by ultrasound and 
60070 - 80% of stones can be fragmented. However, 
direct tissue contact of the probe may damage soft 
tissue. 
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Fig. 1.25. The "Lithognost" laser (Telemit; Munich, Germa­
ny) produces a low, intensive laser light impulse prior to the 
main shot. The reflected light is analysed and the character­
istic absorption of calculi is a preconduction for activating 
the main pulse 

Laser Lithotripsy 

Laser lithotriptors are very expensive but stones can 
be detected by means of light absorption. The 
Telemit laser "Lithognost" (Telemit, Munich, Ger­
many) creates, when activated, a low, intensive laser 
light impulse which is absorbed, depending on the 
material illuminated (Fig. 1.25). The reflected 
amount of laser light is immediately, within nano­
seconds, measured and if no specific light absorp­
tion characteristic of calculis is indicated, the main 
laser impulse is not activated. This principle is im­
portant because even under endoscopic view tissue 
damage caused by the laser impulses cannot totalIy 
be abolished. The fragmentation rate is adequate, 
although the disintegration rate of large stones is 
slow, taking up to 20 min. 

Instrument Holders 

Instrument holders are not mandatory for routine 
operations. However, in emergency galIbladder sur­
gery, for example during the night and if not 
enough assistance is available, an instrument hold­
er can be very useful. 
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Complicated surgery, e.g. colonic resection, re­
quires five or even more access channels. The sur­
geon who has to cope with several instruments 
making extensive movements is of ten hindered by 
the close proximity of his assistants. Hence, we 
have evaluated the feasibility of mechanically as­
sisted operations. The one-man operation is, in 
fact, possible and with some experience easy to per­
form. However, its feasibility depends on the quali­
ty and features of the instrument holder. The 
Robotrac (Aesculap; Tuttlingen, Germany) has an 
inherent disadvantage: it collapses when both 
joints are unlocked. In addition the Robotrac is not 
autoclavable, but its holding force and position 
maintenance are excellent. 

The autoclavable "first assistant" from Leon­
hard Medical (Huntington Valley, PA, USA) oper­
ates by vacuum locks which use conventional oper­
ating theatre suction and passive retraction so that 
it cannot collapse. Oue to the vacuum principle, 
there is less holding force than with the Robotrac 
but the force is adequate for most applications 
[62-64]. The "little brother" has the same features 
(Fig. 1.26). The mechanical interfaces to the Leon­
hard arm enable adaptation of different instru­
ments in addition to the telescope. 

Having to control and adjust mechanical hold­
ers during a complex surgical procedure disrupts 
the continuity because frequent change of the posi­
tion of the optic is required. Hence, the ideal holder 

Fig. 1.26. The autoclavable "first assistant" from Leonhard 
Medical is operated by vacuum locks using conventional op­
erating theatre suction 

should have a voice-controlled locking function 
and manoeuvrability. However, such an intelligent 
holder is comparable to a manipulator and requires 
delicate technology. Computer Motion Inc. (Golet­
ta, CA, USA) has developed the first robotic posi­
tioning system for endoscopes - the automated 
endoscopic system for optimal positioning, 
AESOP. The system comprises an arm with three 
segments interconnected with joints that are driven 
by servomotors. The arm needs protection with a 
sterile polyethylene tube. The movements can be 
programmed both by remote control and with a 
foot pedal. One of six programmable buttons sim­
ply has to be pressed at an important position and 
subsequent AESOP remembers operative sites by 
pressing the buttons correspondingly. However, as 
both patient position and anatomy vary, the pro­
gramming has to be repeated, which is time con­
suming. The system can be activated via a foot ped­
al while the other instruments are operated simulta­
neously. However, as HF is controlled by a foot 
pedal, the foot control of the AESOP may lead to 
confusion. 

From an educational point of view the assistant 
should not be replaced by holders or robot arms. 
However, as voi ce recognition and eye-tracking are 
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under development robotic instrument holders may 
enhance the efficacy of endoscopic surgical manip­
ulations. 

Access Instruments 

Trocars and Cannulae 

Several types of trocars and cannulae have been de­
veloped. The new features include valve systems, 
safety mechanisms, flexible trocars, new introduc­
tion principles and adapters which allow instru­
ments of varying cross-sectional diameter to be em­
ployed without the need for reducer flops or tubes. 
The importance of safer penetration of the abdom­
inal wall has led to several developments such as: 
the insertion of a needle scope into a Verres needle 
[65], complex access cannulae [66] and the princi­
ple of using an "optic scalpel" [67]. It seems likely 
that access and port problems will be resolved with­
in the next few years. However, standardization of 
the trocars and cannulae remains an important 
consideration. 

Passive Dilatation 

Passive dilatation of the access channel is achieved 
via a blunt trocar with cone-shaped tips. This sys­
tem is used mostly in reusable cannulae (see VoI. 1, 
Chap.2). 

Active Cutting 

Penetration by means of sharp pyramidal trocars 
reduces the force required to traverse the abdominal 
wall. However, the sharp tip of the trocar may 
cause severe injuries [68] if the shield does not de­
ploy quickly enough (Fig. 1.27 a, b). The principles 
of the safety shield, described in VoI. 1, Chap. 2, 
have been extended by new designs. A trocar from 
Dexide (Fort Worth, TX, USA) is a sharpened tube 
with a blind rod inside which moves forward when 
the abdominal wall is negotiated (Fig. 1.28 a). The 
trocar (developed by Origin) retracts within approx­
imately 1 ms subsequent to the penetration of the 
abdominal wall (Fig.1.28b). This adds consider-

, 
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Fig. 1.27 a, b. Safety trocars may help to avoid severe damage 
of intra-abdominal organs. However, the sharp tip of the 
trocar may cause severe injuries if adhesions are present 

able safety because the retraction can be hampered 
by adherent structures. Buhler (Tuttlingen, Germa­
ny) markets a reusable safety shield trocar. 

Although all these trocars are considered "safe", 
the bowel may be injured in the presence of adhe­
sions. Hence, the use of sharp trocars demands ex­
perience and great care, even although recent stud­
ies [69, 70] indicate fewer bowel injuries. 

The electrosurgical trocar Accucise is marketed 
by Applied Laparoscopy. The trocar consists of a 
plastic rod with a diathermy loop mounted on the 
tip (Fig. 1.29). The introduction force is approxi­
mately the same as with sharp trocars. Because the 
current is not automatically switched off when the 
abdominal cavity is reached, the internal organs 
may be injured, particularly in the presence of ad­
hesions. These electrosurgical trocars are best intro-
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Fig. 1.28. a Dexide (Fort Worth, TX, USA) markets a trocar 
which employs a sharpened tube with a blind rod inside 
which moves forward when the abdominal wall is negotiat­
ed. b Disposable cannula with retracting trocar (Origin) 

Fig. 1.29. The Accucise trocar (Applied Laparoscopy) incor­
porates a plastic rod with a diathermy loop mounted on the 
tip 

duced under VISlOn. Their advantage is reduced 
bleeding from the stab wound caused by the trocar. 

Controlled Active Cutting 

The new "optic scalpel" (Olympus Winter&Ibe) 
consists of a special endoscope which allows simul­
taneous contact view with transillumination of tis­
sue and a focus on objects at a distance [67]. The 
focus is adjusted via a separate ring at the ocular 
site. The 5-mm, 30 o telescope is introduced into a 
stainless steel tube scalpel which has a sharpened 
dis tai end and fits in a trocar. This trocar allows a 

dilatation up to 10 mm (Fig. 1.30a-e). The punc­
ture is performed using the tube scalpel which can 
be moved via a hinge at the handgrip of the system. 

Investigations on the abdominal wall of pigs in 
phantom and animal experiments have revealed a 
certain "colour code" that permits identification of 
the anatomical intersections (Table 1.1). 

The puncture channel can be visualized by mov­
ing the endoscope to and fro and the layers distin­
guished by their "colour-coded" anatomical struc­
ture. However, both colour intensity contrast are 
low, thus the orientation requires considerable ex­
perience. The contact view is afforded by a special 
optic adapter for tissue transillumination, so that 
large vessels can be detected and spared. In addi­
tion to the colour code, the resistance of the ana­
tomical structure is useful in identifying the layer 
reached while performing the insertion: fat and 
muscle allow easy passage, whereas the fascial in­
tersections require active dissection. The reflection 
intensity of the peritoneum (white in an adhesive 
bowel loop or vascularized tissue; translucent in 
free intra-abdominal space) indicates the possibility 
to provide a "safe window" for entry into the cavi­
ty. The optic scalpel also seems useful for preperi­
toneal approaches because the surgeon can access 
the area of interest under vis ual control. 

Valves 

Active Valves 

Among the active valves are the manually con­
trolled trumpet or flap valves. Flap valves are main­
ly used in disposable devices. In reusable trocars, 
cleaning and maintenance of flap valves is difficult 

Table 1.1. "Colour code" of the anatomical structures of 
the abdominal wall 

Anatomical structure 

Fat 
Muscles 
Fascia 
Peritoneum 

Adherent internal structure 
Free abdominal cavity 

Colour 

White reflection 
Light red 
Bright white reflection 

Opaque/bright reflection 
Translucent/vascularized 
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and time consuming. The small springs are the ma­
jor weak point. They do not seal sufficiently when 
tissue fragments lodge between the flap and its 
seat. 

The sealing quality of trumpet valves is excellent 
even under dirty conditions. However, the sharp­
edged piston of the valve has to be kept fully open 
during insertion and withdrawal of instruments, 
otherwise the cannulae may be removed or the in­
sulation of the instruments scratched (Fig. 1.31 a), 
and this may lead to a complete blocking of the 
cannula. A solution to this problem has been of­
fered by Aesculap by means of the locking piston 
(Fig. 1.31 b). The piston can be withdrawn, secured 
and subsequently released by pressing the small 
button. 

In general, trumpet valves can damage instru­
ments and thus some experience and concentration 
is required when using them. The passive silicon 
valves are best; they do not require any controlling 
mechanism and seal adequately under most cir­
cumstances. 

Passive Valves 

The silicon rubber seal made by Apple (London, 
UK) is simple and reliable (Fig. 1.32 a). The trocar 
sleeve is made of plastic which is temperature resis­
tant. However, the company does not allow it to be 
reused because the autoclaving does not meet stan­
dards. The hot steam and EO may affect the inter­
nal structure of the material, which can weaken it 
considerably and leave toxic residues. The rubber 
sealing provides easy insertion of any instrument 
and sufficient friction to keep it in place. The can­
nulae is screw shaped, which protects it from being 
accidentally removed while withdrawing an instru-

.. 
Fig.1.30a-e. The "optical scalpel" (Olympus Winter&Ibe) 
permits an active, controlled, sharp penetration of the ab­
dominal wall. The optic is inserted into a tubular scalpel (T) 
which can be operated from outside by a small hinge (H). 
Due to the colo urs of the different anatomicallayers of the 
abdominal wall: fat, yellow (b); muscle, red (c); fascia, 
white; peritoneum, vascularized translucent or bright re­
flecting opaque, orientation is provided while penetrating 
the abdominal wall. The colour of the peritoneum indicates 
whether there is a free intra-abdominal cavity (e upper left) 
or whether there is an adhesion (e lower right) 

Fig. 1.31. a The piston of the trumpet valve has to be kept 
fully open during insertion and withdrawal of an instru­
ment, otherwise the cannulae may be removed or the insula­
tion of the instrument scratched and damaged. b Aesculap, 
uses a locking piston that permits free movements of the in­
struments. Simply pressing the button releases the piston 
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Fig. 1.32 a, b. Disposable trocars (Apple, London, UK; pcr, 
Liptingen; a) and Wolf (b) are equipped with simple silicon 
valves. The friction at the instrument is sufficient and only 
minimal gas leakage occurs during insertion Of withdrawal 
of the instrument 

Fig. 1.33. a Origin markets cannulae with built-in converters 
that allow simple one-hand transposition. b A variable di­
ameter seal (Applied Laparoscopy) permits the insertion of 
instruments from 4.5 -10.5 mm in diameter without chang­
ing reducer caps 

ment. Similar reusable cannulae are marketed by 
Wolf (Fig. 1.32b). 

Diameter Seal 

AII cannulae incorporate a seal at the entrance of 
the valve. Apple use this entrance seal as a part of 
the valve itself. However, the 10-mm cannula can 
only take around 10-mm instruments with ade­
quate seal leakage. If a 5-mm instrument is intro­
duced and moved from side to side, there is loss of 
gas. Hence, the 5-mm instrument must be used 
with an adapter, either with a reducing tube or with 
additional seals. The latter is included in the Origin 
trocars as a set of seals and can be changed easily 
with one hand (Fig. 1.33 a). 

a 
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The excellent variable diameter seal is made by 
Applied Laparoscopy (Fig. 1.33 b). It seals ade­
quately within a range from 4.5 to 11.5 mm and the 
instrument can be moved from side-to-side without 
leakage. However, the cannulae are disposable. 

Anchorable and Self-retaining Cannulae 

The Hasson cannulae are anchored with sutures to 
keep them from sliding out of the abdominal wall 
[70]. This principle is quite useful and most of the 
available trocars allow the fixation of thread at the 
valve housing (Fig. 1.34a). 

Screw 

The screw shape of the trocar sleeve may allow easy 
and reliable fixation of the cannula in the abdomi­
nal or thoracic wall, provided that the screw flanks 
are adequately designed. The majority of cannulae 
screws have simple elevations similar to convention­
al screws [71]. The soft human tissue, however, re­
quires relatively deep threadings with smoothed 
edges. In particular for dilatation from 5 to 10 mm 
such a design alleviates the screwing considerably. 

Balloon 

The balloon anchoring of cannulae is exemplified 
by the Marlow (Willoughby, OH, USA) and Origin 
devices (Fig.1.34b). The major restriction is the 
minimal space for the balloon. However, the 
smooth surface may reduce trauma to the peritone­
um. These cannulae are disposable as the balloon 
fixative precludes resterilization. 

Mechanical Sheath Expansion 

Mechanical spread cannulae have some advantages 
in terms of firm anchoring (Dexide). They are sim­
ple and reliable and their space requirement is low. 
In Fig. 1.34c various products are shown. Regretta­
bly, this useful type of fixation is only available as 
a disposable cannula. Cleaning problems impede 
reuse. 

b 

Fig. 1.34. a The Hasson cannulae are anchored with sutures 
to the abdominal wall, preventing gas leakage and accidental 
withdrawal of the cannula. b Marlow and Origin deploy bal­
loons retaining the cannulae in place. c Mechanical sheath 
expansion keeps the Dexide cannulae from sliding out 
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Flexible Trocar Cannulae 

Basically, there are two types of flexible cannulae: 
elastic synthetic tubes or flexible metal tubes (Table 
1.2) [72]. 

Flexible Metal Cannulae 

Flexible metal cannulae can be made from a spring. 
Storz produce this type of cannula based on a 
tightly coiled spring principle. This design is robust 
and allows easy insertion of the curved instruments 
(Fig. 1.35a). The instrument has to be insert care­
fully and the jaws firmly closed, otherwise the in­
strument penetrates the coii. The coils are subse­
quently separated, while the curved instrument is 
introduced or negotiated. The immediate recoil en­
sures that there is only a momentary leakage of gas, 
which is not a particular problem once the cannula 
is fully introduced. Acceptable fixation is achieved 
after insertion of the curved instrument, because 
the opening slits clamp the tissue. To remove the 
cannula the trocar must be inserted to ensure exact 
alignment of the coils, otherwise they retract and 
may be damaged [73]. Silicon valves are going t6 be 
added to these reusable flexible cannulae. 

Synthetic Flexible Cannulae 

Synthetic elastic tubes are also suitable for flexible 
cannulae. Shaping characteristics of the plastic are 
important in choosing appropriate material, e.g. 
for a reusable instrument the plastic needs a high 
temperature resistance of about 200 DC. The most 
sui table material is polytetrafluoro-ethylene 
(PTFE; Teflon, Fig. 1.35b). However, its elastieity 

Table 1.2. Basic requirements for flexible cannulae 

Cleanability 
Biocompatibility 
No kinking while the instruments are being introduced 
Minimal deformation 
Minimal altering of length or diameter 
Minimal friction between material and instrument 
Adequate friction between cannula and tissue 
Reasonable price 

Fig. 1.35. a Storz produces flexible cannulae based on the 
tightly coiled spring principle. For removal of the cannula 
the trocar has to be fully inserted to ensure alignment of the 
coils. b Flexible cannulae made from Teflon tubes (Wolf). c 
Soft plastic cannulae with special introducer (Ethicon, Cin­
cinnati, OH, USA) 
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is not optimal. Hence, those flexible trocars do not 
exhibit optimal features. 

Teflon is also used by Olympus Winter&Ibe. The 
flexible tube of the cannula is made of Goretex. 
This material is a thin foil, with pores 20000 times 
smaller than a drop of water and 700 times the size 
of a H20 molecule. Goretex film is used to line the 
tubes, which are very flexible. The disadvantage is 
that the tube is disposable because the pores cannot 
be cleaned suffieiently after use. 

Quite soft, flexible, disposable cannulae 
(Ethieon; Cincinnati, OH, USA) are made from 
polyethylene. Their introduction is facilitated by 
using a trocar that can be distended within the can­
nuIa, tightly fixing it. 

Percutaneous Instruments 

The "Quicksert" disposable instruments by Kinsey 
Nash (Nashville, TN, USA) are 3.7 mm in diameter. 
A piercing pin permits quasi self-seating, whereby 
the cannula is eliminated. These instruments in­
clude gras pers, scissors and dissectors and can be 
reinserted without requiring additional incisions 
for cannulae. Thin, directly insertable instruments 
may provide considerable improvement in en­
doscopic surgical procedures and if they are reus­
able save costs as well. The smaller puncture sites 
may cause less pain and scar formation as an ad­
vantage for the patient. 

~-_. 

- ~-

Instruments for Laparoscopie Cholangiography 

Laparoscopie cholangiography usually starts with 
the cannulation of the cystie duct with a catheter, 
e.g. a 4 - 5 Fr ureteric catheter. After the catheter 
has been inserted through the small incision into 
the cystie duct, Heister's valve is pas sed into the 
common bile duct [30, 74]. 

The surgeon can choose from a variety of for­
ceps. These forceps, originally designed for urolog­
ieal procedures, combine a small instrument chan­
nel and grasping jaws at the distal end (Fig. 1.36). 
When approximated these jaws keep the cystic duct 
watertight as the catheter is impacted. However, all 
these forceps are delicate and break easily if not 
maintained adequately and it is hardly possible to 
clean them sufficiently. 

Insertion of the catheter into the inci sion can be 
facilitated by using a preshaped, bent catheter guid­
ing sleeve (Riisch; Kernen, Germany). The deflec­
tion can be adjusted by moving the sleeve back and 
forth within the outer tube (Fig. 1.37 a). A guide 
wire can be used; however, this is usually unneces­
sary. Marks at the catheter's tip permit a precise in­
troduction depth of 2 - 3 cm. The catheter can be 
temporarily anchored to the cystie duct by a slightly 
approximated titanium Ligaclip. 

Fig. 1.36. Forceps for intraoperative cholangiography con­
sist of a small instrument channel and grasping jaws at the 
distal opening of the channel 
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Fig. 1.37. a The preformed guiding sleeve (Tiibingen and 
Riisch, Kernen, Germany) facilitates the guidance of the 
conventional radiology catheter into the cystic duct. b Cath­
eters manufactured by Applied Medical Resources or Origin 
employ a mechanical retention tip which can be adjusted via 
a ratchet handle 

There are special catheters available in three siz­
es (Taut; Geneva, Il. USA) with which extravasation 
is prevented by a cone-shaped tip. However, these 
mechanicalIy distendable cones have a small diam­
eter, which limits their sealing capacity and hence 
a balIoon would be an advantage. This Fogarty-like 
catheter is available from Arrow (Reading, PA, 
USA). Since a ballon catheter is employed, care has 
to be taken that the device is sufficiently inserted 
into the cystic duct. Otherwise the insufflation of 
the balIoon pulIs out the catheter. Catheters manu­
factured by Applied Medical Resources (Laguna 
Hills, CA, USA) or Origin, employ a mechanical 
retention tip which can be adjusted via a ratched 
handle (Fig.1.37b). These rigid catheters have 
preformed angles, which require a separate access 

or a flexible troear. However, they reduce the need 
to suture or clip the catheter in place. 

Another design is available from Lapromed (Ir­
vine, CA, USA), the "PortSaver", with which the 
abdominal walI can be electrosurgicalIy penetrated. 
This should only be undertaken under endoscopic 
control from inside the abdominal cavity. The dis­
posable "cholangiographic device" has a rectangu­
Iar open tip in which a holIow needle is inserted. If 
the cystic duct is placed in the opening, a vacuum 
keeps it in place and then the needle is pushed, 
puncturing the duct, and contrast can be injected. 
This procedure will only work if the cystic duct is 
of a normal size and perfectly skeletonized. 

Hand Instruments 

Grip and Handle Design 

BasicalIy, the handle function can be described by 
coaxial and transaxial actions (Fig.1.38a-c). 
Transaxial aetion handles are most common. The 
grips have finger rings and are positioned at 90 o to 
the longitudinal axis. Hence, the action of fingers 
relative to the hand are transmitted in longitudinal 
movements. As a result the whole instrument 
moves. This unintended movement must be com­
pensated for. However, it can be minimized when 
the grips are positioned in longitudinal direction. 
The opening actions then are 90 o to the axis, hen ce, 
the force vector in longitudinal direction is zero. 

Ergonomic Grip Design 

A unique and ergonomic design is the Polaris grip 
by ValIeyLap/Pfizer, manufactured by DaVinci. 
The main advantage is that grip and shaft are mod­
ules which can be interchanged. However, the ergo­
nomics are limited to a dedicated position, which, 
in fact, can only be used in a few procedures. AI­
though, left- and right-handed users have been tak­
en into consideration, most of the time the surgeon 
has to operate the handle in various positions and 
directions. 

In order for alI functions to be carried out with 
one hand, drives such as pneumatic cylinders or 
servomotors have to be considered. However, drives 
need switches, an energy supply, and additional 
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Fig.1.38a-c. Different types of handles. The principal 
functions can be classified into "coaxial" and "radial" ac­
tion 

c 
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maintenance, which increase the costs of an instru­
ment; the priority, however, is to accomplish fast 
and precise operations. 

Tissue Manipulation 

Retractors 

Hand instruments which provide the surgeon with 
adequate retraction have to meet certain require­
ments. First of all they have to be completely 
atraumatic. This is important, sin ce the retractor 
tip is often outside the visual field and thus it is on­
ly controlled by sensorial feedback. The broad and 
smooth flanked hooks utilized in open surgery are 
appropriately designed for that purpose. En­
doscopic retractors, however, have flanks and thin 
blades with relatively sharp edges (Fig. 1.39). 

Only a few retractors are adequately designed. 
The principle is simple; pressure is force per square 
surface area and to reduce pressure applied to tis­
sue, the square of the retractor has to be enlarged. 
Retractors made from segments with intern al ca­
bles (Surgical Innovations; London, VK) are excel­
lent as they are relatively stiff once the inner cable 
is strained by means of the handle. However, the 
cleaning of the segments is delicate and cumber­
some. 

An interesting concept of organ retraction is the 
"joy stick" by Origin. It was designed for cholecys­
tectomy. The organ is punctured, the device insert­
ed and then a balloon inflated. The gallbladder can 
be handled easily; however, the dissection is more 
difficult because the bladder slips around the bal­
loon. 

Considerable facilitation of organ dissection 
and retraction are the Dundee "variable curvature 
instruments" (reusable, Storz; disposable VSSC; 
Fig. 1.40). A circular, preshaped retractor blade in­
troduced in a straight shaft recovers once pushed 
out of the shaft. The instrument allows precise ad­
justment of the curvature. Thus retraction and mo­
bilization are facilitated considerably [75]. 

Forceps 

The design of the forceps current1y available is sim­
ilar to that of the forceps employed in conventional 

surgery. The shape of the jaws, for example, repro­
duces the features of De Bakey, Allis, Russian, etc. 
(Fig. 1.41). The small diameter restricts an optimal 
design. The opening distance of the jaws is limited. 
The length and the maximum possible force is very 
much reduced, whereas the stiffness is increased, 
which predisposes to accidental injuries. An 
atraumatic bowel grasping forceps, for instance, 
equipped with De Bakey's jaws, will cause severe 
damage to the tissue when the distance between the 
jaws close to the hinge is too narrow (Fig. 1.42 a, b). 
Adequate opening angle and a free proximal space 
to protect clamped tissue from injury is most im­
portant for endoscopic forceps. One possibility to 
achieve large opening angles and adequate blade 
movements is a new hingeless type of instrument 
(Fig. 1.42c). The major disadvantage of the old 
type of hingeless graspers and bipolar forceps is the 
relatively longitudinal movement of the blades 
(Fig. 1.43 a). The new hingeless instrument has an 
intermediate tube which approximates the blades 
when advanced (Fig. 1.43 b). The jaws are connect­
ed with the grip, thus maintaining the jaws' posi­
tion while in operation. 

The superelasticity of nickel titanium alloy of­
fers the required elasticity for hingeless instruments 
such as atraumatic forceps, scissors and needle 
holders. Superelasticity describes the property of 
recovering an initial shape subsequent to loading 
and substantial deformation. Superelastic Nitinol 
has an approximately ten-fold higher elastic defor­
mability than common spring stainless steel [76, 
77]. Those instruments combine adequate perfor­
mance with a simple design, which facilitates the 
cleaning process as well as repair and maintenance. 

Vsing superelastic materials in the production of 
endoscopic instruments offers important safety 
features: 
- The graspers have a built-in pressure limit be­

tween the jaws, which reduces the risk of tissue 
damage. 

- The needle driver has two locking positions: 
first lock adjusted exact1y to hold the thread 
without damaging and second lock firm but 
also adjusted grip of the needle. 

- The scissor blades slide with optimal elasticity 
along each other to facilitate excellent cutting 
and various curvatures. 
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... Fig. 1.39 a, b. Variety of retractors. a Storz; b USSC 

Fig. 1.40 a, b. Dundee "variable curvature instruments", re­
usable by Storz a and disposable by USSC b employ a circu­
lar, preshaped, superelastic blade that recovers once pushed 
out of the shaft 
T 
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Fig. 1.41. The variety of types of jaws employed in endo­
scopic surgery 
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a 
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~ Fig. 1.42. a, b A conventional forceps may cause severe dam­
age to the tissue when the distance between the jaws proxi­
mal to the hinge is too narrow. c Adequate opening angle 
and a free proximal space to protect clamped tissue from in­
jury is most important for atraumatic grasping forceps 

Fig. 1.43. a Conventional hingeless graspers and bipolar for­
ceps entail relatively longitudinal movement of the blades 
while in operation, which requires compensating movement. 
b The new hingeless instruments (PCI and NDC) maintain 
the jaw position. An intermediate tube (F) is advanced to 
approximate the blades which are connected to the grip 
T 
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Fig.l.44a-d. Biihler (a); PCI (b), Storz (c) and Wolf (d) 
have recently introduced conventional hinge instruments 
which can be disassembled and improve cleaning 
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For a list of the important features of instru­
ments for endoscopic surgery see Table 1.3. 

Biihler, Storz, Wolf, Circon, and PCI have re­
cently introduced instruments whieh can be disas­
sembled by unscrewing and disconnecting the push 
rod with the jaws from the outer sleeve 
(Fig. 1.44a-d). Most manufacturers offer similarly 
designed instruments. 

Principally, the disassembling permits efficient 
and usable cleaning prior to sterilization. Further­
more, the functional tip can be replaced when it has 
worn out. Although cleaning feasibility is im­
proved, this design has weakened the instrument. 

Curved Instruments 

Curved and bayonet instruments were developed 
for endoluminal rectal surgery (see VoI. 1, 
Chap. 25). The narrow operative field requires dis­
tally curved forceps, suction probes and needle 
holders. 

For delicate handling of internal organs in ad­
vanced laparoscopic surgery, e.g. colonie resections 
[78] or fundoplication (see VoI. 1, Chap.23), addi­
tional movements and degrees of freedom of the in­
strument tip are needed. The limited space and 
movements of the instruments within the thoracic 
cavity further underlines the need for such equip­
ment. This can be accomplished by simple distal 
curvature of the instrument (Fig. 1.45 a) [79]. The 
distal curvature should have a radius of about 
25 mm and 45 o up to 60 o for thoracoscopie inter­
ventions and antireflux surgery. Colonie surgery re­
quires a curvature of up to 90 o. Figure 1.45 b 
presents a variety of curved instruments. The han­
dling of bent instruments requires some experience 
because the instrument tip is moving along a circle 
as the long axis if the instrument is rotated 
(Fig. 1.45 c, d). 

To introduce curved instruments flexible can­
nulae are needed. Although curved instruments in­
crease the working area, the degrees of possible dis­
taI movement are stiU restrieted to translation, rota­
tion and some movements within the access port. 

Table 1.3. Features required for instruments for endoscopic 
surgery 

The instrument position should be stable when the jaws are 
activated. 
The jaws should be adequately elastic so as to permit 
atraumatic grasping and other jaws functions. 
The instrument should be easy to disassemble and reassem­
bie. 
The modules should be designed with similar interfaces so 
that an exchange is possible. 
The outer sleeve (insulation) should be replaced easily. 
The standardized interface should be connected to cleaning 
and rinsing devices. 
A functional check of ali parts should be easy and 
automatically takes place on each application. 
The manufacturer should use a minimal number of parts, 
which reduces cost and should provide the surgeon with 
upgrades of the jaw design at a reasonable price. 
The simple design for jaw action makes it possible to update 
the jaw design according to new applications. 
The manufacturer should provide the surgeon with ali parts 
so that in case of weakness or breakage only the defective 
component has to be replaced. 
A simple design reduces wear and tear because the number 
of hinges and bolts are reduced. 

Variable Curvature Instruments 

A more sophisticated solution is to use steerable, 
distally deflecting instruments. There are some in­
struments currently available which allow the trans­
position of the jaws' action mechanism (Micro 
France, Paris, France). However, when the jaws are 
deflected to 90 o there is no residual opening angle. 

The superelastie property of niekel-titanium is 
used for the variable curva ture spatula and sling 
passer (Storz) (Fig. 1.40) and in the disposable, 
variable curvature forceps (USSC). The Iatter con­
sists of a preshaped Nitinol tube covered by PTFE. 
The curvature is adjusted by shifting the outer 
sleeve. The price for the variable curvature is re­
duced stiffness of the curved part of the forceps. 
However, it is a useful design whieh enhances the 
scope of endoscopie manipulations. USSC is 
marketing the first deflectable instruments. The 
disposable roticulator generation incorporates 
superelastic Nitinol tubes. Although these instru­
ments permit continuous adjustment of the distal 
end from O o to 90 o, their mechanical stability 
should be increased. 
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Fig. 1.45. a The ideal circle (radius of 25 mm) that is de­
scribed by rotation of the functional tip of curved instru­
ments. b A variety of available curved instruments (Olym­
pus Winter&Ibe). c The geometry which is described by the 
possible movements of the functional tip of straight instru-

ments within the endoscopic operative field. d The handling 
of curved instruments requires additional training due to the 
complex geometry which is described by the movements of 
the functional tip 
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Dextrous Instruments 

In our experimental experience a steerable dextrous 
instrument should include two additional move­
ments of the distal part [79, 80]: deflection of the 
tip by ± 120 o and rotation of the tip while it is 
deflected (Fig. 1.46). A prototype of such an instru­
ment has been developed in co-operation with the 
Nuclear Research Centre, KarIsruhe, Germany, and 
has been tested in animal experiments. It is a simple 
mechanical manipulator [81]. Although our experi­
ence indicates that steerable dextrous instruments 
facilitate endoscopic manipulation, their handling 
requires considerable training. Due to the various 
geometric configurations of the tip of dextrous in­
struments, their handling is more delicate than that 
of simple curved instruments. Once the surgeon is 
familiar with a specific curvature or angle of the 
shaft, he can correctly perform converted move­
ments. Variable distal curvatures during endoscopic 
operations in crease orientat ion problems. The inte­
gration of energetic drive such as pneumatic ele­
ments or servomotors will enhance the applicability 
of dextrous instruments [79, 80]. 

Fig. 1.46. The first prototype of a dextrous instrument (Tii­
bingen and KfK, Karlsruhe, Germany). Two additional de­
grees of freedom of the functional tip (1, 2) are controlled 
outside by movements of the handle which are direct1y 
transmitted via cables through the shaft ta the tip 

Mechanical Dissection 

New types of scissors with tungsten inlets and re­
markable cutting facilities have been developed 
(Aesculap; Fig. 1.47 a). 

Because there are no long-term sharp, reusable 
scissors which can be used with HF disposable scis­
sors, such as the Endoshears by USSC are widely 
used (Fig. 1.47b). Improved designs are available 
from Everest Medical (Minneapolis, MN, USA); 
here ceramic blades have been incorporated in dis­
posable bipolar scissors. Ceramic provides superior 
cutting, but it is expensive and should therefore be 
considered as a material for reusable scissors. 

Principally, bipolar HF coagulation is prefera­
bIe to monopolar diathermy due to the reduced risk 
of unintended side effects. 
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Fig. 1.47. a Aesculap (Tuttlingen, Germany) markets scissors 
with tungsten inlets in the blades which provide remarkable 
cutting capability. b Disposable scissors such as the En­
doshears (USSC) should not be reused due to inadequate 
cleaning and functional mishaps subsequent to sterilization. 
c Re-posable hingeless scissors are made from one piece 

!S!!!!, --

(superelastic Nitinol or stainless steel). The reposable blades 
are approximated by means of an intermediate tube (T) that 
is advanced by the grip. Shaft and hand le are fully reusable 
(PCI, NDC). d Range of reusable scissors 

d 
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A principal problem of endoscopic scissors is 
caused by the short length of the blades. The tissue 
cannot be divided with the same precision as with 
conventional scissors used in open surgery. The ma­
jor prerequisite of the ideal scissors is the tension 
with which the blades slide along each other. In 
conventional scissors this is achieved by the length 
of the branches. Some manufacturers have tried to 
create this tension with a screw (Metzenbaum scis­
sors), which is useful but delicate. A simple but reli­
able scissors can be produced according to the 
hingeless principle (Fig. 1.47 c). The scissors are 
made from one piece (e.g. superelastic Nitinol or 
stainless steel). The blades are approximated by 
means of an intermediate tube that is advanced by 
the grip. The jaws open again due to their elasticity, 
which provides the feature of the conventional scis­
sors: the blades slides along each other. This en­
hances the cutting considerably. As the jaws are in 
one piece with the central rod they can be replaced 
easily at a reasonable cost (PCI, Liptingen, Ger­
many). 

Tissue Approximation 

Suturing is one of the key problems of endoscopic 
surgery. The remote technique of handling needle 
and thread with two instruments is considerably 
hampered by the length and rigidity of the instru­
ments. It is difficult to achieve the correct needle 
position in the jaws or to drive it through the tissue 
in any desired direction. 

Improved, "ski'cshaped needles with a flattened 
cross-section (Dundee) have been developed which 
can be easily erected by simply grasping them 
(Fig. 1.48 a). The flat cross-section has another ad­
vantage: the lock is improved, which increases the 
fixation within the jaws. This form lock is very im­
portant for the spring-Ioaded needle holder with­
out a locking mechanism. The better the form lock, 
the better the needle remains in position. Technical­
ly, the best congruence between jaw shape and nee­
dle cross-section is a triangular needle and prism 
grooves in the jaw (Fig. 1.48b). However, with such 
a design the thread may be damaged. The best 
compromise would be a diamond-dusted inner sur­
face of jaws with smooth edges. 

The needle holder from transanal endoscopic 
microsurgery (Wolf) has congruently concave-con-

vex-shaped jaws that automaticalIy swivel a curved 
needle into upright position (Fig.1.48c). En­
doscopic suturing is facilitated with these instru­
ments. 

With the Cook needle holder curved needles are 
automaticalIy set into upright position (Fig. 1.48 d). 
However, only one needle position is possible with 
a particular type of the Cook holder. The difficulty 
of internal handling of the thread to make a knot 
is a major disadvantage. 

Some needle drivers entail spring-Ioaded ap­
proximation of the jaws. Although high spring 
force provides excellent fixation of the needle, 
opening of the jaws requires additional force. 

To improve the delicate handling of both the 
grip and the locking mechanism classical and novel 
design features have been introduced. The most ad­
vanced mechanism created by Wolf (Fig. 1.48e) in­
volves telescopic locking which functions like a 
balI-point pen: one pressing locks and the next 
releases the grip. Unfortunately, the mechanism 
cannot be disassembled, which hinders complete 
and easy cleaning. 

The new needle holder by MBG (Gembloux, 
Belgium) probably has the firmest gripping of the 
holders available. Its principle is quite simple; it 
consists of a tube and a pushrod and two tungsten 
metal rings which are simply pressed against each 
other (Fig. 1.48 f). There are two major disadvan­
tages to the design: it is difficult to tie a knot, be­
cause the tip is too long and the opening depth of 
jaws is reduced due to the central rod. Hence, the 
grasping of the thread is difficult. A monofilament 
suture when gripped with the rings is likely to be 
damaged. Handling of needle and thread is more 
practical with the conventional needle holder than 
with the one made by MBG. Although the MBG 
design is novel and fascinating it needs some practi­
cal refinements and improvements to facilitate 
cleaning after usage. 

Z. Szabo and G. Berci have designed two instru­
ments, the parrot and the flamingo forceps 
(Fig. 1.48 g) [82], which permit excellent execution 
of internal suturing and knotting. Although, the 
handling is not optimal, the congruently shaped 
jaws of the instruments facilitate grasping and po­
sitioning of needle and thread. It must be stressed 
that the grasping of any suture with alI available 
tungsten-reinforced holders, with the exception the 
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Fig. 1.48. a "Ski'cshaped needles with flattened cross-section 
facilitate erection of the needle by simply grasping them. 
b Triangular cross-section of surgical needles and concur­
rentiy shaped prism grooves in the jaws provide the best nee­
dle fixation; however, self-erection is impossible. c Congru­
entiy concave-convex-shaped jaws of the needle holder from 
transanal endoscopic microsurgery (Wolf) automatically 
swivel a curved needle into upright position 
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Fig. 1.48. d The Cook needle holder automatically sets curv­
ed needles into a predetermined position but grasping a 
thread is difficult. e Wolf markets a needle holder with a 
locking mechanism that functions like a ballpoint pen: one 
pressing locks and the next releases the grip. f The needle 
holder from a Belgian company (MBG) consists of a tube 
and a pushrad equipped with tungsten metal rings which are 
simply pressed against each other. Although needle hold is 
excellent, grasping a thread is difficult. g The "parrat" and 
the "flamingo" forceps designed by Szabo and Berci (Storz) 
facilitates internal suturing and knotting. bA disposable su­
ture applier (Lapromed) consists of a needle, suture, pretied 
knot and applicator. Subsequent to suture the needle is sim­
ply led through those two loops and the knot then fastened 
fram outside 

rubber-shod holder, may lead to severe damage to 
the structure of the suture with subsequent break­
age. 

A disposable suture applier (Lapromed) consists 
of a needle, suture, pretied knot and applicator. 
The needle with the thread is stored in the tip of the 
device. After introduction the needle can be 
grasped. It is attached to a 15-cm-Iong thread. The 
knot is pretied and two loops are exposed at the tip 
of the shaft. To make these slip knots the needle is 
simply led through those two loops and the knot 
can then be fastened from outside by means of a re­
taining band (Fig. 1.48 h). This suture applier is 
useful for the appIication of one single knot. If, 
however, several knots are required, the device in­
creases costs considerably. It has the advantage that 

the surgeon does not have to cope with external slip 
knots. 

Complex Suturing Devices 

Our experimental work on suturing has led to the 
development of a new sewing device [83]. A needle 
holder designed in collaboration with the gynaecol­
ogist B. Klemm allows movement from one jaw to 
the other, which has some advantages in the han­
dling of the needle. The needle can be positioned 
appropriately by moving the jaw in a longitudinal 
direction. 

Sewing Devices 

The shuttle needle and its applicator are almost like 
a real sewing machine. They were developed by the 
Tubingen group in collaboration with the Nuclear 
Research Centre in Karlsruhe, Germany, from 1989 
to 1991. With this device a needle can be trans­
ferred between two jaws, similar to the sewing shut­
tle employed in weaving looms. The shuttle needle 
has a central cross bore for the thread and two 
trocar point tips (Fig. 1.49 a - d). It can be trans­
ferred between the jaws of the instrument and is in­
termittently docked to miniaturized grip elements 
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Fig. 1.49. a Photo and b diagrammatic representation of the 
"shuttle needle" device that allows the transfer of a "T-Nee­
dle" between the two jaws of the instrument by means of a 
spring-Ioaded gripping element within the moveable jaw and 
gripping element located in the opposite jaw which can be 
pneumatically operated from outside. c The "T-Needle" is 
stitched through the tissue into the opening funnel of the 
gripping element. d The needle remains in the locked gripper 
and the thread led through the stitch channel 

integrated in the jaws by an active pneumatic grip­
per controlled by a foot switch. The other gripper 
is a passive, spring-loaded attachment. If the needle 
is held with the pneumatic gripper, the force of the 
spring-loaded grip is overcome and the needle is 
held in the pneumatic grip. If this grip is released, 
the needle is fixed in the spring-loaded grip. The 
elaborate handling of the needle with two holders 
is no longer required and the transfer can also be 
used to tie a knot. Different shapes and cross-sec­
tions of the needle and two transfer directions "ver­
tical" and "axial" have been designed and tested. 
The shuttle needle facilitates endoscopic suturing. 
The device is now marked as "Endostich" by 
VSSC. 

Ligating Instruments 

The execution of a ligature with thread requires del­
icate handling with two forceps to pass the tie 
around the vessel and the creation of an external 
slip knot. Although the tie can be appropriately 
passed using curved instruments, the development 
of instruments especially for ligature is important. 

b 
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Fig. 1.50. Ligating is facilitated by using a superelastic 
Nitinol wire which permits the passage of a thread sur­
rounding the pedic1e. (EndoLig) 

The passage of the thread around a vessel can be 
facilitated using superelastic material, e.g. Nitinol. 
In Fig. 1.50 the thread is passed with a superelastic 
wire surround the pedicle. Nitinol wire, which fea­
tures stress-induced martensitic phase transforma­
tion, can be preshaped using special heat treat­
ment. It can then be introduced in a restraining 
tube. When extruded it recovers its preformed 
curved shape [76, 77]. Thread can be inserted 
through a needle eye at the distal end and then 
passed around a pedicle. The thread is subsequently 
grasped by a forceps and the ligature then finished 
with an extern al slip knot or a knot clip. 

A device similar to the above-mentioned En­
dolig is the sling passer by Storz (Fig. 1.40 a). 

Classic Ligature with Tandem Forceps 
(Endo-overholt) 

This instrument works in accordance with the liga­
ture technique of open surgery. Two graspers are in­
serted in separate channels contained within one 
port. In between them is a moveable scalpel which 
can be controlled from outside. Both handles of the 
gras pers are interconnected. Two additional chan­
nels carry two pretied polydioxanone (PDS) loops, 
each with its own plastic pusher. The loops are 
placed so that each surrounds the forceps tips on 

either side (see VoI. 3). After the vascular pedicle is 
mobilized, it is grasped by the two forceps and then 
carefulIy divided by extrusion of the knife. After 
the knife is retracted the loops are pushed forward 
such that they surround the vascular pedicle and 
are then firmly tightened. This procedure is faster 
than standard endoscopic ligature using extern al 
slip knots. 

Knot Pushers 

Numerous knot pushers have been designed for en­
doscopy since the push rod was popularized by 
Semm. Most of the reusable knot pushers have 
grooves, small terminal slits or forks (Fig. 1.51 a), 
and alI of them tend to Iose the thread when the 
knot is pushed down. AII disposable pushers con­
sist of a simple plastic tube. Although, it is impossi­
bIe to Iose the thread, reinserting a thread through 
the long rod is difficult. 

A suitable reusable knot pusher should have a 
terminal concavity at its distal end to accommodate 
the knot in position. Insertion is then easy and the 
tie cannot slip off. To save time, for reproducible, 
safe cutting of the thread and to avoid slipping of 
the knot, an outer sleeve can be employed to cut the 
thread immediately after it is tightened (Fig. 
1.51 b,c). Such a cutting knot pusher is available 
from PCI. 

Knot Substitutes 

It is possible to re place external slip knots by knot 
clips [84]. However, the silver clip used in transrec­
taI microsurgery (Fig. 1.52a) is not appropriate as 
an implant in laparoscopic or thoracoscopic sur­
gery. The Lapraty knot clip (Ethicon; Fig. 1.52b) is 
made of bioabsorbable PDS and can therefore be 
used in various situations, but involves additional 
costs. The friction of the Lapraty is only suitable 
when pres sed on size 3 - O polyfilament thread, for 
example start and end of a running suture. The 
Lapraty knot clip should be improved so that two 
threads could be fixed simultaneously, which would 
add applicability to interrupted sutures and liga­
tures. However, a properly tied external slip knot is 
the safest and most reliable way of performing a li-
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Fig. 1.51. a Most of the reusable knot pushers have grooves, 
small terminal slits or forks that have a tendency to loosen 
the thread when the knot is pushed down. b, c The "cutting 
knot pusher" (PCI) permits immediate and reproducible 
cutting of the thread after the knot is pushed down and 
firmly locked. (d) Knot pushing forceps 
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Fig. 1.52. a Silver clips are used as knot substitutes in trans­
rectal endoscopic microsurgery (Wolf). b Knot clips, Lapra­
ty, made from PDS (polydioxanone) are only suitable for 
3 : O PDS to substitute the knots of a running suture 
(Ethicon; Sommerville, NJ, USA) 

gature, although clumsy and time consuming. Elec­
tronic tension metering has revealed that only two 
tying techniques provide sufficient resistance to re­
verse slipping (up to 40 Newton): the Tayside knot 
according to Cu schi eri for braided non-absorbable, 
and absorbable material including polydioxanone 
and lactomen-copolymer (Fig. 1.53 a) and others, 
and the Melzer knot for PDS II (Fig. 1.53 b). 

Clips and Clip Appliers 

Ligature Clips 

The traditional titanium and the absorbable (Ab­
solock) ligature clips still have some disadvantages. 
The main problem is their weak grip after applica­
tion to a pedicle. These clips can slip of easily, espe­
cialIy when they are brushed accidentalIy during 
manipulations. However, ligature clips are accept­
able for small pedicles, provided they are applied 
precisely. 

The ligature clip produced by Origin works on 
the principles of the ligature clips of open surgery. 
The arc-shaped clip captures the pedicle when its 
tips come in contact prior to full closure 
(Fig. 1.54a). The rectangular, hook-like orientation 
of the clips and applier provides improved control 
of the actual clipping process. 

A new absorbable "lapro clip" consisting of two 
parts has been introduced by Davis + Geck (Wayne, 
NJ, USA) (Fig. 1.54b). The relatively elastic inner 
member (polyglyconate) is approximated prior to 
full closure so that the pedicle can be grasped. Sub­
sequently, the rigid outer member (polyglycolic ac­
id) is pushed over the inner member and thus the 
clip completely and firmly locked. Each clip is 
mounted into a complete tip of the forceps, which 
is disposable, whereas handle and shaft are reusable 
parts. 

The new Hem-Iock-clip by Linvatec Weck (Lar­
go, FL, USA) shows some principal improvements. 
The locking ends provides excellent tissue penetra­
tion and the fixation at the tissue is improved due 
to the concave-convex shape of the branches. This 
clip is nonabsorbable, which lowers its value. Fur­
ther testing of these clips is necessary before final 
clinical application. As alI metals more or less in­
terfere with imaging procedures such as CT and 
MRI, clips made from synthetic material are pref­
erable. 
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Fig. 1.54. a The rectangle hook-like orientation of the arc­
shaped clips and the applier improves control of the actual 
clipping process (Origin). b A new absorbable "Iapro clip" 
(Davis+Geck) consists of two parts that are subsequently 
applied to the pedicle 

Clips for Tissue Approximation 

Devices which can be used for tissue approximation 
by clips include the endohernia staplers of Ethicon 
(Cincinnati, OH, USA) and USSC. Although their 
efficacy in endoscopic hernia repair with mesh has 
been proven, the long-term effects caused by these 
clips to the surrounding tissue are still unclear. 
However, there is no comparable fast and reliable 
fixation system available other than these staplers. 
The articulating function, in particular, consider­
ably enhances the applicability (Fig. 1.55). Their 
functioning principle is almost identic al: the U­
shaped clamp is deformed to a closed square. The 
only alternative is interrupted sutures, which are 
more reliable, but it takes considerably longer to 
apply single interrupted sutures than to apply a sin­
gle clip. 

.. 
Fig. 1.53. a The Cuschieri Tayside knot. b The Melzer exter­
nal slip knot 

a 

Fig. 1.55 a, b. The articulating function of the staplers for 
tissue approximation considerably enhances their applica­
bility. Ethicon (Cincinnati, OH, USA) (a); USSC (b) 

b 



62 A. Melzer et al. 

* Endo-Gastrointestinal-Anastomosis Stapler 
(Endo GIA *) 

Staplers have been improved and are now available 
in different lengths and equipped with different size 
clips (Fig. 1.56a). The height of the clips ranges 
from 2.5 to 4.8 mm. The articulating tip (± 50 0) 
and the COrPowered drive of the VSSC staplers 
are of considerable advantage for ac curate posi­
tioning end exectution of the procedure. In 
thoracoscopic surgery the Endo GIA * is an excel­
lent tool for removal of small peripheral lung tu­
mours (Fig. 1.56b). 

Particular endoscopic procedures such as sig­
moid resection allow the use of transanal "end­
to-end anastomosis" with circular staplers. A newly 
developed f1exible stapler has been recently intro­
duced by the company Bieffe (Milan, Italy). Its 
outstanding feature is the length of approximately 
100 cm. Thus the Bieffe EEA stapler seems useful 
for hemi-colectomies and possible for oesophageal 
dissection. The intra-abdominal manipulation of 
the stapler anvil is difficult, as is the performance 
of a purse-string suture. For this reason we have de­
veloped special anvil forceps and a simple purse­
string technique using cable binders [85]. The bind­
er is pas sed around the bowel, tightened and lock­
ed. When the tissue is firmly approximated to the 
stapler rod by the binder, surplus tissue is dissected 
and the binder's free end is cut off with scissors. To 
ease the introduction of the free end of the binder 
we have designed an open slit introducer. In future 
this binder may also be useful for temporary occlu­
sion Of trans-section of organs (hemi-nephrectomy) 
and, if absorbable, for ligature of major vessels. 

Multifunctional Instruments 

Change of instruments during endoscopic surgery 
is time consuming and disrupts dissection consider­
ably. Bleeding of ten obscures the operative field 
when an insulated coagulating instrument has to be 
inserted or clip applied. It is also the main reason 
for conversion to open surgery, as demonstrated by 
a multicentre study performed by the major Euro­
pean centres [48]. The solution to this problem is 
obtained by multifunction instruments which com­
bine dissection, haemostasis, suction and irriga-

Fig. 1.56. a Endoscopic gastrointestinal staplers (Endo 
GIA *, Ethicon and USSC) are available in different lengths 
(30 and 60 mm) equipped with different size clips, from 2.5 
to 4.8 mm. The articulating tip (± 50 0) and the CO2 

pressure drive of the USSC staplers are of considerable ad­
vantage for accurate execution of the tissue approximation. 
b The Endo OIA * is an excellent tool for removal of small 
peripheral lung tumours in thoracoscopic surgery. (From: 
Endoscopic Surgery Allied Technologies 1 (1993) 301, 
Thieme Verlag, Stuttgart) 301 

tion. However, there are technological Iimitations 
in view of the restricted diameter of the access port. 
An example of a useful multifunctional instrument 
is the combination, suction-irrigation device by 
Wolf. It is described in VoI. 1, Chap.2, and has 
been modified since. This instrument can be used 
for dissection, and if bleeding occurs, the function-
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irigation 

al tip of an inserted instrument is withdrawn and 
the channel can be used for suction and irrigation 
and the tip for monopolar coagulation 
(Fig. 1.57 a, b). Other, similar instruments are avail­
able, but they are less sophisticated and partly or 
completely disposable. Figure 1.57 c - e shows a va­
riety of multifunctional suction probes. 

A removable hook electrode (developed in Tii­
bingen, Germany, in 1990) is incorporated with a 
suction probe. After withdrawing the probe, the tip 
allows aspiration as well as proper coagulation be­
cause the surface of the tip is enlarged. The suction 
channel can also be used for introduction of addi­
tional probes, including laser fibres. Retractable 
hooks are available from Access (Plymouth, MA, 

a 
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Fig. 1.57. a The combination suction-irrigation device 
(Wolf) facilitates dissection, and in the event of bleeding 
partial withdrawal of the functional tip of an inserted in­
strument exposes the channel for suction and irrigation and 
the tip for monopolar coagulation. b Irrigation is obtained 
via a separate channel, thus cleaning of the main channel is 
possible during the operation 

USA) and as a disposable item from Ethicon and 
Lapromed. These simple combinations are useful 
for regular procedures. The more exacting mobili­
zation of bowel, stomach, uterus or prostate re­
quires adequate multifunctional instruments. 
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Fig. 1.57. c-e A variety of multifunctional suction probes 
(Storz (c, d), Olympus Winter&Ibe (e» 

Fig. 1.58. a, b Retrieval bags that employ elastic opening ~ 
wires facilitate gathering of the specimen (USSC, En­
domedix). c The extraction of filled retrieval bags and gall­
bladders is often difficult due to the ballooning effect while 
pulling out the bag through the abdominal wall. d The 
"Bergetrokar" (Biihler) facilitates the extraction of speci­
mens such as gallbladder. e The Dundee bag (Cameron Bal­
loons). It is made from rib-stop nylon and shaped like a sau­
sage. The specimen can be pulled into the bag; the free end 
is then drawn out of the abdomen and the contents gathered 
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Organ Extraction 

Pathological Demands 

The key problem of endoscopic organ dissection is 
how to remove the specimen or the complete organ 
while preserving the structural integrity to allow 
adequate histopathological examination. The spec­
imen has to be complete or transsected such that 
the pathologist can examine and assess the organ or 
the tumour. Hence, transsection must not destroy 
the structure of the organ. 

Oncologic Demands 

For curative purposes the tumour must be dissected 
with a clear margin of intact tissue in accordance 
with the type of tumour. If a tumour is manipulat­
ed and removed within the body cavity, special pre­
cautions and equipment are needed to prevent spill­
age of malignant cells. 

Current Morcelators 

Several devices have become available based on mo­
tor driven morcellation and mincing of tissue. The 
organ is put into an intra-abdominal bag, the 
morcelator inserted in the bag and the organ 
minced. The minced tissue cannot be subjected to 
reliable pathological examination. Even when the 
pathological preoperative assessment has indicated 
a benign process, the basic principle of postopera­
tive histological examination must not be compro­
mised. Fragmentation itself is useful in some situa­
tions, e.g. for stone removal. 

Retrieval Bags and Devices 

Organ or specimen retrieval through a small inci­
sion without damaging the organ and losing the 
contents and without contamination of the abdom­
inal wall is virtually impossible. To solve this prob­
lem various retrieval bags have been designed (Ta­
ble 1.4). 

Table 1.4. Important features of retrieval bags 

Easy insertion, adequate capacity and ready unfolding 
within the abdominal cavity. 
The opening should be as wide as possible. 
The closure water tight and easy to perform. 
The material must be waterproof and transparent to allow 
endoscopic control of the content. 
The material must be as tear proof as possible and equipped 
with good sliding properties. 
Plastic films are useful but are not as tear proof as woven 
materials. 
The bag should be steerable by means of a guiding rod. 

The bags marketed by Endomedix, USSC etc. 
have a useful opening mechanism. A superelastic 
wire is inserted in the opening edge of the bag. This 
gives the bag both guiding facility and a wide open­
ing. However, the bag must be withdrawn for clo­
sure and sealing, which can lead to loss of content. 
The other bags without an opening wire (Ethicon, 
Cincinnati, OH, USA; Dexide; Cabot Medical, 
Langhorne, PA, USA) are simple and appropriate 
for smaller specimens such as gallbladder and ap­
pendix. As the extraction of full bags, as well as 
gallbladders, is of ten difficult due to the ballooning 
effect (Fig. 1.58 a) when the bag is pulled through 
the abdominal wall, the "Bergetrokar" (Biihler) 
can be used (Fig. 1.58d). Although it is a massive 
20-mm cannula, the two half shells of the retrieval 
element facilitate considerably the passage of the 
specimen through the insertion. 

A newly designed bag from Dundee (Cameron 
Balloons; Bristol, UK) is made from rib-stop nylon 
and shaped like a sausage (Fig. 1.58e). One end can 
be tightened around an instrument and the other 
end is wide open. The specimen can be pulled into 
the bag and the free end is then drawn out of the 
abdomen through a small incision, according to the 
size of the specimen. In combination with a simple 
slicer the surgeon is able to cut the organ into slices 
which are suitable both for extraction through a 
small incision and adequate for reliable histopatho­
logical examination. 
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2 Video Technology for Minimally Invasive Surgery 

T. LANGE and G. BUESS 

Video technology has become an indispensable aid 
in endoscopic surgery since the video monitor and 
the endoscopic camera are the only visual interface 
between the surgical team and the inside of the 
body during surgery. The video monitor enables 
the team both to monitor the handling of surgical 
instruments and to observe anatomical and patho­
logic al structures. Improvements in asepsis, a less 
tiring working posture and excellent support for 
training are among the additional advantages video 
technique has brought to endoscopic surgery. 

However, the importance of an efficient visual 
interface to the operative field of ten seems to be 
underestimated: 

Video cameras and video systems on the market 
today which are advertised as suitable for en­
doscopy are in fact of ten only simple adapta­
tions of semiprofessional or professional equip­
ment. Developments anticipating the future de­
mands of endoscopic surgery are noticeably 
missing. 
Because of a lack in technical know-how in hos­
pitals, not enough use is being made of the op­
tions available using professional video equip­
ment. For these reasons, a short overview of the 
video cassette recording and camera systems 
currently in medical use, a comparison of their 
performance, and the outlook for useful future 
technologies is presented. 

Fundamentals 

Television Standards 

Television broadcasting standards exist in which 
parameters such as definition and picture frequen­
cy have been set up. Worldwide there are two 

groups of systems: the CCIR standard (Comite 
Consultatif International des Radiocommunica­
tions) in Europe, Africa, Australia, parts of Asia 
and South America, and the NTSC standard (Na­
tional Television System Committee) in North and 
Central America and Japan (Table 2.1). 

The NTSC standard shows considerable defi­
ciencies with regard to colour transfer: even a slight 
displacement of the phase angle of the colour sig­
nal causes disagreeable colour casts, especially with 
skin tones. The PAL system combats this short­
coming by changing over the modulation axis of 
the colour signalline by line (which is why it is call­
ed phase alternating line). The same happens with 
the SECAM (sequentiel couleur it memoire) sys­
tem. The difference is, however, that the two colour 
difference signals here are not transmitted simulta­
neously, but one after the other (sequentially). The 
signal transmitted first is temporarily stored and re­
produced with a time delay. 

RGB Signal for Optimal Intraoperative 
Monitor Image 

The RGB signal is composed of three separate sig­
nals corresponding to the voltages of the colours 
red, green und blue (Fig. 2.1). 

Table 2.1. Television broadcasting standards 

Number of lines 
Visible lines, maximum 
Field frequency (cps) 
Frames per second 

PAL 

625 
575 

50 
25 

SECAM 

625 
575 

50 
25 

NTSC 

525 
486 
60 
30 

cps, cycles per second; PAL, phase alternating line; 
SECAM, sequentiel couleur iz memoire; NTSC, National 
Television System Committee 
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red 

3 color signals 

Fig. 2.1. Red, green, blue (ROB) signal (three colour signals) 

With a high resolution ROB camera together 
with an ROB monitor the optimum of image quali­
ty during endoscopic operations can be achieved. 

The luminance value results from the addition 
of the ROB values: Y = R+G+B. Professional 
three-chip cameras produce these signals with one 
chip for each of these colours. In single-chip cam­
eras the electrical information is divided into three 
separate voltages for red, green und blue by means 
of a stripe filter behind the image sensor. 

The ROB signal has not been encoded at this 
point for one of the various recording formats (e. g. 
VHS, SVHS, U-matic, Betacam SP) Of colour 
transmission standards (e. g. PAL, NTSC, 
SECAM); that is, it does not show the quality im­
pairments of these signal transformations. Further­
more, its bandwidth is not restricted either. 

For these reasons, the ROB signal is the best sig­
nal a camera can produce. It can be fed directly into 
an ROB monitor, where it is led without any fur­
ther encoding to the three cathodes of the tube. 
These again compose the monitor picture out of 
red, green and blue pixels. Only for later tape re­
cording is the ROB signal transformed into a lumi­
nance signal Y and two colour difference signals U 
and V, out of which the specific signals for tape re­
cording are produced. 

1 combined signal 

Fig. 2.2. Composite signal (o ne combined signal) 

Composite and Component Signal Processing 

Composite Signal 

When colour television was first introduced in the 
USA and Europe, compatibility to black and white 
TV was important. Therefore the signal carrying 
the colour information (chrominance) was modu­
lated over the signal carrying the brightness infor­
mation (luminance) and combined in one single 
"composite signal" (Fig. 2.2). 

Furthermore, the bandwidth of the signal had to 
be restricted. With this signal processing standard, 
colour reproduction is of ten problematic: interfer­
ence between the luminance and chrominance in­
formation cause cross-Iuminance and cross-colour 
distortions (interference patterns). Because colour 
signal oscillation is within the range of visibility, a 
wandering line (line jitter) appears especially at 
pronounced colour boundaries together with flick­
ering and noise in large coloured areas. 

These effects are further intensified by inter­
laced scanning. When copying video material re­
corded with composite signals and processing it 
during electronic editing, quality becomes impaired 
very soon and gets worse with every generation of 
copies. 
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1 luminance signal (Y) 
2 colour components (R- Y. B-Y) 

Fig. 2.3. Component signa!. One luminance signal (Y) and 
two colour components (R-Y, B-Y) 

Table 2.2. Video standards and their signal processing 

Composite signal 

VHS 
U-matic low-band 
U-matic high-band 
U-matic high-band SP 
D2 
D3 (Y-U-V) 

See text for abbreviations 

Component Signal 

Component signal 

Betacam (Y-U-V) 
Betacam SP (Y-U-V) 
MII (Y-U-V) 
Dt (Y-U-V) 
SVHS (Y/C) 
Hi8 (Y/C) 
HDTV 

Modern professional recording systems use compo­
nent signal processing (Fig. 2.3). Here, the lumi­
nance signal (Y) and two colour difference signals 
(U and V) are recorded on three independent video 
channels. (See Table 2.2 for a comparison of com­
posite and component signals). 

Component recording systems are attractive be­
cause of their high colour fidelity and detail repro­
duction, and because they show no visible loss of 
quality even after three or four generations of cop­
ies. As a result of component signal technology, 
these systems are free of cross-luminance and cross­
colour distortions. Because of their high band­
width and low quality loss in copying, component 

recordings, even after repeated editing, are of 
broadcast quality. 

Interlaced scanning 

The European PAL television picture frequency 
standard is 25 pictures per second. In order to avoid 
severe flickering, which is tir ing to the viewer, each 
picture is divided into two fields for interlaced 
scanning, thus achieving a field frequency of 50 
fields per second. With interlaced scanning, the 
lines are not shown one after the other. Instead, 
lines 1, 3, 5, 7, 9 ... of field 1 are followed by lines 
2,4,6,8, 10 ... of field 2. The human eye can then 
no longer distinguish between the fields - with the 
exception of the problems of colour representation. 
Here, interlaced scanning intensifies flickering and 
jitter at pronounced colour boundaries and in large 
coloured areas. 

Recording Systems for Magnetic Tape 

U-Matic 

In the early 1970s the U-matic system was devel­
oped. This uses a 3/4" magnetic chromium dioxide 
tape and a helical scan recording system. It was the 
professional standard for more than 20 years and is 
still in use all over the world. The U-matic system 
can only process composite signals as they were 
used when colour TV was first introduced. It com­
bines the brightness (luminance) and colour 
(chrominance) picture information into a single sig­
naI. 

A particularly important problem is that the re­
corded U-matic video material has a poor multi­
generation performance. Because of the low writ­
ing speed of the U-matic system (10.7 m/s) the col­
our information in the video signal has to be re­
stricted in bandwidth on the colour intercarrier 
("colour-under" technology). 

The first generation of the U-matic low-band 
system was modified and the U-matic high-band 
and U-matic high-band superior performance (SP) 
systems developed. 
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tape recording systems cassette recording 

1980 

1975 

1970 

1965 

1960 

1955 

~ 
~ , 

Fig. 2.4. Family tree of video systems 

Table 2.3. System parameters of the U-matic system in 3/4" Cousumer aud Semiprofessioual Systems 
tape format 

Low-band High-band High-band 
SP 

Video band width 3.0 3.5 3.8 
(mcps) 
Colour intercarrier 0.688 0.923 0.924 
(mcps) 

mcps, Megacycles per second 

Because of these disadvantages, the U-matic sys­
tem is in decline, and is being replaced in science 
and industry with either Super-VHS for low end re­
quirements, or component tape recording systems 
- Betacam SP (Sony) and MII (Panasonic) - for 
high end requirements (Fig. 2.4; Table 2.3). 

Modern systems in the consumer and semiprofes­
sional sector are VHS and Super VHS (SVHS; 112" 
cassette format), and Video 8 and Video Hi 8. (The 
Video 2000 system and Beta-max have nearly dis­
appeared from the market.) These systems are not 
compatible with each other, except for VHS, which 
is upwardly compatible to SVHS. 

VHS and Video 8 

The VHS system uses a composite signal as does 
the U-matic system (o ne common signal for chro­
minance and luminance). It also stores the colour 
information using "colour-under" technology. 
Tape speed is only 4.87 m/s. 
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Table 2.4. System parameters of semiprofessional video 
standards 

VHS Video 8 SVHS Video 

Luminance (mcps) 
Chrominance (mcps) 
Frequency range 
(mcps) 
Horizontal resolution 
(lines) 

4.3 
0.627 
0.6 

250 

mcps, Megacycles per second 

4.8 
0.732 
0.5 

260 

6.2 
0.627 
1.6 

400 

Hi 8 

6.7 
0.732 
2.0 

400 

The Video-8 standard (Sony), a small video re­
cording format, was developed especially for com­
pact camcorders in the consumer sector. The disad­
vantages of VHS and Video 8 are insufficient reso­
lution and colour fidelity and the great loss of 
quality in the composite signals during copying and 
cutting. 

SVHS and Video Hi 8 

The SVHS standard (JVC/Panasonic) and Hi 8 
(Sony) represent an improvement in picture quality, 
together with a better colour performance and re­
duced quality impairment after copying. 

The increase in horizontal resolution in SVHS 
was achieved by increasing the mean frequency 
modulation (FM) carrier frequency from 4.3 to 
6.2 mcps, and by enlarging the frequency range 
from 1 to 1.6 mcps. The recording of the video sig­
nal is effected using separate components for the 
luminance signal (Y) and the chroma signal (C) 
(Fig. 2.5). Thus, with original material of good 
quality, one can obtain three generations of copies 
with acceptable picture quality. With the Vid­
eo Hi 8 standard (Sony) recording technology was 
improved using separate Y/C signals and new metal 
evaporated (ME) tapes. 

Advanced SVHS Systems 

The so-called professional SVHS systems (JVC, 
Panasonic) offer higher picture quality and better 
multi-generation performance by means of high 

1 luminance slgnal (Y) 
1 colour signal (C) 

Fig. 2.5. Super VHS signa!. One luminance signal (Y) and 
one colour signal (C) 

quality video heads, a chroma enhancer, an in­
creased chroma bandwidth, and drop-out compen­
sation (a distorted signal resulting from a damaged 
part of the tape is replaced by a repetition of the 
last failure-free line held in memory). Integrated 
time base correctors (TBC) also enhance picture 
stability, mini mize "jitter" and make it possible to 
adjust the colour. These systems can be usefully 
employed for documentation and low-budget pro­
ductions in research and teaching. 

Professional Component Recording Systems 

For productions in broadcast quality the compo­
nent recording systems Betacam SP and M II have 
been established as the new standards (Table 2.5). 
An outstanding picture quality and excellent multi­
generation performance is provided by these sys­
tems. They separate the picture information into 
three component signals. The use of a component 
recording system only makes sense, however, if a 
high quality three chip camera is used in combina­
tion. 
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Table 2.5. Parameters of the component tape recording 
systems Betacam SP and M II 

Betacam SP MII 

Luminance channel 
Video bandwidth 5.5 5.5 
Frequency range 2.0 1.8 

Chrominance channels 
Chroma carrier 6.1 6.4 
Frequency range 1.7 2.0 

mcps, Megacyc1es per second 

Betacam (Sony) 

Betacam technology records the luminance signal 
(Y) and the chrominance signals (U and V) in a 
segmented form on two independent parallel video 
channels using two video heads. At the same time, 
chrominance information is transformed into com­
pressed component signals and is stored using com­
pressed time division multiplex (CTDM) technolo­
gy. In combination with the even more effective 
1/2" metallized tapes, this technology has now 
been developed into Betacam SP. 

MII (Panasonic) 

The M II system also records component signals: 
the colour information (U and V) is compressed us­
ing the chrominance time compression multiplex­
ing (CTCM) technique and stored sequentially on a 
chroma channel (c) together with an additional col­
our synchronization signal (chroma burst). 

Future Systems 

The new video technologies which are being devel­
oped today will be of value for scientific film and 
documentation only if they can hold their own on 
the market and can be offered at a reasonable price. 
Most notable among these are digital video mag­
netic tape recording systems and high definition 
television (HDTV). 

Digital Recording Systems 

The most remarkable features of the digital storing 
and processing of video signals on magnetic tape 
are the excellent picture quality and the outstand­
ing multigeneration performance (6.5 mcps band­
width, more than 20 generations without apprecia­
bIe loss). Factors causing interference, such as the 
deterioration of the signal-to-noise ratio (SIN ra­
tio), moire effects and drop-outs, are to a large de­
gree eliminated. Digital video tape recording (VTR) 
systems are especially suitable for high-tech post­
production because the considerable quality im­
pairments of analog systems due to numerous gen­
erations of copies can be avoided. 

In 1985, a world standard was established for 
digital video recording, the 4-2-2 standard. With 
the D 1 system, a component encoding of the ana­
log ROB signal into a luminance signal with 
5.75 mcps and two colour difference signals (U and 
V) with 2.75 mcps each is made. For digitization the 
Y signal is scanned with a sampling frequency of 
13.5 mcps, the U and V signals with 6.75 mcps each 
(4-2-2 system). 

The D 2 system, in contrast, digitizes composite 
signals. Hence, D 1 and D 2 recorders can be easily 
integrated into existing analog component or com­
posite studio environments. 

The D 3 system, from the J apanese broadcasting 
organization NHK, is the first complete digital sys­
tem, beginning with the camera, the VTR and the 
program assembly switcher to the broadcast studio. 

The latest development is a digital Betacam sys­
tem introduced by Sony which is compatible to the 
analog Betacam system. With bit rates reduction 
(BRR) techniques, the video information is reduced 
without compromise to the image quality. With the 
traditional picture format of 4: 3, a resolution of 
540 TV lines (or a bandwidth of 6.9 mcps) is 
achieved. With a wide picture format (16: 9 for 
PALPLUS or HDTV), the resolution is 405 TV 
lines. 

High Definition Video Systems 

Early in the 1970s, the development of a high-reso­
lution television system, HDTV began. The objec­
tives were a substantial improvement of picture res­
olution and avoidance of cross-colour distortions 
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Table 2.6. High-definition television and high-definition video systems in the picture format 16: 9 

System Japan (NHK/Sony) 

Number of lines 1125 
Visible lines (92Il7o) 1035 
Pixels per line 1831 
Total number of pixels 1895085 
Field frequency (cps) 60 
Video band width (mcps) 
Luminance channel 20 
Chrominance channels 7 

cps, Cycles per second; mcps, megacycles per second 

through the use of component signals. A wide pic­
ture format of 16: 9 fills tţIe complete field of vi­
sion at the recommended viewing distance of twice 
the height of the picture. This creates a new quality 
of telepresence and encourages the eye of the viewer 
to wander around in the scene. 

Owing to a resolution which is eight times high­
er, large size projection corresponding to the capac­
ity of the human eye to resolve detail has become 
a reality. Nothing more remains to be desired with 
regard to sharpness. 

The introduction of HDTV as a television stan­
dard has still to be implemented. There are still 
transmis sion problems and as yet no technical solu­
tions for flat, large-size monitors for the consumer 
living room. Three systems versions from Japan, 
Europe and the USA are currently under discus­
sion. However, because of the demand for corn pati­
bility with existing PAL, NTSC and SECAM stan­
dards, it is not very likely that a global standard 
format will be established (Table 2.6). 

A complete equipment line exists already for 
both the Japanese and the European systems, in­
cluding camera, VTR and laser disk systems, elec­
tronic editing systems, control monitors and equip­
ment for large-size projection. 

Fierce debate has broken out concerning the es­
tablishment of compatible intermediate stages and 
transmis sion standards of European analog HDTV. 
The alternatives are: a further development of the 
PAL standard (e.g. PALPLUS, a downwardly com­
patible PAL system in the 16.9 wide screen format 
with separate luminance and chrominance signals) 

Europe (Eureka 95) USA 

1250 1050 
1150 966 
2035 1709 

2340250 1650894 
50 59.94 

20 20 
7 7 

or satellite transmis sion standards (e. g. D 2-MAC 
and HD-MAC). 

Further optimization of the existing PAL system 
was achieved by reducing the large-area flicker on 
the receiver using image stores which pass on the 
received 50 fields to the picture tube at double fre­
quency (100 cps). In the USA, preliminary deci­
sions have recently been taken to establish a mod­
ern, totally digital HDTV standard. This will cer­
tainly have an effect on the further technical devel­
opment of European HDTV. In the meantime, the 
engineers developing HDTV are concentrating on 
applications for science and advertising. 

In October 1993, we introduced high-defintion 
camera and recording equipment to endoscopic 
surgery. In collaboration with Broadcast Television 
Systems (BTS), the developer of European HDTV, 
and Richard Wolf GmbH the HDTV camera has 
now been adapted to take a circular rod lense. The 
resulting image represents a quantum leap forward 
from today's video standards, with the endoscopic 
picture covering 85070 of the normal HDTV format. 
Resolution is remarkably high, showing all detail 
sharply and precisely. For the first time, working 
posture is genuinely relaxed and working distance 
from the 30-inch monitor is optimal. 

Owing to the excellent light sensitivity of the 
camera, no lighting problems occurred during our 
testing; furthermore, the outstanding picture defi­
nition gave a remarkably improved depth percep­
tion. Further development will now concentrate on 
optimizing the handling, size and weight of the sys­
tem. 
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Cameras 

As far as recording systems are concerned, profes­
sional technology is only necessary for post-pro­
duction, i. e. for the production of scientific or edu­
cational films. In contast, only cameras and moni­
tors are of direct relevance to the quality of the vi­
sual image used during endoscopic surgery. 

Charge-Coupled Device Camera 

The tube cameras which were still widely used a few 
years ago, have now been replaced by chip cameras 
with charge-coupled semiconductor elements 
(charge-coupled device, CCD cameras). Among the 
advantages of CCD cameras are: 

Stronger light differentials (scene contrasts) can 
be handled without blooming effects. 
A higher sensitivity to light. 
Less weight with greater mechanical reliability. 
Improved electronic stability. 

CCD Chip Technology 

A charge-coupled semiconductor functions thus: 
the photoelectric charge resulting from the incom­
ing light (or photon current) is transmitted from 
the image area into a coupled storage. This is then 
scanned at a defined clock frequency. Interline 
transfer (IT) technology adds a vertical smear to 
the image during the transfer of the charge packets 
from the image area to the storage area. This effect 
has been considerably reduced by the "on-chip 
lens" technology. Frame-transfer (FT) technology, 
with its higher sensitivity to light, completely pre­
vents smear by operating a shutter during the shift 
of charge packets, thus preventing incoming light 
from contaminating the next picture. Frame inter­
line transfer (FIT) technology is a combination of 
the two techniques, with additional storage, faster 
scanning, and a further improvement to image 
quality. 

RGB Signals 

Colour separation in single-chip cameras is 
achieved by adding a stripe filter to the optical 
beam. Each of these filter stripes only accepts a de­
fined colour (red, green, blue = additive colour 
combination principle). The luminance signal (Y) 
and the chrominance signals (U and V) are 
generated from the output voltages for R, G, or B 
with the help of a matrix switcher. These are again 
encoded into composite and SVHS signals. Some 
single-chip cameras supply an output for the RGB 
signal. This, however, cannot be compared to the 
quality of an RGB signal from a three-chip camera. 

Three-chip cameras supply a separate CCD chip 
for each of the red, green and blue image parts as 
an image sensor. A colour separation system con­
sisting of prisms and dichroic filters separates the 
image into the basic R, G, and B components. The 
three chips generate the output voltages corre­
sponding to chrominance, colour saturation, and 
luminance. This RGB signal is fed, without any fur­
ther encoding, over three separate lines into an 
RGB monitor, where it is led direct1y to the three 
cathodes of the tube. This direct, uncoded signal, 
separated according to R, G, and B components is 
a substantial improvement with regard to picture 
quality and colour fidelity. 

With one of the best RGB three-chip cameras 
and an RGB monitor the increase in detail informa­
tion is so great that it can only be described as a 
new quality of seeing. For critical assessments (e. g. 
unclear anatomical or pathological structures) this 
difference can be of decisive importance. 

The New Endoscopic Cameras: 
An Evaluation 

Of the many endoscopic cameras on the market to­
day, we will briefly introduce and evaluate nine new 
systems, some of which were only available to us as 
prototypes at the time of testing (end of 1992). Sys­
tems are defined by noticeably different concepts. 
For comparison purposes, a Sony DXC 750 P 
adapted for endoscopic use by our MIC research 
group in Tuebingen was used as a reference, owing 
to its excellent image quality. 
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Fig. 2.6. Resolution chart. Horizontal resolution is the num­
ber of distinct verticallines that can be seen in a picture. For 
vertical resolution the number of horizontal lines must be 
counted 

A number of new technical features - especial­
ly digital video signal processing and new types of 
automatic exposure - are now being integrated in­
to many endocameras. 

With digital signal processing, the analog video 
information is translated into binary code by digi­
tal capture and enhancement circuits. With alI vid­
eo information translated into a stream of digital 
values, the signal can be manipulated by filtering, 
noise reduction, image enhancement and data com­
pres sion, alI without adding extra noi se. 

Today, electronic shutters are often used to con­
trol the readout speed of charge packets on the im­
age sensor (CCD). An alternative technique regu-

lates the sensitivity of the pixels on the CCD direct­
ly. With either method, automatic exposure can be 
achieved without increasing the electronic gain, and 
without penalty of additional picture noise associ­
ated with extra gain. Furthermore, automatic expo­
sure can be provided without the need for control­
ling the light source with the video signal. As a re­
suit, image quality and operational safety are fur­
ther enhanced. 

The performance of single-chip cameras, espe­
cialIy, has greatly improved in the last 2 years. 
However, if surgery is being documented for later 
inclusion in larger film or video productions, three­
chip cameras with interface to professional post­
production equipment is still a better option. 

In our test, alI cameras were criticalIy assessed in 
the operating theatre (for example, in transanal sur­
gery, with its associated high level of light absorp­
tion). Here, light sensitivity (necessary minimum il­
lumination), noise associated with raised electronic 
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gain, and colour reproduction were important. The 
ease of handling of the equipment by the surgeon 
was also evaluated. 

In later tests, the resolution and colour fidelity 
of the composite, Y/C and (where available) ROB 
signals were tested under controlled conditions, 
with the help of standardized studio test charts 
(Teletest; Vertex Video Systems; Fig. 2.6) on a 
19-inch Sony monitor (PVM 2043). Noise, smear 
and blooming were evaluated at various gain set­
tings, and, where possible, at various settings of the 
electronic shutter. 

During testing, composite signals from cameras 
were measured using a waveform monitor and vec­
torscope. All tests were documented in the form of 
a component signal on high-performance Betacam 
SP tape. In both the operating theatre and during 
the standardized tests, FBAS signals were digitized 
on a Polaroid Freeze Frame recorder, exposed as 
diapositives, and video-printed with the Sony 
Mavigraph UP 5000 P. 

Single-Chip Cameras 

Wolf CCD Endocam 5501 

The new Richard Wolf model (Wolf; Knittlingen, 
Oermany) has a small, light-weight head, complete 
with a finger-tip button to control a VCR or printer 
(Fig. 2.7). A 1/2-inch interline transfer CCD with 
colour mosaic filter can operate under a minimum 
illumination of 3 lux. With digital signal technolo­
gy the chroma and luminance signals are processed 
separately. Digital edge enhancement and aperture 

Fig. 2.7. Wolf CCD Endocam 5501 
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accentuation are used in this camera. The control 
unit is used to activate the automatic white balance 
control and to adjust the gain in fixd steps (O dB, 
+ 6 dB, + 9 dB, + 12 dB). The camera is electro­
magnetically protected against high frequency in­
terference; additional BF isolation of the camera 
head prevents leak current from reaching the pa­
tient via the endoscope. 

Output connections consist of only one com­
posite video and one S video (Y/C) output; there is 
no ROB output. A video-controlled light source 
must be used for automatic exposure. 

In tests conducted with the monitor connected 
to the S video (Y/C) output, the colour bar and the 
grey-scale charts were well graduated and differen­
tiated. The signals measured on the waveform mon­
itor and the vectorscope were correct. These results 
corresponded with the impression we received in 
the clinical test, undertaken during a transanal en­
doscopic microsurgery operation, in which good 
graduation of red tones and generally very good re­
production of all colo urs was evident. Using a reso­
lution chart, 420 horizontal and 350 vertical lines 
could be counted on our monitor. A comparative 
videoprint of the Y/C signal showed 400 horizontal 
and verticallines. However, due to a conscious ac­
centuation of the aperture, the image does not look 
as sharp as it might: visible fIaring, especially along 
black/white borders, combined with a noticeable 
increase in noise even at low (+ 6 dB) or medium 
( + 9 dB) gain levels, mean that the image looks too 
soft, despite the good detail definition. 
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Stryker 594 Medical Video Camera 

The Stryker 594, (Stryker Endoscopy; San lose, 
CA, USA), an analog single-chip camera, has a 
small, light-weight camera head with a mechanism 
for universal lens adaptation. At the camera pro­
cessor the Auto White balance function is started. 
The result tends to be somewhat too red, but it can 
be corrected by an additional colour adjustment 
regulator. 

A remote control unit may be connected to op­
erate a video recorder or printer. After removing 
the camera cab le, internal colour bars for monitor 
calibration appear on the monitor screen. 

An auto shutter that can also be switched to a 
fixed speed gives automatic exposure control be­
tween 1160 and 1110000 s. Oain amplification can 
be chosen between O dB (standard mode), +9 dB 
(mode II) and + 18 dB (mode 1). 

The resolution was measured with 400 horizon­
taI and vertical TV lines. Already in standard mode 
(O dB) noise was remarkable. It did, however, not 
increase very much (as expected) when amplifying 
the gain with + 9 dB and + 18 dB. Image contrast 
was very low: in our test with the grey-scale chart 
black fields appeared as average grey tones. 

Storz Endocam PAL 

The Storz Endocam PAL (Storz; Tuttlingen, Oer­
many) a light, medium-sized camera, is easy to 
handle (Fig. 2.8). The fast and reliable white bal­
ance control is situated on the control unit (camera 
processor). It can be toggled between manual and 
automatic use. Exposure is regulated by the varia­
tion of the CCD shutter speed, in fixed steps be­
tween 1160 and 1110000 s. An additional automat­
ic gain control with a range of -4 dB to + 14 dB is 
used for fine regulation between shutter speed 
steps. An LED indicator displays the current shut­
ter speed. 

There is a good range of outputs: one compos­
ite, two S video (Y/C) , as weB as an ROB output 
with its superior image quality on the monitor. 
There is also a genlock input for extern al synchro­
nization and a keyboard input for an optional char­
acter generator. 

Fig. 2.8. Storz Endocam PAL 

The 1I2-inch chip in this camera achieves a reso­
lution of 350 horizontallines and 400 verticallines, 
using the ROB output and a Sony PVM 2043 moni­
tor. The colour bars and the grey scale from the test 
charts appear finely graduated on the monitor. Se­
rious noise, smear or blooming were not a problem. 
On the waveform monitor, no deviations from the 
standard signal were observed. Nevertheless, the 
image appears too bright, and the contrast along 
black/white interfaces was not as clear as might be 
desired. 

AVT Horn MC 10091F 

The AVT Horn MC 10091F (AVT Horn; Aalen, 
Oermany) is a single-chip Sony camera adapted for 
endoscopy (Fig. 2.9). It uses analog signal process­
ing and regulates exposure with shutter and gain 
controls, both of which have automatic and manu­
al modes. 

The chip is a 1I2-inch interline transfer hyper 
HAD CDD from Sony capable of dealing, with a 
minimum illumination of 4.5 lux at F 1.2 when the 
automatic gain control is ono The SIN ratio is over 
46 dB. 

The camera head is light weight but at a length 
of 12 cm somewhat large. Even after only a short 
period of operation it became rather hot. The oper­
ating elements - two regulating potentiometers 
and six DIP switches - are small and are embedd­
ed in the camera head. 



82 T. Lange and G. Buess 

Fig. 2.9. AVT Horn MC tO09/F 

The white balance can either be adjusted manu­
ally, using the two potentiometers for red and blue 
correction, or automatically in a novel continuous 
mode, which we found to be of little practical value. 
Two DIP switches allow a choice between fixed val­
ues of 5600 0 K (daylight) or 3200 0 K (artificial 
light). 

An automatic shutter control (called "CCD 
iris") operates in fixed steps between 1150 and 
111000 s. The minimum and maximum values can 
also be manually selected and used as fixed shutter 
speeds. The automatic gain control ranges from 
O dB to + 12 dB. 

The camera showed good colour registration on 
our monitor, with good reaction times for the auto­
matic shutter. However, with the shutter in manual 
mode, the automatic gain control showed very long 
reaction times (in some cases more than 1 s, under 
low light conditions). On the resolution chart, the 
composite signal of the camera provided both 400 
horizontal and vertical lines. (The alternative ver­
sion of this camera - the MC 1009/S, which in­
cludes a S Video (Y/C) signal - was not available 
to us at the time of testing.) 

MP Video Medicam 900 

The Medicam 900 is an integrated imaging system 
from MP Video (Hopkinton, MA, USA). It com­
bines camera, monitor, light source, insufflator, 
tank and remote control into one solidly construct­
ed, compact and practic al wheeled unit. This unit 

also includes the isolation transformer. However, a 
lockable compartment proved not to be deep 
enough to take a professional S video recorder. 

The camera head is light weight, small and ergo­
nomic. Two programmable, fingertip buttons allow 
the user - in combination with an optional remote 
control unit - to activate peripheral devices such 
as a VCR or video printer. A picture-in-picture 
function can also be activated by finger tip. This al­
lows two separate images to share the monitor 
screen dur ing dual camera procedures (for example, 
during laparoscopic choledochoscopy or combined 
resections of the rectosigmoid colon). The cable 
provided is designed to be easily interchangeable in 
the operating theatre. 

The camera uses a new Panasonic chip, offering 
a SIN ratio of 48 dB. The analog signal processing 
circuits of the camera interface with the 
Medicam 900 light source by means of a control 
circuit capable of optimizing the output of both 
units. By measuring the illumination level at the 
camera's CCD chip prior to setting the automatic 
gain control, the Medicam 900 is able to in crease 
the intensity of the light source in preference to 
raising the electronic gain (electronic gain is asso­
ciated with increase in noise). Thus, automatic gain 
is only used if the maximum 250 W from the light 
source proves insufficient. To use the automatic 
gain, function called "boost circuit" must be acti­
vated; however, in this mode, serious picture noise 
becomes visible. A disadvantage of the light source 
is that the bulb can be damaged when connecting 
a Storz light cab le. 

The main exposure control mechanism is an au­
tomatic shutter which constantly alters its speed in 
response to illumination requirements. MP Video 
claims that this is a continuous, stepless shutter sys­
tem. Nevertheless, a perceptible "stepping" effect 
was clearly observed. This turned out to be due to 
the changing light levels of the light source operat­
ing in automatic mode. The effect did not occur 
when operating the light source in manual mode. 

A "small scope" function can be chosen to 
maintain adequate automatic exposure if the pic­
ture fills only a part of the camera's field. 

The image displayed by the Medicam 900 cam­
era is clear, of good contrast, and of high defini­
tion. Four hundred horizontal and 450 verticallines 
were counted. Colour registration was very good 



Video Technology for Minimally Invasive Surgery 83 

and the measured signals showed the correct values. 
Visible noise showed only when activating the 
"boost circuit" in light conditions so low as to be 
very unlikely to occur in normal endoscopy. 

The camera provides two composite, two S video 
(Y/C) and one ROB output. The Medicam 900 sys­
tem shows that high image quality can also be 
achieved with analog signal processing, if high 
quality components are combined with intelligent 
system integration. 

Circon Micro Digital-l 

The latest prototype from Circon (Santa Barbara, 
CA, USA), the Circon Micro Digital-1 (Fig. 2.10) 
uses 24-bit digital circuitry for signal processing. 
This offers good image quality, even at high levels 
of electronic gain. Flaring, washout and "jitters" 
are eliminated by digital filtering and image en­
hancement. A field replacement cable is easy to 
change in the operating theatre. 

The small, lightweight head of the camera has 
two fingertip control buttons for automatic gain (in 
three steps from O to + 12 dB), freeze frame, VCR 
and printer control. 

At the control unit, an automatic single-or-con­
tinuous white balance control is offered. Freeze 
frame display and toggling between manual and 
automatic exposure are also possible. For automat­
ic exposure an electronic shutter with fixed steps 
between 1/60 and 1/15700 s is used. This elimi-

Fig. 2.10. Circon Micro Digital-1 

nates the need for sophisticated video-controlled 
light sources. 

An illumination value of only 1 lux (AOC on), 
or 5 lux (AOC off) can be achieved without com­
promise to image quality. An LED readout on the 
control unit displays information about lighting 
conditions. Camera-generated colour bars for 
preoperative monitor calibration are also supplied. 
Multiple output connections are provided: two 
composite video, two S video (Y/C) and ROB. The 
prototype we tested showed a high-contrast, bril­
liantly clear and sharp image on the monitor. 

Surprisingly, only 400 lines of vertical and hori­
zontal resolution could be counted. The excellent 
separation (contour definition) between adjacent 
black and white areas, due to the digital signal pro­
cessing, gave the impression of very high definition 
(although this is not to be compared with the sig­
nificantly superior definition of three-chip cam­
eras). Moreover, picture quality is fully maintained, 
even if the gain is increased maximally to + 12 dB; 
no visible noise occurs. The SIN ratio at 56 dB is 
very good. 

Less satisfactory was the testing of the camera 
with our colour bars and grey-scale charts. Here, 
the image appeared too bright, with too little dif­
ferentiation both in the highlights and in the colour 
range between magenta and red. This observation 
was substantiated on the waveform monitor and on 
the vectorscope: the internal colour-bar signal had 
a luminance of 30070 above standard. These mea­
surements corresponded to our impressions during 
the clinic al test: although the exposure seemed to 
be correct, there were fewer graduations in the red 
range than with other, similar cameras. After hav­
ing informed the developers, Circon told us " . . . a 
revision of the camera circuitry has eliminated this 
problem. The full range of contrast is now re­
stored:' 

Another observation during clinical testing was 
a serious "blooming" effect when light was too 
strong for the automatic shutter control compensa­
tion. After reducing the light intensity to the mini­
mum practical level (as advised by Circon), these 
effects disappeared at once, and the camera gave 
hightlights which were sharply defined, if not very 
differentiated. 

Circon is working on both a three-chip camera 
with digital signal processing and on a solution for 



84 T. Lange and G. Buess 

noninterlaced monitor display of digital video sig­
nals. Detailed and reliable information about these 
interesting developments was, however, not avail­
able at the time of writing. 

Lemke MC 404 Digital 2 

We evaluated the new Lemke digital camera model 
(Lemke; GrăbenzelI, Germany) in a prototype ver­
sion (Fig. 2.11). The cameras of this company have 
long been on the marked under such names as 
Storz, Martin and Wisap. 

AlI the electronics (with the exception of the 
CCD chip) were designed by Lemke and are inte­
grated into a very compact camera body. The CCD 
signal is digitized (3 X 8 = 24 bits) without further 
preamplification, immediately it comes from the 
1/2-inch Sony chip. For this reason, an excellent 
SIN ratio of 55 dB is achieved, which, in combina­
tion with an ability to work in minimal illumina­
tions of 1-3 lux without increased gain, offers a 
noise-free image in alI areas of endoscopic applica­
tion. 

Instead of an electronic shutter controlling the 
readout rate of the charge packets from the chip in 
fixed, recognizable steps, the MC 404 is equipped 
with continuous digital control of the chip sensitiv­
ity. This eliminates shutter effects. It operates by 
using a control signal to adjust the operating volt­
age of the picture elements on the chip, raising and 

Fig. 2.11. Lemke MC 404 Digital 2 

lowering their threshold (zero) level to suit the am­
bient lighting. 

The separated luminance and chrominance (Y 
and C) signals are digitalIy processed, using 8 bits 
for each. 

The light measurement fields on the chip are ad­
justable by software between integral and spot me­
tering. 

After the camera is switched on, a digital system 
check is automaticalIy carried out, induding a test 
of the camera cable and a check of the colour 
memory. 

When performing a white balance, the correct 
distance between lens and white test area is con­
trolled by dialogue boxes on the monitor. Menus in 
these dialogue boxes may be acces sed in any of four 
languages. The colour value is then permanently 
stored. The electronics are so stable as to be almost 
indestructible - even by a short-circuit of alI poles. 
They are also well shielded from high-frequency in­
terference. Any damage to the camera cable is dis­
played as a warning on the monitor, and the cable 
can be exchanged at any time in the operating 
theatre, without the use of tools. 

The camera head is small and light and has an 
ergonomic focusing lever, operated with the thumb. 
This is even adjustable for left-handers. A practical 
express coupling for the ocular facilitates the sterile 
changing of the circular rod lens system, without 
the need for a new camera covering. 

In the monitor test, the camera shows a resolu­
tion of 450 to 500 horizontal and vertical lines -
unsurpassed among the single-chip cameras. The 
colours are finely tuned, especialIy in the alI-impor­
tant red range. 

Thanks to well thought-out integration with a 
high-quality monitor system, picture quality and 
operating convenience are excellent. Instead of hav­
ing a conventional cable junction, the flat, compact 
camera body is latched into a compartment on the 
side of the monitor. The picture signal is transmit­
ted by contacts on the back of the camera. 

The 43-cm monitor (a model with a 5i-cm 
screen diagonal is under development), complete 
with cast metal body and a potential compensation 
connection, offers surprisingly high performance, 
clearly surpassing even the Siony PVM 2043. The 
Venetian effects, which often occur due to the mis­
alignment of the lines of the two separately scann-
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ed fields of an interlaced picture, are completely 
missing. Colours are finely tuned. In pictures from 
an S video signal (Y/C), the oscillation of the col­
our carrier (flickering along colour limits, for ex­
ample at the colour bars) observed on all other 
monitors is filtered out, such that the picture quali­
ty corresponds to that of an RGB signal. 

The built-in Phillips tubes with black-Ievel stabi­
lization and tinted glass screen offer a brilliant, 
high-contrast image, even in surroundings with 
high ambient light. A compensating circuit balanc­
es changes in tube performance due to age. 

There is one composite, one S-video (Y/C) and 
one RGB in- and output as well as a data connec­
tion for image processing and documentation, re­
mote control, and a rapid diagnostic routine for 
servicing. In the future, telephone diagnosis using 
an integrated modem is planned. 

An new light source, controlled digitally by the 
camera, rounds off the new system. The light is, in 
fact, not controlled by the video signal, but by the 
same digital control signal which adjusts the chip's 
sensitivity. The metal oxide-vaporized mirror lamp 
(of only 75 W) is said to be 300% as efficient as 
other light sources and was certainly found in prac­
tice to be fully sufficient for all endoscopic applica­
tions. 

At least for the present, the Lemke MC 404 pro­
totype takes a leading position among single-chip 
cameras with regard to performance, ergonomics, 
and system integration. 

Three-Chip Cameras 

Stryker 784 Medical Video Camera 

The Stryker 784 is a new model based on analog si­
gnal processing (Fig. 2.12). The camera head has 
average dimensions for a three-chip camera but is 
not too heavy and is easy to handle. An adaptation 
mechanism facilitates the connection of all kinds of 
circular rod lenses. At the camera processor there is 
an automatic white balance function, which in our 
test, however, tended to show too much red. With 
an additional colour adjustment regulator this 
could be corrected easily. When the camera cable is 
disconnected, the processor displays colour bars 
for monitor calibration. 

Fig. 2.12. Stryker 784 Medical Video Camera 

The resolution values (> 800 TV lines horizon­
tally, 450 TV lines vertically) indicated by the man­
ufacturer could not be tested because our Sony 
monitor PVM 2043 only shows a maximum of 600 
lines. In fact, surprisingly, a resolution of 600 hori­
zontal TV lines and 400 vertical TV lines could be 
measured with the resolution chart. 

Colour representation was correct and well grad­
uated; image control and edge accentuation, how­
ever, appeared too low and a slight flaring along 
black/white borders was visible. 

Discrete noise in the standard mode (O dB) in­
creased noticeably in mode I (gain amplification of 
+ 9 dB). With a SIN ratio of 60 dB, as claimed by 
Stryker, the noise should be far less remarkable. 
Probably the excellent SIN ratio value and the ex­
tremely low minimum illuminance of 1,5 lux (with­
out gain amplification) is due to a preamplification 
of the signal directly after the chips with the disad­
vantage of a certain in crease in noise. 

Only two composite and two S video outputs are 
provided. RGB and component outputs are miss­
ing. It is difficult to understand why Stryker engi­
neers encode the internal RGB signal to composite 
and S video outputs, but do not offer the superior 
RGB signal to the user. 

Storz Tricam 9070 BP 

The new version of this camera, the Storz Tricam 
9070 BP (Fig. 2.13), that we tested is a high-perfor­
mance three-chip camera in which the severe prob­
lems of the older Tricam 9070 P have been over­
come. Furthermore, it combines this performance 
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with easy handling, high operating convenience, 
and automatic exposure. 

The camera head, with its three 1/2-inch inter­
line transfer chips is handy and lightweight. How­
ever, the 3-m cable connecting the camera head to 
the processor proved to be too short for our use. 

The automatic white balance and internal col­
our bars are operated from the camera processor. 
Exposure is controlled by either automatic or man­
ual adjustment of the CCD shutter speed. Expo­
sure is fine-tuned between the fixed shutter-speed 
steps with an integrated automatic gain control 
(range: 0-+ 18 dB). A keyboard for character gener­
ation is an optional attachment. 

Sufficient connections to monitors and record­
ers are all available - one ROB, one S video (Y/C) 
and one composite. However, a YUV component 
signal output for professional recording systems 
such as Betacam SP or M II is missing. This seems 
an unacceptable omission on a top of the range 
camera such as the Tricam 9070. 

Using the resolution chart, the ROB signal from 
the camera displayed a brilliant and well-defined 
image, with 550 horizontal and 500 verticallines on 
our monitor. The colour bar and grey scale test 
charts appeared correct on our monitor, but the 
vectorscope and the waveform monitor showed in­
correct colour luminance levels (the yellow level in 
the composite signal, in particular, was too high). 
In correspondence with this, the clinical test indi­
cated that the composite signal had too much yel-

Fig. 2.13. Storz Tricam 9070 BP 

low and too little red, and the ROB signal a little 
too much red. Storz engineers offered to make im­
provements in collaboration with us, and to test 
them under clinical conditions. 

Sony DXC 750 P 

Despite the weight and dimensions of its head 
(600g, 70x75x113mm) we use the Sony 
DXC 750 P (Fig. 2.14) with its three 2/3-inch inter­
line transfer chips in our Tuebingen research group 
for top-quality documentation. However, it is not 
only for reasons of size and weight that this camera 
cannot be considered as part of a standard solu­
tion: the film plane had to be adjusted in order to 
mount adapted photographic lenses of fixed focal 
lengths of 35 and 55 mm and connect them to the 
circular rod lense optic. Moreover, this camera re­
quires the continuous attention of a technician dur­
ing its operation. This rather special solution is in­
cluded here, however, because it represents the 
state-of-the-art with respect to picture quality and 
thus serves as an excellent reference. The camera 
processor offers manual control of many functions: 
white and black balance, gain in fixed steps of +0, 
+9, or + 18 dB or continuously, detail compensa­
tion, selection of shutter speeds between 1/30 and 
1/10000 s, and master pedestal control. A gamma 
correction circuit and a linear matrix circuit can be 
used to inf1uence the luminance characteristics and 

Fig. 2.14. Sony DXC 750 P 
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the colour rendering. However, all these functions 
(with the exception of the black or white colour 
balance) can only be operated manually. Because 
automatic exposure is missing, the video level has 
to be fine-tuned continuously (and manually!) dur­
ing surgery, by a nonsterile technican, in order to 
obtain high-quality recordings. 

Minimum illumination is 25 lux at F 1.4 and 
+ 18 dB: this means that the camera requires much 
more light than all the single-chip cameras. We 
have found, however, that strong standard light 
sources, combined with a fluid cable, provide 
enough light for almost all minimally invasive op­
erations, without the need to increase the electronic 
gain. Nevertheless, in the rare cases in which extra 
gain is required, this results in significant noise and 
the noticeable reduction of the otherwise superior 
image quality. 

All the necessary outputs, including those for 
professional video recording systems, are provided: 
two composite, one S video (Y/C) and two RGB. 
One of the RGB outputs can be switched to provide 
the YUV component signal required for systems 
such as Betacam SP or M II. The camera can be 
genlocked externally if the synchronized use of 
more than one camera at a time is required. 

Internal colour bars for monitor calibration and 
an LED to indicate low light conditions are also of­
fered. A keypad to generate characters is included. 

With our monitor connected to the RGB output, 
the resolution chart showed 600 lines, both hor­
izontally and vertically. This defines the Sony 
DXC 750 P as offering the finest picture available 
for endoscopic used. Both the colour reproduction 

and the grey-scale signal were perfect in the moni­
tor test and on the waveform monitor and vec­
torscope (Table 2.7 see p. 88, 89). 

Future Prospects 

In the next few years a transition from analog to 
digital video processing is to be expected. Affor­
dable digital video systems compatible to analog 
component equipment will increasingly be used in 
professional production studios. These new tech­
niques will also be integrated into equipment for 
use in endoscopic surgery. 

In addition to increased resolution and excellent 
multi-generation performance, the benefits will be 
a more efficient interface to computer based image 
processing and documentation. The possibility of a 
noninterlaced monitor picture representation with 
high frequency (> 72 cycles per second) and even 
new picture formats with higher definitions due to 
digital signal processing is an interesting open ques­
tion. 

Intermediate stages on the way to HDTV will 
bring with them improvement still compatible to 
today's video standards; with the introduction of 
Palplus in 1995 the picture format will change to 
16: 9. 

An important task will be the integration of 
camera and video functions into an micro proces­
sor-controlled central control panel for surgeons 
and technicians in a future endoscopic operating 
theatre. 
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Table 2.7. Comparison of camera parameters 

Single-chip cameras 

Wolf CCD Stryker 594 Storz AVT Horn MP Video 
Endocam 5501 Medical Video Endocam PAL MC 1009/F Medicam 900 

Camera 

Image sensor 112" Interline 112" CCD 112" Interline 1/2" Interline 112" CCD 
transfer CCD transfer CCD transfer Hyper 
chip HAD CCD 
(Matsushita) (Sony) 

CCD resolution 681 (H) x 582 (V) 681 (H) x 582 (V) 752 (H) x 582 (V) 752 (H) x 582 (V) 
Iines Iines Iines 1 lux (boost on) 

Minimum 3 lux at f1.4 3 lux 3 lux at f1.4 4.5 lux at f: 1.2 
iIIuminance ( + 12 dB gain) (AOC on) 

Signal/Noise >46dB 46dB 50dB >46dB 48dB 
ratio 

TV resolution 430TV Iines > 500 TV Iines > 400 TV Iines 460 TV Iines > 500 TV Iines 
(information horizontally horizontally (horizontally) 
given by 410TV Iines 
manufacturers) vertically 

TV resolution 420TV Iines 400TV Iines 350 TV Iines 400TV Iines 400 TV Iines horizontally 
(our measure- horizontally horizontally and horizontally horizontally and 450 TV Iines vertically 
ments on Sony 400TV Iines vertically 400 Iines vertically 
monitor PVM vertically vertically 
2043) 

Automatic No 1160-1110000 s 1160 - 1110000 s 1/25 -111000 s Continuously 
shutter control in fixed steps in fixed steps in fixed steps 

Automatic gain No; manual No; manual -4 dB-+ 14 dB OdB-+12dB Yes ("boost circuit") 
control gain control gain control 

low+6dB standard 
mid+9dB OdB, II+9dB, 
high+ 12 dB 1 + 18 dB 

Automatic white From halogen Yes Range: No; manual or Yes 
balance to hti or xenon 2200 K - 6500 K continuous white 

Iight balance control 

Output 1 Composite 2 Composite 1 Composite 1 Composite 2 Composite 
1 S video (Y IC) 2 S video 2 S video (Y IC) 2 S video (Y IC) 

1 ROB 1 ROB 

Dimensions of 2.7x5.0cm 70x 50x45 mm 2.8x6.8cm 12.0x2.2 3.7 cm (dia), 4.8 cm long 
camera head (RM-mount) (incI. lens) x2.2cm 

2.8 x 10.0 cm 
(c-mount) 

Weight of the 60 (RW-mount) 55 113 95 84 
camera head (g) 120 (c-mount) 
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Single-chip cameras Three-chip cameras 

Cir con Micro Lemke MC 404 Stryker 784 Storz Tricam Sony DXC 750 P 
Digital-l Digital 2 Medical Video 9070 BP 

Camera 

112"CCD 112" Lens-on- 3 x 112" Hyper- 3 x 112" Interline 3 x 2/3" Interline 
chip CCD HAD-CCD transfer CCD transfer chips 
(Matsushita) chips 

410 000 pixel 682 linesl 752 (H) x 582 (V) 752 (H) x 582 (V) 786 (H) x 581 (V) 
480000 pixel lines lines 

5 lux (O dB) 1- 3 lux 1. 5 lux (standard 6 lux at 1.4 (auto 25 lux at f 1.4 
1 lux (+12db) (no gain) mode, no gain) mode) (+ 18 dB) 

56dB 55 dB >60dB 52dB 58 dB 

No information 510 TV lines > 800 TV lines > 600 TV lines 700TV lines 
horizontally 
450 TV lines 
vertically 

400 TV lines 450-500TV 600TV lines 550 TV lines 600TV lines 
horizontally and lines horizontal- horizontally horizontally horizontally and 
vertically Iy and vertically 400 TV lines 500TV lines vertically 

vertically vertically 

1160- No; continuous Yes; manual and 1130 -1110000 s No; manual 
1I15700s in control of CCD automatic mode in fixed steps shutter control 
fixed steps sensitivity from 

1: 16000 1125 -1110000 s 

No; manual gain Up to + 100070 Manual gain + 18 dB maxi- No; manual gain 
control of the normal control + 9 dB mum control 
low+3 dB signal (mode 1) +9dB 
mid+6dB + 18 dB 
high+ 12 dB and manual fine 

tuning 

Range: AII light 2800 K - 6500 K 2200 K - 8600 K Automatic and 
OK-6900K sources: manual black 

monitor menu and white con-
with colour trols 
value memory 

2 Composite 1 Composite 2 Composite 1 Composite 3 Composite 
2 S video (Y IC) 1 S video (Y IC) 2 S video 1 S video (Y IC) 1 S video (V IC) 
1 RGB 1 RGB 1 RGB 2 RGB (1 swit-

chable as YUV 
component 
signal) 

8.9x2.1x3.8cm 6.0 x 2.2 x 2.2 103x56x45mm 4.3x5.7x3.6cm 7.0x7.5 
(inel. lens) x 11.3 cm 

90 inel. optic 59 No information 230 600, without 
cable and lens 
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Appendix: Camera producers 

Richard Wolf GmbH 
pforzheimer Str. 32 
Postfach 40 
75438 Knittlingen 
Germany 

Stryker Endoscopy 
210 Baypointe Parkway 
San J ose, California 95134 
USA 

Karl Storz GmbH & Co. 
Mittelstr. 8 
78532 Tuttlingen 
Germany 

AVT Horn 
Langertstr. 76 
73431 Aalen 

MP Video 
Kirschner Medical Corporation 
63 South St., Hopkinton 
MA 01748 
USA 

Circon Corporation 
460 Ward Drive 
Santa Barbara, California 93111 
USA 

Lemke GmbH 
Danziger Str. 21 
82194 Gr6benzell 
Germany 

Sony Corporation 
Tokyo 
Japan 



3 Anaesthetic Management in Endoscopic Surgery 
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Introduction 

The techniques of endoscopic surgery have ushered 
a revolution in traditional surgery. Many operations 
which previously entailed substantial stress to pa­
tients can now be carried out endoscopically with 
minimal discomfort. This has led to more extensive 
use of endoscopic surgery, not least in risk patients. 
The endoscopic technique has the following advan­
tages over open surgical procedures: less periopera­
tive stress for the patient, minimal postoperative dis­
comfort due to small incisions, in most cases only 
moderate postoperative pain, superior cosmetic re­
sults, short hospitalization times, performance on 
an outpatient or short-stay basis, shortened return 
to normal activity and savings in costs [6, 10, 15]. 

The principles of anaesthetic management for 
endoscopic surgery focusing on laparoscopic and 
thoracoscopic procedures using CO2 gas insuffla­
tion will be discussed in this chapter. 

General Considerations 

Endoscopic surgery is widely referred to [8] as min­
imally invasive surgery (MIS). With regard to an­
aesthesia for MIS, a statement by Shanta and Har­
den is valid not only for laparoscopy but also for 
many endoscopic techniques: "Laparoscopic sur­
gery is not a benign procedure. It is associated with 
minor and major complications, including death" 
[36]. Serious problems, which cannot always be 
treated successfully, include gas embolism and car­
diovascular collapse [19, 36]. Therefore maximum 
perioperative anaesthetic patient care is advisable 
despite the alleged "minimal" surgical nature of 
many endoscopic procedures. 

There is no special anaesthesia for endoscopic 
operations. Thus every patient who has to undergo 

an endoscopic operation should be treated in ac­
cordance with generally recognized anaesthetic 
procedures. In principle if the patient is able to un­
dergo anaesthesia, he can be treated by endoscopic 
surgery. However, this should not preclude a discus­
sion of the advantages and disadvantages of en­
doscopic or open surgery between the surgeon and 
the anaesthetist in individual cases. 

If the patient has a history of retinal haemor­
rhage, laparoscopy should only be considered with 
great reservation. Case reports of visual impair­
ment following laparoscopy support the assump­
tion that pneumoperitoneum and the Trendelen­
burg position may contribute to a potentially harm­
fuI increase in retinal venous pressure [38]. Lapa­
roscopy must also be regarded as relatively or ab­
solutely contraindicated in patients with ventri­
culoperitoneal or peritoneovenous shunts. If a ven­
triculoperitoneal shunt (part of which is tunnelled 
into the subcutaneous tissues before its entry into 
the abdomen) has only been set up a short time pre­
viously, there may be ventilatory impairment due to 
massive subcutaneous emphysema during laparo­
scopy [35]. Elective laparoscopic surgery should 
therefore be delayed until the tract has fibrosed and 
sealed. Peritoneovenous catheters such as Denver 
shunt have a valve which opens at a pressure differ­
ential of 2 cmH20. This is associated with a high 
risk of air or CO2 embolism, and therefore 
laparoscopy is absolutely contraindicated [35]. 

Minor gynaecologic operations of short dura­
tion such as diagnostic pelvic laparoscopy or clip 
sterilization are frequently performed safely under 
general anaesthesia with mask ventilation or even 
with local infiltration anaesthesia in the perium­
bilical region where the trocar will be introduced 
[15,44]. Kenefick et al. found that despite sponta­
neous ventilation via a mask only moderate hyper­
carbia developed under 2070-3070 isoflurane in oxy-



92 B. M. Kottler and G. Lenz 

gen and 65070 nitrous oxide in women undergoing 
laparoscopy for investigation of infertility [21]. Sig­
nificant acidosis or cardiac arrhythmia were also 
absent. 

In principle, laparoscopic operations can also be 
carried out under spinal or epidural anaesthesia 
[36]. However, this does not appear to be a real al­
ternative and should be reserved for occasional 
cases. Prerequisites include no prior respiratory or 
cardiac disease and good patient compliance dur­
ing the operation and cooperation from the sur­
geon. Deep intraoperative sedation should be 
avoided, since the patient must be able to react to 
the raised CO2 due to artificial CO2 pneumoperi­
toneum with an increase of the respiratory minute 
volume and maintenance of normocarbia. Despite 
blockade of appropriate nerve segments (T2 - Li), 
patient discomfort such as nausea and vomiting 
have to be coped with intraoperatively. Irritation 
and pain in the area innervated by the phrenie nerve 
(cervical segments 3 - 5, infraclavieular area, 
shoulder, neck) are also common [36] because of 
insufflation of the peritoneal cavity with CO2 [36]. 
Spinal or epidural anaesthesia will not block this 
cervical spinal segment-mediated pain. 

Considering the advantages and disadvantages 
of various methods of anaesthesia in laparoscopy, 
general anaesthesia with tracheal intubation and 
controlled ventilation is the best choiee in most 
cases, especially if the upper abdomen is the target 
of surgieal intervention and the operation is expect­
ed to last long. This is corroborated in particular by 
the following advantages over other techniques: 
better control of the cardiorespiratory state, simple 
maintenance of an adequate pC02 du ring con­
trolled ventilation, no risk of aspiration, possibility 
of complete muscle relaxation and easy positioning 
of the patient in deep head-down tilt or other posi­
tions not easily tolerated by conscious patients [15]. 

With thoracoscopie methods, single-Iung anaes­
thesia is required in most instances. This can only 
be effected under general anaesthesia with double­
lumen endobronchial intubation [16]. 

Endoluminal rectal surgical procedures can be 
performed after consultation with the surgeon un­
der regional anaesthesia (e.g., lumbar subarachnoid 
or epidural nerve block). The decision in favour of 
a specific method of anaesthesia should take into 
consideration the expected duration of the opera-

tion and the required patient positioning. If a 
prone position is necessary or a long procedure is 
expected, general anaesthesia should be planned 
from the start. If uncontrolled coughing or move­
ment of the patient or general agitation occur un­
der regional anaesthesia, it may be necessary to 
continue the operation under general anaesthesia. 
It is therefore advisable to point this out to the pa­
tient when the physician administers premedica­
tion. 

No recommendations can be made with regard 
to the choiee of anaesthetie for general anaesthesia. 
In many cases, inhalation anaesthesia [21] or a 
balanced anaesthesia, e.g. with volatile anaesthet­
ics, opiates and nondepolarizing muscle relaxants 
[15, 19], is very suitable. Total intravenous anaes­
thetic techniques e.g. using, for example, propofol­
fentanyl-vecuronium have also been employed suc­
cessfully [34]. The question is still open as to 
whether these really have any material advantages 
over volatile anaestheties. However, it is possible 
that they more likely comply with the stipulations 
of the anaesthetist that the patient should recover 
from the anaesthesia as quiekly as possible after 
endoscopic surgery, especially when using short­
acting drugs. The use of nitrous oxide during 
laparoscopy is controversial because of concerns re­
garding its contribution to bowel distension, to the 
increased postoperative nausea and (in the case of 
intentional or unintentional bowel perforation with 
subsequent release of volatile bowel gas) the possi­
bility of concentrations in the peri tone al cavity 
high enough to support combustion of bowel gas 
[6, 31, 39]. However, in a study involving 50 pa­
tients undergoing elective laparoscopie cholecystec­
tomy, Taylor et al. found no significant differences 
between the groups receiving isoflurane in an 
air/oxygen mixture or with 70% nitrous oxide in 
oxygen with respect to operative conditions, bowel 
distension and the incidence of postoperative nau­
sea or vomiting [39]. Thus, use of nitrous oxide 
does not have to be dispensed with in laparoscopic 
cholecystectomy [21, 39]. 

Perioperative use of analgesies, including mor­
phine and fentanyl, can cause spasm of the sphinc­
ter of Oddi. However, there is no reason to regard 
opiates, for example, as being contraindicated on 
this account. The incidence of spasm may be de­
creased by administration of small incremental 
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doses (titration) until the desired analgesic effect is 
attained. If difficulties nevertheless arise in imag­
ing contrast flow into the duodenum during intra­
operative cholangiography in the course of laparo­
scopic cholecystectomy, the spasm of the sphincter 
of Oddi can be easily abolished by intravenous ad­
ministration of 1.0 mg glucagon [15]. 

Divergent views are expressed on the question as 
to whether endoscopic surgery should be restricted 
to patients without impaired cardiovascular and re­
spiratory function. There is no general answer to 
this question and it must be emphasized that each 
patient should be assessed on an individual basis 
considering, in particular, the following factors: 
underlying cardiac or pulmonary disease, endo­
scopic technique, expected duration of the proce­
dure and intraoperative positioning. Furthermore, 
it must be taken into consideration that the differ­
ent endoscopic procedures may have dis similar im­
pact on the cardiovascular and respiratory state. 
Patients at cardiac risk are alleged to be stressed 
only minimally by most endoluminal rectal surgical 
interventions. On the other hand, patients com­
promised by cardiovascular conditions may re­
spond unpredictably to haemodynamic changes in­
duced by laparoscopic or thoracoscopic proce­
dures. 

Nevertheless, bearing in mind that appropriate 
invasive monitoring will be required for effective 
management [15], patients with cardiac or respira­
tory risks should not be generally excluded from 
endoscopic surgery. Intraoperative surveillance and 
maintenance of adequate oxygenation, perfusion 
and stable heart rate are frequently difficult. They 
are a challenge to the anaesthetist. With experienc­
ed and skilled surgical and anaesthetic staff, exten­
sive perioperative monitoring of vital parameters 
and choice of noncardiodepressant and short-act­
ing drugs, patients at risk can also be anaesthetized 
with a high margin of safety. However, the anaes­
thetist should be prepared to recommend instant 
conversion to an open technique if haemodynamic, 
oxygenation, or ventilation difficulties occur dur­
ing the endoscopic procedure [6]. 

Monitoring 

Standard intraoperative patient monitoring com­
prises continuous evaluation of the patient's oxy­
genation, ventilation, circulation and temperature. 
It is essential to monitor vital signs continuously, 
especially in laparoscopic and thoracoscopic proce­
dures. Minor or major complications may occur 
suddenly and unexpectedly. 

Oxygenation is best assessed by means of pulse 
oximetry. Easy methods of checking ventilation in­
clude observation of chest wall excursions and 
auscultation of bilateral respiratory sounds. It is 
prudent to repeat lung auscultation du ring each 
change of position, after insufflation of the peri­
toneal cavity with CO2, during all periods in which 
a fall in oxygen saturation is detected, and after ex­
tubation [36]. Particularly in thoracic procedures 
involving the lower mediastinum, there is an in­
creased risk of unilateral or bilateral pneumothorax 
and pneumomediastinum. During laparoscopy, 
properly placed endotracheal tubes may inadver­
tently move deeper and enter the main bronchial 
stern. This may occur, for example, if the patient is 
in the steep Trendelenburg position and the hilus of 
the lung is displaced upwards [36]. 

End-tidal CO2 analysis (ETC02) is essential. It 
is inevitable that ETC02 will rise rapidly during 
laparoscopy with CO2 pneumoperitoneum. This 
results from mechanical impairment of ventilation 
in consequence of C0z-induced abdominal disten­
sion and systemic absorption of CO2 from the 
peritoneal cavity [15]. Controlled hyperventilation 
with small tidal volumes will easily restore ade­
quate ETC02 levels. Large tidal volumes should be 
avoided because this causes undesirable movements 
of the liver and gallbladder [36]. During laparo­
scopic cholecystectomy, ETC02 almost always ac­
curately reflects changing arterial CO2 levels [25, 
28]. LlC02 (PaC02 - ETC02) should therefore be 
within normal limits, with median values between 
2 and 4.5 mmHg in adults [11]; ETC02 can be 
used to adapt ventilation reliably. However, if there 
is any doubt, arterial blood gas analysis should be 
performed immediately. A greater difference be­
tween PaC02 and ETC02 can be expected during 
thoracoscopic procedures. While ventilation of the 
upper lung is discontinued, there is a right-Ieft 
shunt through the upper lung with an increase in 
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PaC02 and ~C02 difference respectively [11]. 
However, this PaC02 - ETC02 difference may not 
be any greater than the original, combined two­
lung ~C02 [11]. For calculation of ~C02 and ap­
propriate adjustment of ventilation by means of re­
peated blood gas measurements during thoracosco­
py, indwelling arterial cannulation is necessary. 

To ensure the adequacy of circulatory function, 
the following parameters should be determined: 
electrocardiogram (ECG), blood pressure measure­
ment and pulse plethysmography or oximetry. The 
five-Iead ECG will enable ST segment measure­
ment and early detection of myocardial ischaemia 
[18, 36]. Besides this, noninvasive impedance cardi­
ography, which enables stroke volume and cardiac 
output to be calculated, has been successfully per­
formed in patients undergoing laparoscopy [19, 
23]. Depending on the individual patient's condi­
tion and the endoscopic procedure, additional inva­
sive monitoring techniques (e.g. arterial cannula­
tion, central venous catheter, pulmonary arterial 
monitoring) should be considered. 

Patient Positioning 

Frequent intraoperative changes in the position of 
the patient are characteristic for endoscopic sur­
gery. Primary patient positioning in a supine, 
prone, lateral decubitus, lithotomy, Trendelenburg 
or reverse Trendelenburg position depends on the 
area of surgery. Additional positioning variants are 
possible by tilting the operating table during the 
operation. 

It is essential that the patient cannot slip off the 
operating table in any conceivable position. Shanta 
et al. described a case in which the upper body, in­
cluding the neck and head, of a patient slid off the 
operating table during laparoscopic cholecystecto­
my when the patient was put into reverse Trendelen­
burg position with rotation to the left [36]. Any pa­
tient should therefore be secured to the operating 
table using two belts (knee and chest). The chest 
belt should allow respiratory movements of the 
chest [36]. 

Positioning for endoscopic surgery may of ten 
result in difficult and tedious access to the patient's 
head and endotracheal tube. Vse of nonkinking 

Fig. 3.1. Video equiprnent cable: a possible hazardous 
source of eye injury during endoscopic procedures 

(e.g. reinforced) endotracheal tubes is to be recom­
mended. Care is also needed to protect the eyes 
from drying out and from direct trauma [12]. Vid­
eo equipment cables crossing over the region of 
head can cause severe eye injuries in inadvertent 
disconnections or by accidentally dropped cable 
ends. Protective measures such as eyeshields there­
fore appear to be mandatory (Fig. 3.1). 

Despite all precautionary measures, there is a re­
sidual risk of nervous Of tissue damage due to in­
traoperative positioning in individual cases. The 
following factors can increase this risk: occlusive 
arterial disease, diabetic neuropathy, exaggerated 
and long-Iasting positioning (e.g. steep reverse 
Trendelenburg position), hypotension, intraopera­
tive hypothermia, obesity, vasoconstriction and 
prolonged surgical procedures [20, 29, 42]. 

A lower limb neuropathy after laparoscopie op­
erations is a multifactorial process. Nerve damage, 
venous thrombosis, compartment syndrome or a 
combination of these three clinic al conditions must 
be considered in the differential diagnosis. Re­
straining belts placed across the upper thighs or 
just below the knees in conjunction with steep re­
verse Trendelenburg's position during laparoscopic 
cholecystectomy were the putative causes of lower 
limb neuropathies (meralgia paresthetica, peroneal 
neuropathy) in two obese patients [20]. 

According to data presented by Warner and 
Martin on 198461 consecutive Mayo Clinic surgi­
cal/anaesthetic lithotomy patients operated on be­
tween 1957 and 1991, the incidence of persistent 
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lower limb nerve injury is approximately 1: 3675 
[42]. Intra-abdominal COz insufflation causes an 
increase of up to 78070 in femoral venous pressure 
in most patients, and therefore promotes venous 
stasis and deep vein thrombosis [1]. Compartment 
syndrome is defined as a symptom complex caused 
by elevated pressure of tissue fluid in a closed 
osseofascial compartment of the limb, with consec­
utive decrease of blood circulation to the myo­
neural components [29]. Possible mechanisms in­
clude decreased leg perfusion by elevation of the 
limb above the heart, excessive local pressure from 
improper placement of the legs in the holders, ex­
ternal pressure from equipment or staff, and com­
pression of pelvic vessels [29]. Compartment syn­
drome requiring surgical fasciotomy occurred with 
a probability of 1: 39692 in the retrospective litho­
tomy position survey of Warner and Martin [42]. 

Endoluminal rectal surgery must of ten be per­
formed in the prone position. Care fuI positioning 
with special regard to the head and neck can dimin­
ish severe neurovascular disturbance. Above all, 
maintenance of a neutral cervical position and 
avoidance of obstruction to the cerebral arterial in­
flow and venous outflow are essential protective 
measures. Numerous case reports are available 
showing severe injuries due to the prone position, 
e.g. eye trauma following direct pressure [12], lin­
gual and buccal nerve neuropathy [43], and even 
quadraplegia in a patient with cervical spondylosis 
[9]. Patients with severe carotid artery stenosis, 
poor intracranial compliance, and cervical spon­
dylosis appear to be unsuitable candidates for in­
traoperative prone positioning [9, 26]. 

Ensuring a correct intraoperative patient posi­
tion is a joint task of the surgeon and anaesthetist. 
From the viewpoint of the anaesthetist, measures to 
prevent positioning injuries should be concentrated 
on very meticulous positioning and fixation of the 
patient. Endangered parts of the body should be 
cushioned well. Improper patient position may 
sometimes be detected by pulse oximetry [17], for 
example, if the radial pulse disappears after abduc­
tion of the arm during positioning (hyperabduction 
syndrome). Figure 3.2 shows body regions which 
are especially prone to nervous or tissue damage. 
The intraoperative anaesthetic management should 
aim, above all, to maintain constant temperature 

Fig. 3.2. Body regions especially prone to nervous or tissue 
damage. 1, eye; 2, buccal, facial, hypoglossal and trigeminal 
nerve; 3, neck; 4, accessory nerve; 5, brachial plexus; 6, radi­
al nerve; 7, median and ulnar nerve; 8, ulnar nerve; 9, me­
dian nerve; 10, fingers; 11, lateral femoral cutaneous nerve; 
12, femoral nerve; 13, common peroneal nerve; 14, 
saphenous nerve; 15, superficial and deep peroneal nerve; 
16, siciatic nerve; 17, tibial and common peroneal nerve 

(normothermia or only slight hypothermia) and 
blood pressure (normotension). If a steep reverse 
Trendelenburg position is necessary for laparosco­
py in obese patients, it is recommended that the 
body weight be supported by additional foot 
boards [20]. One can then avoid the weight of the 
patient being mainly concentrated on the lower 
limb straps. Venous stasis during laparoscopy may 
be counteracted by pneumatic compressive stock­
ings [1]. Unfortunately, any occlusive bandages 
may promote compartment syndrome [29]. 
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Postanaesthetic Care 

The care of the patient after endoscopic surgery in 
the recovery room or in the postanaesthesia care 
unit (PACU) is carried out as a matter of course ac­
cording to the standards which apply to other oper­
ations. However, attention is to be paid to some 
typical special postoperative features of endoscopic 
procedures. 

On arrival in PACU, an orientative investigation 
of the patient, including auscultation of the lung 
and palpation of the abdomen, thorax and neck 
should be carried out first of an. Abnormal respira­
tory sounds, subcutaneous emphysema or a corre­
sponding indication of intra operative ventilation or 
oxygenation problems necessitate an immediate 
chest X-ray check of the chest necessary. If 
pneumothorax is absent, subcutaneous emphysema 
and even pneumomediastinum after laparoscopy 
cause no problems with oxygenation or spontane­
ous respiration in most patients. However, if a 
pneumothorax is present, a chest tube may be nec­
essary. Subcutaneous emphysema, pneumomedias­
tinum and pneumothorax after thoracoscopic pro­
cedures may lead to significant airway difficulty af­
ter extubation. The symptoms which should alert 
the clinician are dyspnoea, tachycardia, persistent 
cough, and hemoptysis [14]. AlI these symptoms, 
including the X-ray appearance, may become mani­
fest for the first time at the end of the operation af­
ter extubation. If this is the case, a tracheal rupture 
must be ruled out or verified by flexible bron­
choscopy. Tracheal tears due to the use of double­
lumen endobronchial tubes are a rare but recog­
nized complication. This is also the case with the 
newer, disposable polyvinylchloride tubes, which 
were only initialIy thought to be safer than the red 
rubber tubes [14]. Frequently treatment entails sur­
gical suture closure of the tracheal injury. 

Ventilation should be monitored by pulse ox­
imetry in the PACU. Postoperative respiratory 
function is likely to be less impaired and its recov­
ery improved after laparoscopy compared to open 
surgical techniques. Putensen-Himmer et al. [34] 
found that forced vital capacity and forced expira­
tory volume in 1 s were significantly greater in the 
laparoscopy than in the laparotomy group at 6, 24 
and 72 h after cholecystectomy operation. Further, 
higher arterial O2 tensions were observed in the 
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Fig. 3.3. The effect of COz in the peritoneal cavity an post­
operative spontaneous respiration (RR, respiratory rate; 
exC02 , endexpiratory carbon dioxide) in patients undergo­
ing laparoscopie cholecystectomy (open circles) or laparoto­
my for cholecystectomy (solid circles). (From [40]) 

laparoscopic cholecystectomy group. Nevertheless, 
the remaining CO2 after laparoscopy has impor­
tant implications for postoperative spontaneous 
respiration in the immediate postoperative period 
in PACU. For up to 3 h, the respiratory rate is in­
creased to eliminate residual CO2 [40]. Patients in 
whom the laparoscopic technique has been used 
also show a significantly raised expiratory CO2 in 
the first three postoperative hours as compared to 
open cholecystectomy (Fig. 3.3). This may not be a 
problem for the patient with normal respiratory 
function. Oxygen saturation will not be affected in 
spite of high expiratory CO2• However, if methods 
or drugs such as opiates, which are capable of de­
creasing CO2 response, are used residual CO2 elim­
ination will take longer. This is highly relevant in 
patients with underlying cardiac and pulmonarY­
diseases such as heart failure, hypotension and em­
physema [40]. 

Inadvertent blood vessel (aorta, iliac artery, iliac 
vein) injury can occur during alIlaparoscopic pro­
cedures. This may not be noticed during the opera­
tion [33]. It is therefore very important to check alI 
patients in PACU for clinic al signs of hypotension 
and bleeding. Moreover, hematocrit measurement 
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should be considered if there is any doubt. Oza et 
al. [33] reported a case of a 35-year-old woman who 
underwent an uneventfullaparoscopic sterilization. 
In the recovery room, the patient developed pro­
gressive hypotension over 1 hand a significant fall 
in hematocrit. Emergency relaparotomy revealed a 
puncture wound on the right lateral aspect of the 
aorta, midway between the right renal artery and 
the origin of the inferior mesenteric artery [33]. 

After laparoscopie surgery, many patients suffer 
from nausea and vomiting. Risk factors are obesity, 
gender (female), young age, history of prior nausea 
and vomiting following anaesthesia, uncontrolled 
pain and ambulation [13]. Small doses of droperi­
doI (up to 20 J.lg/kg) are prophylactic and can be 
administered after induction of anaesthesia, at 
least in patients who are known to be at increased 
risk. Even doses of droperidol as low as 5 J.lg/kg 
may be effective [13]. Severe side effects of droperi­
doI such as sedation, extrapyramidal symptoms, 
dysphoric reactions and psychosis should not be a 
problem as long as small doses are used. 

There is no reason for withholding potent anal­
gesics such as opiates in postoperative pain man­
agement if they are required - although endoscop­
ie procedures cause little pain because of small inci­
sions. Upper body muscle pains in the neck and 
shoulder and stiffness are common after laparosco­
py [37] and most patients require more than 3 days 
recovery time before they can resume normal activi­
ty. Nonsteroid anti-inflammatory drugs also have 
an effective analgesic potency and minimize the in­
cidence of nausea and vomiting [32]. They may be 
superior to opiates because somnolence and respi­
ratory depression are absent and the length of the 
PACU stay can be decreased. 

Laparoscopy 

After induction of anaesthesia, a nasogastrie or 
orogastrie tube (Salem sump catheter) is inserted to 
reduce the risk of injury by a Verres needle or the 
trocar to the stomach and to facilitate laparoscopy 
[15]. Bladder catheterization is often considered 
necessary in laparoscopic procedures. However, if 
the patients are instructed to empty their bladders 
shortly before operation, bladder catheters can be 

safely dispensed with during laparoscopie cholecys­
tectomy [30]. Because of the extremely low inci­
dence of gas embolism during laparoscopy, ultra­
sonographic techniques (Doppler) are not recom­
mended for gas detection [41]. 

Intraperitoneal CO2 insufflation should be per­
formed slowly and the resulting intra-abdominal 
pressure should not be higher than 12-15 mmHg 
[36]. CO2 is normally absorbed rapidly via the 
splanchnie vessels and intravascular entry of small 
amounts of CO2 will therefore not cause cardio­
vascular disturbance because it is highly soluble in 
blood [15]. However, it must be stressed that high 
intra-abdominal pressures or anaesthetic tech­
niques that reduce splanchnie blood flow may di­
minish CO2 absorption and in crease the likelihood 
of symptomatie CO2 embolism. 

During laparoscopic surgieal interventions, the 
Trendelenburg position (e.g. gynaecologieal lapa­
roscopy), steep reverse Trendelenburg position (e.g. 
laparoscopie cholecystectomy) or lateral tilt may be 
required [5, 15, 36]. With Trendelenburg tilt and 
CO2 pneumoperitoneum, haemodynamie changes 
include a reduction in stroke volume and in cardiac 
index and increase of total peripheral resistance, 
blood pressure and central venous pressure [15, 19, 
23, 36]. During reverse Trendelenburg position, de­
creased venous return may be in part responsible 
for the fall in blood pressure frequently noticed. 
The effect of intraoperative positioning and pneu­
moperitoneum on venous return and blood pres­
sure is largely dependent on the patient's individual 
intravascular volume status prior to CO2 insuffla­
tion [15]. Anaesthetic considerations and manage­
ment of special complications are summarized in 
Table 3.1. 

Cardiovascular collapse during induction of 
CO2 pneumoperitoneum or initial trocar insertion 
may be due to bleeding, CO2 embolism or 
pneumothorax. During laparoscopy, intra-abdomi­
nal structures, including blood vessels, may be 
unintentionally injured and intraoperative haemor­
rhage may follow. 

Clinic al signs of venous CO2 embolism may be 
present immediately in most cases, but delayed on­
set in the postoperative period is also possible [27]. 
If intravenous embolism of large amounts of CO2 

occurs, a dramatic fall in blood pressure, dysrhyth­
mia, cyanosis and pulmonary oedema may be no-
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Table 3.1. Complications during laparoscopie surgery and anaesthetic management 

Complication 

Bleeding 

Cardiac dysrhythmia 

Symptoms 

Hypotension, tachycardia 

Absence of normal preoperative 
cardiac rhythm 

Therapy 

Surgieal treatment, volume replacement 

Exclude CO2 embolism, hypercarbia, hypoxia, 
hypotension, cardiac ischaemia, light anaesthesia and 
pneumothorax 

CO2 embolism Decrease of cardiac output, cardiac 
collapse, miii wheel or other heart 
murmurs, cyanosis, pulmonary oedema 

Change position to left lateral with head down 
(Durant position), immediate deflation of pneumo­
peritoneum, cardiopulmonary resuscitation, insertion 
of a central venous catheter for gas aspiration; con­
sider emergency cardiopulmonary bypass if available 

Hypercarbia 

Hypertension 

Hypotension 

Pneumothorax 

Increasing ETC02 

Increase in blood pressure above 
preoperative values 

Decrease in blood pressure below 
preoperative values 

Lung auscultation: no respiratory 
sounds, sudden fali in oxygenation, 
tachycardia 

Adjustment of adequate ventilation; exclude CO2 

embolism, pneumothorax and subcutaneous em­
physema; reduce intra-abdominal pressure 

Exclude or treat hypercarbia by adjustment of ade­
quate ventilation 

Exclude bleeding, CO2 embolism, pneumothorax, 
vasovagal reflex and intravenous fluid deficit; de­
crease high insufflating pressure; head down posi­
tion, volume replacement and vasopressor in case of 
orthostatic collapse 

Check endotracheal tube, chest drainage, reduce 
intra-abdominal pressure 

Subcutaneous 
emphysema 

Palpation of chest, axillae and/or neck 
reveals subcutaneous crepitus 

Exclude pneumothorax by auscultation of respiratory 
sounds, decrease insufflation pressure, consider 
cessation of nitrous oxide, chest X-ray in the PACU 

Vasovagal reflex Hypotension, bradycardia 

ticed [15]. ETC02 may at first increase abruptly, 
with large amounts of CO2 embolism, followed by 
a sudden decrease if right ventricular failure (gas 
lock or acute pulmonary hypertension) develops 
[15]. If there is excessive bleeding during laparosco­
py owing to injury of blood vessels, CO2 may at­
tain easy intravascular access and this should alert 
the anaesthesiologist to the possibility of CO2 em­
bolism [15]. 

Unilateral or bilateral pneumothorax is a well­
known complication during laparoscopy [4, 36]. It 
may be caused by trauma to the peritoneallining of 
the diaphragm by expanding gas or may be due to 
the presence of congenital diaphragmatic defects 
[36]. 

Hypotension of ten develops when a reverse 
Trendelenburg position is adopted. Adequate hy­
dration to replace expected preoperative fluid defi-

Interrupt laparoscopy, immediate deflation of pneu­
moperitoneum, atropine i.v., volume replacement 

cit before this manoeuvre will diminish or abolish 
hypotensive circulatory impairment [27]. 

In subcutaneous emphysema, concomitant 
pneumothorax should always be considered. In 
most cases, this can be ruled out by auscultation of 
equal and bilateral respiratory sounds. If nitrous 
oxide is used for general anaesthesia, it should be 
discontinued in the presence of subcutaneous 
crepitus for reasons of safety. Subcutaneous em­
physema alone is generally asymptomatic and does 
not affect oxygenation [35, 36], but hypercarbia 
and an increase in peak respiratory pressure more 
pronounced than would be expected from peritone­
al CO2 insufflation alone is of ten noticed [35, 36]. 
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Thoracoscopy 

AII patients undergoing thoracoscopic surgery 
should be monitored by ECG, continuous arterial 
and central venous blood pressure measurement, 
pulse oximetry, capnography!capnometry (ETC02) 
and repeated blood gas analysis. Insertion of a 
Swan-Ganz catheter should be considered for pa­
tients at cardiovascular and/or pulmonary risk. 

If a mediastinal approach is used for a 
thoracoscopic operation (e.g. endoscopic micro­
surgical dissection of the oesophagus), a conven­
tional single-Iumen endotracheal tube can be used. 
This is also possible in unipuncture or multipunc­
ture thoracoscopic technique because colIapse of 
the lung is achieved by varying the inf10w of gas 
and the insufflation pressure [7]. Owing to the 
availability of disposable double-Iumen tubes and 
the possibility of checking the position under bron­
choscopic control, special tubes, e.g. Univent tube 
(Fuji Systems Corporation, Tokyo, Japan) with an 
anterior channel housing a movable blocker and 
the right- or left-sided polyvinyl double-Iumen tube 
Broncho-Cath (MalIinckrodt, Argyle, NY, USA) 
are being increasingly employed. If diagnostic 
thoracoscopy and surgical intervention are to be 
carried out in one session, use of a double-Iumen 
tube is mandatory. Irrespective of which side the 
thoracoscopy is to be performed in, a left double­
lumen tube should always be used [16]. Right endo­
bronchial tubes are much harder to place correctly 
and have a greater tendency to move to an inappro­
priate location intraoperatively [16]. 

Cardiac and ventilatory impairment may devel­
op during the procedure. Pressures during CO2 in­
sufflation in the thoracic cavity should not exceed 
6.0 mmHg in order to prevent mediastinal shift and 
a low cardiac output [7]. Mild inotropic cardiac 
support and adequate volume supply is essential. 
Hypoxic vasoconstriction of the nonventilated lung 
may be abolished by vasoactive drugs, which 
should therefore be used with caution and with the 
smallest dose necessary [3]. 

Hypoxaemia should be anticipated (secretions, 
atelectasis, tube malposition) during one-Iung ven­
tilation and must be treated in a stepwise manner. 
The definition of hypoxaemia during one-Iung ven­
tilation may vary between Pa02 of less than 80 

[24] or 60 [16] mmHg and oxygen saturation of less 

than 95070 or 90%, respectively. First-line therapy 
includes airway aspiration, adjustment of tidal vol­
ume, tube repositioning (fiberoptic control). If this 
fails to improve oxygenation, most authors [16] use 
the alternating CPAP/PEEP search protocol de­
scribed by Benumof [2]. By analogy to the recom­
mendations of Benumof, immediate addition of 
continuous positive airway pressure (CPAP) to the 
nondependent, nonventilated lung can usually be 
expected to correct hypoxaemia reliably [16]. If 
hypoxaemia continues, positive endexpiratory pres­
sure (PEEP) has to be applied to the dependent, 
ventilated lung through a standard PEEP valve in 
the anaesthesic circuit [16, 24]. Contrary to the 
principles of one-Iung anaesthesia in the case of 
hypoxaemia proposed by Benumof, Lewis et al. rec­
ommend addition of 5 -10 cmH20 of PEEP to 
the dependent ventilated lung initially [24]. This 
has the advantage of not impeding the thoraco­
scopic procedure. In 200 noncardiac thoracic surgi­
cal procedures, it was shown that hypoxia de­
veloped during one-Iung ventilation in 57 (28.5%) 
patients [24]. The addition of 10 cmH20 of PEEP 
probably reopened collapsed alveoli, with a result­
ing rise in Pa02 in 40% of cases. In the remaining 
hypoxic patients, positive airway pressure to the 
nondependent lung had to be established [24]. If alI 
manoeuvres for correction of hypoxaemia fail, the 
double-Iumen tube must be unclamped. 

After the operation, intercostal underwater seal 
drainage (chest tube) is advisable. Patients with se­
vere preoperative pulmonary or cardiac impairment 
may require postoperative respiratory support. In a 
study of more than 40 patients with a history of 
smoking, a high incidence of cardiovascular disease 
and poor preoperative status (ASA physical status 
IV) after thoracoscopic laser ablation of em­
physematous bullae, the mean duration of postop­
erative mechanical ventilation was 9± 14 days [16]. 
In contrast, immediate extubation or at least early 
weaning after thoracoscopy is possible in healthier 
patients [22]. In the PACU, a chest X-ray is neces­
sary. Patients should be discharged if adequate and 
stable ventilation and oxygenation are determined 
by pulse oximetry or blood gas analysis during 
breathing of room air. 
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4 Right Subtotal Thoracoscopic Oesophagectomy 
with Lymphadenectomy 

A. CUSCHIERI 

Introduction 

Blunt transhiatal oesophagectomy first reported by 
Grey Turner [1] and popularized by Orringer and 
others for both benign and malignant disease 
[2 - 5] carries certain advantages over the two-stage 
Lewis-Tanner procedure [6, 7] or the three-stage 
oesophagectomy [8], largely due to the avoidance 
of a thoracotomy. There are, however, some disad­
vantages which are inherent to blunt dissection of 
the oesophagus. These include blood loss and 
trauma to the azygos vein, bronchi and recurrent la­
ryngeal nerves. The procedure is particularly diffi­
cult in large tumours of the middle third of the 
oesophagus and the risk of damage to mediastinal 
structures by the blind dissection is increased if 
there is extramural spread of the tumour. In addi­
tion, cardiac arrhythmias are common during the 
retrocardiac mobilization. Nodal dissection and 
lymphadenectomy is not possible with blunt trans­
hiatal oesophagectomy, and although this may not 
affect survival in the majority of patients - since 
most oesophageal resections are palliative - the 
excision of involved lymph nodes may indeed affect 
dysphagia-free survival. The first visually guided 
technique of endoscopic oesophagectomy was re­
ported by Buess et al. [9] using a specially designed 
operating mediastinoscope which permits safe peri­
visceral dissection of the intrathoracic oesophagus. 
This method is described in VoI. 1, Chap. 12 and is 
suitable for small tumours, preferably without ex­
tensive node involvement since the scope for lym­
phadenectomy is limited by this approach. The sub­
total right thoracoscopic oesophagectomy [10, 11] 
allows dissection of large thoracic oesophageal tu­
mours and lymphadenectomy that is equivalent in 
all respects to that achieved by the McKeown proce­
dure. In addition, the dissection of the cervical 

oesophagus is performed largely through the 
thoracoscopic route. 

Indications and Contraindications 
in Right Subtotal Thoracoscopic 
Oesophagectomy 

Assuming fitness for surgery, right subtotal thora­
coscopic dissection of the oesophagus is indicated 
for intrathoracic oesophageal tumours (middle and 
lower third). It is not advisable for tumours involv­
ing the gastro-oesophageal junction as these re­
quire resection of the upper third of the stomach to 
ensure distal clearance. This additional gastric re­
section precludes gastric pull through for the cer­
vical anastomosis. Right sub total thoracoscopic 
oesophagectomy is also impossible if the pleural 
cavity is completely obliterated by dense adhesions 
(encountered in 8070 of patients in our series). Soft, 
loose areolar adhesions binding the surface of the 
lungs to the rib cage can be separated with coaxial 
curved and bayonet instruments, if necessary via a 
small (5 cm) incision, and do not constitute a con­
traindication. 

Preoperative Work-up and Preparation 

The vast majority of these patients are elderly and 
of ten have co-existent cardiorespiratory disease. 
Fitness for surgery is assessed by history and physi­
cal examination, 12-lead and exercise electrocardio­
gram (ECG) and pulmonary function tests. In ad­
dition to exclusion of inoperability by nerve in­
volvement (paralysis of the vocal cord or dia­
phragm), a chest X-ray, liver function tests, and 
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computed tomography (CT) scan of the liver and 
chest (mediastinum and lung fields) are essential. 
In some cases, not even CT images indicate for cer­
tain whether the oesophageal tumour has invaded 
the descending thoracic aorta. In these patients op­
erability can only be determined at the time of 
thoracoscopie dissection. This situation has arisen 
in three out of the first 23 patients in our series 
(13 070). As the thoracoscopie dissection is per­
formed first, a laparoscopy is essential to exclude 
involvement of the cardia and adjacent stomach in 
distal tumours. It is also useful for exclusion of sec­
ondary deposits in the liver and peri tone al surfaces. 
The laparoscopy may be performed at the time of 
oesophagectomy or beforehand. 

Chemoprophylaxis against deep vein thrombo­
sis with subcutaneous heparin is used in aH pa­
tients, the first dose being administered at the time 
of induction of anaesthesia. The patients also wear 
graduated elastic antithrombosis stockings. Two 
doses of prophylactic antibioties (cephalosporin or 
aminoglycoside and metronidazole) are adminis­
tered, at the time of surgery and 12 h later. 

Stages of the Operation 

The operation is conducted in two stages. The right 
thoracoscopie dissection is performed first with the 
patient in the prone posterolateral position. Once 
this is completed, the position of the patient is 
changed for the second stage. This consists of syn­
chronous cervieal dissection and mobilization of 
the stomach by two surgical teams. The second 
stage is carried out with the patient in the supine 
position and requires redraping. Although gastrie 
mobilization can be performed endoscopieally, we 
now prefer to do this through a midline incision as 
with the current technology, laparoscopie mobiliza­
tion of the stomach adds considerably to the 
operating time. 

Anaesthesia 

Expert general endotracheal anaesthesia is required 
with endobronchial coHapse of the right lung 
(Carlens tube). The urinary bladder is catheterized 
for estimation of the hourly urine output. Arterial 

Fig. 4.1. The flexible endoscope after insertion into the 
oesophagus with its tip proximal to the tumour affixed by 
its handpiece to a drip stand. This endoscope is used to lift 
and alter the position of the oesophagus during the dissec­
tion 

and central venous pressure, ECG, blood gas and 
end-tidal CO2 are monitored continuously. A large 
intravenous cannula for rapid infusion of crystal­
loids and blood in the event of haemorrhage is es­
sential. 

Insertion of Flexible Endoscope 

After the patient has been anaesthetized and before 
he is turned into the posterolateral position, a flexi­
bIe endoscope is passed into the oesophagus and its 
end placed just proximal to the upper margin of the 
tumour. The light is then switched off and the en­
doscope is affixed by its handpiece with adhesive 
tape to a drip stand (Fig. 4.1). This endoscope is 
used to lift the oesophagus during the dissection. 
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Patient Positioning and Skin Preparation 
for Right Thoracoscopic Dissection 
of the Tnmonr and Oesophagus 

The patient is placed in the prone posteroiaterai po­
sition with the right chest cavity upwards (Fig. 4.2). 
The right arm is kept well abducted on a rest and 
the ribs are spIayed by splitting the operation table 
or raising the bridge. The patient must be posi­
tioned so that the chest is Ieaning slightly to the Ieft 
side and the collapsed lung dispIaced by gravity 
away from the operative fieId. Adequate strapping 
of the patient to the operating table and a back rest 

4.2 

4.3 

Fig. 4.2. Prone posterolateral position for subtotal right 
thoracoscopic oesophagectomy 

Fig. 4.3. Draping for subtotal right thoracoscopic oeso­
phagectomy 

are essential to prevent slipping during the course 
of the operation. The skin of the entire chest wall 
from shoulder to waist is prepared with medicated 
soap and then disinfected with the antiseptic of 
choice. Draping is such as to Ieave the entire right 
chest wall from the nippIe line anteriorly to the 
spinous processes posteriorly (Fig. 4.3). 
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Fig.4.4a-e. Coaxial curved and bayonet instruments (a-c) introduced through reusable metal flexible cannulae (d, e) 
(Storz, Tuttlingen, Germany) 

b 
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Layout of Ancillary Instruments 
and Positioning of Staff 

The surgeon operates from the right si de of the 
operating table with the scrub nurse on the same 
si de and the instrument trolley beyond and behind 
her. The first assistant and camera person stand on 
the opposite side of the operating table. A two­
monitor display is essential. The electrosurgical 
unit, preferably of the microprocessor-controlled 
type, suction irrigation, insufflator, light source 
and camera unit are placed on the stack behind the 
surgeon. A pul sed irrigation system is of great val­
ue in dispersing blood clots from the aortovertebral 
gutter as these obscure the field and may be diffi­
cult to dislodge with continuous irrigation. If an 
ultrasonic dis sector is used, this is also positioned 
behind the surgeon and the foot switch placed by 
the surgeon's feet each time the ultrasonic dissec­
tion is needed. 

Details of Specific Instruments 
and Consumables for the Procedure 

The author now uses the purpose designed curved 
coaxial and bayonet instruments introduced 
through reusable metal flexible cannulae (Fig. 4.4). 
In addition, an insulated duckbill gras pers and the 
electrosurgical hook knife are needed. Another use­
fuI instrument is the variable curvatur suture/ sling 
pas ser (Fig. 4.5). For the initial entrance into the 
right chest cavity a 5-mm forward viewing optic is 
used inside a bevelled 5.5-mm metal cannula. View­
ing during the operation itself is by means of the 
1O-mm 30 o forward oblique telescope attached to 
the charge-coupled device (CCD) camera. A 3-mm 
needle holder is required for the percutaneous in­
sertion of the oesophageal sling. 

The following consumables are necessary: 

- Dacron or black silk ligatures (120-150 cm) 
mounted on a push rod (USSC, Ethicon) 

- Metal clips 
- Vas cui ar silicon sling 
- EndoGIA (USSC) if the azygos vein is to be sta-

pled rather than ligatured. 

Fig.4.5a-d. Variable curvature suture/sling pas ser (Storz, 
Tuttlingen, Germany) 

a 

b, c, d 
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Open Thoracotomy Tray 

It cannot be stressed enough that ali major thora­
coscopic dissections require the immediate avail­
ability of an open sterile thoracotomy set with vas­
cu/ar clamps. These instruments are kept covered 
by a sterile drape on a separate trolley so that they 
are readily available in the event of sudden severe 
intrathoracic bleeding. The author has always in­
sisted on this precaution and it has certainly 
prevented a death on the table when aortic bleeding 
was encountered during the dissection of a large 
middle third tumour from the descending thoracic 
aorta. 

Operative Steps of Right Thoracoscopic 
Oesophagectomy 

Types and Placement of Trocar and Cannulae 

The types and placement of trocar and cannulae 
are shown in Fig. 4.6. We now routinely use four 
cannulae: two flexible (8-mm; p2, p3) and two rigid 
(ll-mm; pl, p4). If the EndoGIA stapler is to be 
used, the posterior of the latter two cannulae must 
be 12 mm in size (p4). The siting of the upper two 
flexible cannulae is just below and 3 cm anterior 
and 3 cm posterior to the inferior angle of the scap­
ula. The lower two rigid cannulae are inserted two 

intercostal spaces further down along the same line 
as the upper two. It is important that the posterior 
cannulae are inserted 2 cm anterior to the angle of 
the ribs for two reasons: to avoid damaging the in­
tercostal nerves and to clear the prominence of the 
vertebral column. 

Safe Entry into the Right Pleural Cavity 
and Collapse of the Right Lung 

The details of safe insertion of thoracic cannulae 
are outlined in VoI. 1, Chap.8. The rigid 5.5-mm 
bevelled metal cannula used for the visually guided 
entry of the right thoracic cavity is subsequently re­
placed by a flexible one. For most of the operation, 
the optic is inserted through the lower anterior 
port. Sometimes, the right lung has not been col­
lapsed completely. This is most commonly due to 
faulty positioning of the intrabronchial balloon but 
can also be encountered in patients with obstruc­
tive airways disease with air trapping. In the latter 
situation further collapse of the lung is obtained by 
low flow CO2 insufflation (2 l/min) at a pressure 
which must not exceed 8 mmHg, otherwise a medi­
astinal shift with arrhythmias and hypotension may 
supervene. 

Fig. 4.6. Sites of cannulae; p2 and p3 are flexible 

--- - -------. 
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Exposure of the Mediastinum and Assessment 
of the Tumour and Its Operability 

A Duval or Babcock's grasper is placed on the edge 
of the right upper lobe and this is displaced up­
wards and to the left by the assistant to display the 
right mediastinum, the azygos vein, the oesophagus 
and the tumour (Fig. 4.7). A careful search is made 
for pleural tumour deposits and if such lesions are 
encountered, they are excised and sent for immedi­
ate frozen section histological examination. We 
have encountered this once and because of the find­
ing, the oesophagectomy was abandoned and an 
endoprosthesis inserted. In this patient, the small 
deposits were not visualized on the preoperative CT 
scans. 

Next, the tumour mobility and attachment to 
surrounding structures is ascertained in two ways. 
Two graspers are placed, one on each si de of the le­
sion, and the tumour moved from si de to side 
(Fig. 4.8) to assess lateral and medial fixation of the 
tumour. Posterior fixation is best ascertained using 
the flexible endoscope. The light on the instrument 
is switched on and its tip flexed to its fullest extent 
(with the necessary torque) to lift the oesophagus 
just proximal to the tumour out of the aortocardiac 
gutter (Fig. 4.9). If these manoeuvres indicate that 
the tumour is mobile, the procedure starts with dis­
section of the azygos. If lateral or upward mobility 

Fig. 4.7. Duval's grasper is placed on the edge of the right 
upper lobe. This is lifted upwards and to the left to display 
the right mediastinum, the azygos vein, the oesophagus and 
the tumour 

is judged to be restricted, trial mobilization of the 
tumour constitutes the first step of the operation. 

Dissection of the Azygos Vein 

If the tumour is mobile, the dissection starts at the 
level of the azygos vein, irrespective of the tumour 
site. The mediastinal pleura is divided by the curved 

Fig. 4.8. Assessing lateral mobility of the tumour by side to 
si de movement of the lesion by means of two graspers 
placed on either side (via p2, p3) 

Fig. 4.9. Assessing posterior fixation using the flexible en­
doscope. The light on the instrument is switched on and its 
tip flexed to its fullest extent to lift the oesophagus and the 
tumour out of the aorto-cardiac gutter 

Fig.4.10a-c. Dissection of the azygos vein. The medi­
astinal pleura being divided below the azygos vein (a) and 
above the azygos vein and the incision then extended prox­
imally to the thoracic inlet along the anterior surface of the 
oesophagus (b). c The variable curvature superelastic sling 
pas ser is introduced below the azygos vein and then encircles 
it 
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coaxial scissors below the azygos vein, which is 
then gently mobilized and its anterior edge grasped 
by an atraumatic grasper (Fig.4.10a). The vein is 
lifted from the underlying oesophagus and root of 
the right lung. Several small vessels require individ­
ual electrocoagulation (in the soft coagulation 
mode) before division by scissors during this sepa­
ration. The azygos vein is then held down and the 

Fig. 4.11a-c. Ligature in continuity of the azygos vein us­
ing the Tayside extern al slip knot reinforced by a half hitch. 
a The first ligature placed medially as near to the vena cava 
as is possible. b The second laterally near the chest wall. c 
A large atraumatic forceps placed on the medial end of the 
vein as it is cut 

mediastinal pleura divided with the curved coaxial 
or bayonet scissors parallel to and above the vein. 
This incision is then extended proximally to the 
thoracic inlet along the anterior surface of the 
oesophagus (Fig.4.10b). The variable curvature 
superelastic sling passer is then introduced below 
the azygos vein and then extruded such that it en­
circles the azygos vein (Fig.4.10c). The posterior 
mobilization of the vein can then be completed as 
it is held up by the sling passer. Often, a sizeable ar­
terial branch from the intercostal region is encoun­
tered on the lateral side of the posterior aspect of 
the vein. This should be clipped or electrocoagulat­
ed, depending on its size. 

Ligature or Sta pling and Division 
of the Azygos Vein 

The azygos vein may be ligated in continuity or sta­
pled with the EndoGIA. We prefer ligature using 
1/0 Dacron mounted on a push rod (Surgiwhip, 
USSC) and the Tayside external slip knot which is 
reinforced for added security by a half hitch. The 
first ligature is placed medially (Fig. 4.11 a) as near 
to the vena cava as possible and the second ligature 
laterally near the chest wall (Fig. 4.11 b). A large 

b 
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atraumatic forceps is placed on the medial end of 
the vein, before this is divided with scissors 
(Fig. 4.11 c). The gras per is then released slowly but 
reapplied immediately in the event of haemorrhage. 

Alternatively, the azygos vein may be stapled. 
The opened limbs of the EndoGIA are positioned 

Fig. 4.12 a - c. Staple division of the azygos vein. a Position­
ing the limbs of the EndoGIA, b placing forceps before the 
instrument is fired, on the medial end of the vein, and c 
slowly releasing the atraumatic forceps after the vein has 
been cut and stapled 

with the vein in the centre and then approximated 
(Fig.4.12a). Before the instrument is fired, an 
atraumatic forceps is placed on the medial end of 
the vein (Fig.4.12b). This is released slowly after 
the vein has been cut and stapled by the device 
(Fig.4.12c). 

b 
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Dissection of the Oesophagus in the Superior 
Mediastinum and Root of the Neck 

The flexible endoscope is withdrawn above the mo­
bilized azygos vein and flexed forwards with lateral 
rotation to expose the anteromedial wall of the gul­
let. The dissection plane is between the oesophagus 
and the superior vena cava and trachea. A two­
handed dissection with the curved coaxial scissors 
and insulated duck-bill forceps is recommended to 
mobilize the oesophagus from these structures up 
to the thoracic inlet (Fig. 4.13). The right· vagal 
trunk is identified before it gives the pulmonary 
branches and is divided below the origin of the re­
current laryngeal nerve. Any nodes encountered in 
the groove between the oesophagus and lower tra­
chea are dissected and removed separately. A dry 
field with meticulous haemostasis is essential and 
frequent irrigation/suction is needed to remove 
small clots which absorb the light and obscure the 

Fig. 4.13. Dissection of the plane between the oesophagus 
and the superior vena cava and trachea 

vis ual field. In this respect it is important to ensure 
that the irrigating fluid (Hartmann's solution) is 
warm (37 cc) as otherwise bradycardia may be in­
duced. 

The exposure of the lateral aspect of the upper 
oesophagus is achieved by forward lift and medial 
deflection of the gullet by the endoscope. Again, 
this dissection is carried out with use of the coaxial 
curved scissors and duck-bill insulated forceps. The 
vessels are electrocoagulated before division. On 
completion of the lateral dissection, the separation 
of the remaining posterior attachment is consider­
ably aided by the use of the variable curvature 
superelastic sling passer or dis sector. This is passed 
underneath the oesophagus from the medial si de 
and its curvature then extruded until the tip is 
clearly seen lateral to the oesophagus (Fig. 4.14). If 
this instrument is not available, the coaxial curved 
duck-bill forceps is used to achieve the same objec­
tive. 

Fig. 4.14. Insertion of variable curvature superelastic sling 
passer for the posterior dissection of the proximal oeso­
phagus and passage of silicon sling 
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Insertion of Silicon Sling and Completion 
of Posterior Mobilization 
of the Upper Thoracic Oesophagus 

A small stab wound is made in the midaxillary line 
at the fourth intercostal space with a pointed scal­
pel, and a vas cuI ar silicon sling loaded on the 3-mm 
needle holder is introduced into the right chest and 
pas sed around the mobilized upper oesophagus us­
ing the sling passer (Fig. 4.15). The internal end of 
the sling is then regrasped by the 3-mm needle 
holder and exteriorized through the same stab 
wound in the chest wall. Traction applied to the ex­
ternallimbs of the sling by means of an artery for­
ceps lifts the posterior surface of the upper thoracic 
oesophagus from the superior mediastinum, com­
pleting the mobilization (Fig. 4.16). 

Fig. 4.15. Passage of silicon sling around the oesophagus by 
means of superelastic sling passer 

Fig. 4.16. Traction applied to the externallimbs of the sling 
lifts the posterior surface of the upper thoracic oesophagus 
from the superior mediastinum and enables its complete 
mobilization 

Dissection of the Lower Cervical Oesophagus 

The dissection of the cervical oesophagus is carried 
out in a manner which trails the flexible instrument 
(adjusted to the straight position). As blunt (suc­
tion probe, pledget or ultrasonic) dissection pro­
ceeds around the oesophagus beyond the thoracic 
inlet, the endoscope is withdrawn further up and 
the process continued inside the root of the neck up 
to the level of the thyroid lobes. The dissection 
plane is on the prevertebral fascia posteriorly, the 
trachea anteriorly and the recurrent laryngeal 
nerves and inferior thyroid arteries laterally 
(Fig. 4.17). Electrocoagulation must not be used 
during this stage of the operation because of the 
risk of damage to the recurrent laryngeal nerves. 
Bleeding is minimal if the correct planes are fol­
lowed. 
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Fig. 4.17. Dissection of the lower cervical oesophagus 

Dissection of the Middle Third 
of the Oesophagus 

On completion of the cervical dissection, the en­
doscope is advanced below the level of the azygos 
vein and the vascular sling slid down to the appro­
priate position for dissection of the middle oeso­
phagus. During separation from the aorta, any size­
able, direct arterioles are clipped and divided. One 
such vessel is fairly consistently found at the junc­
tion of the upper with the middle third and mns in 
a straight posterolateral direction to the descending 
thoracic aorta. This vessel must be carefully dis­
sected and doubly clipped on the aortic side before 
it is cut. On the medial side, for separation from the 
tracheal bifurcation and the pericardium a two­
handed technique is preferred using the curved co­
axial scissors and the duck-bill insulated grasper, 
with careful haemostasis throughout. The sub­
carinallymph nodes and the oesophageal nodes are 
dissected and removed with the tumour or separate­
ly (Fig. 4.18). On the medial side as the pericardium 
is approached, electrocoagulation must be used 
sparingly because of the risk of cardiac arrhryth­
mias. Posteriorly, the dissection is taken down to 
the left pleura. This is left intact unless it is involved 
or adherent, in which case the affected area is cut 
and removed with the tumour. 

Fig. 4.18. Medial separation from the tracheal bifurcation 
and pericardium. The subcarinallymph nodes and the mid­
dle oesophageal nodes are dissected and removed with the 
tumour or separately 

Dissection of the Lower Oesophagus 

The mediastinal pleura on the right surface of the 
oesophagus is divided by scissors and the dissection 
continued using either the curved coaxial scissors 
or the ultrasonic dissector (quicker). In either case 
an insulated duck-bill forceps is held in the left 
hand for tissue traction and electrocoagulation. 
The inferior pulmonary ligament is divided with 
scissors after electroacoagulation of the leash of 
vessels within its fold (Fig. 4.19). Lymph nodes sur­
rounding the oesophagus are included in the dissec­
tion, which is continued up to the diapragmatic hi­
atus. 

Insertion of Chest Drains 
and Bupivacaine Intrapleural Catheter 

On completion of the endoscopic dissection, two 
underwater seal drains are inserted (apical and bas­
al), likewise an intrapleural catheter (using the epi­
dural kit) for postoperative bupivacaine infusion 
(Fig. 4.20). The cannulae are removed under vision 
to ensure against thoracic wall bleeding and the 
lung expanded. The patient is then turned to the 
supine position for the second stage of the opera­
tion. 
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Fig. 4.19. Mobilization of the lower oesophagus and lymph 
nodes down to the diaphragmatic hiatus 

Fig. 4.20. Bupivacaine intrapleural catheter 

Technique of Trial Dissection of Tumours 
Which Exhibit Fixation 
at Initial Thoracoscopic Assessment 

The trial dissection starts in the vicinity of the tu­
mour. Laterally, a plane is sought between the le­
sion and the vertebral column and descending tho­
racic aorta. If the tumour has not directly invaded 
these structures, gen tIe separation is achieved using 
the curved coaxial scissors and blunt dissection. If 
such a plane cannot be established because of infil­
tration, the lesion is inoperable. Medial separation 
is attempted only if the lateral aspect of the tumour 
has been mobilized. Of ten the tumour extends into 
the pericardium; this can be opened and the in­
volved area removed with the lesion. Direct cardiac 
involvement indicates inoperability. The most diffi­
cult plane to separate in these large tumours is that 
between the lesion and the tracheal bifurcation and 
the left bronchus, as this space is frequently oc­
cupied by large nodal masses which bleed easily 
during dissection. If with care, separation of the tu­
mour is achieved, the rest of the operation proceeds 
as previously described. 

Second (Synchronous Combined) Stage 

The cervical and abdominal procedures are carried 
out synchronously. After division of the skin, 
platysma, investing layer of the deep cervical fascia 
and omohyoid, the carotid sheath is retracted later­
ally. Following division of its middle vein, the 
thyroid lobe is lifted up and the oesophagus and, at 
least, one recurrent laryngeal nerve (usually left) 
identified. Very little, if any, further mobilization 
of the cervical oesophagus is usually needed. 

The stomach and abdominal oesophagus are 
mobilized using the orthodox technique, preserving 
the right gastroepiploic arcade and ligature of the 
left gastric artery at its origin from the coeliac ar­
tery and removing the related lymph nodes. If the 
tumour encroaches the cardio-oesophageal junc­
tion, the upper les ser curve and adjacent cardio­
oesophageal junction are removed, with closure of 
the gastric tube by hand suture or GIA 80 (Auto­
Suture, UK). Pyloroplasty is not performed unless 
duodenal scarring is present. However, the right-
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crus of the diaphragmatic hiatus is cut antero­
lateralIy between sutures unless there is a wide hia­
tus (due to a hiatal hemia). 

On completion of the lower transection, the cer­
vical oesophagus is pulled into the neck wound and 
stapled (TIA 50, AutoSuture, UK). Next, the end of 
a size 16 Ryle's tube is anchored by transfixation to 
the oesophagus distal to the staple line and the gul­
let transected above this level. The oesophagus and 
tumour are then delivered through the abdominal 
wound and the gastric fundus stitched to the end of 
the Ryle's tube. FolIowing cervical gastric pull 
through, the anastomosis between the proximal 
oesophagus and the fundus is performed using a 
single-Iayer alI-coats technique with polyamide su­
tures. A nasogastric tube is passed before the ante­
rior walI of the anastomosis is completed and its tip 
placed in the intrathoracic stomach above the dia­
phragm. A Redivac drain leading to the anastomo­
sis is inserted and the cervical and abdominal 
wounds are closed. 

Postoperative Management 

The patient is sent to the intensive care unit on re­
covery from anaesthesia and is ventilated over­
night. In the absence of complications, the patients 
are extubated the folIowing day and if stable are 
sent to the high dependency unit. Analgesia is met 
by intrapleural bupivacaine. Daily chest X-rays are 
performed during the first 4 days, and the apical 
chest drain is removed on the second day if the lung 
was expanded completely. At X-ray examination on 
the seventh day a Gastrografin is administered oral­
ly in order to check the integrity of the anastomo­
sis. If there is no evidence of leakage, oral fluids are 
started and the neck and basal chest drains re­
moved. Parenteral nutrition is maintained until oral 
feeding is commenced. Recent1y, we have opted for 
routine insertion of a feeding jejunostomy tube in­
serted at the time of surgery and have dispensed 
with parenteral nutrition. 

Right Prone-Posterior Thoracoscopic 
Oesophagectomy 

On review of the initial series of endoscopic oeso­
phagectomy performed through the right postero­
lateral approach, we encountered a high (30070) in­
cidence of postoperative pulmonary collapse and 
consolidation and attributed this to the prolonged 
single-Iung anaesthesia necessary to complete the 
thoracoscopic dissection of the oesophagus. For 
this reason we have altered the approach to the full 
prone posterior jackknife position since this en­
ables the lung to falI away from the operative field 
and obviates the need for single-Iung anaesthesia. 
Simple lung compression with CO2 insufflation at 
a pressure of 6.0 mmHg gives an excellent exposure 
of the entire intrathoracic oesophagus and medi­
astinum. This approach now constitutes our stan­
dard practice [12]. The technique of dissection of 
the oesophagus is the same as previously described. 

Right Prone-Posterior Jack-knife 

The patient is placed in the full prone jackknife po­
sition with supports beneath the epigastric and up­
per stemal regions to enable respiratory excursion 
of the chest walIs. The upper arms are placed hang­
ing on either si de of the operating table, with the 
forearms and hands supported in a sling with the 
elbow flexed 90 o or more. This results in lateral dis­
placement of the scapula (Fig. 4.21). The right 
prone-posterior thoracoscopic approach gives ex­
cellent access to the mediastinum and the entire in­
trathoracic oesophagus. As the right lung falIs away 
from the operative field by gravity, a good vis ual 
exposure is obtained without the need for single 
lung anaesthesia. 

Position and Types of Access Ports 

The same types and number of cannulae are used 
(Fig. 4.22). The optic al cannula (10 mm) is placed 
through the intercostal space encountered below 
and lateral to the inferior angle of the scapula 
(usualIy the fifth). The flexible operating cannulae 
are inserted through the separate intercostal spaces 
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Fig. 4.21. Prane-posterior jackknife position 

Fig. 4.22. Sites of access ports for right prane-posterior posi­
tion 

above and on either si de of the teleseope, some 
5.0 em from the spinous proeesses. A 10.5- or 
12-mm eannula is plaeed laterally low down (sev­
enth interspaee). This is used by the assistant for re­
traetion and for the introduetion of the EndoGIA 
sta pIer when stapled division of the azygos vein is 
contemplated. 

Clinical Results 

Staging and Endoscopic Resectability 

In a consecutive series of 34 patients with oeso­
phageal cancer, two were found have hepatic depos­
its at laparoscopy and four were inoperable at 
thoracoscopic staging (pleural deposits n = 2, inva­
sion of deseending aorta n = 1, invasion of the 
myocardium n = 1). A further two patients had 
dense fibrous obliteration of the pleural eavity 
which precluded the endoscopic dissection. The 
first 20 were conducted through the posterolateral 
right thoracoscopic approach with one eonversion 
due to aortic bleeding and the last six through the 
prone-posterior jaekknife route. The distribution 
of the site of the tumours, the extent of mural in­
volvement and lymph node staging is shown in 
Table 4.1. 

In one patient with a large middle third neo­
plasm, massive aortic bleeding requiring immediate 
thoraeotomy was eneountered during its separation 
from the aorta. In all the others, there was no mea-

Table 4.1. Pathology of endoscopically resected tumours 

Site 
Middle third 
Lower third 

Pathological stage 
Mucosal tumour 
Incomplete mural invasion 
Complete mural invasion 

Nodal disease 
No 
N I - 2 

n 

19 
12 

1 
3 

27 

12 
19 
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surable blood loss during the thoraeoseopie dissee­
tion. The median duration of the operation was 
5.5 h, range 4.5 -7 h. 

The postoperative eomplieations eneountered in 
the series included postoperative pneumonie eon­
solidation (n = 3), reeurrent laryngeal palsy (n = 2) 
and anastomotic leak (n = 1). The reeurrent laryn­
geal palsies oeeurred early in the series and were 
probably eaused by eollateral damage from eleetro­
eoagulation near the thoraeie inlet. No signifieant 
pulmonary eomplieations have been observed in 
the patients in whom the oesophageetomy was eon­
dueted by the prone-posterior jaekknife approaeh. 
There were no postoperative deaths in the entire se­
ries. The median postoperative stay has been 12 
days, range 9-30 days. 
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5 Thoracoscopic Pericardiectomy and Insertion 
of Epicardial Pacemaker Lead 

A. CUSCHIERI 

Introduction 

Although it is difficult to predict the ultimate scope 
of thoracoscopic cardiac surgery with or without a 
small access thoracotomy (video-assisted thoraco­
scopic surgery), there is little doubt about its poten­
tial; single case reports of ligation of patent ductus 
are documented and experimental cannulation of 
the atrial chambers has been performed. In this 
chapter the technique of two simple cardiac proce­
dures - pericardial fenestration for effusion and 
insertion of epicardial pacemaker lead - are out­
lined. Our limited experience with these two opera­
tions has been entirely favourable. Excellent results 
have also been reported from other centres [1]. 

Preoperative Work-up and Preparation 

Anaesthesia 

Both pericardial fenestration and insertion of epi­
cardial pacemaker leads are conducted under gen­
eral endotracheal anaesthesia. If the condition of 
the patient permits, single lung anaesthesia 
(trilumen tube) is ideal for exposure of the pericar­
dial sac. These patients require expert anaesthesia 
with continuous cardiovascular monitoring and 
blood gas analysis during the procedure. 

Instrumentation 

Although thoracoscopic pericardial fenestration 
and insertion of epicardial pacemaker leads can be 
conducted with the use of standard straight lapa­
roscopic instrumentation, the use of the coaxial 
curved instruments introduced through flexible 
metal cannulae greatly facilitates the execution of 
both operations. The endoscopic pericardial hook 
(Fig. 5.1) is very useful for tenting and stabilizing 
the pericardial sac prior to opening it. Especially 
when distended by serous effusion, the pericardium 
may be difficult to grasp with a dissecting forceps. 

Positioning of the Patient and Skin Preparation 

For both procedures, the patient is put in the left 
posterolateral position with the left arm well ab­
ducted on a rest and the operat ing table split (or the 
central bridge raised) to widen the intercostal 
spaces. 

For pericardial fenestration, only the skin of the 
left chest wall is prepared with medicated soap and 
appropriate skin disinfectant and the area draped 
accordingly. In patients undergoing insertion of an 

Fig. 5.1. Endoscopic pericardial hook (Storz, Tuttlingen, 
Germany) 
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Fig. 5.2 a, b. Skin preparation and draping for pericardiee­
tomy (a) and for thoraeoseopie implantation of epieardial 
paeemaker lead (b) with the patient in the left posterolateral 
thoraeie position 

epicardial pacemaker lead, the skin preparation in­
cludes the left chest wall and the upper left quad­
rant of the abdomen (Fig. 5.2a, b). 

Layout of Ancillary Equipment 
and Postioning of Staff 

The surgeon operates from the right side of the op­
erating table with the camera person (if a laparo­
scope holder such as the vacuum-Iock robotic arm 
or Martin's arm is not available) and the scrub 
nurse on the same. The first assistant stands on the 
opposite side (Fig. 5.3). The camera unit, light 
source, suction/irrigation and electrosurgical unit 
are placed on a stack behind the first assistant. A 
dual monitor display is ideal. 

Sites of Trocar and Cannulae 

Usually three trocar and cannulae are needed for 
either procedure. The telescope cannula (l1-mm; 
p1) is inserted below and behind the angle of the 
scapula just in front of the angle of the left fourth 
rib. The two operating cannulae (metal flexible, 
8-mm; p2, p3) are placed two intercostal spaces 
lower down anteriorly and posteriorly such that the 
tips of the instruments (introduced through them) 
meet at a right angle at the middle of the left 
pericardium. These two operating cannulae are in­
serted under vision (Fig. 5.4). Occasionally, a 
fourth cannula placed near the stemal edge above 
the anterior operating cannula is needed for retrac­
tion of the lung parenchyma after grasping it with 
a Duval type forceps. 

Fig. 5.3. Positioning of staff and aneillary equipment; S, 
surgeon 

Fig. 5.4. Sites of troear and eannulae 
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5.3 

5.4 
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Technique of Thoracoscopic 
Pericardiectomy 
(Pericardial Fenestration) 
for Pericardial Tamponade 

The limited distensibility of the pericardial sac is 
the principle factor in the development of cardiac 
tamponade when the intrapericardial volume is in­
creased by the accumulation of serous fluid 
(uraemic, metastatic origin) or blood clots (postcar­
diac surgery). A small increment in the pericardial 
fluid volume results in a significant increase in the 
pericardial pressure, and when this equals or ex­
ceeds the right atrial pressure, cardiac tamponade 
ensures. In the case of serous effusions, the com­
pression of the cardiac chambers is uniform, with 
elevation and equalization of the filling pressures 
of both ventricles, a low output state, raised central 
venous pressure and paradoxical pulse (de crease in 
the stroke volume and arterial pressure with inspi­
ration and in crease of these parameters with expira­
tion) [2]. Swan-Ganz monitoring of these patients 
demonstrates elevation and equalization of the 
right atrial, pulmonary artery diastolic and pulmo­
nary wedge capillary pressures. By contrast, the 
tamponade by clots following cardiac surgery may 
be localized such that the compression of the cardi­
ac chambers is not uniform and more commonly 

involves the right heart (superior venal caval syn­
drome, right atrial tamponade) [3] although in­
stances of left ventricular tamponade with normal 
right pressures have been reported. 

Indications and Contraindications 

Pericardial effusion is most commonly treated to­
day by the open subxyphoid approach which avoids 
a thoracotomy. Thoracoscopic pericardiectomy is 
an alternative technique which can be employed in 
these patients unless they are very unstable [1]. 
Thoracoscopic pericardiectomy is also contraindi­
cated in patients with constrictive pericarditis. 

Operative Steps 

After the left pericardium is exposed by retraction 
of the lingula, the pericardium anterior to the left 
phrenic nerve is hooked (Fig. 5.5; p2) and tented 
upwards before being opened by the curved coaxial 
scissors (Fig. 5.5; p3). Fluid immediately gushes out 
through the opening, propelled by the cardiac pul-

Fig. 5.5. Hooking pericardium anterior to the left phrenic 
nerve (p2) and opening of the pericardium by the curved co­
axial scissors (p3) 
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Fig. 5.6. Anterior pericardial fenestration. Start of the peri­
cardial window 

5.7. Extension of the completed pericardial fenestration be­
hind the left phrenic nerve and accompanying vessels and to 
the tip of the ventricle 

sations. It is sucked as it escapes into the pleural 
cavity. A specimen is obtained for culture and cy­
tology. The cut pericardium is then picked with an 
atraumtic grasper and a sufficient window excised 

5.6 

5.7 

anterior to the left phrenic nerve and the pericar­
dio-phrenic vessels (Fig. 5.6). Bleeding from the cut 
pericardial edges is controlled by soft electro­
coagulation. Inspection of the pericardial sac and 
myocardium is best undertaken with a flexible 
choledochoscope introduced through the posterior 
operating cannula. The flexible endoscope is 
passed between the heart and the pericardium as 
this is tented upwards. Loculated fluid and espe­
cially clots can be identified in this fashion. Clots 
are best dislodged by irrigation with warm (37°C) 
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Ringer's lactate solution. Severe bradycardia can 
occur if the irrigating fluid is cold (ro om tempera­
ture). If necessary, the pericardial resection can be 
extended behind the phrenic nerve and its accom­
panying vessels (Fig. 5.7). At the end of the proce­
dure, a basal chest drain is inserted, the cannulae 
removed and the lung expanded. 

Technique of Thoracoscopic Insertion 
of Epicardial Pacemaker 

Permanent pacemaker implantation is needed in 
patients (usually elderly) with complete arteriove­
nous block, persistent and symptomatic bradycar­
dia, the sick sinus syndrome, cerebrovascular insuf­
ficiency secondary to a low cardiac output, tachyar­
rhythmias and certain cases of myocardial infarc­
tion. Most commonly the intravenous route is used 
for permanent endocardial pacing, a procedure 
which is conducted under local anaesthesia under 
fluoroscopic control. However, epicardial leads 
(screw-in or fish-hook type) are more ac curate and 
dependable, causing few late complications. 
Epicardial pacemaker leads are usually inserted via 
the subxiphoid approach and less commonly, 
transthoracically (ieft anterolateral, fourth space). 
An alternative, recently introduced, is the 
thoracoscopically guided approach to the left ven­
tricle. Although implantation in the right ventricle 
can be performed (right thoracoscopic approach), 
we prefer the left approach because the wallS of the 
left ventricle are thicker and there is consequently 
less risk of penetration of the endocardium and the 
electrode tip coming in contact with blood or a 
small haematoma forms, resulting in a poor thresh­
old. 

Our experience with thoracoscopic implantation 
is limited to the use of the "screw-in" type of 
sutureless epicardial lead. We have used the Med­
tronic (Minneapolis, USA) sutureless epicardial de­
vice, model 6917 A-T, which has a corkscrew lead 
that is secured to the myocardium with two clock­
wise turns and a Dacron mesh diaphragm which al­
lows fibrous ingrowth for additional fixation 
(Fig. 5.8). both unipolar (single) and bipolar (dou­
bIe) electrodes can be placed but they must be at 
least 1 cm apart. 

Fig. 5.8. Close-up of the Medtronic epicardial sutureless 
pacing lead (Model 6917 A-T, Medtronic, Minneapolis, 
USA). The electrode head is slotted into the receiving space 
at the end of the handle 

Indications and Contraindications 

In our institution, epicardial leads are inserted 
when permanent ventricular or dual-chamber pac­
ing is needed and attempts at permanent endocar­
dial pacing by the cardiologists have been unsuc­
cessful. Epicardial screw-in pacemaker implanta­
tion is contraindicated in patients with a thin-wall­
ed, heavily infarcted, or fibrotic myocardium or 
one which is extensively infiltrated by fat. 

Preparation of the Lead 

The lead is mounted before the operation is com­
menced. The Medtronic system consists of a handle 
and a tunneller. The electrode head is slotted into 
the receiving space at the end of the handle 
(Fig. 5.8). The pointed tip of the tunneller is then 
inserted inside the handle from the opposite end 
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Fig. 5.9. Inserting the tunneller inside the handle from the 
opposite end such that the projections on the tunneller are 
in line with the notches on the handle 

such that the projections on the tunneller are in line 
with the notches on the handle (Fig. 5.9). The tun­
neller is then rotated anticlockwise and pulled back 
to engage the projections within the notches. The 
lead from the electrode head is then slotted inside 
the groove on the handle, leaving a smallloop near 
the electrode head (Fig. 5.10). The mounted lead is 
then placed on the sterile trolley until required. 

A cardiology technician should be present in 
theatrejor testing ojthe lead once this has been im­
planted (satisjactory threshold, resistance and R 
wave potential). 

Operative Steps 

The exposure is the same as previously described 
for pericardial fenestration. After the pericardium 
is hooked, it is opened by curved coaxial scissors, 
starting in front of the phrenic nerve and extending 

Fig. 5.10. Slotting lead from the electrode head insi de the 
groove on the handle, leaving a smallloop near the electrode 
head 

to the tip of the ventricle (see Fig. 5.7). Careful se­
lection of the site of implantation is essential: the 
coronary arteries and veins must be avoided and an 
area of normal looking myocardium chosen (free 
[rom fibrosis and scarring). The previously mount­
ed electrode (see above) is introduced into the left 
chest cavity through an appropriately sited inter­
costal incision. The tip of the electrode is approxi­
mated to the chosen site on the left ventricular 
myocardium as this is exposed by distraction of the 
cut pericardial edges. The Surgeon then places the 
tip of the electrode on the myocardium, using only 
light pressure, and holds it in place with the right 
hand. The electrode is affixed to the myocardium 
with two clockwise turns on the handle (Fig. 5.11). 
Electrical measurements are taken before the lead is 
unloaded from the handle. If these prove unsatis­
factory, they should be repeated after an interval of 
10 min, when they often normalize as the acute cel­
lular trauma subsides. Should the electrical mea-
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Fig. 5.11. Affixing the electrode ta the myocardium with two 
clockwise turns an the handle. The implanted electrode is re­
leased by gentle pressure an the tunneller against the butt of 
the handle 

surements prove unsatisfactory after this iqterval, 
the electrode tip is released by two anticlockwise 
turns and another implantation site is selected. The 
implanted electrode is released by gentle pressure 
on the tunneller against the butt of the handle 
(Fig. 5.11). It is essential that the lead be totally dis­
engaged from the handle before the latter is 

Fig. 5.12. Implanted detached Medtronic epicardial lead 

withdrawn from the operative site, since the result­
ing traction on the lead may detach the electrode 
from the myocardium. As an additional precau­
tion, it is wise to grasp the lead gently by an 
atraumatic forceps as the handle is withdrawn. The 
implanted, detached lead is shown in Fig. 5.12. The 
pericardium is closed loosely by two interrupted su­
tures using Polysorb (USSC, Norwalk, USA) 
mounted on endoski needles. 

The next step of the operation consists in the 
creation of a rectus sheath pocket for the pulse gen­
erator in the left subcostal region. It is important 
that this pocket not be fashioned too close to the 
costal margin as the implanted device will cause 
discomfort to the patient each time the chest is 
flexed when the pulse generator presses against the 
rib cage. A transverse inci sion is made in the skin, 
subcutaneous tissue and anterior rectus sheath. The 
rectus muscle is divided transversely by the electro­
surgical knife. The exposed posterior rectus sheath 
is separated from the cut rectus muscle until a 
pocket of sufficient capacity to accommodate the 
pulse generator is created (Fig. 5.13). At this stage, 
the lead is pas sed subcutaneously from the inter­
costal wound to the rectus sheath pocket using the 
tunneller (Fig. 5.13). After the connector pin of the 
electrode lead has been detached from the tunnel­
ler, it is connected to the pulse generator, which is 
then placed in the rectus pocket such that the print­
ed side (indifferent electrode) faces the rectus 
sheath; otherwise, painful contractions of the rec-
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Fig. 5.13. Separating the exposed posterior rectus sheath 
from the cut rectus muscle untii a pocket of sufficient capac­
ity to accommodate the pulse generator is created. The lead 
is pas sed subcutaneously from the intercostal wound to the 
rectus sheath pocket using the tunneIIer 

tus muscle are induced. Care is taken to ensure that 
there are no kinks or tension on the electrode lead 
before the wounds are cIosed. The anterior rectus 
sheath is cIosed over the pulse generator by con­
tinuous absorbable suture (polydioxanone or poly­
glycide) and the skin edges approximated by sub­
cuticular suturing or skin cIips. The lung is then ex­
panded and the cannulae removed after the inser­
tion of a chest drain. 

Postoperative Care 

Following implantation of an epicardial pacemak­
er, the patient's electrocardiogram should be moni­
tored continuously for 1 week to ensure that the 

leads have not become dislodged, which is a well­
recognized potential complication. The chest drain 
is removed in these patients as soon as fulllung ex­
pansion is documented on the postoperative chest 
X-ray and there is no leakage of air from the inter­
costal underwater seal drain. In patients undergo­
ing pericardiectomy, the chest drain is removed af­
ter fulllung expansion and cessation of fluid drain­
age, usually within 24 h. 
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6 Endoscopic Procedures in the Mediastinum 

K. MANNCKE, G. BUESS, and G. ROVIARO 

Introduction 

Besides the two different endoscopic techniques for 
oesophagectomy other diseases of the mediastinum 
can be treated or diagnosed thoracoscopically to 
diminish patient's pain and discomfort. There is a 
wide spectrum of procedures in mediastinal surgery 
with different technical difficulties, varying from 
simple removal of pedunculated neoplasms to more 
complex excisions of large masses ar to extremely 
difficult resections of firmly adherent tumours in­
filtrating into the vicinity of important structures. 
This chapter describes procedures for the surgical 
treatment of benign tumours of the oesophagus 
and techniques of harvesting specimens for diag­
nostic purposes in patients with undiagnosed ma­
lignancies in the medastinum. Noninvasive, well en­
caspulated thymic neoplasms, nervous tumours at 
the costovertebral junction, dysontogenetic tu­
mours (pleuropericardial cysts, bronchogenic cysts, 
enterogeneous cysts etc.) with a noninfiltrating ten­
dency can be removed endoscopically. 

Indications 

Benign Tumours of the Oesophagus 

Benign tumours of the oesophageal wall are rare 
and the clinical symptoms are caused by stenosis. 
Neoplasms can originate in alI the different types 
of tissue in the layers of the oesophagus, so one can 
encounter lipomas, fibromas, and bronchogenic 
cysts, but most common are leiomyomas. Since ma­
lignancy has to be definitely excluded, these 
smooth muscle tumours always require excision. Bi­
opsies taken via an oesophagoscope cannot reach 
the tumorous tissue, and snare excisions of these 

and other mucosallesions can lead to oesophageal 
perforation. Hence, none of these manipulations 
should be performed and the diagnosis confirmed 
instead by removal of the entire tumour. In open 
surgery this procedure entails thoracotomy, which 
seems inappropriate for such small tumours. In 
such cases the endoscopic approach is obviously far 
less traumatic. 

Diagnostic Evaluation of Mediastinal Masses 

Other tumors in the mediastinum can only be diag­
nosed by biopsy taken under endoscopic guidance. 
In contrast to traditional mediastinoscopy, 
thoracoscopic access permits much better orienta­
tion and overview and one side of the mediastinum 
can be inspected and dissected entirely. Specimens 
can be harvested from all parts, even those which 
are out of reach of mediastinoscopy. Dissection of 
lymph nodes and their removal in toto is feasible as 
is biopsy with a Tru-cut needle under endoscopic 
guidance. Control of bleeding is easier and safer. 
This technique is useful not only for the various 
types of lymphomas; the method has also been 
used to stage oesophageal and bronchial carcino­
mas. 

Oesophageal Diverticulae 

Diverticulae of the oesophagus are commonly 10-
cated at the three physiological narrowings of the 
oseophagus, two of them in the mediastinum. In 
the presence of clinical symptoms such as regurgi­
tation, resection is indicated. Again, conventional 
procedure requires a large and painful incision. In 
consequence the tharacoscopic technique has sever­
al advantages. 
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Preoperative Work-up 

Benign Tumours of the Oesophagus 

The preoperative work-up of benign tumours of the 
oesophagus includes radiological and endoscopic 
procedures. After first evaluating the clinical symp­
toms, a barium swalIow is necessary in order to 10-
calize the tumour. This is folIowed by oesophago­
gastroscopy. It may be necessary to decide a biopsy 
should be taken or to leave the mucosa untouched. 
Computer tomography (CT) scan is essential to dis­
play the relationship to the surrounding tissues. If 
available, intraluminal ultrasound examination 
may be helpful. Intraluminal ultrasound is becom­
ing increasingly important. The method is not very 
common yet, but as in examinations of the rectal 
walI, the anatomical relations to the different layers 
of the oseophageal walI can be displayed. A con­
ventional X-ray of the thorax in antero posterior 
and lateral projection is necessary to obtain in for­
mation about pleural adhesions and atelectases or 
other signs which may make thoracoscopy diffi­
cult. Since general anaesthesia is performed in 
most cases with double-lumen intubation and sin­
gle-lung ventilation, extensive examination of pul­
monary function completes the preoperative 
work-up. 

Diagnostic Evaluation of Mediastinal Masses 

For other conditions of the mediastinum and also 
when endoscopic biopsy is performed the site of 
the lesion must be known very precisely preopera­
tively. This requires, again, X-ray of the thorax and 
a CT scan. Intraluminal oesophageal ultrasound 
examination may also be helpful. 

Oesophageal Diverticulae 

The diagnosis of oesophageal diverticulae is usual­
ly confirmed by a barium swalIow and oesophagos­
copy. These two methods identify the location and 
the size of the diverticulum. In planning thoraco­
scopic procedures the choice of the si de of ap­
proach is very important. 

Preoperative Preparation 

Patient Consent and General Preparation 

As for other endoscopic procedures it is essential 
that patients are informed about the possibility of 
conversion to open access during surgery. In the 
two procedures involving the oesophageal walI, se­
rious complications of lesions of the oesophageal 
mucosa and consequences such as mediastinitis 
must be known by the patient. In interventions in 
the upper mediastinum recurrent nerve palsies 
must be mentioned. 

In contrast to other thoracoscopic procedures it 
is very important that oesophagoscopy can be per­
formed intraoperatively. This is very helpful in 
identifying the site of the tumour or the diver­
ticulum. Lesions and breaches of the mucosa can 
be detected intraoperatively. General anaesthesia 
has to be carried out with a double-lumen tube. 

The best preparation of the patient for alI kinds 
of thoracic procedures is by physiotherapy, if neces­
sary bronchial dilators, mucolytics, administration 
of expectorants and abstinence from smoking. 

Patient Positioning, Skin Preparation 
and Draping 

As for other thoracoscopic procedures the patient 
has to be positioned on the contralateral side of the 
approach. Conversion to open access surgery must 
be possible at any time. Most patients require a 
three to four puncture procedure. The position of 
the trocars depends on the location of the tumour 
or diverticulum (Fig. 6.1). So the ipsilateral arm is 
elevated and abducted to displace the scapula. The 
table is split such that the ribs are splayed out 
(Fig. 6.2). Skin preparation is not different from 
other procedures in general surgery. Plastics drapes 
should not be used, however, so as to avoid any 
plastic material getting into the thoracic walI or the 
pleural cavity at the puncture site. 
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Fig. 6.1 a, b. Trocar placement in relation to the site of the tumour. 
a Lesion of the proximal oesophagus; b lesion of the distal oesophagus 
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nstruments 

Fig. 6.2 a, b. Placement of the staff and positioning of patient. a Lesion of the proximal oesophagus; b lesion of the distal 
oesophagus 
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Layout of Ancillary Instruments 
and Positioning of StaU 

For oesophagoscopy the endoscopic surgeon and 
equipment are positioned at the patient's head be­
si de the anaesthetist. The procedures are usually 
performed by three surgeons. The second assistant 
stands on the opposite si de and holds the lung-re­
tracting instruments. The first assistant handling 
the endoscope and the camera and the surgeon are 
positioned at the dorsal side of the patient. In con­
sequence, two monitors are located opposite the 
surgeons. Insufflation is, in principle, not necessary 
but initially helpful to accelerate the collapse of the 
lung. Besides this, a unit for rinsing and suction is 
required. This is also positioned opposite the sur­
geon. If the main monitor, the light source and the 
camera processor are installed in one unit they are 
positioned at the ventral side of the patient. 

Specific Instrumentation 

For thoracoscopic procedures several specific in­
struments have been designed, i.e. special trocars 
with blunt tips and flexible sleeves with a screw-like 
shape. In addition to the instruments developed by 
Cuschieri and produced by Storz (Tuttlingen, Ger­
many) Inderbitzi of Berne, Switzerland, has de­
signed a set of thoracoscopic instruments which is 
produced and distributed by Wolf (Knittlingen, 
Germany; Fig. 6.3). All the instruments are angled, 
so all parts of the thoracic cavity can be reached. 
Following similar principles Linder of Stuttgart, 
constructed another set in conjunction with the 
Duffner Company (Tuttlingen, Germany). Finally, 
Landreneau has designed in collaboration with PCI 
(Liptingen, Germany) his own thoracoscopic in­
struments. All of these have been developed specifi­
cally for thoracic and pulmonary surgery. In addi­
tion to these reusable instruments special dispos­
able ones are also available (Fig. 6.4). For 
thoracoscopic surgical purposes the fan retractor 
and special grasping forceps are noteworthy. The 
force of these gras pers is elastic via a spring, and 
the grip has been designed to avoid damage of lung 
tissue. 

Fig. 6.3. A set of reusable thoracoscopic instruments (Wolf) 

Fig. 6.4. Disposable instruments (Ethicon) 
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Various Procedures 

-"'" p2 

p3 

In the surgical treatment of benign tumours and 
diverticulae of the oesophagus the access is identi­
cal. Whenever possible, the four trocars are posi­
tioned such that the site of drainage and the inci­
sion line of the thoracotomy are taken into consid­
eration in case of conversion to open surgery is nec­
essary. One trocar is required for the optic, one for 
a retractor, and two for the instruments performing 
the procedure. First the pulmonary ligament is di­
vided. The oesophagus is identified easily and the 
tumour or diverticulum localized with the help of 
the flexible endoscope. For intramural tumours the 
muscular layer is opened (split) and the tumour dis­
sected (Fig. 6.5). Under visual guidance and control 
by the oesophagoscope injury to the mucosa 
should be avoidable. Bleeding from the muscularis 
is stopped by clips, since coagulation may cause ne­
crosis of the mucosa. The muscular defect is 
sutured afterwards (Fig. 6.6). 

Fig. 6.6. Suturing of the muscular layer of the oseophagus 
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p3 

Fig. 6.5. Dissection of an intramural benign oesophageal tu- Fig. 6.7. 1fansection of an oesophageal diverticulum with a 
mour linear stapler 
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Diverticulae may be treated in different ways. 
One technique is resection with closure of the de­
fect with a two-Iayer suture. Stapling (Endo GIA *) 
may be safer than suturing (Fig. 6.7), but is imped­
ed by the rigid instrument having to be introduced 
at an inappropriate angle. With the advent of 
steerable linear staplers, for which prototypes al­
ready exist, this will be facilitated. 

In infiltrating mediastinal masses, surgery of ten 
only involves diagnostic biopsy. So in most cases 
two or three puncture sites are suitable. Smaller 
lymph nodes at any location can be dissected and 
removed. They should be extracted incide the trocar 
sleeve or a bag to avoid contact with the tissues of 
the chest wall. Bleeding is controlled by coagula­
tion ar clips. If the mass is in the upper anterior 
mediastinum a core biopsy with a Tru-cut needle 
under thoracoscopic guidance may be the appro­
priate procedure. Larger masses of lymph nodes 
may cover the greater vessels. During the entire pro­
cedure the orientation of important structures of 
the mediastinum is essential. 

Of ten mediastinal tumours are benign, well en­
capsulated and usually present distinct cleavage 
planes with adjacent structures which facilitates 
their isolation and can thus be easily removed, in 
contrast to infiltrating tumours. Typical examples 
are neurinomas, bronchogenic cysts and thymic 
neoplasms. 

The most frequent site of neurinomas is the 
costovertebral junction but neurogenic tumours 
can develop elsewhere. They are usually subpleural 
and variable in size. Two operative trocars are gen­
erally sufficient to remove the mass with ease. The 
parietal pleura covering the tumour is incised 
around the mass with high-frequency electrocut­
ting. It is then enucleated by dissecting the cleavage 
plane with a mounted swab. The procedure is usu­
ally dry, since the surrounding tissue has little 
blood supply. Smaller vessels can be easily elec­
trocoagulated, while the intercostal artery, if in­
jured, can be dissected and clipped. When 
preoperative examination or thoracoscopic explora­
tion shows the tumour extending into the vertebral 
faramen, the extravertebral part of the tumour 
should be removed and the patient referred to a 
neurosurgeon to remove the rest of the tumour. The 
heterogeneous group of mediastinal cysts includes 
tumours which are simple to remove and others 

which are very difficult to excise. Pleuropericardial 
cysts are the easiest to remove; they always have 
thin walls and originate at the cardiophrenic angle 
in close relationship with the pericardium. They are 
usually readily separable from the fatty aerial 
mediastinal tissue. Before dissecting the mass and 
particularly before using electrocoagulation or en­
dograspers, it is very important to identify the 
phrenic nerve. Dissection of the cyst can be per­
farmed simply by using a mounted swab; rup turing 
the cyst sometimes facilitates the manoeuvre. When 
the cyst has been deflated following rupture or as­
piration of the fluid, it can be extracted through the 
trocar. 

Enterogeneous cysts usually have a more poste­
rior or para-oesophageal location: some are only 
loosely attached to the oesophagus and are easy to 
dissect; others are more firmly adherent to the 
oesophagus and sometimes even to the mucosa. Ac­
cidental injury to the oesophageal mucosa must be 
repaired with an interrupted suture. If this is thora­
coscopically impossible, conversion to open proce­
dure is necessary. 

Other mediastinal cysts (cystic teratomas, bron­
chogenic cysts) are removed by blunt dissection. In 
the presence of marked adhesions with pulmonary 
vessels, thoracotomy is advocated. 

Thymic tumours represent 45 % - 50% of all 
mediastinal tumours. They are of ten well encapsu­
lated and readily cleavable, but some invade adja­
cent structures with variable degrees of adhesion. 
Their size varies, even becoming conspicuously 
large. Whether endoscopic removal is feasible de­
pends more on the degree of infiltration rather than 
the size of the lesion, which, however, may impose 
further difficulties. Thymic tumours are almost 
always located in the anterior superior media­
stinum, tending to extend downwards and to come 
in contact with the pericardium. Nevertheless they 
always remain connected to the innominate vein by 
thin vessels (veins of Keynes) which drain the thy­
mus from its posterior surface into the anterior as­
pect of the innominate vein. These veins are vari­
able in number and each must be isolated and clip­
ped, avoiding excessive traction which might lead to 
accidental injury of the innominate vein. 

In thymic surgery one trocar for the optic and 
two for instruments are sufficient. During inspec­
tion of the field, the lung must be displaced back-
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wards so as to expose the mammary vessels ante­
riorly, the phrenic nerve posteriorly and the in­
nominate trunk superiorly. 

The procedure starts with an electrocoagulating 
incision of the mediastinal pleura around the tu­
mour, usualIy beginning at the posterior aspect of 
the mass between the latter and the phrenic nerve, 
which must be identified and preserved. The inci­
sion then continues downwards to the pericardium 
and upwards parallei with the mammary vessels. 

The loose and soft anterior mediastinal tissue 
presents a loose, avascular plane. The dissection of 
the tumour from the pericardium is sometimes fa­
cilitated by gentle traction on a thread transfixing 
the tumour when the endoscopic grasping forceps 
cannot hold the mass firmly enough without dam­
aging the tissue. Adhesions are progressively divid­
ed, folIowing an upward direction up to the superi­
or thymic pole. Focusing the camera in maximum 
magnification, the superior thymic veins of Keynes 
are identified and then isolated one by one with the 
scissors. They are then divided after placement of 
two endoclips on the side of the innominate vein 
and a single clip on the thymic si de. In large tu­
mours it may be more advantageous to begin di­
rectly with the dissection of the superior peduncle, 
clipping and dividing the veins. This avoids torsion 
of the completely isolated tumour around its vascu­
Iar pedicle and consequent twisting and stripping 
of delicate veins. The mass must be removed from 
the thorax by means of a small utility thoracotomy 
and prior insertion in a plastic bag to avoid tumour 
spread. Accurate haemostasis, positioning of chest 
drain and lung re-expansion conclude the opera­
tion. 

Staging thoracoscopy in oesophageal cancer has 
been performed in a number of cases and can pro­
vide important information regarding the feasibili­
ty of radical surgery in future [1]. 

Postoperative Care 

The postoperative care of patients undergoing such 
procedures is simple. Thorax drainage is common 
to alI of them. AdditionalIy, the oesophageal pro­
cedures require postoperative assessment by 
Gastrografin swalIow. It may be necessary to insert 

a gastric tube, but this is not recommended routine­
ly because of the many disadvantages. 

Results and Discussion 

Since benign tumours of the mediastinum and the 
oesophagus are rather rare only a few case reports 
have been published describing the individual tho­
racoscopic technique of the authors and the post­
operative course of the patients [2, 3]. Bardini et al. 
[4] and Everitt et al. [5] reported the successful 
treatment of leiomyomas. The Tuebingen experi­
ence in the field of benign oesophageal lesions is 
limited to one case of a young man with a symp­
tomatic stenosis of the oesophagus which was 
histologicalIy diagnosed as a bronchogenic cyst. It 
was removed thoracoscopicalIy under oesophago­
scopic control. The postoperative course was un­
eventful. 

In patients with mediastinal lymphomas we 
have harvested tissue for special histological exam­
ination. In one case of a suspected lymphoma we 
found a nodule of thyroid gland tissue after subto­
taI thyroidectomy. The Milan experiences have aiso 
been very positive. There is relatively little risk in 
cases of well encapsulated and noninfiltrating 
masses. Great caution is necessary to avoid damag­
ing any of the major mediastinal vessels or the 
phrenic nerve. Patients are usualIy discharged on 
the third or fourth postoperative day. 
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Introduction 

The development of percutaneous automatic sta­
plers has enabled the execution of anatomic al and 
nonanatomical pulmonary resections by means of 
videothoracoscopic technique. In nonanatomical 
(wedge) resections, a "wedge" of pulmonary paren­
chyma containing the lesion is resected without iso­
lation of any vascular or bronchial hilar structures. 
Videothoracoscopy has rapidly become the choice 
for this kind of intervention, which is, moreover, 
relatively simple to carry out. 

Indications 

The indications for thoracoscopically performed 
wedge resections are peripheral pulmonary lesions: 

- Excisional lung biopsies in diffuse interstitial 
pulmonary disorders 

- Inflammatory pulmonary nodules of uncertain 
diagnosis after fine needle aspiration 

- Benign lung neoplasms (hamartomas, chon­
dromas) or neoplasms of low-grade malignancy 
( carcinoid) 

- Lung metastases of tumours not of pulmonary 
origin, if the primary lesion is resectable, or has 
already been excised and there is no recurrence 

- Small primary lung carcinomas in patients with 
greatly compromised respiratory function. 

Anatomical pulmonary resections (segmentec­
tomies, lobectomies and pneumonectomies) may 
also be carried out with the assistance of videotho­
racoscopic techniques. 

These interventions are technically much more 
difficult to perform due to the need for isolation, 

control and resection of important bronchial and 
vascular hilar structures. Thus they are still uncom­
monly performed thoracoscopically. 

The indications for videothoracoscopically as­
sisted lobectomy are: 

- Inflammatory diseases (bronchiectasies) 
- Congenital malformations (pulmonary arterio-

venous fistula) 
- Peripheral primary bronchogenic neoplasms 

staged T1No-T2No when the lesion is limited to 
the segmental bronchi 

- Benign peripherallung neoplasms or metastatic 
lesions which are too deeply located to be re­
moved by wedge resection. 

The indications for videothoracoscopically assisted 
pneumonectomy are limited to small primary lung 
neoplasms staged T 2NO involving peribronchial 
structures near the bronchial division or the 
pulmonary artery within the fissure and would 
therefore necessitate a pneumonectomy in any case. 

Involvement of the parietal pleura does not con­
traindicate thoracoscopy, as extrapleural cleavage is 
relatively easy to carry out. However, invasion of 
the costal segments requiring excision of the in­
volved chest wall must be performed by the open 
approach. 

Mediastinal lymphadenectomy is also feasible 
endoscopically. 

Traditional thoracotomy incisions are carried 
out by section of important muscles and involve 
traction on the ribs which can result in fractures. 
This causes very intense postoperative pain, which 
is a problem, as reduction of respiratory excursions 
and consequent inefficacy of cough greatly impair 
the clearing mechanisms of the lungs. In its turn 
this favours stagnation of secretions and 
pulmonary collapse. Patients affected by bron-
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chogenic neoplasms are usually elderly smokers 
with chronic bronchitis and thus have compro­
mised respiratory function. In these cases reducing 
pain and a smoother postoperative course through 
a thoracoscopically assisted approach enhances the 
feasibility and safety of pulmonary resections. 

Preoperative Work-up and Preparation 

Preoperative investigations before pulmonary re­
sections depend on the nature of the lesion (benign 
or malignant) and on the respiratory reserve. The 
degree of functional impairment will influence the 
nature of the intervention appropriate for the pa­
tient. Investigations for functional respiratory ca­
pacity are the same as for traditional surgery. In pa­
tients with malignant bronchial neoplasms, the dis­
ease is staged as for traditional surgery, and it is 
particularly important to exclude systemic meta­
static disease. 

Investigations more specifically concerned with 
videoendoscopic surgery are bronchoscopy and 
thoracic computed tomography (CT). In patients 
with bronchogenic neoplasms, bronchoscopy is 
necessary for ac curate evaluation of the extent of 
bronchial involvement. This will determine the site 
of application of the automatic stapler, as manual 
assessment of the bronchus is impossible during 
thoracoscopy. 

CT of the chest is considered indispensable in 
any patient harbouring pulmonary disease of surgi­
cal interest in view of the significant information it 
provides on the morphology, density and precise 10-
cation of the mass. It can also give useful informa­
tion on the state of the hilar and mediastinallymph 
nodes. 

Of particular interest for videothoracoscopically 
assisted surgery is high density CT with very thin 
sections. As well as providing more detailed mor­
phologic information, it is the only method which 
allows scrutiny of the fissures and their relationship 
with the mass, this being of primary importance in 
videothoracoscopic surgery. 

It is important to remember that conversion to 
thoracotomy may be necessary: the patient must 
therefore be prepared as for traditional open sur­
gery. Respiratory physiotherapy, bronchial dilators, 

mucolytics, administration of expectorants and ab­
stinence from smoking are therefore important. 

Administration of anticoagulants and antibiot­
ics for short-term prophylaxis begins 1 day before 
intervention. 

In women, for an optimal cosmetic result, the 
site of a possible minimal thoracotomy (utility 
thoracotomy) is preoperatively drawn along the in­
framammary sulcus to avoid its displacement in the 
lateral decubitus position. 

Anaesthesia 

The patient is intubated before being positioned on 
his si de. The use of a double-Iumen Carlens tube al­
lows single-Iung ventilation and prevents the neces­
sity of a COrinduced pneumothorax as the intro­
duction of the first trocar results in collapse of the 
affected lung, while the contralateral continues to 
be ventilated. This greatly simplifies all endoscopic 
manoeuvres within the cavity. 

Patient Positioning 

The patient is placed in lateral decubitus as for a 
classic posterolateral thoracotomy (Fig. 7.1). The 
patient's arm on the side of access is raised up­
wards and anteriorly to shift the scapula, and a pil­
low is placed under the chest to further expose and 
spread the intercostal spaces. The operating table is 
slanted downwards from the centre on its distal end 
to lower the iliac crest as this can interfere with the 
movements of the camera. 

The operating field is prepared by leaving the 
chest wall exposed between sternum and spin al 
cord, from the third to the ninth rib. This gives suf­
ficient space for insertion of the operative trocars 
required for the intervention. 

Layout of Ancillary Instruments 
and Positioning of StaU 

Even though one monitor is enough, two video­
screens placed on either side of the patient's head 
ensure the best view for all members of the team. 
The position of the surgeon, assistants and scrub 
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Fig. 7.1. Positioning of the patient on the operating table in 
lateral decubitus as for a classical posterolateral thoracoto­
my. The patient's arm on the si de of access is raised upwards 
and anteriorly to displace the scapula, and a pillow is placed 
under the chest to further expose and spread the intercostal 
spaces. The operating table is slanted downwards from the 
centre on its distal end to lower the iliac crest, which can in­
terfere with the movements of the camera 

7.1 

7.2 

Fig. 7.2. Positioning of the operating team and apparatus; S, 
standard position of the surgeon 
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nurse is shown in Fig. 7.2, but the operator often 
needs to change position and sides during the inter­
vention. 

All the surgical instrumentation necessary for a 
thoracotomy must be prepared should conversion 
be necessary. 

Specific Instrumentation 

Videothoracoscopic pulmonary surgery depends 
on specific instrumentation which enable dissec­
tion, resection and suture of pulmonary parenchy­
ma and great vessels both safely and with ease. This 
is now possible in thoracoscopic surgery with the 
introduction of endoscopic staplers and endoscopic 
clips appliers. Even though this sophisticated in­
strumentation has evolved rapidly to a high degree, 
it still requires further improvement. 

An endoscopic version of instruments similar to 
those commonly employed in open surgery (such as 
atraumatic clamps, retractors dissecting forceps, 
and O'Shaugnessy ligature carriers) have been in­
troduced only recent1y. 

A forward viewing endoscope 10 mm in diame­
ter is usually employed with excellent results. In 
special cases, optics with a 30° or 45° viewing angle 
can be helpful. However, we have no direct opera­
tive experience yet with the new flexible optics with 
distal charged couple device (CCD) camera, which 
should improve the visual quality by centring the 
field and enabling the best angle of vision. 

The standard laparoscopic trocars have served 
well up to now, but the shorter atraumatic thoracic 
trocars recent1y introduced facilitate the manoeu­
vres and decrease the risk of injury to the intercos­
taI vessels. 

In addition to endoscopic shears and graspers, 
other useful instruments such as endoscopic Bab­
cock grasping forceps and retractors are necessary 
to lift and retract the lung parenchyma. 

A good washing-aspirating system is essential to 
keep the operative field clean. An endoscopic clip­
applier is also necessary for haemostasis of small 
vessels. Endoscopic staplers with disposable vascu­
Iar loading units permit closure/division of large 
vessels, and parenchymalloading units are required 
for stapling the lung. A suitable plastic bag in 
which to insert the resected lung avoids the need for 

morcellation and tumour implantation during ex­
traction. 

During these operations many conventional in­
struments are widely employed to overcome the 
present inadequacy of endoscopic instrumentation. 
Conventional instruments can be introduced 
through the utility thoracotomy but also through 
the skin incisions for the trocars. As there is no 
need to maintain positive pressure, the valved 
trocars can be removed to allow greater freedom of 
movement for the instruments. This can be very 
helpful even though these conventional instruments 
cannot be optimally employed (impossibility of 
opening the O'Shaugnessy ligature carrier etc.; 
Fig. 7.3). 

Access 

The patient lies in lateral decubitus on the side op­
posite to the lesion. The operation begins with col­
lapse of the selectively intubated lung. This results 
in a large work space for manoeuvres despite the 
rigidity of the chest. 

The first 10-mm trocar for introduction of the 
camera is inserted in the seventh or eighth intercos­
taI space in the midaxillary line. A "low" insertion 
of the camera has many advantages: it allows an 
optimal position for immediate exploration of the 
pleural cavity; neither surgeon nor assistant have to 
watch a "mirror" image; it does not hinder intro­
duction or manoeuvrability of instruments inserted 
at a later time. 

Other operative trocars (5, 10, 12 or 15 mm in 
diameter) are usually positioned after trying out 
the chosen site with long, thin needles. As rigidity 
of the ribs and narrowness of intercostal spaces 
considerably limit the angulation which may be ob­
tained, this can help to evaluate the angle which 
will be needed by the instruments to reach the oper­
ative field. Vsually two operative trocars are insert­
ed in the sixth intercostal space along the anterior 
axillary line, and in the fifth under the scapular tip 
(Fig. 7.4). Additional trocars may be placed in vari­
able positions according to the site and characteris­
tics of the lesion. 

In pneumonectomy, lobectomy or removal of 
large specimens, a small thoracotomy inci sion is 
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Fig. 7.3a, b. Endoscopic (a) and conventional (b) instrumentation necessary for major pulmonary resections 
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Fig. 7.4. Sites of insertion of the trocars and utility thoraco­
tomy. A !O-mm trocar for the camera is inserted in the sev­
enth or eigth intercostal space on the midaxillary line to pro­
vide the best exposure. Usually two other operative trocars 
are inserted in the sixth intercostal space anteriorly and pos­
teriorly. Supplementary trocars can be positioned as re­
quired. A utility thoracotomy is usually performed along the 
inframammary sulcus 

necessary for the extraction. This should be carried 
out right at the beginning of the operation so as to 
permit the use of nonendoscopic instruments if 
necessary, thus providing what we refer to as a 
"utility thoracotomy" (see p. 146). 

Surgical Technique 

Surgical technique for thoracoscopic nonanatomi­
cal pulmonary resections (wedge resections) and 
anatomical videothoracoscopically assisted resec­
tions (lobectomies, segmentectomies and pneumo­
nectomies) follows the same steps and have the 
same indications as the equivalent thoracotomy 
procedures. 

Nonanatomical Pulmonary Resections 

Nonanatomical pulmonary resections (wedge resec­
tions) are those in which the excision does not fol­
Iowa definite anatomical plane. The most impor­
tant points are control of bleeding and air leakage 
from the resection lines. Wedge resections are a rel­
atively simple procedure when the lesion to be re­
moved is small, peripheral and superficial, and thus 
at a good distance from any major bronchial or 
vascular structure. As size of the parenchyma in­
volved increases, it becomes harder to obtain cor­
rect haemostasis and aerostasis. 

In traditional chest surgery the lesions are easily 
identified by manual palpation. By contrast, this 
can give rise to great difficulty during thoracosco­
py, as instrumental palpation is considerably less 
sensitive, particularly if the lesion is soft and locat­
ed deep in the parenchyma. Preoperative marking 
of the mass is extremely important so as to avoid 
prolonged thoracoscopic exploration. It is some­
times necessary to introduce the fingers or even the 
hand for manuallocation of the lesion by means of 
a small thoracotomy. One of the simplest and safest 
methods is to preoperatively "hook" the lesion un­
der CT scanning with a needle as for marking im­
palpable tumours of the breast. Upon reaching the 
lesion, the needle is withdrawn, releasing its coaxial 
wire hook. Operation should follow this preopera-



a 

c 

Videoendoscopic Pulmonary Resections 145 

tive localization immediately to reduce the risk of 
displacement of the hook (Fig. 7.5). 

The position of the trocars varies according to 
the site of the lesion. The first trocar is introduced 
with its valve open. This causes collapse of the lung 
excluded from ventilation by a double-Iumen tube. 
The first trocar also serves to introduce the camera 
and is therefore placed in the seventh or eighth in­
tercostal space where the thorax is wider and inter­
nal movements of the camera are facilitated. 

Only two other trocars are needed for execution 
of the operation. The most frequently chosen site 
of insertion is the fifth intercostal space, anteriorly 
and posteriorly along the line which would serve 
for a classic posterolateral thoracotomy. The fourth 
intercostal space may be used for more apical le­
sions, or the sixth for lower ones. 

Fig.7.Sa-c. Identification of deep intraparenchymal le­
sions can be difficult in videothoracoscopic surgery due to 
the loss of manual palpation. Preoperative marking of the 
lesion is extremely useful. One of the simplest and safest 
methods is to preoperatively "hook" the lesion under CT 
scanning (a) with a needle as for marking impalpable tu­
mours of the breast. Upon reaching the lesion, the needle is 
withdrawn, releasing its coaxial wired hook. Operation fol­
lows immediately to limit the risk of displacement of the 
hook and also to avoid a possible pneumothorax subsequent 
to the puncture. The "hooking manoeuvre" is illustrated in 
picture and drawing (b, c) 

Preliminary exploration is simple if the lesion is 
superficial, causes retraction of the pleura, or has 
been preoperatively hooked with a needle. 

It is important to free the lung from any adhe­
sions by section with scissors or by electrocutting. 
Diffuse adhesions, however, may cause consider­
able difficu1ty and require time and patience to sep­
arate. Complete adhesiolysis allows displacement 
of the lung with an endoscopic grasper or en­
doscopic Babcock grasping forceps, with care to 
avoid excessive traction which may damage or tear 
the delicate parenchyma. Lateral inclination of the 
operating table will facilitate exploration of more 
anterior or posterior segments. 

Exploration of the inferior lobe can at times be 
hindered by the triangular ligament which can be 
sectioned with an endoscopic scissor right up to the 
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Fig. 7.6a, b. Utility thoracotomy. The 3- to 4-cm incision is 
usually performed in the third or fourth intercostal space, 
lateral to the pectoralis major and medial to the serratus 
anterior along the inframammary sulcus, and is preopera­
tively marked with a dermographic pencil 

inferior pulmonary vein, after electrocoagulation 
of the ligament's artery. 

When the parenchyma which must be resected is 
abundant, a 3- to 4-cm utility thoracotomy must be 
performed anteriorly, between the midclavicular 
and the anterior axillary line (Fig. 7.6). 

We have coined the term "utility thoracotomy" 
as we use this not only for removal of larger speci­
mens, but also to introduce and employ those in­
struments not yet available for endoscopy. More­
over, in vascular lesions which may oCcur in major 
lung resections, a haemostatic clamp through this 
minimal incision can control the bleeding while 
conversion to thoracotomy is being effected. The 
utility thoracotomy is performed in the third or 
fourth intercostal space, lateral to the pectoralis 
major and medial to the serratus to avoid section of 
major muscles. Moreover, in this region the inter­
costal spaces are wider. The utility thoracotomy is 
performed under direct endoscopic vision so that it 
is made to face the fissure. For aesthetic purposes 
in women, the inframammary sulcus is preopera­
tively marked with the patient in an upright posi­
tion. 

Endoscopic staplers have permitted and greatly 
facilitated the performance of wedge resections. 

However, certain precautions and technical details 
must be followed to render these interventions safe. 

Rigidity of the ribs and narrowness of intercos­
taI spaces limit greatly the manoeuvrability of en­
doscopic staplers. Further development of these 
staplers to enable rotation and angulation of the 
functional endpiece will· considerably enhance the 
ease and safety of their application. Present instru­
ments are too long, rigid and rectilinear to allow 
sufficient freedom of movement in the restricted 
pleural space. Whenever the affected lung is dif­
ficuIt to reach with the endoscopic stapler, it should 
be drawn towards the instrument. 

It is also essential to check carefully that the 
thickness of the compressed parenchyma does not 
exceed the holding length of the clips as this would 
resuIt in sub optimal closure, with leakage of air 
and blood when the lung is reinflated. 

Wedge resection is very simple when there is just 
a small, superficial portion of lung to resect and 
may only need one application of the endoscopic 
stapler. As the parenchyma is held in gentle traction 
with an endoscopic grasper, the endoscopic stapler 
is applied across the base of the chosen segment, 
the jaws closed and the instrument then fired. 

Sometimes the stapled segment remains at­
tached at its distal end or even along the line of sta­
ples. Whenever this happens, division is completed 
with endoscopic scissors, taking care to cut the re­
maining fibres between the two rows of triple-stag­
gered staples. 

b 
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If the portion to be resected is large, several ap­
plications of the endostapler may be required. It is 
important in this case to check that the second ap­
plication is not superimposed on the first line of 
staples. This may impair haemostasis and 
aerostasis, or even result in parenchymallacerations 
on withdrawal of the stapler. 

The parenchyma adjacent to larger or deeper le­
sions close to the vascular and bronchiolar bran­
ches is thicker when compressed by the stapler 
limbs and particular care is required to verify that 
closure of the jaws is complete, which indicates that 
the entrapped parenchyma comprised is not too 
thick or fibrous, for safe staple closure. By contrast 
if the approximation of the jaws is incomplete, the 
resulting closure will be unsafe. 

For lesions 3 - 4 cm in size, the line of resection 
must include a wedge of parenchyma with the apex 
corresponding to the bronchovascular pedicle. This 
minimizes the risk of damage to the bronchial and 
vascular supply to surrounding segments. 

When a wedge resection is not feasible because 
of an excessively large or central lesion, thoraco­
scopicalIy assisted or thoracotomy-performed ana­
tomical resection (lobectomy or segmentectomy) is 
necessary. 

Thoracoscopically Assisted Lobectomies 
and Pneumonectomies: 
General Principles 

Anatomical resective interventions (lobectomies 
and pneumonectomies) are the most difficult 
thoracoscopic operations and require long training 
in conventional thoracic surgery. The procedure 
and isolation of arteries, veins and bronchi folIow 
the same steps as alI open thoracic interventions 
and require the same technical support. 

Endoscopic versions of automatic staplers, 
widely employed in conventional thoracic surgery, 
not only alIow but greatly facilitate suture section 
of vessels and bronchi in thoracoscopicalIy assisted 
interventions, too. 

The operative procedure folIows three main 
phases: (1) mediastinal, (2) fissural, and (3) bron­
chial. 

Mediastinal Vascular Phase 

Isolation, suture and section of mediastinal vessels 
usualIy folIows a common procedure in the various 
kinds of resection and necessitates extensive 
knowledge of the anatomy of the main hilum. The 
difficulties are greater than those in conventional 
surgery and are mainly due to a small operative 
field, inadequate current endoscopic instrumenta­
tion such that traditional instruments have to be 
used through the trocars or through the "utility 
thoracotomy", and isolation of vascular elements 
must be more accurate and extensive to alIow posi­
tioning of straight mechanical staplers which are, 
moreover, much thicker than a conventional 
O'Shaugnessy dissector. Excessive traction or 
rough, uncautious movements can result in vascu­
Iar lesions which may be difficult to repair. 

After introduction of the camera and cannulae, 
the pulmonary parenchyma is grasped and moved 
to stretch and divide any adhesions. 

AlI preliminary manoeuvres are as described 
previously for atypical resections. The mediasti­
num must be accurately explored both visualIy and 
by palpation with forceps and swabs in search for 
lymph nodes. 

The outer coat of pulmonary vessels consists of 
loose connective tissue extending from the pericar­
diurn. If this adventitia is thin, the vessels can be 
perceived through it and gentle swabbing towards 
the lung (never in the opposite direction) achieves 
isolation of their anterior and lateral aspects. If the 
adventitia is thicker and blunt dissection does not 
suffice, the adventitia is grasped and inci sed with 
scissors. Curved endoscopic scissors and dissecting 
forceps may then be used to obtain a plane of cleav­
age between the adventitia and the vascular walI 
which must be carefulIy and gently dissected 
(Fig. 7.7). 

Once the vessel is isolated on its entire circum­
ference, a thread is passed around it with a conven­
tional O'Shaugnessy forceps or an endoscopic 
roticulator grasper (Fig. 7.8). Gentle traction on 
this sling will alIow further exposure of the vessel 
and any posterior adhesions can then be cauterized 
and divided. 

One of the most difficult and essential steps is 
the positioning of an endoscopic stapler. This of ten 
requires several attempts to find the correct angle, 
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as the tip of the instrument's jaws must go well be­
yond the vessel to ensure complete closure. To 
achieve this, the surgeon of ten has to change his 
position as well as the position of the endostapler 
through the trocars or through the utility 
thoracotomy. Optimal placement of the stapler is 
essential before firing. 

If the correct technique has been followed and 
the vessel was adequately isolated, the section will 
be clean and the stumps will fall apart immediately 
after the endoscopic stapler is opened (Fig. 7.9). 
Residues of adventitial fibres can prevent the open­
ing and extraction of the endostapler; they must 
therefore be sectioned with scissors between the 
two triple-staggered rows of staples. These are dan­
gerous manoeuvres and extreme caution must be 
exercised to avoid damaging the vessel. 

If isolation is sufficient1y extensive, a vascular 
clamp can be introduced and applied proximally on 
the vessel. The clamp is removed only after check­
ing that the staples are well placed and haemostasis 
on the distal stump (which can be seen) is perfect. 

Pulmonary arteries and veins are isolated using 
a similar technique, but it is important to remember 
that the pulmonary arteries are more fragile than 
the pulmonary veins and thus require even greater 
caution. 

Fissural Phase 

Freeing the fissure to isolate the lobar artery is the 
most important phase when carrying out a lobec-

... 
Fig. 7.7a, b. Dissection of the lobar artery within the fissure. 
Isolation of the lobar artery is the most difficuIt step when 
performing a lobectomy. This can be do ne through a careful 
use of swabs, gras pers and scissors to obtain a plane of 
cIeavage between the adventitia and the vascular walI 

Fig. 7.8 a, b. Once the vessel is isolated along its entire cir­
cumference, a thread is pas sed around it with a conventional 
O'Shaugnessy forceps or the Roticulator Endograsp. An en­
doscopic Roticulator grasper is inserted behind the left infe­
rior pulmonary vein originating posterior to the descending 
aorta 

Fig. 7.9a, b. The left inferior pulmonary vein is surrounded 
with a thread to facilitate the insertion of the stapler and 
then secured. After the sta pier has been fired, the vascular 
stumps falI apart. Here the lower stump is partialIy hidden 
by the aorta 

tomy. The lobar hilum is anatomically more com­
plex than the primary hilum: it has more ramifica­
tions and it is located deeper and in closer connec­
tion with lymph nodes and bronchi. Inflammatory 
processes and subsequent peribronchial fibrosis 
may obscure the artery, making access and isola­
tion very difficult. 

In young patients the fissure is frequently well 
marked. The artery can be seen deep in the fissure 
or its pulsations may be perceived when covered by 
a thin layer of lung parenchyma. In older patients 
emphysema produces thickening of the fissure, thus 
making identification and isolation of the artery 
very difficult, even more so if large or calcified 
lymph nodes are present. 

Loose or avascular adhesions present within the 
fissure are easily cauterized and sectioned. If the 
adhesions are thicker or diffuse, the dissection nec­
essary to expose the artery can result in bleeding, 
which even though slight, is often very difficult to 
control. Whenever this occurs, continuation of the 
intervention by the thoracoscopic route is danger­
ous and conversion to thoracotomy is recom­
mended. 

Suture section of the artery, once it has been iso­
lated, follows the same rules as described for the ar­
teries during the mediastinal phase. Larger vessels 
must be stapled, while endoclips are sufficient for 
the lesser ones. Incomplete residual segments of 
fissure may be divided by stapling. 

Bronchial Phase 

After suture section of all vascular structures, the 
bronchus is the last element to be divided. As pro­
posed by many authors, there are different tech­
niques of bronchial suture. Automatic staplers have 
greatly simplified this choice, at the same time re­
ducing the risk of fistulization. 

Endoscopic staplers have the same characteris­
tics as conventional automatic staplers, but at pre­
sent endoscopic versions are limited to Endo GIA 
30 - 60, 3.5 - 30 V staples, which are rather inade­
quate for suturing the bronchi, particularly the 
main stern ones. 

As for conventional surgery, it is important not 
to devascularize the bronchial stump and not to 
leave an excessively long bronchial stump, which fa-
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Fig.7.IOa, b. Once isolated, the bronchus is introduced in 
the endostapler's jaws and secured. Possible residual fibres 
can be sectioned with endoscopic scissors. The right inferior 
bronchus inserted in the stapler and the already secured infe­
rior pulmonary vein are visible 

vours stagnation of bronchial secretions and, con­
sequently, the formation of a fistula. 

The bronchus is isolated using a mounted swab 
with electrocoagulation of small vessels when these 
are encountered during dissection. Peribronchial 
lymph nodes are removed and the bronchial artery 
is isolated and clipped. The bronchus is introduced 
within the jaws of the endostapler and divided. 
Some residual connective fibres frequently remain 
between the two stapled bronchial edges and must 
be sectioned with endoscopic scissors. 

Sometimes the bronchus for the apical lower 
originates higher, at the same level as the bronchus 
for the middle lobe. In right lower lobectomies, if 
the apical lower bronchus and the lower bronchus 
are sectioned off together with a single shot of en­
dostapler (Fig. 7.10), there is considerable risk of 
stenosing the bronchus for the middle lobe. It is 
therefore more convenient to stable section with 
two separate applications: one for the apical lower 
bronchus, and one for the bronchus to the basal 
segments. 

Suturing the main bronchus presents some pecu­
liar problems. In our experience of videothoraco­
scopically assisted pneumonectomies (limited to 
few cases), endoscopic staples are too short for safe 
c10sure as the main bronchus is too thick and large. 

Therefore after suture section of the vessels, the 
main bronchus is divided with scissors and the col­
lapsed lung removed through the utility thoraco­
tomy. The edges of the remaining stump are then 
grasped with two traditional c1amps or two endo­
scopic grasp, drawn upwards and c10sed by a con­
ventional 4.5 TA Roticulator inserted through the 
utility thoracotomy. 

The angle of insertion of the TA Roticulator and 
traction on the grasper allow c10sure of the bron­
chus leaving only a short stump. Any residual tissue 
can be sectioned off with endoscissors a few milli­
metres from the suture line. Due to the limited 
space available for manoeuvres, c10sure of the 
bronchus with TA Roticulator is possible only after 
extraction of the lung (Fig. 7.11). After a careful 
check for haemostasis and re-expansion of the 
lung, a chest drain is placed after lobectomy. We do 
not usually place a drain after a pneumonectomy. 
Suture of the utility thoracotomy conc1udes the op­
eration. 

Types of Anatomical Pulmonary 
Resections: Particular Aspects 

Right Upper Lobectomy 

Right upper lobectomy is one of the most difficult 
lobectomies because the artery must be isolated 
both in the mediastinum and within the fissure. 

b 
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Fig. 7.11 a, b. Endoscopic staples are too short for a safe su­
ture as the main bronchus is too thick and large. The latter 
is divided with scissors and the collapsed lung is removed. 
The bronchial stump is first drawn upwards with two 
graspers and then secured with a TA Roticulator inserted 
through the utility thoracotomy. Suture of the main bron­
chus is shown 

The cannula for the optic is inserted in the sixth in­
tercostal space and the two operative trocars in the 
fourth or fifth space, according to the level of the 
fissure. The utility thoracotomy is performed under 
direct vision in the third or fourth space so as to 
face the mediastinal vascular elements. The upper 
lobe is displaced posteriorly with endoscopic 
gras pers or Babcock grasping forceps. The vena 
cava dominates the operative field and the vas cuI ar 
elements appear to originate beneath it. The 
mediastinal pleura is incised with graspers or en­
doscopic scissors. The vascular elements are identi­
fied. The superior pulmonary vein is the first ele­
ment to be isolated as it is the easiest to free 
(Fig. 7.12). The vein must be dissected for as great 
a length as possible so that the trunk for the upper 
and middle lobes are freed as well. The truncus for 
the upper lobe is encircled with the Endograsp 
Roticulator after complete isolation of the venous 
trunk in order to avoid damage to the intermediate 
artery, which runs just behind the vein. The En­
dograsp Roticulator permits passage of a nylon 

thread around the vessel. This allows agentle trac­
tion which facilitates the positioning of the endo­
stapler and suture section of the superior pulmo­
nary vein. 

The anterior arterial trunk (of Boyden) is isolat­
ed with the endoscopic grasper, scissors and swabs. 
The dissection starts at the lower margin and pro­
ceeds to its terminal branches, using the same tech­
nique as for the superior pulmonary vein. The 
arterial trunk and the intermediate artery for fis­
sure are now visible. The latter may then be fol­
lowed within the fissure, which is carefully opened 
with electrocoagulating dis sector and scissors. This 
manoeuvre can be very difficult and dangerous if 
the fissure is particularly thick and the posterior as­
cending artery is deeply located. The posterior as­
cending artery usually has a small calibre and can 
be severed between clips. The superior lobe is then 
grasped and displaced anteriorly to expose the 
posterior mediastinum thus exposing the azygos 
vein and the main bronchus. The mediastinal pleu­
ra is incised with scissors and the upper bronchus 
is isolated over an adequate distance. Possible 
bronchial arteries are clipped and severed. The 
bronchus is surrounded with the Endograsp Roti­
culator. This facilitates placement of the en­
doscopic stapler. The division of fissure between 
the upper and the middle lobe anteriorly, and the 
lower lobe posteriorly, can be completed with the 
endostapler. 
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Middle Lobectomy 

In the middle lobectomy the first 10-mm trocar for 
the optic is inserted in the sixth intercostal space 
along the midaxillary line. Two other trocars for the 
instruments are positioned in the fifth space. The 
utility thoracotomy is carried out under direct vi­
sion so that it is made to face the lower lobe fissure. 

The middle lobe is grasped with the endoscopic 
gras per or Babcock grasping forceps and displaced 
posteriorly. The mediastinal pleura is then incised 
with endoscopic swabs or scissors, thus uncovering 

Fig. 7.12. a Isolation of the right superior pulmonary vein. 
The superior pulmonary vein is the first element to be isolat­
ed during a right upper lobectomy as it is the easiest to free. 
Endoscopic scissors or dissectors can be used to obtain a 
cleavage plane between the adventitia and the vascular wall 
which must be gentiy dissected. b, c Intraoperative magni­
fied picture and relative drawing 

the superior pulmonary vein. The venous branch 
for the middle lobe is isolated with the same in­
struments and encircled with an Endograsp Roti­
culator carrying a nylon thread. This sling is used 
to exert gentle traction. As the calibre of this ve-

c 
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nous branch is usualIy smalI, it can easily be sec­
tioned with endoscopic scissors after placement of 
two endoclips. If the branch is larger, it is secured 
with an endoscopic stapler. 

The fissure between the middle and the lower 
lobe is opened with electrosurgical dissection to 
isolate the artery for the lower lobe and the middle 
lobe. The latter is isolated over an adequate dis­
tance and is sectioned using the same technique as 
for the vein. The possible presence of a second and 
more anterior artery for the middle lobe must al­
ways be considered. The middle lobar bronchus is 
now identifiable by instrumental palpation and can 
be dissected with an endoscopic swab inserted 
through the trocar port or the utility thoracotomy. 
A thread is passed around the bronchus to facilitate 
the positioning of the endoscopic stapler, which is 
used to effect it closure. The main fissure can be 
completed with the endostapler. 

Right Lower Lobectomy 
aud Left Lower Lobectomy 

Right and left lower lobectomy are described to­
gether as they present many common anatomical 
and technical aspects. 

The first cannula for the optic is inserted in the 
seventh intercostal space and the two operative can­
nulae anteriorly and posteriorly in fifth space, right 
on the line of the classical posterolateral thoracot­
omy. The utility thoracotomy is performed under 
video control usualIy in the fourth or fifth space, so 
as to face the fissure. 

The operation starts by isolating the inferior 
pulmonary vein. Pointing the camera downwards, 
the diaphragm and the base of the lung are ex­
posed. The lung is then grasped with an endoscopic 
gras per and drawn upwards to achieve mild tension 
on the inferior pulmonary ligament. This is divided 
up to the inferior pulmonary vein. The camera is 
again pointed upwards and the inferior pulmonary 
vein is isolated using the same procedures as for the 
pulmonary ligament. The vein can be surrounded 
with an Endograsp Roticulator to pass a thread 
which will facilitate the insertion of the endostapler 
and subsequent transection of the vein. Division of 
the inferiQr pulmonary vein increases the mobility 
of the lower lobe. 

The dissection of the artery within the fissure is 
a difficult step and folIows the same procedures 
previously described in the general section. 

During a right lobectomy the artery must be iso­
lated until the branches for the middle lobe and the 
apical lower segment have been identified. The 
right arterial trunk to the basal segments runs with­
out divisions for a longer distance than the equiva­
lent branch on the left. 

The artery is isolated with endoscopic gras pers 
or scissors for a sufficient distance to be encircled 
by a thread passed with an Endograsp Roticulator. 
By traction on the sling section of posterior adven­
titial fibres is facilitated, as is the positioning of the 
endostapler. The branch or branches to the apical 
lower segment are severed between clips. 

During a left lobectomy, isolation must be more 
accurate due to the necessity for isolation of alI the 
arteries to the lingula, and the artery must be fol­
lowed in the fissure for a long distance. AlI the 
branches to the basal segments and to the apical 
lower segment must then be clipped and severed. 

After securing the arteries, the lung is displaced 
anteriorly to free the lower bronchus with endo­
scopic scissors and swabs with electrocoagulation 
of the small vessels. The endostapler is positioned 
with the same precautions already described for the 
other procedures and the bronchus is closed and 
transected. The anterior part of the fissure can be 
completed with applications of endostapler. 

Left Pueumouectomy 

The first trocar for the camera is inserted in the sev­
enth intercostal space along the midaxillary line, 
and the pleural cavity is explored to evaluate the 
site of the tumour and its anatomical relationship 
with the mediastinal structures. The utility 
thoracotomy is performed under direct endoscopic 
vision, usualIy in the second or third intercostal 
space so as to face the main pulmonary artery. 
Once the operability is ascertained, the surgical 
steps are similar to those of a classical pneumonec­
tomy. Complete mobilization of the lung and divi­
sion of the inferior pulmonary ligament is achieved 
by using either electrocoagulation with endoscopic 
scissors or blunt dissection with endoswabs. Major 
vascular structures are dissected with Endograsp 
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Roticulator forceps or O'Shaugnessy ligature carri­
er and encircled with a thread, which allows a gen­
tie traction so as to facilitate the positioning of the 
stapler. We always place a vascular clamp under­
neath the endostapler before staple section to pre­
vent severe haemorrhagic complications in case of 
stapler dysfunction. The lower pulmonary vein is 
transected with the endostapler bearing 2.8- or 
3-mm vascular staples, and the vascular clamp is re­
moved. 

The upper pulmonary vein is then dissected on 
its anterior aspect while the lung is retracted down­
wards and posteriorly. Using a Roticular Endo­
grasp the vein is completely isolated, encircled with 
a thread and secured with an endostapler. 

Fig. 7.13a-c. Dissection of the main pulmonary arteries is 
the most difficult step in videothoracoscopic left pneumo­
nectomy. As shown in a and b, the left main pulmonary ar­
tery has been isolated and encirc1ed with a Roticulator En­
dograsp to enable passage of a thread which will facilitate 
positioning of the stapler 

Dissection of the main pulmonary artery is the 
most difficult step in videothoracoscopic left pneu­
monectomy (Fig. 7.13). Absence of adequate endo­
scopic instrumentation makes it difficult to find 
the plane of dissection. Once completely free, the 
artery is transected with an endoscopic stapler. It 
may be difficult to find the correct angle of posi­
tioning the stapler. When this is achieved, dissec-
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Fig. 7.14a, b. Lymphadenectomy. Lymph nodes can be re­
moved by combined sharp and blunt dissection. The partial­
ly isolated inferior pulmonary vein is visible behind the 
gras per holding a lymph node 

tion is clean and the arterial stump immediately 
falIs after opening the stapler. EventualIy the main 
bronchus is dissected for a sufficient length while 
the bronchial arteries are electrocoagulated or 
clipped. The bronchus is severed using one or two 
triple rows of staples and endoscissors. Due to 
thickness of the main bronchus, endostaplers at 
present do not guarantee a safe suture. For this rea­
son the collapsed lung is grasped with two Duval 
clamps and gently coaxed through the utility 
thoracotomy. The edges of the residual bronchial 
stump are grasped with two conventional clamps or 
two endoscopic gras pers, drawn upwards and clos­
ed with a conventional 4.5 TA Roticulator inserted 
through the utility thoracotomy (Fig. 7.11). 

In the course of alI the above-described proce­
dures, lymph nodes encountered are removed with 
a technique similar to that for open surgery. In 
videoendoscopic operations they are magnified and 
even the smallest ones can be easily excised 
(Fig. 7.14). 

Postoperative Care 

The postoperative course of thoracoscopicalIy as­
sisted pulmonary resections differs from open tho­
racic interventions in that trauma is minimal, pain 
is drasticalIy reduced and recovery is accelerated. 
At the end of the operation a control X-ray is done 
to rule out any endothoracic collections, to check 
the re-expansion of the lung and in pneumonec­
tomy cases to establish the position of the media­
stinum. In partial resections, the drain is placed un­
der water seal and connected to suction. It is usual­
ly removed 24 h later if there is no air leakage. After 
pneumonectomy the pleural cavity must be kept at 
a slight negative pressure of 1-12 cm of water so 
as to favour displacement of the mediastinum and 
compensatory overexpansion of the remaining 
lung. 

As previously mentioned, the great reduction of 
pain compared to traditional "open" resections en­
sures a smooth postoperative course by improving 
effective coughing and expectoration of bronchial 
secretions which otherwise tend to stagnate, leading 
to secretional airway obstruction and postoperative 
bronchopneumonia. 

b 
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Complications and Results 

Complications of videothoracoscopic pulmonary 
resections are the same as in conventional surgery. 

From October 1991 to March 1994, 78 patients 
underwent thoracoscopicalIy assisted surgery with 
the intent of performing major pulmonary resec­
tion in our department. Out of these, 71 major pul­
monary resections proved to be possible: one right 
apical lower segmentectomy, 65 lobectomies (14 
right lower lobectomies, nine middle lobectomies, 
16 right upper lobectomies and 18 left lower lobec­
tomies) and three left pneumonectomies and two 
right pneumonectomies. These operations were car­
ried out in patients with an average age of 52.9 
years (range 11-74 years). 

Eleven patients (15070) had benign pulmonary 
disease, four (6070) had pulmonary metastases non­
resectable by a wedge resection and 56 (79%) were 
suffering from primary lung neoplasms at TNM 
clinical stage 1. In alI these patients lymph­
adenectomy was performed, and in 16 (28.5%) 
cases pathological findings revealed Ni disease (Ta­
ble 1). 

In our experience, diffuse pleural adhesions 
rarely represent an insuperable problem, since they 
can usualIy be divided. Fissural isolation of the ar­
tery is the most difficult step and of ten determines 
whether a major videoendoscopicalIy assisted 
resection is feasible. In our series, five patients re­
quired conversion to open procedure. In one of 
them, after having isolated and secured the superi­
or pulmonary vein and the anterior arterial trunk, 
displacement of the double-Iumen orotracheal 
Carlens tube caused a sudden and irreversible re-ex­
pansion of the lung, thus preventing fissural isola­
tion and completion of the procedure. In three oth­
er patients inflammatory changes had obliterated 
the fissure, thereby precluding a safe dissection of 
the artery. In three cases moderate bleeding from a 
lobar artery was controlled by positioning a vascu­
Iar clamp, but the fibrotic fissure did not permit 
isolation and transection of the artery. 

In our series there was no peri- nor postopera­
tive mortality, and no reinterventions were neces­
sary. Out of 71 patients submitted to videothoraco­
scopic resections, 62 (87%) had an uneventful post­
operative course and the chest drain was removed 
on the fifth postoperative day (range 2-10). One 

Table 1. Pathology of major videothoracoscopieally assisted 
pulmonary resection 

Disease 

Primary lung tumors 
Squamous ceH carcinomas 
Adenocarcinomas 
Bronchiolo-alveolar carcinomas 
Undifferentiated large ceH carcinoma 
Atypieal carcinoid 
Plasma ceH granuloma 

Benign lung diseases 
Bronchiectasis 
Arteriovenous fistula 
Pseudotumor (sarcoidosis) 

Patients (n) 

56 
7 

16 
4 
3 
2 

11 
9 

Lung metastasis 4 
Endobronchial metastasis from renal 
clear-ceH carcinoma 1 
Colonie adenocarcinoma 2 
Skin melanom 1 

patient with bronchiectasis and diffuse inflamma­
tory changes needed a postoperative blood transfu­
sion but otherwise the postoperative course was 
uneventful. In nine (13%) cases prolonged air leak­
age was observed (mean: 21 days; range: 12-45 
days) and a pleural infection occurred in one pa­
tient. Protracted air leakage should not be consid­
ered as a specific postoperative complication as the 
candidates for this kind of surgery are often af­
flicted by impairment of respiratory function and 
emphysema, and therefore prone to this kind of 
event. 

Two patients had haemorrhagic pleural effusion 
after chest drain withdrawal (on third and fourth 
postoperative day). One of these required insertion 
of a new drain under CT control; the other did not 
require any active measures and his postoperative 
course was not prolonged. 

The postoperative course of these patients is 
enormously improved mainly because of the near 
absence of pain, which alIows good respiratory 
function and therefore efficacy of cough is main­
tained. Rapid recovery and resumption of normal 
activity are the norm in patients with good 
preoperative respiratory reserve. Patients with con­
traindications to conventional open surgery derive 
particular advantage from the minimal functional 
impairment and smooth postoperative course. 
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8 Laparoscopie Liver Surgery 

A. CUSCHIERI 

Introduction 

Current1y, laparoscopie liver surgery is in its infan­
cy and is confined to limited, nonanatomieal resec­
tions for small tumours, deroofing of large simple 
cysts and pericystectomy for accessible hydatid dis­
ease. There is, however, little doubt that with the 
use of the emerging, advanced ancillary technolo­
gies, the scope of laparoscopie liver surgery will be 
extended such that major resections, whieh are cur­
rently experimental, will be performed clinieally in 
the near future. 

The important ancillary technological advances 
whieh will play a signifieant role in the develop­
ment of laparoscopie liver surgery are: contact 
ultrasound scanning, ultrasonie dissection, water 
jet dissection, argon and helium ion plasma coagu­
lation, cryotherapy and laser dissection with photo­
coagulation. 

Ancillary Technology 

Laparoscopie Contact Hepatic UItrasound 
Scanning 

Contact laparoscopie ultrasound scanning is dis­
cussed in Chapter 14 of this volume. As in open liv­
er surgery, contact laparoscopic ultrasound scan­
ning of the liver parenchyma using high definition 
(7.5-MHz) linear array probes is necessary not only 
for the diagnosis of hepatic lesions but also to map 
out the resection margins during segmental and 10-
bar resections for tumours [1]. Contact ultrasonog­
raphy is also essential during the application of 
cryotherapy for the destruction of hepatic tumours 
whether this is performed by the open or the lapa­
roscopie route [2]. 

UItrasonic Dissection 
and Ion Plasma Coagulation 

The advantage of ultrasonie dissection for division 
of the hepatie parenchyma during open liver sur­
gery has been well established [3, 4]. The ultrasonie 
probe divides parenchymal cells (because of their 
high water content) by the cavitational effect with­
out injury to structures with a high content of fi­
brous tissue, e.g. bile ducts and blood vessels. Once 
skeletonized by the probe, these are then clipped if 
large or coagulated if small. The combined use of 
the argon or helium ion plasma coagulation (Chap. 
4, VoI. 1) and the ultrasonie probe results in virtual­
ly bloodless division of the hepatie parenchyma. 
Laparoscopie hand-pieces for ultrasonic dissection 
are now available and the Selector probe (Surgical 
Technology Group; Andover, UK) has been evalu­
ated by us in a number of clinical situations [5]. 
This endoscopie probe employs a light-weight, 
high-effieiency piezoelectric ceramic transducer to 
provide energy for motion at a resonant frequency 
of 24000 Hz. A full-wavelength titanium alloy ex­
tension is inserted between the step amplifier and 
the tip section to provide the reach required for en­
doscopie use. A black delrin shroud with a 10 mm 
outer diameter and 278 mm overall length ensures 
adequate reach for endoscopie use following its in­
sertion through a standard 10.5-mm cannula 
(Fig. 8.1 a). The hand-piece delivers ultrasonie 
vibration at operating amplitudes up to 240 ~m 
together with simultaneous aspiration and irriga­
tion. The grip of the hand-piece has a control valve 
which is operated by the thumb and is used to oc­
clude the aspiration tube. The Selector probe is in­
troduced with the aspiration control valve closed 
until the tip of the hand-piece is in the operating 
field and ready for activation of the ultrasonic en-



a 

b 

160 A. Cuschieri 

Fig. 8.1. a Selector ultrasonic hand piece for endoscopic sur­
gery. b Ultrasonic console (Surgical Technology Group, An­
dover, UK) 

ergy. The probe is used with the standard Selector 
ultrasonic surgical aspirator console (Fig. 8.1 b). 

As the ultrasonic probe does not cut peritoneal 
membranes and fascial layers (low water content), 
the Glisson's capsule of the liver has to be incised 
by the electrosurgical knife before ultrasonic divi­
sion of the hepatic parenchyma is commenced. 

Hydro (Water~et) Dissection 

Hydrodissection has been in use for a while in pel­
vic endoscopic surgery to open tissue planes and is 
useful in lymph node dissections. High-pressure 
water-jet dissection was first reported by Papa­
christu and Barters [6] as a quick and efficient tech­
nique for disruption of the liver parenchyma dur­
ing open hepatic resections. A purpose-designed 

hydrodynamic device has been developed by Baer et 
al. [7, 8] for high-pressure, high-velocity water-jet 
hepatic parenchymal dissection which facilitates 
major hepatic resections and enables the exposure 
of intraparenchymal bile ducts for segmental bilio­
enteric anastomosis. The device is now on the mar­
ket (ME Medical Exports AG, Unter Altstadt 3, 
Zug, Switzerland). Three operating nozzles 
(20- 70 J.lm) are available, includ ing one for laparo­
scopie use. The device delivers water at a high pres­
sure (6x 10 Pa). This results in an outflow stream 
from the nozzle which has an initial velocity of 
300 m/s. The water jet is only coherent for a short 
distance from the tip of the nozzle (30 mm). There­
after, it fans out to an intermediate zone of 
microdroplets and at a variable distance 
(40 - 80 cm) from the nozzle, the jet becomes a 
spray. Thus when the instrument is applied close to 
the tissue (3 - 4 cm), deep, sharp cutting of alI 
structures (including blood vessels) is achieved, but 
as the nozzle is withdrawn, this effect is replaced by 
washing and gentle separation. 

A laparoscopie dedicated water-jet dis sector de­
veloped by Storz (Tuttlingen, Germany) is currently 
under evaluation. It operates at a lower pressure 
than the Baer system, which was designed for open 
surgery. Consequently, the jet is coherent (i.e. cut­
ting) for only a short distance beyond the nozzle 
( < 1 cm). The Storz system also includes important 
safety features of the applicator to eliminate the 
risk of inadvertant deep cutting. 

It is not possible to arrive at any conclusion on 
the value of hydro-jet dissection as there has not 
been any report of experience with it in endoscopic 
surgery and even the experience in open hepatic 
resections is very limited. The most important con­
sideration with the current Baer system is its safety 
margin during laparoscopic surgery as distances be­
tween the tip of the operating nozzle and the tissue 
can be difficult to assess with the current two-di­
mensional TV image of the operating field. This 
problem may be reduced, though not abolished, 
when three-dimensional imaging becomes estab­
lished routinely and by the incorporation of a back 
stop. Only systems which incorporate a backstop as 
an intrinsic feature of the applicator will be safe for 
use in endoscopic surgery. Another problem with 
water-jet dissection is the storm effect, whereby the 
reflected spray, aside from fouling the optic, 
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disseminates droplets containing parenchymatous 
debris and cell clumps all over the operating field. 
The risk of tumour dissemination and implanta­
tion during resections for tumours are obvious. As 
the volume of water delivered is small even during 
long procedures, the problem of excessive hydration 
does notarise. Obviously comparisons between wa­
ter-jet and ultrasonic dissection in open and 
laparoscopie liver surgery are required. 

Laser Dissection 

Laser dissection with photocoagulation using con­
tact and free beam modes is undoubtedly an ele­
gant method of resecting hepatic parenchyma. The 
new linear array diode lasers which are small, por­
table and require very little maintenance, have 
largely overcome all the major disadvantages of the 
gas vapour lasers. The current device delivers laser 
light at a fixed wavelength of 750 nm and has a 
maximal power output of 25 W (Fig. 8.2). Ad­
vances in non-linear crystal technology will soon 
make it possible to produce tunable diode lasers. 

Cryotherapy 

Hepatic cryotherapy with liquid nitrogen probes 
has been used in a limited fashion in a number of 
pioneering centres as an alternative to resection for 
secondary metastatic disease [2, 9, 10] and less fre­
quently in the management of primary liver cancer 
[11]. The cell-destructive effect of cryotherapy is 
primarily due to the formation of intracellular and 

Fig. 8.2. Diode array laser (Diomed, UK) 

extracellular ice crystals, the relative ratio of which 
within a cryolesion depends on the rate of freezing. 
A slow rate of freezing results in ice crystal forma­
tion in the extracellular space, whereas a rapid 
freeze induces intracellular ice crystal formation. 
The latter causes immediate mechanical disruption 
of cell membranes and organelles. By contrast, ex­
tracellular ice crystal formation leads to cell dam­
age by creating osmotic gradients with resulting cell 
shrinkage and high ionic intracellular concentra­
tions. Within a cryolesion, a high intracellular to 
extracellular ice crystal ratio results in maximum 
tissue necrosis and underlies the confirmed obser­
vation that a rapid freeze is more effective than a 
slow one. The rewarming (thaw component) is also 
important as during a slow thaw, the growth of in­
tracellular ice crystals continues during the early 
phases of the rewarming process [12, 13]. 

In addition to a rapid freeze-slow thaw cycle, 
repeated freezing of the same area increases the size 
of the iceball and thus the extent of tissue necrosis 
produced. Animal studies have demonstrated that 
this effect is caused by increased thermal conduc­
tivity and rapid enlargement of residual intracellu­
Iar ice crystals [12, 13]. 

The secondary effects of cryotherapy include 
denaturation of lipid-protein complexes and 
changes in the microcirculation of the frozen tissue. 
Although after rewarming, blood flow through the 
damaged tissue is maintained initially, extensive in­
travascular thrombosis with platelet and fibrin de­
position occurs within 1 h such that the cryolesion 
behaves like a sterile infarct. In the early stages, the 
necrosed tissue is separated from viable hepatic pa­
renchyma by a zone of granulation tissue. The 
granulation tissue zone subsequently matures to a 
fibrous capsule that contracts to a fibrous scar 
within 6 - 8 weeks as the soft liquefied cellular de­
bris is absorbed [14, 15]. 

Rapid freezing (temperature fall by 30°C/ min) 
of liver parenchyma and hepatic tumours can only 
be obtained by liquid nitrogen probes. The maxi­
mum size of the hepatic iceball achieved depends 
on the probe size and type (surface or implantable 
trocar). Experimental work in primates by Neel 
[16] has shown that the iceball diameter can also be 
increased by inflow occlusion (portal vein and he­
patic artery) during freezing. 
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a 

Fig. 8.3a, b. Extensive freezing of hepatic tumour in the hu­
man using multi probe cryotherapy (Surgical Technology 
Group, Andover, UK). a Commencement of cryotherapy; 
b completed iceball 

During therapy, the size of the iceball is moni­
tored by contact ultrasonography using high resolu­
tion (7.5 MHz) linear array probes. The interface 
between the frozen and unfrozen tissue is highly re­
flecting of ultrasound waves and appears as a well­
defined hyperechoie margin. The collective experi­
ence to date suggests that hepatie cryotherapy is 
safe and is well tolerated with few complications. 

The limitation of the available cryosystems and 
probes is the size of the iceball achieved whieh rare­
ly exceeds 5 cm. In conjunction with the Surgieal 
Technology Group (Andover, UK), we have devel­
oped a closed nitrogen cryogenic system which has 
the following attributes: use of multiple, high-effi­
ciency implantable probes (2 - 3 mm) to freeze large 
volumes of liver tissue, pressurized high-flow nitro­
gen delivery and probe rewarming for safe dislodge­
ment from the hepatie parenchyma. Experimental 
evaluation of the prototype device has enabled vol­
umes of hepatie parenchyma equivalent to 300/0 of 
the hepatie parenchyma to be frozen inside 1 h. The 
system has now been used in six human patients. In 
the human we have obtained iceballs measuring 
12 X 15 cm (Fig. 8.3). 

b 

Laparoscopie probes whieh are introduced 
through ll-mm ports and whieh effectively avoid 
freezing of the abdominal wall have been developed 
and are currently being evaluated in patients with 
hepatic metastases. The potential for laparoscopie 
cryotherapy of patients with secondary deposits in 
the liver is now being realized and will carry consid­
erable advantages over open cryodestruction or re­
section, as the procedure can be repeated. 

Deroofing of Simple Liver Cysts 

Simple hepatic cysts are generally considered to be 
congenital malformations. By definition, they do 
not communicate with the biliary tree, are lined by 
a single layer of cuboidal or columnar epithelium 
and contain clear serous fluid. They occur predom­
inantly in the right lobe of the liver and may be uni­
or multilocular. The majority of these cysts are 
asymptomatic and are usually discovered acciden­
tally during imaging of the liver for some other 
condition. Nonetheless, a few become large and 
cause symptoms commonly in elderly females, al­
though symptomatie cysts are well documented in 
younger patients. The manifestations include dull 
ache, upper abdominal discomfort, dyspepsia and 
a palpable mass usually in the right subcostal re­
gion. Less frequently, acute pain and jaundice may 
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Fig. 8.4a, b. Large simple hepatie cyst with daughter cysts. 
a Ultrasound appearance; b CT scan 

be encountered. The investigation of patients with 
such symptoms must include ultrasonography, CT 
scanning of the liver and determination of a­
fetoprotein levels to exclude malignancy, particular­
ly, cystic adenocarcinoma of the liver. The typieal 
findings on ultrasound and CT examination reveal 
a uniform unilocular or multilocular uniform cystic 
lesion usually to the right of the gallbladder which 
is of ten displaced anteromedially (Fig. 8.4). The 
features which increase the likelihood of malign an­
cy are septation and calcification. 

Percutaneous ultrasound-guided drainage is in­
variabily followed by recurrence and is not recom­
mended. The standard surgieal management of 
these symptomatic cysts is suction drainage and 
partial excision of the dome of the cyst (deroofing). 
This is preferred to total excision, whieh can be dif­
fieult because the interface between the intrahe­
patie portion of the cyst and the liver parenchyma 
is usually ill defined and dissection of this plane is 
attended by bleeding and the risk of bile ductal 
damage with subsequent biliary fistula [17, 18]. 
Furthermore, large cysts whieh extend throughout 
the right lobe are unresectable. 

The deroofing of simple nonparasitie hepatie 
cysts can be undertaken laparoscopically with com­
plete safety and excellent results [19, 20]. 

Sites of Trocar and Cannulae 

The exact position of the trocar cannulae depend 
on the location and size of the cyst. For the typieal 
right lobe lesion, the desired positioning is shown 
in Fig. 8.5: umbilical, 11 mm for the telescope; 
5.5 mm midclavieular below the lower margin of 
the cyst; 5.5 mm left paramedian. Occasionally an­
other cannula (right subxiphoid) may be necessary 
for retraction. 

Fig. 8.5. Sites of trocar and cannulae for deroofing of simple 
hepatic cyst 

b 
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Fig. 8.6. Cyst projecting below the right lobe of the liver lat­
eral to the gallbladder 

Confirmation of the Diagnosis 

After the creat ion of the pneumoperitoneum and 
insertion of the laparoscope, the cyst is identified as 
a dark yellowish brown swelling underneath the liv­
er with fine vessels traversing its fascial coverings. 
The remainder of the liver is inspected for other 
cysts. The first step consists of sampling the cystic 
fluid. This can be carried out with a lumbar punc­
ture needle inserted percutaneously. The fluid is in­
spected macroscopically and a specimen is sent for 
immediate cytological examination using the Diff­
Quik stain. The fluid is normally straw coloured 
and serous. Suspicion of malignancy should be en­
tertained if the fluid is turbulent, blood stained, or 
contains atypical cells. 

Oissection of the Extrahepatic Portion 
of the Cyst 

The cyst usually projects below the right lobe of the 
liver lateral to the gallbladder (Fig. 8.6). Large cysts 
can stretch and displace the porta hepatis, includ­
ing the extrahepatic bile duct, so that the anatomy 
becomes considerably disturbed. In this situation 

Fig.8.7. a Gallbladder puncture for cholecystocholangio­
gram. b, c Contrast study excluding communication with the 
biliary tract 

a 

b 

c 
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and whenever there is any doubt concerning com­
munication of the cyst with the ductal system (fluid 
aspirated from cyst is bile stained), a cholecysto­
cholangiogram should be performed (Fig. 8.7 a, b). 
In one of our patients, the common bile duct and 
the hepatic artery required mobilization from the 
anterior cyst wall. The extrahepatic portion of the 
cyst is covered by peritoneum and several layers of 
fascial coverings. The division of these layers ex­
poses the cyst wall. A large enough area 
(5.0x 5.0 cm) must be exposed to effect an ade­
quate deroofing. Once this has been achieved, the 
sucker is placed close to the cyst wall for the next 
stage of the operation. 

Aspiration and Inspection of the Cyst 

A small incision is made with scissors or an elec­
trosurgical hook knife, the sucker tip introduced in­
to the cyst cavity and the fluid aspirated as com­
pletely as possible. The opening is then enlarged to 
admit the 30° oblique 10-mm viewing telescope for 
visual inspection of the interior of the cyst, which 
should have a smooth shining appearance. Some­
times multiple grape-like bunches of "daughter 
cysts" are encountered projecting into the main cyst 
lumen (Fig. 8.8). These require decompression, and 
whenever possible, they should be partially excised. 
The excision of daughter cysts is considerably facil­
itated by the use of the curved coaxial scissors. 

Fig. 8.8. Daughter cysts projecting into the main cyst lumen 

Deroofing of the Cyst 

The exposed anterior wall of the extrahepatic por­
tion of the cyst in then grasped by an insulated 
atraumatic forceps and excised either by scissors 
with electrocoagulation of the vessels within the 
cyst wall or by means of the electrosurgical hook 
knife using a cutting blended current (Fig. 8.9). The 
excised cyst wall and any daughter cysts are sent for 
histological examination. 

After the deroofing is completed, a portion of 
the greater omentum is transposed inside the cyst 
and held in place with a suture to the anterior cyst 
wall (Fig. 8.10). Some surgeons insert a drain rou­
tinely. This is unnecessary unless there has been 
considerable oozing during the operation. 

Laparoscopie Treatment of Infected 
Simpled Cysts and Abscesses 

Infected Simple Cysts 

Infected simple cysts become adherent to surround­
ing organs, especially the hepatic flexure and duo­
denum. When located in the posterior segments of 
the right lobe, they stick to the diaphragm. 
Laparoscopie treatment begins by freeing enough 
superficial wall of the cyst or abscess wall from the 

Fig. 8.9. Deroofing of the cyst 
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Fig. 8.10. Omentum transposed inside the cyst and held in 
place with a suture to the anterior cyst wall 

adherent structures. This is followed by aspiration, 
preferably with the Veress needle with an interven­
ing trap attached to the suction line. When the cyst 
or abscess is emptied, the suction line is disconnect­
ed from the Veress needle and saline injected slowly 
by syringe into the cyst cavity and then aspirated. 
This is repeated until the returning fluid is clear. A 
small portion of the cyst wall is then excised and 
sent for histological examination. After inspection 
of the interior of the cyst, a silicon drain is placed 
inside its cavity. The purulent fluid is examined im­
mediately by microscopy after Gram's staining and 
a specimen sent for culture and sensitivity tests. 
Thorough lavage with saline or Hartmann's solu­
tion is performed before desufflation and removal 
of the cannulae. 

Hepatic aud Subphreuic Collections aud Abscess 

Provided access can be obtained, which is the case 
in the majority of these patients, pathologieal pu­
rulent collections can be dealt with laparoscopieal­
ly. As in many instances, the pus is under tension, 
a sucker placed near the summit of the abscess 
must be ready for activation as soon as the needle 
is applied to the swollen portion. As the walls of 
these collections are soft, gentle pressure by the 
sucker tip over the perforation caused by the sam­
pling needle of ten results in entry of the sucker into 
the abscess cavity when the contents are aspirated. 
Following evacuation, irrigation and aspiration of 
the cavity is undertaken until all necrotic debris has 
been removed. A drain is then placed into the ab­
scess cavity and the peri tone al gutters lavaged with 
a clean irrigating/suction cannula. 

Technique of Laparoscopie 
Liver Resections 

Currently laparoscopic resections of the liver pa­
renchyma are limited to small nonanatomical resec­
tions (cysts and small tumours) and to segmental 
resections on the left side (segments 2 and 3). The 
technique used by the author relies on the use of 
the ultrasonic dissector probe (Selector; British 
Technology Group; Andover, UK), the Argon 
Beamer (Beacon Labs) and the Endoclip applier 
(USSC; Norwalk, USA). An alternative technique 
employs laser dissection and photocoagulation. 

More major resections using specially designed 
laparoscopie liver sling-type haemostatie clamps 
have been performed successfully in the dog [21]. 
Techniques whieh permit the laparoscopie mobili­
zation of the portal vein and hepatic artery by use 
of shape-memory variable curvature instruments to 
enable temporary inflow occlusion will enable ma­
jor lobar resections to be performed by the laparo­
scopie route in the ne ar future. 
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Introduction 

The incidence of pancreatic adenocarcinoma is in­
creasing. The vast majority of cases are incurable 
and 90070 of patients are dead within 1 year of the 
diagnosis [1]. Although small tumours are resect­
able in a small cohort of patients and 5-year surviv­
al rates of up to 30% have been reported in this 
small selected subgroup following radical resection 
[2], for the vast majority of patients, treatment en­
tails palliation of jaundice and itching, pain and, 
less of ten, vomiting due to duoden al obstruction. 
Pain is an important feature of inoperable pancre­
atic cancer and is best managed by percutaneous 
paravertebral coeliac plexus block together with 
oral long-acting opiates or bilateral thoracoscopic 
splanchnicectomy. 

Currently, the options for the relief of jaundice 
and itching include radiological/endoscopic stent­
ing or open surgical bypass. Although one previous 
randomized study had indicated advantages for en­
doscopic stenting over surgical biliary bypass in 
terms of reduced morbidity and hospital stay, a re­
cent study has failed to demonstrate any difference 
[3]. Nonetheless, endoscopic stenting is currently 
the most widely practised treatment in these unfor­
tunate patients. Technical progress in endoscopic 
stenting, such as the introduction of the expanding 
wire wall stents [4] as distinct from the traditional 
plastic types, have further increased the scope of 
endoscopic stenting. However, growth of the tu­
mour through the interstices of the wire wall stents 
can lead to occlusion and recurrence of symptoms 
[5]. The use of covered wire wall stents, which 
should prevent this complication, is being evalu­
ated. 

Irrespective of the nature of stents employed, 
there are problems related with this form of man­
agement. These stern from the inevitable formation 

of a bacterial biofilm [6, 7], which leads to infec­
tion with episodes of cholangitis and stent en­
crustation and blockage with calcium bilirubinate, 
necessitating stent replacement. Despite intense 
studies involving various prophylactic measures, in­
cluding impregnation of stents with chemicals and 
antibiotics, use of oral bile salt therapy, etc., the 
problem remains unresolved. Thus, case selection 
in the palliation of these patients with inoperable 
pancreatic cancer is important. Most would agree 
that fit patients in whom life expectancy is consid­
ered to extend over several months are better man­
aged by open surgical bypass as their quality of life 
is undoubtedly better by this treatment [8]. Fur­
thermore, in those patients with coincident symp­
toms due to duodenal obstruction, the case for 
open surgical bilioenteric bypass and gastroje­
junostomy is beyond argument. A minority 
surgeons limit endoscopic stenting to patients with 
metastatie disease [9]. Laparoscopie bilioenteric 
bypass [10-13] has to be seen against this back­
ground, since although technically demanding, it 
carries all the benefits of open surgery without the 
morbidity associated with laparotomy and, in addi­
tion, it avoids the complications of stent insertion. 

Indications 

Laparoscopic bilioenteric bypass is indicated in all 
patients with proven inoperable pancreatic cancer. 
It may be conducted during the same session as the 
laparoscopic staging (see p. 172) if the disease is 
demonstrated to be incurable (presence of hepatic 
or peritoneal metastases, invasion of portal vein) 
and the diagnosis is confirmed histologically by 
frozen section. If the latter is equivocal, it is wise 
to postpone the procedure until confirmation of 
the histology of the primary or the secondary le-
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sions from fixed paraffin sections has been ob­
tained. 

Preoperative Work-up and Prepatation 

The preoperative work-up includes liver function 
tests, ultrasonography, CT scanning and ERCP. At 
this stage, the patient is prepared for laparoscopie 
assessment of operability with biopsy confirmation 
and, preferably, bilioenteric bypass in the one ses­
sion. The clotting disorder manifested by a pro­
longed prothrombin time caused by malabsorption 
of vitamin K due to the cholestasis is corrected by 
the intramuscular injection of vitamin K ana­
logues. Prophylaxis is also needed for the preven­
tion of renal failure, whieh is common after surgery 
in these patients. This consists of adequate hydra­
tion with intravenous crystalloids, catheterization 
of the urinary bladder to measure hourly uri ne out­
put and the administration of an osmotie (man­
nitol) or loop diuretie (frusemide) with induction 
of anaesthesia. As jaundieed patients are partieu­
larly susceptible to infection, antibiotic prophylax­
is, usually with a third-generation cephalosporin, is 
also administered at the time of induction of anaes­
thesia, with a second dose 12 - 24 h later. 

Anaesthesia 

Laparoscopic staging and bilioenterie bypass are 
performed under general anaesthesia with endo­
tracheal intubation. The exact details and premedi­
cation vary with the practice of the anaesthetist. A 
size 16 F Salem sump nasogastric tube is inserted 
and positioned in the distal antrum of the stomach. 
It is kept under continuous low suction to ensure 
deflation of the duodenal bulb and stomach during 
the procedure. An accurate check of the urinary 
output is kept throughout the operation and the 
urinary catheter left in situ after the procedure has 
been completed. Further doses of mannitol or 
frusemide may be needed postoperatively to main­
tain the urinary output above 30 ml/h. 

Patient Positioning and Skin Preparation 

The patient is operated upon in the supine position 
with a slight (15°) head-up tilt. The skin of the ab-

domen is prepared with medieated soap and then 
disinfected with antiseptic. The area prepared in 
this fashion extends from the nipple line to the 
suprapubie region. Draping is such as to leave ex­
posed the upper three quarters of the abdomen. 

Layout of Ancillary Instruments 
and Positioning of Staff 

The layout of the ancillary instruments, the posi­
tioning of staff are outlined in Fig. 9.1. The sur­
geon operates from the left side. If an adjusting 
camera holder is used (Martin's arm or vacuum 
lock device), this is mounted on the left si de of the 
operating table. Otherwise, the camera person 
stands on the same si de as the surgeon. The first as­
sistant and the scrub nurse stand on the opposite 
site facing the surgeon. The instrument trolley is 
situated beyond and behind the scrub nurse. The 
insufflator, light and camera unit, electrosurgieal 
generator and suction irrigation system are ar­
ranged in a stack behind the surgeon. A dual moni­
tor display is essential. 

Details of Specific Instruments and Consumables 
for the Procedure 

In addition to the basic set of laparoscopic instru­
ments, the following are required: 

1. 10 mm 30° forward oblique telescope 
2. Pair of needle holders 
3. Rubber shod suture holder 
4. Abdominal wall/round ligament lift device 
5. Dipping endoretractor (for choledochojejuno-

stomy) 
6. Reducing tube 

The following consumables are needed: 

1. Atraumatic endoski laparoscopie sutures 
2. EndoGIA (USSC, Norwalk, USA). 

The selection of good quality ergonomic needle 
drivers is essential. The author's preference is for 
spring-Ioaded tapered instruments which have flat 
rough diamond surfaces on their jaws without any 
serrations (Fig. 9.2). Needle drivers of any descrip­
tion which have serrated jaws cause damage and 
fraying of the suture. The rubber-shod suture hold­
er (Fig. 9.3) is used by the first assistant to keep uni-
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Fig. 9.1. Layout of ancillary instruments and positioning of 
staff 

Fig. 9.2. Tapered spring-Ioaded needle holders (drivers) with 
flat (nonserrated) diamond surfaces on their jaws (Storz, 
Tuttlingen, Germany) 

Fig. 9.3. Rubber shod suture holder (Storz) 
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form tension on the suturing line during the fa­
shioning of the anastomosis. The simple ab­
dominal wall/round ligament lift deviee is very use­
fuI for elevation of the central portion of the liver 
including the quadrate lobe and enhances greatly 
the operative field [12]. For choledochojejuno­
stomy, if the dipping endoretractor is not available, 
an extra port is necessary to introduce a retractor 
needed to lift the right lobe. Although there are a 
variety of expanding liver retractors, the most use­
fuI and safest is the black plastic 10-mm rod. 

There is no doubt that laparoscopie suturing is 
made easier by the use of atraumatie sutures 
mounted on endoski needles. The author prefers 
3/0 synthetic polyester of glycolide and lactide su­
tures (Polysorb; USSC) because the handling and 
knotting charactistics are ideally suited for laparo­
scopic suturing with absorbable materials. This su­
ture material retains 50070 of its original tensile 
strength at 2 weeks postimplanation and its absorp­
tion (by hydrolysis) is complete between 60 and 90 
days. Another suitable material is coated 3/0 vicryl 
(Ethieon, Edinburgh, UK) but polydioxanone is ex­
tremely difficult to suture with laparoscopieally in 
view of its high memory and spring-like qualities. 

Operative Steps 
of Cholecystojejunostomy 

Placement of Trocar and Cannulae 

The sites for the trocar cannulae used are shown in 
Fig. 9.4. The telescope cannula (11 mm; pl) is in­
serted to the right of the midline, in the immediate 
subumbilical region. The positions of the suturing 
cannulae are crucial as this is the most important 
factor in determining the ease or diffieulty of the 
laparoscopie suturing. The site of entry must be 
away from the right hypochondrium (p2, p3) and 
the position is such that when the needle drivers are 
placed inside the abdomen, their tips meet the gall 
bladder fundus at 60°-90° (Fig. 9.4). The left 
suturing cannula (5.5 mm; p2) is placed along the 
line a semilunaris well down at umbilical level, the 
right (11 mm; p3) in the equivalent ipsilateral posi­
tion. A large suturing cannula on the right side en­
sures safe insertion and removal of the suture from 

Fig. 9.4. Sites for the trocar/cannulae. The positions of the 
suturing cannulae determines the ease or difficulty of the 
laparoscopie suturing. The site of entry must be such that 
when the needle drivers are placed insi de the abdomen, their 
tips meet the gallbladder fundus at 60°-90° (p2, p3) 

the peritoneal cavity inside a reducer tube. A reduc­
er tube should be used for this purpose with both 
disposable and nondisposable cannulae as it pre­
vents entanglement of the suture or needle by the 
valve of the cannula. Not using the reducer tube, 
but instead holding the flap valve open as the su­
ture is introduced or removed (as practised by some 
surgeons), is not safe and can lead to loss of the 
needle. The fourth cannula (5.5 mm; p4) is sited 
laterally in the right hypochondrium close to the 
costal margin. This cannula is used by the assistant 
to hold the suture under tension while suturing is 
in progress. 

Laparoscopie Staging and Cholangiography 

The laparoscopie staging of pancreatic cancer has 
three components: detection of hepatic and perito­
neal spread, inspection of the tumour and biopsy 
for histological confirmation (Chap. 13). Any free 
fluid is aspirated in a suction trap and subjected to 
cytological examination. The local assessment of 
the tumour and visualization of the pancreas is car­
ried out in an orderly fashion. Particular attention 
is paid to duodenal involvement as this necessitates 
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Fig. 9.5. Percutaneous introduction of Verres needle at­
tached to a suction line into the fundus of the gallbladder 

Fig. 9.6. Cholecystocholangiogram showing that the cystie 
duct insertion into the common bile duct is clear of the up­
per !imit of the tumour 

a gastrojejunostomy in addition ot the bilioenteric 
bypass. Duodenal involvement is assessed by lifting 
the anterior wall with an atraumatic forceps. 

Having established inoperability, the next step 
consists in performing a cholecystocholangiogram 
to determine whether the cystic duct is patent and 
that its insertion has not been invaded by the tu­
mour. A Veress needle attached to a suction line is 
introduced percutaneously into the fundus of the 
gallbladder (Fig. 9.5). After aspiration of bile, some 
of which is sent for culture, 50-70 ml200lo sodium 
diatrizoate is injected to obtain a cholecystocholan­
giogram. Cholecystojejunostomy is indicated only 
if the cystic duct is patent and its termination into 
the common bile duct is clear of the upper limit of 
the tumour by at least 1.5 cm (Fig. 9.6). Otherwise 
a choledochojejunostomy is performed. On com­
pletion of the cholangiogram, the gallbladder con­
tents are aspirated completely before the Veress 
needle is removed. 

Insertion of Abdominal Wall/Round Ligament 
Lift 

The external frame consists of two horizontal struts 
which are attached by chucks to the rail on either 
si de of the operating table. These support a trans­
verse bar with a sliding hook attachment (Fig. 9.7). 
When mounted, the frame is covered by sterile 
drapes. The instrument itself consists of a curved 
4-mm metal trocar-point introducer attached to a 
length of tubing (Fig. 9.8). A small stab wound is 
made with a pointed scalpel 2.5 cm from the mid­
line, high up near the left costal margin. The exact 
spot is determined by finger point depression while 
viewing the anterior abdominal wall and the falci­
form ligament with the optic. The correct site 
should be about 2 cm above the lower margin of the 
liver and just lateral to the falciform fat. Once the 
curved introducer has penetrated the peri tone al 
cavity, it is manoeuvred around and below the falci­
form ligament to reach the anterior abdominal wall 
on the opposite si de. The sharp point of the intro­
ducer is then impaled in the anterior abdominal 
wall at a point equivalent to the entry site and the 
curved introducer exteriorized through the parie­
ties. As it is withdrawn completely, the curved in­
troducer trails behind it the tubing which now 
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9.7 

9.8 

forms a sling around the central part of the abdom­
inal wall and the falciform-round ligament complex 
(Fig. 9.9). Following detachment from the introduc­
er, the two ends of the tube are tied and the loop 
thus formed engaged in the hook and chain as­
sembly. The abdominal wall is then lifted and the 
appropriate loop of the chain affixed to the hook 
on the horizontal bar of the frame (Fig. 9.7). The 
resuţting lift by pulling the abdominal wall and 
round ligament together elevates the central por­
tion of the liver and the quadrate lobe (Fig. 9.10). 

Fig. 9.7. External frame mounted at the head end of the op­
erating table used for the abdominal wall/round ligament 
lift. The two ends of the tube are tied and the loop thus 
formed engaged in the hook and chain assembly. The ab­
dominal wall is then lifted and the appropriate loop of the 
chain affixed to the hook on the horizontal bar of the frame 

Fig. 9.8. Abdominal wall lift device. This consists of a 
curved 4 mm metal trocar point introducer attached to a 
length of tubing 
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Fig. 9.10. The resulting lift by pulling the abdominal wall 
and round ligament together elevating the central portion of 
the liver and the quadrate lobe 

Selection of Jejunal Loop 

A loop of jejunum some 50 cm from the ligament 
of Treitz is selected for anastomosis to the gallblad­
der. To achieve this, the left part of the transverse 
colon and mesocolon are elevated to reveal the up­
per jejunum, which is then traced upwards by two 
graspers untiI the ligament of Treitz and the duo­
denojejunal junction are identified. A floppy loop 
some 40 cm in length is selected and its apex 
grasped and brought up antecolically to the gall-

9.9 

Fig. 9.9. The tubing now forms a sling around the central 
part of the abdominal wall and the falciform-round liga­
ment complex 

bladder to ensure sufficient reach such that a ten­
sion-free anastomosis can be formed between the 
two organs (Fig. 9.11). If the patient also requires a 
gastroenterostomy because of duodenal involve­
ment, the selected loop should be at least 15 cm 
longer. 

Hand-Sutured Anastomosis 

The method used for hand-sutured anastomosis 
consists of a single-Iayer, deep seromuscular, con­
tinuous suturing technique using two sutures -
one each for the posterior and anterior walls of the 
anastomosis. This technique, which was first evalu­
ated in an animal model [10], is safe and is now 
routinely employed at our institution [11]. The 
prin cip les governing endoscopic suturing are out­
lined in VoI. 1. A starter loop knot (Dundee jam­
ming loop knot, see VoI. 1, Chap. 7) can be fash­
ioned externally or a standard microsurgical sur­
geon's knot formed and tied internally to start the 
anastomosis. If a preformed jamming loop knot is 
intended, the length of the suture must be 30 cm as 
the knot requires 10 cm of length from the taiI in 
order to fashion and draw easiIy. If an internal sur-
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Fig. 9.11. An upper jejunalloop, some 40 cm in length, is se­
lected and its apex grasped and brought up antecolically to 
the gallbladder to ensure sufficient reach to enable the per­
formance of a tension-free anastomosis between the two Of­

gans 

Fig. 9.12a-c. Safe technique for introducing the atraumatic 
suture with needle inside the peritoneal cavity. Inserting one 
of the needle holders insi de the reducer tube, withdrawing 
the needle holder and pulling the needle and suture inside 
the reducer tube (a), placing the suture on the anterior sur­
face of the stomach by the left needle holder (b), and then 
grasping the endoski needle by the right needle holder on the 
distal part of the straight section (c) 

9.12a .12a 

p2 
L-_________________ ...... 9.12c 

geon's starter knot is preferred, the length of the 
suture should be 18 - 20 em. One of the needle 
holders is inserted inside the redueer tube and 
grasps the suture half way along itws length. The 
needle holder is then withdrawn, pulling the needle 
and suture inside the redueer tube (Fig. 9.12a). The 
loaded redueer tube and needle holder are inserted 
down the right 10.5-mm suturing eannula and the 
suture plaeed on the anterior surfaee of the stom­
aeh by the left needle holder (Fig.9.12b). The 
endoski needle is then grasped by the needle holder 
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on the distal part of the straight section 
(Fig.9.12c). 

Posterior Suture Line with Jamming Loop Starter 
Knot. After passage through the seromuscular layer 
of the jejunum and the gallbladder, the suture is 
pulled until the jamming loop knot impinges on 
the jejunum. The two organs are approximated 
with further traction on the suture (Fig. 9.13 a), and 
while tension is maintained on the suture, the right 
needle driver is passed through the loop 

~ 
p2 

Fig. 9.13a-d. Starter Dundee jamming loop knot for com­
mencement of the posterior continuous suture line. Approx­
imating the two organs with further traction on the suture 
(a), passing the right needle driver through the loop to grasp 
the standing part of the suture (b), pulling it through the 
jamming loop (c), and then slipping (closing) the loop on 
the suture and locking the knot (d) 

(Fig. 9.13 b) and used to grasp the standing part of 
the suture, which is then pulled through the jam­
ming loop (Fig. 9.13 c). The loop is then slipped 
(closed) on the suture from the tail and the knot 

b 

d 
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locked by pulling first the suture and then the tail 
against countertraction on the knot by the open 
jaws of the needle holder (Fig. 9.13 d). A continu­
ous posterior seromuscular approximation over a 
distance of 3 - 4 cm is next carried out with the as­
sistant holding tension on the suture line 
(Fig. 9.14). The suturing technique involves use of 
the right needle holder as the active driver, with the 
left needle holder being used to apply countertrac­
tion on the tissue to facilitate needle passage and to 
pick up the needle after it emerges through the tis-

... Fig.9.14. Continuous posterior seromuscular approxi­
mation over a distance of 3 cm is next carried out with 
the assistant holding tension on the suture line. The in­
dividual suture bites have to be inserted in a deep 
seromuscular fashion and be evenly spaced 

Fig. 9.15 a - e. End of posterior suture line by use of the Ab- .. 
erdeen knot. First (a), second (b), and third (c) locking loop, 
inserting suture through third locking loop, (d) and locking 
and tightening of the knot (e) 
T 

sues before transfer to the active needle holder. The 
individual suture bites have to be inserted in a deep 
seromuscular fashion and be evenly spaced. The 
last but one suture bite is locked and following a 
further passage of the needle through the two or­
gans, the suture is tied using the Aberdeen knot 
(Fig.9.1Sa-e). Once the posterior suture line is 
completed, the needle in left attached to the suture 
in case the anterior suture is too short or breaks 
during the performance of the final part of the 
anastomosis. 

b 
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Posterior Suture Line With Starter Surgeon's Knot. 
In this situation, the apex of the jejunal loop is 
grasped by the assistant using an atraumatic Bab­
cock's type forceps held in approximation to the 
gallbaldder while the surgeon passes the endoski 
needle through the seromuscular coats of the two 

organs and ties the microsurgical knot (double 
hitch followed by two single hitches). The princi­
ples underlining internal knotting are outlined in 
VoI. 1, Chap. 7. The suturing of the posterior layer 
is then conducted using the technique outlined 
above. 

d 
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Fig. 9.16. Incising the seromuscular layer of the gallbladder Fig. 9.17. After making a small cut with the twin action scis­
sors in the mucosa of the gallbladder the hook is used and 
the sucker tip introduced 

Opening of the Gallbladder and Enterotomy. The 
seromuscular layer of the gallbladder is then in­
cised over a distance of 3.0 cm with the electrosur­
gical hook knife, using a blender monopolar cur­
rent, 0.5 cm anterior and parallel to the completed 
posterior suture line (Fig. 9.16). With the sucker in 
place, a small cut is made with the twin action scis­
sors in the mucosa, the sucker tip introduced into 
the gallbladder lumen and the bile aspirated 
(Fig. 9.17). The mucosal cut is then extended and 
the interior wall of the galIbladder inspected and ir­
rigated thoroughly with Hartmann's solution to en­
sure removal of alI debris and blood clots 
(Fig. 9.18). Any bleeding from the cut gallbaldder 
walI has to be arrested by soft electrocoagulation. 
The enterotomy is fashioned to an equivalent 
length using the same technique, but the intralumi­
nal irrigation step is avoided. With the jejunum at­
tached to the galIbladder, which keeps it tented 
high up, leakage from the enterotomy does not oc­
cur. 

Suturing of the Anterior Wall of the Anastomosis. 
The approximation of the anterior wall of the anas­
tomosis is performed using a similar technique. 
Again, either a preformed starter jamming loop 
knot can be used Of the anterior part of the anasto-

Fig. 9.18. Extending the mucosal cut, inspecting the interior 
wall of the gallbladder and irrigating it thoroughly with 
Hartmann's solution to ensure removal of all debris and 
blood clots 
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mosis is commenced with a surgeon's knot tied in­
ternally. In either event, the anterior suturing 
should be started close to but lateral to the extremi­
ty of the posterior suture line (Fig. 9.19a). Once the 
end of the anterior approximation has been 
reached (Fig. 9.19b), the needle is cut and removed. 
After adjusting the tension on the suture line 
(Fig. 9.19c), the anterior suture is tied to the tai! of 
the posterior one using a standard microsurgical 
knot (Fig.9.19d). The excess suture material be­
yond the knot together with the posterior needle 

~ @W 

~ 
@'Y{) 

Fig.9.19a-d. Approximation of the anterior walls of the 
anastomosis by continuous suturing. Approximating the an­
terior walls of the cholecystojejunostomy lateral to the ex­
tremity of the posterior suture line (a) and continously su­
turing to the opposite corner (b), adjusting the tension on 
the suture line (e) and tying the anterior suture to the tail of 
the posterior one using a standard microsurgical knot (d) 

b 

d 
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Fig. 9.20. Completed cholecystojejunostomy in a patient 
with advanced pancreatic cancer 

are then cut and removed (with the needle trailing) 
through the reducer tube (inside the right suturing 
cannula). The completed anastomosis (Fig. 9.20) is 
inspected closely for defects and the subhepatic 
pouch and peritoneal gutters are then aspirated and 
irrigated with Hartmann's solution. A subhepatic 
silicon drain is inserted. 

Stapled-Sutured Anastomosis 

p2 

~ 
9.21 

The endoGIA mounted with the blue staple car­
tridge is used for stapled-sutured anastomosis. Two 
stay sutures introduced through the anterior ab­
dominal wall are inserted at the proposed limits of 
the anastomosis between the two organs (Fig. 9.21). 
A small opening sufficient to admit the limbs of 
the stapler is then made on each organ at the right 
end of the approximated organs (Fig. 9.22). The en­
doGIA is introduced through the right suturing 
cannula (which has to be 12.5 cm) and the stapler 
limbs separated (Fig. 9.23 a). As the approximated 
organs are held stretched by pulling the right stay 
suture to the right, the two limbs of the stapler are 
introduced through the previously formed openings 
in the gallbladder and jejunum as far as the hilt of 
the instrument (Fig. 9.23b). The stapler limbs are 
then tilted upwards (Fig. 9.23 b) before being ap-

--------------------1 9.22 
Fig. 9.21. Insertion of stay sutures prior to use of EndoGIA 

Fig. 9.22. A small opening sufficient to admit the limbs of 
the stapler is made on each organ at their right extremity 

ensure that no extraneous tissue has been caught 
between the two stapler limbs and that the line of 
the proposed anastomosis is correct. Once this is 
established, the instrument is fired, disengaged and 

proximated. A care fui inspection is undertaken to removed. The stapled anastomosis is inspected 
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Fig. 9.23a, b. Steps in the creation of the stapled cholecysto­
jejunostomy. Opening the stapler limbs close to the open­
ings in the gallbladder and jejunum (a), introducing the two 
limbs of the stapler into the gallbladder and jejunum as far 
as the hilt of the instrument and then tilting the stapler 
limbs upwards (b) 

from the inside to establish its integrity and the ab­
sence of any tissue bridges. The anterior defect is 
closed with a running suture with Polysorb as de­
scribed above (Fig. 9.24). 

p3 

~ -------------------------
Fig. 9.24. Closing the anterior defect with a running suture 
with Polysorb as described above 

Operative Steps 
of Choledochojejunostomy 

Choledochojejunostomy can only be performed by 
suturing and requires considerable experience in 
laparoscopie biliary surgery as it is undoubtedly 
more diffieult than cholecystojejunostomy. It 
should only be attempted if a 2.5-cm section of the 
common hepatic/ upper common bile duct is clear­
ly visible between the hepatie parenchyma and the 
upper limit of the tumour mass. Choledochoje­
junostomy is contraindieated if there is evidence of 
portal hypertension caused by tumour involvement 
of the portal vein. This should be suspected if the 
hepatoportal pedicle is surrounded by large vessels 
and is best confirmed by use of laparoscopie ultra­
sound examination using the Aloka (Aloka, Japan) 
or Laparoscan systems (EndoMedix, Irvine, USA). 
These patients should be managed either by open 
surgical segment 3 bypass or by endoscopie stent­
ing. 
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Placement of Trocar and Cannulae 

The same cannulae sites and abdominal walllift as 
for cholecystojejunostomy are used but retraction 
of the right lobe and gallbladder is essential to ob­
tain exposure of the proximal dilated common he­
patic duct. This is best achieved using the dipping 
endoretractor, which houses the 30° forward obli­
que optic. If this is not available, an extra ii-mm 
port is used for the insertion of a retracting plastic 
rod. This is positioned in the immediate right sub­
costal region along the anterior axillary line. The 
retracting rod is placed across the gallbladder neck 
and lifts this organ together with the right lobe 
from the common hepatic duct (Fig. 9.25). 

Layout of Ancillary Equipment 
and Positioning of Staff 

The surgeon operates from the left si de of the pa­
tient and the disposition of the staff and layout of 
the ancillary equipment is identical to that used in 
cholecystojejunostomy. Good illumination and ex­
pert camera work are essential. 

Procedure 

The selected loop is held in an atraumatic Babcock 
forceps by the assistant. A i.5-cm opening is made 
on its antimesenteric border using the cutting elec­
trosurgical current (Fig. 9.26). It is important that 
bleeding from the cut edges of the enterotomy is 
controlled by electrocoagulation as a dry field is es­
sential for creation of the anastomosis. As the com­
mon hepatic and upper common bile ducts are en­
larged and prominent, dissection is not usually nec­
essary unless there is an anomalous right hepatic 
artery crossing anterior to the duct. Stay sutures are 
not inserted. A 1.5-cm transverse or oblique inci­
sion is made with a retractable knife or curved mi­
croscissors on the anterior wall of the duct, midway 
between the hepatic parenchyma and the upper 
Iim it of the tumour mass (Fig. 9.27). Initially, the 
field is flooded and obscured with bile. This is aspi­
rated and a specimen obtained for culture. If bile 
continues to flow in profuse amounts, a biliary bal­
loon catheter (2-ml ballon) is inserted through the 

Fig. 9.25. Rod retractor lifting the gallbladder and right lobe 
to expose the common hepatic duct 

Fig.9.26. As the selected loop is held by the assistant, a 
1.5-cm enterotomy is made on its antimesenteric border 
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Fig. 9.27. Making 1.5-cm transverse or oblique incision with 
a retractable knife or curved microscissors on the anterior 
wall of the duct midway between the hepatic parenchyma 
and the upper limit of the tumour mass 

Fig. 9.28. Balloon catheter occlusion of the proximal com­
mon hepatic duct 

choledochotomy and the balloon inflated with air. 
This occlusion of the proximal common hepatic 
duct just below the bifurcation (Fig. 9.28) is main­
tained untiI the choledochojejunostomy is nearing 
completion, at which time the balloon is deflated 
and the catheter removed. 

The suturing is performed with 4/0 Polysorb ar 
coated Vicryl and the technique consists of a single, 
all-coats layer with continuous or interrupted su­
tures. We currently prefer a continuous suture for 
the posterior wall of the anastomosis and interrupt­
ed sutures for the anterior approximation. 

Posterior Continuous Suture. After passage (inside 
out) through the right corner of the enterotomy, the 
needle is reversed and made to enter the biIe duct 
lumen (outside in) at the equivalent point 
(Fig. 9.29a). A standard internal microsurgical Sur­
geon's knot is used to achieve the approximation of 
the right end of the posterior wall of the anastomo­
sis (Fig.9.92b), after which the assistant releases 
the grasper holding the jejunalloop. Alternatively, 
a Dundee jamming loop knot is used as a starter 
knot (Fig. 9.29c). The approximation of the poste­
rior walls of the anastomosis by continuous all 
coats suturing is conducted (Fig.9.29d) until the 
left extremity is reached; then the suture is exterior­
ised through the bile duct side and locked after pas­
sage through the outside left extremity of the anas­
tomosis. The needle is cut leaving a long taiI. 

Anterior Interrupted Sutures. Four interrupted 
sutures are used to close the anterior part of the 
choledochojejunostomy. The sutures are some 
4-mm deep and equally spaced. When the first su­
ture is tied, it is held by the assistant on ten sion; 
this automatically aligns the anastomosis and facil­
itates the insertion of the subsequent suture 
(Fig.9.30a). This technique is continued untiI the 
left extremity of the choledochojejunostomy is 
reached (Fig. 9.30b). After the last interrupted su­
ture is tied, one of the ends is tied to the taiI of the 
posterior suture. 

On completion, the anastomosis is checked for 
integrity, extravasated biIe aspirated and the gutters 
irrigated by warm Hartmann's solution untiI clean. 
A subhepatic silicon drain is left. 
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t'ig. 9.29a-d. Suturing of the posterior wall of the anasto­
mosis. Inserting the suture through the right corners of the 
anastomosis (a), approximating the right corner of the anas-

tomo sis as the microsurgical knot is tied (b), approximating 
the posterior walls by continuous ali coats suturing (c), ex­
teriorising and locking the suture (d) 

b 

d 
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Fig. 9.30 a, b. Approximation of the anterior walls of the 
choledochojejunostomy by interrupted sutures. The first su­
ture is tied, held by the assistant on tension (a), completion 
of anterior interrupted suture line (b) 

Gastrojejunostomy 

If a double bypass is needed, the bilioenteric bypass 
(cholecystojejunostomy or choledochojejunosto­
my) is performed first and the anterior gastroje­
junostomy second. In this fashion the first anasto­
mosis results in automatic approximation of the je­
junalloop to the anterior wall of the stomach. The 
selected loop has to be of sufficient length, usually 
with its apex some 50-60 cm from the ligament of 
Treitz. The technique of anterior gastroenterosto­
my is described in Chap. 13. 

Postoperative Management 

We do not leave a nasogastric tube after completion 
of the operation. The duration of ileus is short and 
seldom exceeds 24 h. An intravenous line for infu­
sion of crystalloids is maintained until the patient 
is fully able to take fluids orally, usually within 
72 - 36 h. A second dose of cephalosporin is ad­
ministered at 12-24 h. However, if the bile cultuve 
is positive, a full course of antibiotics is indicated 
over a period of 5 - 7 days. In this situation, the 
choice of antibiotic is dependent on the results of 
the sensitivity tests. Pain is minimal and analgesic 
requirements are met by intramuscular opiates, 
usually during the first 12 h. The function of the 
bilioenteric anastomosis is confirmed by serialliver 
function tests. Biliary scintiscanning can also be 
used for this purpose and is indicated if there is bile 
leakage from the drain. If progress is satisfactory, 
discharge from hospital is usually on the day 5 - 7. 

The postoperative period has been uncomplicat­
ed in 11 of 12 patients. In our third patient, after 
an initial faH, the bilirubin level remained elevated. 
Both a percutaneous transhepatic cholangiogram 
and a biliary scintiscan confirmed a nonfunction­
ing anastomosis. At reintervation, an otherwise in­
tact anastomosis was found to be obstructed by a 
bolus of debris and blood elot. This was aspirated 
and the inci sion in the gallbladder elosed. The pa­
tient made a speedy recovery with complete resolu­
tion of the jaundice after this minimal procedure. 
This patient demonstrates the importance of ade­
quate irrigation of the lumen of the gallbladder 
and meticulous haemostasis during the creation of 
laparoscopic bilioenteric bypass. 
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Clinical Results 

Our experience with laparoscopie bilioenteric by­
pass is limited to 18 patients in whom 19 proce­
dures were attempted. Sixteen patients had chole­
cystojejunostomy and aU but one of these have re­
mained free of jaundice and itching until the time 
of death (3 to 9 months). Two patients required 
readmission 5 months later with recurrence of 
jaundiee. At relaparoscopy, occlusion of the anas­
tomosis by metastatie deposits on the gaUbladder 
and smaU bowel was found. In this patient, a lapa­
roscopie proximal hepatieojejunostomy was at­
tempted but had to be abandoned because of portal 
bleeding from high pressure variees due to occlu­
sion of the portal vein by the tumour. This was con­
firmed at open operation. Two patients has had a 
laparoscopie choledochojejunostomy as the prima­
ry paUiative procedure because of the proximity of 
the tumour to the cystic duct. Five patients have re­
ceived supervoltage radiotherapy and six have re­
quired a percutaneous coeliac plexus phenol nerve 
block for pain. A gastrojejunostomy was required 
in five. More recently, patients with interactable 
pain have been treated with bilateral thoracoscopie 
splanchnieectomy [15]. 
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10 Laparoscopie Treatment of Ductal Calculi 

A. CUSCHIERI 

Introduction 

Although stones in the common duct may remain 
asymptomatic for varying periods or give rise to 
vague dyspepsia, patients with stones are prone to 
serious complications whieh are attended by a sig­
nificant morbidity and an appreciable mortality. 
The majority of ductal calculi originate from the 
galIbladder (cholesterol and black pigment stones) 
by migration through the cystie duct, but some de­
velop primarily in the common duct. Primary duc­
taI calculi, also known as brown pigment stones, 
have a soft consistency and are caused by infection 
(bacterbilia) and obstruction of the bile duct [1]. 

In surgical practiee, ductal calculi are encoun­
tered in four different clinical settings: (1) compli­
cated group: obstructive jaundiee, cholangitis and 
acute pancreatitis; (2) subclinieal obstructive 
group: minor elevations of some of the parameters 
of the liver function tests, particularly elevated lev­
els of alkaline phosphatase, transaminases or ultra­
sound-detected dilatation of the common duct; (3) 
unsuspected group: ductal stones discovered by in­
traoperative cholangiography (lOC) during chole­
cystectomy in patients with normal results of pre­
operative liver function tests (Lfts) and biliary 
ultrasound scanning; (4) Postcholecystectomy 
group: symptomatie stones after a previous chole­
cystectomy. 

The stones found in the postcholecystectomy 
group are often ones whieh have been missed or re­
tained (undetected though present at the time of 
cholecystectomy), but others may form subsequent 
to this operation (recurrent). In some patients, it 
may be diffieult to determine whether the post­
cholecystectomy ductal calculi are retained or re­
current. A cut-off period of 2 years after cholecys­
tectomy was suggested by Schein as a differentiat-

ing criterion between the two groups [2], although 
evidence for this assumption is lacking. 

The unsuspected stone group, whieh accounts 
for 2070 - 8070 of cases, is important because such 
stones can always be detected by intraoperative 
cholangiography (lOC) and can be removed at the 
time of surgery. This, indeed, is one of the benefits 
of routine lOC during cholecystectomy. There is 
good evidence that routine preoperative tests (Lfts 
and ultrasound) do not reliably exclude alI ductal 
calculi. Since the advent of laparoscopie cholecys­
tectomy, there has been a resurgence of the routine 
use of preoperative infusion intravenous cholangi­
ography to detect ductal calculi and duct anomalies 
[3] but subsequent experience has failed to confirm 
the reliability of this investigation [4]. Ductal 
calculi can only be diagnosed with certainty in the 
preoperative period by endoscopie retrograde chol­
angiopancreaticographie study (ERCP) which is in­
dieated in patients with abnormal results of Lfts 
and ultrasound examination and in patients with a 
history of acute pancreatitis. However, the routine 
use of preoperative ERCP in patients undergoing 
laparoscopie cholecystectomy cannot be justified 
because of the inevitable increased morbidity [5] 
and poor yield [6]. The options for management of 
ductal calculi in patients with symptomatie galI­
stones are: 

(1) Endoscopie sphincterotomy and stone extrac­
tion folIowed by laparoscopie cholecystectomy 
(2) Open cholecystectomy and common duct explo­
ration 
(3) Laparoscopic cholecystectomy and ductal clear­
ance. 

In the author's view, the correct treatment in the in­
dividual patient depends on five factors: the clini­
cal setting, the condition of the patient, the calibre 
of the common bile duct, extent of stone load, the 



190 A. Cuschieri 

level of local expertise in endoscopic treatment and 
the experience of the surgeon in laparoscopic 
biliary surgery. 

In patients with retained stones after cholecys­
tectomy, the generally favoured management is en­
doscopic sphincterotomy, although in patients with 
an indwelling T-tube percutaneous extraction via 
the T-tube tract is a viable and safe alternative. 

Indications and Contraindications 
for Laparoscopie Ductal Clearance 
of Stones 

Ductal Calculi Discovered Before Surgery 

Severe, complicated calculous disease and poor 
condition of patients are contraindications to lapa­
roscopic stone clearance. Thus patients who are 
deeply jaundiced with impaired renal function, 
those with cholangitis or severe pancreatitis due to 
ampullary impaction and poor-risk patients (car­
dio-respiratory disease) are best treated by endo­
scopic sphincterotomy and stone extraction in the 
first instance. Laparoscopic cholecystectomy (LC) 
is undertaken once the condition of the patient has 
improved. Another important contraindication to 
elective laparoscopic stone extraction is gross dila­
tation of the bile duct (> 2 cm) and multiple ductal 
calculi. These patients need a drainage procedure: 
choledochoduodenostomy preferably by the tran­
section technique [7] or adequate endoscopic 
sphincterotomy, in addition to ductal clearance and 
cholecystectomy. 

By contrast, good-risk patients, even if jaun­
diced, can be managed by laparoscopic stone ex­
traction during Le, provided the necessary surgical 
expertise is available. Another indication for 
laparoscopic management concerns those patients 
in whom endoscopic stone extraction has failed 
usually because of large occluding stones or the 
presence of duodenal diverticulum. An important 
practical point here is the need for a repeat 
fluorocholangiogram during the Le as occasional­
ly, large stones which defy endoscopic extraction 
after sphincterotomy may pass into the duodenum 
during the interval between this procedure and the 
operation. 

Ductal Calculi Discovered During Surgery 

If the surgeon is experienced, the most appropriate 
treatment is laparoscopic stone extraction either 
through the cystic duct or via a limited supra­
duodenal choledocholithotomy. For small calculi, 
the success of cystic duct extraction now approach­
es 80070 [8 -11]. Although these procedures add an 
extra hour to the operating time, the benefits in­
clude completion of treatment in one procedure 
and negligible morbidity. The single-stage laparo­
scopic treatment is a more cost-effective option 
than postoperative endoscopic stone extraction and 
avoids the necessity for a sphincterotomy, which is 
an important consideration in young and mid­
dle-aged patients. 

Laparoscopic extraction for unsuspected calculi 
at the time of cholecystectomy is inadvisable in pa­
tients with a narrow common bile duct. The risk of 
complications, particularly ductal damage and 
stricture, following any bile duct exploration 
(laparoscopic or open) in these patients is apprecia­
bIe and for this reason they are better treated by 
postoperative endoscopic extraction or simply fol­
lowed up. As these stones are small and nonoc­
cluding, the chance of spontaneous passage is high. 
In patients in whom a ductal calculus is not dealt 
with at the time of Le, a small cannula inserted in­
to the common duct through the cystic duct is rec­
ommended. In addition to providing an excellent 
access for postoperative cholangiography, a guide­
wire can be easily inserted through the cannula 
down the bile duct into the duodenum, thereby fa­
cilitating endoscopic sphincterotomy in the postop­
erative period. 

Preoperative Work-up and Preparation 

The standard preoperative work-up includes ultra­
sound examination and Lfts (bilirubin, trans­
aminase, alkaline phosphatase). Although some 
add infusion intravenous tomographic cholangiog­
raphy as a routine in aH patients, this practice is not 
in widespread use, and there are doubts concerning 
its diagnostic reliability and the risk of hypersensi­
tivity reactions. Patients with a history of jaundice 
or acute pancreatitis and those who exhibit abnor-
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malities in the Lfts or suggestive ultrasound 
features should be considered as likely to harbour 
ductal calculi. In the author's view, these patients 
should be subjected to ERCP. Others maintain the 
view that ERCP is not necessary in those patients 
in whom laparoscopic stone clearance is intended 
at the time of LC, as cholangiographic documenta­
tion is obtained during surgery. These surgeons 
would restrict ERCP to those patients in whom 
preoperative stone extraction by endoscopic sphinc­
terotomy is contemplated. Although, this policy 
appears logic al and cost-effective, it overlooks a 
small but significant cohort of patients who have 
organic ductal disease (cancer or otherwise) rather 
than calculi or, indeed, dual ductal pathology. 

Jaundiced patients require special prophylactic 
measures. Antibiotics are administered routinely 
starting with induction of anaesthesia. As the ma­
jority of these patients are elderly, chemoprophyl­
axis with heparin against deep venous thrombosis 
is wise. In addition, alI our patients wear anti­
thrombosis graduated elastic stockings. 

Anaesthesia 

Laparoscopic ductal clearance is conducted as an 
integral part of cholecystectomy under general en­
dotracheal anaesthesia. A size 14-F Salem sump 
suction tube is inserted and positioned in the distal 
antrum/first part of the duodenum to ensure defla­
tion of the duodenal bulb, which is essential for ad­
equate laparoscopic exposure of the common bile 
duct. The patient's urinary bladder is catheterized 
before induction of the pneumoperitoneum. If the 
patient is jaundiced, the catheter is left for postop­
erative, hourly monitoring of urine output. Other­
wise it is removed after the procedure is completed. 

Patient Positioning and Skin Preparation 

The same position is used as for LC: supine with a 
moderate head-up tilt. The skin of the abdomen 
from the lower chest to the suprapubic region is 
prepared with medicated soap and then disinfected 
with the antiseptic of choice. Draping is the same 
as in LC (VoI. 1, Chap. 16). 

Layout of Ancillary Instruments 
and Positioning of Staff 

The surgeon operates from the left side of the 
operating table. Unless a telescope holder is used, 
the camera person stands on the same side, with the 
first assistant and the scrub nurse on the opposite 
si de of the operating table. Dual monitor display is 
essential and a "picture in picture" video set up is 
desirable. The light source, camera unit, insufflator, 
electrosurgical unit and suction/irrigation are plac­
ed on a stack behind the surgeon. The instrument 
trolIey is placed beyond and behind the nurse on 
the right side. A separate sterile trolIey is used for 
the flexible endoscope(s), guidewires, selection of 
Dormia baskets, balIoon extraction catheters, 
angioplasty dilatation catheters, T-tube and infant 
feeding catheter or the Cuschieri cystic duct drain­
age cannula. 

Details of Specific Instruments and Consumables 

In addition to the basic set, the folIowing instru­
ments are needed: 

- Portable C-arm fluorocholangiographic unit 
- Cholangiograsper (for cholangiography) 
- Pair of 5-mm needle holders 
- Dipping endoretractor 
- Flexible ureteroscope (visualIy guided, trans-

cystic extraction) 
- Flexible choledochoscope (common duct explo­

ration) 
- Dormia baskets (3- to 5-F) 

Laparoscopic clearance of ductal stones, by what­
ever method, should be conducted using the 30 o 

forward-oblique telescope. 
The folIowing consumables are required: 4/0 

atraumatic absorbable sutures mounted on endoski 
needles (Polysorb, coated vicryl), balIoon dilators, 
balIoon extraction catheters (embolectomy type), 
guidewires, 14-F T-tube (common duct explora­
tion), 7- to 8-F infant feeding tube or cystic duct 
drainage cannula (cystic duct drainage) and catgut 
(1.5-m lengths) mounted on push rods (cystic duct 
drainage). 



192 A. Cu schi eri 

Operative Steps of Transcystic Clearance 

Small calculi in the dis taI common duct, which ac­
count for the vast majority, can be extracted 
through the cystic duct. This approach is unsuitable 
for proximal stones and multiple large occluding 
calculi, where laparoscopic supraduodenal bile 
duct exploration is indicated. Cystic duct clearance 
can be performed under radiological controlor by 
direct visual guidance. Irrespective of technique, 
the procedure must be performed before the cystic 
duct continuity is disrupted and before dissection 
of the gallbladder from the liver bed is commenced. 

1Ypes and Placement of Trocar and Cannulae 

Usually no ports other than those used in con duct­
ing LC are needed for laparoscopic transcystic ex­
traction of ductal calculi. However, in cases where 
there is a floppy quadrate lobe, an extra 5.5-mm 
cannula below and to the right of the xiphoid 
(Fig. 10.1; p5) is used for retraction. This extra can­
nuIa is also advisable for the introduction of the 
flexible choledochoscope during direct exploration 
of the common bile duct (see below). 

Radiologically Controlled Technique 

The radiologically controlled technique has been 
popularized by Hunter [11]. It is quicker than the 
endoscopically guided method and avoids the need 
for dilatation of the cystic duct. Multiple stone 
evacuation per single basket passage constitutes a 
further advantage. The disadvantage is increased 
radiation exposure. The radiologically guided tech­
nique necessitates the availability of modern real­
time fluorocholangiography. In this respect we have 
found the "road-mapping" mode of the OEC 
Diasonics (Utah, USA) C-arm Unit particularly 
useful as it shows in relief and with remarkable 
clarity the basket against the contrast background 
and filling defects caused by the calculi. 

The procedure is performed with the patient in 
the head-down position. 

Fig. 10.1. Sites of trocar cannulae for laparoscopie ductal 
stone clearance. An extra 5.5-mm port below and to the right 
of the xiphoid may be needed for retraction of a floppy 
quadrate lobe (p5) 

Initial Cholangiogram. An opening is made by the 
curved microscissors on the anterosuperior walls of 
the dissected cystic duct. The cholangiography 
catheter (5-F Cook ureteric catheter or substitute) 
loaded inside the cholangiograsper is introduced 
into the cystic for a distance of 1 cm and the jaws 
of the cholangiograsper closed, gripping the cystic 
duct walls over the cholangiocatheter (Fig. 10.2). 
The fully primed system is connected by a three­
way tap to saline- and contrast-filled syringes (sodi­
um diatrozoate). Resistance to the passage of the 
catheter tip may be due to the mucosal folds 
(Heister valve) or a small calculus in the cystic duct. 
When encountered, gentle saline injection assists in 
catheter insertion. If this measure fails, a cystic 
duct calculus should be suspected. In this case, the 
cystic duct should be massaged gent1y between the 
jaws of an atraumatic grapser in a mediolateral di­
rection (Fig. 10.3). This will dislodge the stone, 
which then appears in the cystic duct opening 
(Fig. 10.4) and is removed before the cholangiogra­
phy catheter is reintroduced. If small distal ductal 
calculi are encountered, warm saline irrigation to­
gether with the intravenous administration of a 
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Fig. 10.2. Introducing the cholangiography catheter loaded 
inside the cholangiograsper into the cystic duct. The jaws of 
the cholangiograsper are then closed, gripping the cystie 
duct walls over the catheter 

Fig. 10.3. Technique of massage of the cystie duct by the 
jaws of an atraumatic grasper in a mediolateral direction to 
dislodge cystic duct stones 

spasmolytic agent (glucagon or secretin) may result 
in passage of the stones into the duodenum. If not, 
transcystic extraction is carried oul. 

Insertion of Dormia Basket and Stone Capture. 
The cholangiogram catheter is replaced by a 4-F 
Dormia or Segura basket preferably with a filiform 

Fig. 10.4a, b. Stone in cystie duct dislodged by cystie duct 
massage (see 10.3) 

tip. Under screening control (preferably in the 
roadmapping mode) the basket (in the closed posi­
tion) is pas sed down the cystic duct into the distal 
common bile duct such that its floppy tip lies in the 
duodenum. 

Trawling and Extraction of the Stones. When this 
position is achieved, the wire basket is opened just 
above the lower choledochal sphincter (Fig. 10.5) 
and pulled back along the distal common bile duct 
into the cystic duct where the basket is closed over 
the stones caught in the troll. Care fui closure of the 
basket to the appropriate extent, i. e. sufficient to 
ensnare without crushing the stones, is the desired 
objective. However, if the stones are larger than the 
cystic duct lumen, further closure of the basket is 
necessary to achieve crushing. The trawling process 

a 

b 
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Fig. 10.5. a Wire basket just above the lower choledochal 
sphincter to trap the stones. b Pulling the basket back along 
the distal common bile duct into the cystic duct where it is 
c10sed over the stones caught in the troll 

Fig. 10.6. Alternative technique of transcystic ductal c1ear­
ance. The stones once trapped inside the basket are delivered 
into the duodenum where they are released or crushed 

is repeated until an discernible stone fragments 
have been cleared from the duct. 

Alternatively, the stones once trapped inside the 
basket can be delivered into the duodenum where 
the stones are released or crushed by fun closure of 
the basket (Fig. 10.6). This method is quick and ef­
fective but must be limited to one or, at most, two 
passages, otherwise the risk of postoperative pan­
creatitis is increased. The other possible complica­
tion of this technique is impaction of the basket in 
the sphincter. It is less of ten used than transcystic 
extraction because of these perceived risks. 

Flushing and Completion Cholangiography. The 
Dormia basket is withdrawn and replaced by the 
cholangiocatheter. The biliary tract is gent1y 
flushed and filled with saline. This washes out any 
debris and removes air bubbles. High-pressure in­
jection must be avoided to reduce the risk of chol­
angiovenous reflux. The cholangiogram is then re­
peated and if ductal clearance is confirmed, the 
cholangiocatheter is removed and the cystic duct li-
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Fig. 10.7. Transcystic catheter drainage. The catheter is se­
cured to the cystie duct stump by two catgut ligatures. 
Cholangiography can be performed and postoperative endo­
scopic sphincterotomy for residual calculi facilitated 

gated in continuity with catgut or transected and 
then secured with a preformed catgut endoloop. 

Insertion of Cystic Duct Drainage Cannula. If the 
completion cholangiogram is equivocal (usually de­
bris in the distal duct), the safest measure is to in­
troduce a 7- to 8-F infant feeding tube through the 
cystic duct into the common bile duct. More recent­
ly, a specially designed cystic duct drainage cannula 
has been developed. The catheter is secured to the 
cystic duct stump by two catgut ligatures 
(Fig. 10.7). This cannula permits the performance 
of postoperative cholangiography. Further 
management is based on the findings of this inves­
tigation. In most instances, the postoperative 
cholangiogram proves to be normal. 

Visually Guided Technique 

The visually guided technique was pioneered by 
Dubois in France, Phillips et al. in Los Angeles and 
Petelin [8 -10]. It necessitates the dilatation of the 
cystic duct followed by the introduction of the flexi­
bIe ureteroscope (Fig. 10.8) attached to a charge­
coupled device (CCD) camera for visually guided 
transcystic extraction of the ductal calculi. The 

Fig. 10.8. BaIloon dilatation of the cystic duct. This is fol­
lowed by the introduction of the fIexible ureteroscope at­
tached to a CCD camera for visuaIly guided transcystic ex­
traction of the ductal calculi 

Fig. 10.9. Flexible ureteroscope for visuaIly guided trans­
cystie ductal cIearance 

ureteroscope (Fig. 10.9) has a functional length of 
30 cm, an outer diameter of 3.4- 3.6 mm and an in­
strument channel of 1.2 mm. Finer endoscopes are 
available and can be used but these must have an 
instrument channel of at least 1 mm, otherwise irri­
gation is impossible once the basket is introduced. 
The other items of equipment needed are angio­
plasty balloon dilators and guidewires. The balloon 
dilators should be 6- to 7-F gauge with a balloon 
length of 40 mm and achieve maximal dilatation of 
5 mm. They are insufflated with saline through a 
customized pressure gauge using a special syringe. 
Torque guidewires with soft pliable tips or J wires 
which fit the balloon catheters are used. 
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10.10 

10.11 

Fig. 10.10. a The flexible ureteroscope connected to the irri­
gation system and a CCD camera inserted through the 
midclavicular cannula and threaded over the guidewire into 
the common duct. b Endoscopic view 

Fig. 10.11. a The guidewire being replaced by the Dormia 
basket which is used to trap and remove the stones under di­
rect vision. b Endoscopic view 

Initial Cholangiogram. The initial cholangiogram 
is performed as outlined previously. 

Insertion of Guidewire. The guidewire is inserted 
under fluoroscopic control through the cholangio­
catheter into the common bile duct and, if possible, 

into the duodenum. The cholangiocatheter is then 
removed and replaced by the balloon catheter 
which is threaded over the guidewire. 

Dilatation. If the common bile duct is dilated, the 
balloon is positioned under fluoroscopic control 
across the choledochal sphincter and then inflated. 
Following dilatation of the sphincter, the balloon is 
deflated and the catheter withdrawn until the bal­
loon lies in the cystic duct where it is reinflated to 
dilate this structure. The dilatation of the chole­
dochal sphincter is omitted if the common bile duct 
is not dilated. At this stage an antispasmodic which 
relaxes the sphincter of Oddi is administered intra-
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Fig. 10.12 a, b. Electrohydraulic lithotriptor (a) and lithotrip­
tor probes (b) 

venously. This is followed by irrigation of warm sa­
line through the deflated balloon catheter in an at­
tempt at flushing small calculi into the duodenum. 
The effect of this manoeuvre is ascertained by 
fluoroscopy and injection of contrast medium. 

Insertion of Ureteroscope. If unsuccessful, the 
guidewire is reinserted through the lumen of the 
balloon catheter into the common duct and the 
catheter then removed. The flexible ureteroscope, 
connected to the irrigation system (Fenwall pressure 
cuff) and a CCD camera, is inserted through the 
midclavieular cannula and threaded over the guide­
wire into the common duct (Fig. 10.10). The 
guidewire is then replaced by the Dormia basket 
whieh is used to trap and remove the stones under 
direct vision (Fig. 10.11) either through the cystie 
duct or into the duodenum. 

Special measures are needed if the stone is im­
pacted in the lower choledochal sphincter. The 
most useful is stone fragmentation by electro­
hydraulic lithotripsy (Fig. 10.12) using a 2.7-F pro­
be. This requires accurate placement of the tip of 
the probe on the stone away from the duct wall, 
otherwise a small perforation may be induced when 
the electric spark is generated. Other methods of 
fragmentation, such as pulse dye laser (504 nm) 
transmitted through a thin quartz fibre 
(300-400 nm) can be used [12, 13]. The laser oper­
ates at 60 mJ per pulse at 10 Hz and achieves stone 
fragmentation within 1 - 2 min. The resulting frag­
ments are extracted if large or flushed through the 
ampulla if small ( < 2 m). A completion cholangio­
gram is made to establish stone clearance. The cys­
tie dud is then ligated in continuity by means of a 
preformed endoloop. If the completion 
cholangiogram is equivocal, a cystic duct drainage 
cannula (7- to 8-F infant feeding tube) is inserted as 
described previously. 

Operative Steps of Laparoscopie 
Exploration of the Common Duct 

Laparoscopie exploration of the common duct is 
now the author's preferred technique if the com­
mon duct diameter is larger than 1 cm. It is essen­
tiaI in alI patients with proximal stones. The dip­
ping endoretractor (Storz, Tuttlingen, Germany) is 
very useful for elevating the quadrate lobe ahead of 
the optic and thereby provides excellent exposure of 
the common bile duct. If not available, the quad­
rate lobe and central part of the liver are elevated 
using the falciform/round ligament sling 
(Fig. 10.13). The use of the 30 o forward-oblique 
telescope is essential. The flexible choledochoscope 
is best inserted through an extra S.S-mm cannula 
placed below and to the right of the xiphoid pro­
cess in line with the common bile duct. 

Our technique of laparoscopie bile duct explora­
tion has changed during the past 2 years. We used 
to conduct the stone extraction under endoscopie 
control with Dormia baskets (Fig. 10.14). Although 
undoubtedly effective and elegant, this method can 
be very time-consuming and is unnecessary, as the 
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a 

Fig. 10.13. a Diagrammatic representation of the fa1ciform/ 
round ligament sling. b Sling around falciform - round lig­
ament before elevation (endophoto). c Elevation of central 
portion of the liver and quadrate lobe 

vast majority of ductal calculi encountered during 
Le can be readily dislodged and brought to the 
choledochotomy by ductal massage or mild suction 
or blind trawling using embolectomy or biliary bal­
loon catheters inflated with air. 

Dissection of the Common Bile Duct and Chole­
docho tomy. The catheter used for the cholangio­
gram is left in situ. Minimal dissection of the com­
mon duct is needed as only the anterior wall needs 
to be exposed. Stay sutures are unnecessary and use 
up ports. The incision of the anterior wall of the 

common bile duct is made low down in a vertical 
oblique fashion and should initially not exceed 
1 cm in length (Fig. 10.15). It may require extension 
if the stone is large but in practice we have observed 
that choledochotomy wounds (by virtue of the high 
elastin content of the bile duct) can be stretched to 
allow delivery of stones whose diameters are 
300/0 - 50% greater than the size of the wound. The 
choledochotomy is made preferably with a retract­
able diamond knife. Otherwise sharp dissecting 
scissors are used. Bleeding from the cut edges is 
controlled by precise soft electrocoagulation. At 
this stage, saline is injected forcibly through the 
cystic duct cannula. This may result in escape of 
the stone, which is then picked by the spoon forceps 
and retrieved. 

c 
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Fig. 10.14. Laparoscopie stone extraction by the flexible 
choledochoscope and Dormia basket introduced through 
supraduodenal choledochotomy. The flexible plastic tube 
(Riisch, Germany) prevents damage to the endoscope 

Fig. 10.15. The incision of the anterior wall of the common 
bile duct made low down in a vertical oblique fashion and 
initially not exceeding 1 cm in length 

Suction Extraction. The next step consists of inser­
tion of a suction device just inside the choledocho­
tomy with the tip of the instrument pointing to­
wards the choledochal sphincter (Fig. 10.16). Low 
suction is applied and used to adhere the stone to 
the tip of the suction instrument. Following 
delivery through the choledochotomy, the stone is 
transferred to a spoon forceps and removed. The 
duct can be often completely cleared by this simple 
technique. 

Duct Massage. Two round-ended atraumatic grasp­
ers are used to straddle the common duct which is 
massaged between the two instruments in a proxi­
mal direction, starting at the lower end (Fig. 10.17). 
Once the stone has reached the choledochotomy, 
one of the graspers is used to compress the bile duct 
anteroposteriorly above the choledochotomy and 
the other to ease it out of the choledochotomy 
(Fig. 10.18). We have found this technique to be 
useful for large calculi (Fig. 10.19). 

Extraction by Biliary Bal/oon Catheters. If the 
above methods fail, biliary balloon catheters (2 mI) 
are inserted through a large Medicut cannula into 
the common bile duct through the sphincter into 
the duodenum. After the balloon is inf1ated with 
air, the catheter is gently withdrawn until the resis­
tance caused by the sphincter is encountered. The 
balloon is partially deflated while gentle traction is 
maintained until it negotiates the sphincter when 
the balloon is rapidly reinflated and the catheter 
then used to trawl the stones to the choledochoto­
my wound. 

Visual/y Guided Extraction with Choledoch0-
scope. In our experience, the above three methods 
used in the sequence outlined resuIt in successful 
ductal clearance inside 30 min in 800/0 of patients. 
In these cases, the flexible choledochoscope is in­
serted to conduct a completion inspection. In the 
other 20%, visually guided Dormia basket extrac­
tion is performed. 

The flexible choledochoscope connected to the 
irrigation system (Fenwall) and the CCD camera is 
introduced through a separate 5.5-mm cannula be­
low and to the right of the xiphoid in line with the 
common bile duct. After placement of the distal 
1 cm of the choledochoscope inside the bile duct 
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Fig. 10.17. Technique of massage of the common bile duct 

Fig. 10.18. Once the stone has reached the choledochotomy, 
one of the gras pers is used to compress the bile duct 
anteroposteriorly above the choledochotomy and the other 
is employed to ease it out of the choledochotomy 

.. 
Fig. 10.16. a Suction extraction with suction device placed 
just inside the choledochotomy and the tip of the instrument 
pointing towards the choledochal sphincter. b Stones adhere 
to the tip of the activated sucker and are thereby delivered 
through the choledochotomy 
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Fig. 10.20. After placing the distal 1 cm of the choledocho­
scape insi de the bile duct lumen, the walls of common bile 
duct are gathered around the flexible endoscope by an 
atraumatic forceps and irrigation commenced 

Common Duct Drainage. Drainage of the bile duct 
is essential after supraduodenal bile duct explora­
tion as hold up due to oedema is encountered for 
several days after this procedure [14]. In addition, 
the drainage tube provides a ready access for post­
operative cholangiography as a final check against 
retained stones. There are two techniques which 

b can be used for biliary drainage: insertion of T-tube 

Fig. 10.19a, b. Large occluding stane (a) dislodged by stone and cystic duct decompression. 
massage and then delivered through the choledochotomy (b) 

lumen, the walls of common bile duct are gathered 
around the flexible endoscope by an atraumatic 
forceps and irrigation commenced (Fig. 10.20). The 
entire biliary tract is inspected (proximally and dis­
tally) and any stones are trapped and removed un­
der vision through the choledochotomy by means 
of a Dormia basket. Once outside the bile duct, the 
stones are transferred on each occasion to a spoon 
forceps and retrieved. After the bile duct is clear, 
choledochoscopic inspection of the biliary tract is 
repeated. 

1. T-tube method: This is the standard technique. 
The horizontal limb of a 14-F latex tube is 
trimmed to a totallength which does not exceed 
1.5 cm and is filleted. These modifications 
greatly facilitate the insertion of the horizontal 
part insi de the common bile duct. The tube is in­
serted into the peritoneal cavity through a stab 
wound in the right flank such that the long limb 
runs a straight course to the choledochotomy. 
This straight alignment of the long limb of the 
T-tube is important should any residual stones 
be discovered postoperatively, as a straight tube 
tract facilitates percutaneous stone extraction by 
this route. In this respect, it is a mistake to use 
one of the cannula sites for the insertion of the 
T-tube, as more of ten then not, these do not pro-
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Fig. 10.21 a, b. The T-tube horizontal limbs are compressed 
together by means of an atraumatic forceps and then fed in­
to the common bile duct (a), and then the forceps are re­
leased (b) 

Fig. 10.22. a Infant-feeding tube being inserted through the 
cystic duct well into the common bile duct and then tying the 
cystic duct over the tube in continuity using a Roeder slip 
catgut knot. A second Roeder knot is applied a few millime­
tres further laterally but medial to the clip on the gallbladder 
end of the cystic duct. b Cystic duct cannula in situ 

vide the ideal location. Once the tube is in the 
peritoneal cavity, its short horizontal limbs are 
compressed together by means of an atraumatic 
forceps and then fed into the common bile duct, 
at which time the forceps is released (Fig. 10.21). 
When the T-tube is in place, saline is instilled to 
irrigate the extrahepatic biliary tract. 

2. Cystic duct drainage: We now prefer this tech­
nique [15], because the patient recovers quicker. 
Initialy an infant feeding, soft polyethylene tube 
(7 - 8 F) is used. It provides adequate drainage 
(average 300 ml/day) and excellent access for 
postoperative cholangiography. The cholangio­
catheter is replaced by the infant feeding tube. 
This is introduced in the right flank via a large 

b 
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Medicut cannula and then is inserted through 
the cystic duct well into the common bile duct 
(Fig. 10.22). More recently we have designed and 
now use a cystic duct drainage catheter with a 
terminal "S" configuration. This catheter 
(Cook, USA) is available in two sizes (7.5F, 
8.5 F) and has its own introducer hit. The cystic 
duct is then tied over the tube in continuity us­
ing a Roeder slip catgut knot. A second Roeder 
knot is applied a few millimetres further lateral­
ly but medial to the clip on the gallbladder end 
of the cystic duct. The cystic duct is then divided 

Fig. 10.23. a Closure of choledochotomy after placement of 
T-tube. The incision is cIosed above the long Iimb whieh then 
comes to lie at the bottom of the cIosed incision. b Closed 
T-tube choledochotomy 

Fig. 10.24. a Primary cIosure of the common bile duct after 
placement of cystie duct cannula. b Suture closure of the 
common bile duct 

with hook scissors between the lateral ligature 
and the clip. Saline is infused through the cystic 
duct cannula to ensure patency. 

Suture C/osure of the Common Bile Duct. The inci­
sion in the common bile duct is then closed by two 
to three interrupted 4/0 absorbable sutures (Poly­
sorb, coated Vicryl). If a T-tube is placed, the 
choledochotomy is closed above the long limb, 
which then comes to lie at the bottom of the closed 
incision (Fig. 10.23). If cystic duct cannula drainage 
is used, primary complete closure of the chole-

b 

b 
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Fig. 10.25. Completion cholangiogram confirming total 
ductal c1earance 

dochotomy is performed (Fig. 10.24). In either 
case, when the suturing has been completed, saline 
is injected through the cystie duct cannula or T-tube 
to ensure a watertight seal. 

Completion Cholangiogram and Insertion of Sub­
hepatic Drain. A completion contrast study is per­
formed in all cases to ensure ductal clearance 
(Fig. 10.25). A subhepatie drain is inserted routine­
ly in these patients. This is introduced through the 
midclavieular cannula and placed in the subhepatic 
pouch close to the choledochotomy. The drain is 
connected to a closed drainage system. Thereafter, 
the peritoneum is desufflated and the drain and T­
tube or cystic duct cannula are fixed by sutures to 
the skin. 

Postoperative Management 

The nasogastric tube is removed after recovery 
from anaesthesia since postoperative ileus has not 
been a common problem in these patients. In the 
presence of jaundice hourly monitoring of the uri­
nary output is maintained for the first few days af­
ter surgery. In our experience about 30070 of pa­
tients undergoing laparoscopie exploration have 
bacteria (gram-negative aerobes) in the bile on cul-

ture. For this reason, we administer a 5-day course 
of cephalosporin to all these patients. 

Patients with Cystic Duct Cannula Drainage. The 
cannula is kept on free closed drainage for 48 hand 
then sealed. If this results in an increased output of 
bile from the subhepatic drain during the ensuing 
12 h, free drainage is reestablished and cholangiog­
raphy arranged within 24 h. Much more commonly, 
the interruption of the external biIiary drainage 
does not result in any increased output from the 
subhepatic drain. In this case, the subhepatie drain 
is removed and the patient discharged home with 
the sealed cannula protected by an occlusive dress­
ing (third to fourth day). The patient returns for a 
postoperative cholangiogram 7 - 10 days Iater and 
if this is satisfactory, the cannula is withdrawn un­
der intravenous sedation. 

Patients with T-tube Drainage. Patients with T-tube 
drainage are slower to recover and usually have 
some iIeus, which resolves, however, by 48 h. They 
are usually ready for discharge from the sixth post­
operative day onwards, although this is variable 
and is often longer in elderly patients. In patients 
in whom maturation of the T-tube tract is impaired 
(elderly, diabeties, immunosuppressed patients), 
the T-tube is Ieft spigotted for at least 2 more 
weeks. Otherwise it is usually removed on the sev­
enth to tenth day, provided the T-tube cholangio­
gram is normal. 

Clinical Results 

Although little experience has been reported, the 
results to date have been most encouraging, with a 
low postoperative morbidity and retained stone 
rate. Splitting of the cystie duct may result from 
balloon dilatation, which is often needed to insert 
the flexible ureteroscope. This complication is rec­
ognized immediately at operation and is easily 
treated by laparoscopic suture closure of the cystic 
duct stump. Hyperamylasaemia is common after 
transcystic removal (20%) but clinically significant 
pancreatitis is rare. The other complication is bile 
leakage. This has been encountered in 4% of our 
patients after supraduodenal common bile duct ex-
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ploration and always resolves, provided a sub­
hepatic drain is left at the time of surgery. In our 
series of 40 patients none died. One patient devel­
oped intestinal obstruction caused by a twist of an 
upper jejunalloop around the long limb of the T­
tube. 

In those patients with retained stones who have 
access to the biliary tree (T-tube), endoscopically 
guided percutaneous stone extraction via the T-tube 
tract is the preferred option. A few weeks are al­
lowed for maturation of the tract before the proce­
dure is undertaken. After the insertion of a guide­
wire, the T-tube is removed and the tract dilated. An 
Amplatz sheath is then inserted before passage of 
the fIexible choledochoscope over the guidewire in­
to the common bile duct. Good fIuoroscopic imag­
ing is also needed for this procedure. 

In patients without a T-tube, endoscopic sphinc­
terotomy and stone extraction remain the treatment 
of choice. In experienced hands this has a success 
rate of 900/0. If a cystic duct cannula drainage is in 
situ, the passage of a guide-wire down the cannula 
through the bile duct into the duodenum virtually 
guarantees successful endoscopic stone extraction 
in all patients. 
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11 Laparoscopie Splenectomy 

A. CUSCHIERI 

Introduction 

Nowadays, the need for splenectomy is indieated 
for trauma, in the management of patients with 
certain haematologieal disorders and in the staging 
of some patients with Hodgkin's disease. In trau­
ma, the tendency in recent years has been towards 
splenie preservation with repair or segmental resec­
tion as indicated by the nature of the injury, with 
splenectomy being reserved for severe grade 4 le­
sions, induding splenie hilar disruption [1]. The ar­
gument for splenie preservation is based on the risk 
of severe postsplenectomy sepsis due to encapsulat­
ed organisms, predominantly Streptococcus pneu­
moniae [2, 3]. However, a recent collective review of 
the literature has shown that the risk is mainly con­
fined to infants and children and is significantly in­
fIuenced by the nature of the underlying disease for 
which the splenectomy is performed [4]. Thus the 
lowest incidence of postsplenectomy sepsis is en­
countered when the spleen is removed for trauma. 

In elective surgery, vaccination with polyvalent 
pneumococ cal vaccine is practised although the ev­
idence for effective protection by this measure is 
lacking [5, 6] and on immunological grounds, vac­
cination is likely to stimulate the memory T-inde­
pendent lymphocytes only if commenced before the 
spleen is removed. The use of prophylactie penieil­
lin therapy is advisable in infants and children. 

Indications and Contraindications 
for Laparoscopie Splenectomy 

Although minor injuries of the splenie poles can be 
repaired laparoscopieally by the use of omentum 
and fibrin glue, laparoscopie splenectomy has been 

undertaken to date only in the elective situation. 
The assessment of splenie size, whieh determines 
the feasibility of laparoscopie splenectomy, is con­
ducted by physieal examination and splenic 
ultrasonography. The ideal patients for elective 
laparoscopie splenectomy are those suffering from 
idiopathie thrombocytopenie purpura (ITP) for 
two reasons. In the first instance, the splenie 
enlargement in these patients is only moderate, and 
secondly, the risk of postsplenectomy sepsis is min­
imal [4]. Laparoscopie splenectomy is also indieat­
ed for acquired haemolytie anaemia Hodgkin's dis­
ease (> 15 cm), splenic cysts and tumours. Massive 
splenomegaly (> 20 cm) of any cause is considered 
by the author to be a contraindieation to the 
laparoscopie approach. 

Preoperative Work-up and Preparation 

In addition to full haematologieal testing induding 
platelet count and bleeding time, it is advisable to 
perform an splenic ultrasound examination to de­
termine exact splenie size, as this infIuences the 
need for interventional arteriography and the 
operative approach. Most patients with ITP have 
spleens which seldom exceed 12 cm along their lon­
gitudinal axis (Fig. 11.1). For larger spleens 
(> 15 cm), splenie arteriography with embolization 
(gel foam, coils, etc.) of the splenie artery the day 
before surgery reduces splenie size and facilitates 
t~e laparoscopie procedure. Alternatively, primary 
hgature of the splenic artery at the start of the op­
eration is performed (see below). 

As all the patients with ITP have usually been 
exposed to long periods of steroid therapy in the 
form of oral prednisolone, the perioperative period 
is covered by parenteral hydrocortisone. Provided 
the platelet count is 50000 or more, there is no indi-
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Fig. 11.1. Splenic ultrasound examination 

cation for preoperative platelet transfusions and 
preoperative administration of purified human IgG 
is sufficient. Chemoprophylaxis against deep ve­
nous thrombosis with subcutaneous administration 
of heparin is recommended in alI patients undergo­
ing laparoscopic splenectomy because of the re­
bound thrombocytosis encountered in the vast ma­
jority of patients in the postoperative period. The 
first subcutaneous dose (5000-8000 units) is ad­
ministered with induction of anaesthesia. An­
tithrombosis graduated elastic stockings are also 
used in alI patients. 

Anaesthesia 

Laparoscopic splenectomy is performed under gen­
eral anaesthesia with endotracheal intubation. The 
exact details and premedication vary with the prac­
tice of the anaesthetist. Antibiotic prophylaxis is 
administered routinely, using a single-dose injec­
tion of a cephalosporin given after induction of an­
aesthesia. A size 14-F Salem sump nasogastric tube 
is inserted and kept on continuous low suction to 
ensure total and continued deflation of the stom­
ach throughout the procedure. The patient's uri­
nary bladder is catheterized before induction of the 
pneumoperitoneum. The catheter is withdrawn af­
ter the operation is completed. 

Patient Positioning and Skin Preparation 

The patient is operated upon in the half-Iateral po­
sition with a 6-cm deep sand bag placed under­
neath the left rib cage - semi-Iateral position -

Fig. 11.2. Exposure of the spleen by positioning of the pa­
tient and operating table as described in the text 

and with a moderate (15°-30 0) head-up tilt. In ad­
dition, a slight lateral tilt of the operating table to 
the right further improves the exposure of the 
spleen by elevation of the left subdiaphragmatic 
recess (Fig. 11.2). The skin of the abdomen and 
lower chest is prepared with medicated soap 
(Hibiscrub; ICI, UK) and then disinfected with the 
antiseptic of choice. The area prepared in this fash­
ion extends from the nipple line to the pubis and 
lateralIy well into the flanks. Draping is such as to 
leave exposed the abdomen from the costal margins 
to the suprapubic region and extending welIlateral­
ly in the left flank (Fig. 11.3). 

Layout of Ancillary Instruments and Positioning 
of Staff 

The surgeon operates from the right side of the 
operating table. Unless an adjustable vacuum-Iock 
laparoscope holder (First Assistant, Leonard, Phil­
adelphia) is used, the camera person and the first 
assistant both stand on the left side of the patient. 
The scrub nurse stands on the right side by the sur­
geon and her sterile instrument trolIey is situated 
beyond and behind her (Fig. 11.4). 

Fig. 11.3. Draping. The exposed area of the abdomen ex­
tends from the costal margins to the suprapubic region and 
laterally to the left flank 

Fig. 11.4. Layout of staff and equipment; S Surgeon 



11.3 
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A two-monitor vis ual display is essential as the 
first assistant plays a very active part in the ligation 
of the short gastric vessels and during the dissec­
tion and securement of the splenic hilar vessels. 
The electrosurgical unit, preferably of the micro­
processor controlled type (Erbe, Ttibingen, Germa­
ny), suction irrigation, insufflator and camera unit 
are placed on a stack behind the surgeon. The use 
of a pul sed irrigation system is desirable to enable 
dispersal of clots during the dissection of the splen­
ic hilium. 

Details of Specific Instruments and Consumables 
for the Procedure 

In addition to the basic instrumentation, the 
following special equipment is necessary for 
laparoscopic splenectomy: 

- 10-mm 30 o forward oblique telescope 
- Curved coaxial instruments and flexible trocar 

cannulae (Fig. 11.5 a, b) 
- Liver retractor rod 
- Consumables 

Dacron or black silk ligatur (120-150 cm) 
mounted on a push rod (USSC, Norwalk, USA; 
Ethicon, Edinburgh, UK) 
EndoGIA * with vascular cartridges (USSC, 
Norwalk, USA) 

The use of curved and bayonet coaxial instruments 
which can be introduced through reusable flexible 
cannulae and allow change of direction of the func­
tional tip by rotation of the longitudinal axis of the 
instrument [7] greatly facilitates dissection around 
the splenic poles and behind the spleen (Fig. 11.6). 
The dissection of the splenic hilar vessels from the 
tail of the pancreas and separation of the posterior 
surface of the spleen from the retroperitoneum, 
perirenal fat and adrenal gland is considerably ex­
pedited by the use of ultrasonic dissection [8] using 
the Selector probe (Surgical Technology Group, 
Andover, UK) (Fig. 11.7). 

.. 
Fig.l1.5. a Coaxial curved instruments whieh are intro­
duced through reusable metal flexible cannulae (Storz, Thtt­
Iingen, Germany). b Coaxial bayonet instruments using the 
same flexible cannula for their insertion 

. ' -..... --. '. 
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Fig. 11.6. Range of movement of the functional tip of the 
curved coaxial instrument as it is rotated longitudinally 
through 360 o 

Fig. 11.7 a, b. Selector ultrasonic dis sector system with probe 
(Surgieal Technology Group, Andover, UK) 

11.7 a 

b 
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Operative Steps 
of Laparoscopie Splenectomy 

Types and Placement of Trocar and Cannulae 

The positions of the cannulae used are shown in 
Fig. 11.8. The telescope port (ll-mm, p1) is placed 
2 cm above and to the left of the umbilicus. An 
ll-mm cannula placed close to the right subcostal 
margin lateral to the xiphoid process (p5) is used 
for introduction of a plastic rod retractor employed 
to elevate the left lobe. This is necessary only in pa­
tients with a large left lobe which projects beyond 
the fundus of the stomach. A flexible metal 8-mm 
cannula is sited in the left flank 2 cm below the 
convexity of the left rib cage (p2). The other can­
nulae are placed as follows: to the right of the 
midline halfway between the umbilicus and the 
xiphoid process (8-mm; p3, flexible) and in the 
right hypochondrium along the linea semilunaris 
(5.5 mm; p4). 

Exposure of the Spleen 

With positioning of the patient as previously de­
scribed, the lower anterior aspect of the spleen is 
exposed in the majority of patients. In some, the 

Fig. 11.8. Positions of the cannulae 

greater omentum is seen rolled up, obscuring the 
organ. In this situation, the omentum is grasped 
with an atraumatic forceps and pulled down into 
the infracolic compartment. A coaxial-curved Bab­
cock's type grasper is placed on the proximal body 
of the stomach near the greater curve and used to 
retract this organ downwards and to the right. This 
results in excellent exposure of the anterior aspect 
and lower pole of the spleen. At this stage the lower 
pole is seen attached to the splenic flexure of the 
colon by a vascular peritoneal fold (suspensory lig­
ament). 

Division of Splenocolic Attachments 
and Devascularization of the Lower Pole 

The first step of the operation is to divide the 
splenocolic attachments and devascularize the low­
er pole. Prior to scissors division of the splenocolic 
attachment, the leash of fine blood vessels in this 
peritoneal fold are electrocoagulated (Fig. 11.9) 
preferably in the soft coagulation mode (absence of 
electric arcing) using the ACC H-F electrosurgical 
unit (Erbe, Ttibingen, Germany). This is an impor­
tant practical point in view of the immediate prox­
imity of the left colonic flexure. The peritoneum is 
then incised with the curved coaxial scissors (p3) 

p3 

Fig. 11.9. Electrocoagulation of the splenocolic (suspensory) 
ligament prior to division by scissors. This must be per­
formed in the soft coagulation mode 
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Fig. 11.10. lncision in the peritoneum 

Fig. 11.11. Ligation of vessels to the lower pole (often dou­
bie) proximally in continuity using Dacron or black silk 
mounted on a push rod and an extern al slip knot which is 
tightened and locked in placed 

Fig. 11.12. Clipping the distal (splenic) ends 

p3 

Fig. 11.13. Dividing the vessels with scissors 

around the lower pole of the spleen to the back of 
the organ untii the lower limit of the lienorenallig­
ament and underlying fascia are reached 
(Fig. 11.1 O). The vessels to the lower pole (of ten 
double) are best individually ligated proximally in 
continuity using Dacron or black siik mounted on 
a push rod and an external slip knot (Fig. 11.11): ei­
ther the Tayside or the Melzer type. The distal 
(splenic) ends are clipped (Fig. 11.12) and the ves­
sels then divided with scissors (Fig. 11.13). Follow­
ing division, a clear line of demarcation between 
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Fig. 11.14. Clear line of demarcation between the devascula­
rized lower segment of the spleen and the residual perfused 
parenchyma of the organ after division 

the devascularized lower segment of the spleen and 
the residual perfused parenchyma of the organ 
becomes obvious (Fig. 11.14). 

Stapling of Short Gastric Vessels 
and Detachment of the Gastrosplenic Omentum 

Next, the proximal greater curvature of the stom­
ach is lifted up to identify an avascular window 
ne ar the greater curvature below the short gastric 
vessels. Following division of the peritoneum of the 
window by curved coaxial scissors, the curved co­
axial grasper is introduced behind the stomach 
(Fig. 11.15). The undersurface of the gastrosplenic 
ligament can thus be visualized and a suitable prox­
imal avascular window selected and opened by the 
coaxial curved scissors (Fig. 11.16). Often avascular 
adhesions between the posterior surface of the 
stomach and the pancreas are encountered. These 
are divided by the scissors untiI sufficient clearance 
is achieved. The EndoGIA * with vascular cartridge 
(USSC, Norwalk, USA) is then introduced with the 
thinner limb below and the thicker limb above the 
pedicle which is then stapled and cut as the device 
is activated (Fig. 11.17). Usually only one applica­
tion of the Endo GIA * is necessary. Proximally 
there are deeper short gastric and phrenic vessels 
(usually two). These should not be included in the 
endoGIA but are best ligated medially and clipped 
laterally before being divided (Fig. 11.18). 

Fig. 11.15. Lifting the proximal greater curvature of the 
stomach to identify an avascular window near the greater 
curvature below the short gastric vessels and dividing the 
peritoneum by the curved coaxial scissors 

p3 

p2 

Fig. 11.16. Introducing the curved coaxial grasper (p2) be­
hind the stomach to visualize the undersurface of the gastro­
splenic ligament and selecting a suitable proximal avascular 
window which is opened by the coaxial curved scissors (p3) 
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Fig. 11.17. The EndoGIA * with vascular cartridge (USSC, 
Norwalk, USA) being introduced and the pedicle stapled 
and cut 

p3 1) 

Fig. 11.18. Proximally the deeper short gastric and phrenic 
vessels are best ligated medially and clipped laterally before 
being divided 

Fig. 11.19. Dividing the peritoneal reflection between the 
spleen and the oesophagogastric junction and between the 
upper pole of the organ and the diaphragm by the coaxial 
curved scissors and extending it around the upper pole ex­
posing the tai! of the pancreas and the splenic hi!ium, and 
dissecting the tai! of the pancreas from the hilium of the 
spleen to identify the vascular pedicles to the middle and up­
per splenic segments 

Division of the Proximal Gastrosplenicphrenic 
Peritoneal Reflection and Underlying Fascial 
Layer with Mobilization of the Upper Pole 
of the Spleen 

The peritoneal reflection between the spleen and 
the oesophagogastric junction and between the up­
per pole of the organ and the diaphragm is then di­
vided and extended araund the upper pole 
(Fig. 11.19). The use ofthe coaxial curved and bay­
onet scissors is particularly useful during this stage 
of the operation. The division of the peritoneal 
fold exposes the fasciallayer which binds the spleen 
to the retraperitoneum. This, too, requires division 
with scissors. At this stage the right adrenal gland 
is of ten identified. 
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Fig. 11.20. Completed hilar dissection exposing the vessels 
to the middle and upper segments of the spleen 

Dissection of the Pancreatic Tail 
to Expose the Vascular Pedicles to the Middle 
and Upper Splenic Segments 

The detachment of the short gastric vessels is fol­
lowed by retraction of the mobilized upper part of 
the greater curvature of the stomach upwards and 
to the right by the assistant. This exposes the taiI of 
the pancreas and the splenic hilium (Fig. 11.19). 
The dissection of the tail of the pancreas from the 
hilium of the spleen is necessary to avoid pancreatic 
injury and to identify the two remaining vascular 
pedicles to the middle and upper splenic segments 
(Fig. 11.19). This dissection has to be carried out 
with extreme care as inadvertent traction avulsion 
injury to small branches from the splenic vein and 
artery to the tail of the pancreas may result in sub­
stantial bleeding. The dissection of the splenic taiI 

p3 

p2 

Fig. 11.21. Proximal ligature of the vascular pedicles to the 
middle and upper segments 

is best carried out by blunt scissors (Fig. 11.20) or Fig. 11.22. Devascularized spleen 

ultrasonic dissection. If the latter is used, the ma-
chine should be set to deliver a low vibration ener-
gy. A combination of both is ideal. 

Ligature of Splenic Vessels to Middle 
and Upper Splenic Segments 

Once the vessels to the middle and upper segments 
have been separated from the taiI of the pancreas, 
they are ligated proximally in continuity using Da­
cron or black siIk mounted on a push rod using an 

extern al slip knot (Tayside or Meltzer). If adequate 
dissection has been carried out, the proximal 
ligature of these vascular pedicles is straightfor­
ward (Fig. 11.21) and when complete, results in uni­
form dark discolouration of the entire spleen 
(Fig. 11.22). The distal splenic end of these vascular 
pedicles is left intact to enable splenic bleeding (see 
below). 
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p5 

p2 'O 

Fig. 11.23. Dividing the vascular pedicles to the middle and 
upper segments by scissors l-cm distal to the proximalliga­
ture. The sequestered blood in the splenic parenchyma is 
sucked from the splenie fossa, whieh is also irrigated with 
warm heparinized Hartmann's solution 

Fig. 11.24. Exsanguinated spleen 

Bleeding of the Spleen After Vascular Isolation 

A suetion/irrigation deviee is plaeed in the left 
hypoehondrium in the lateral splenie gutter. The 
vaseular pedieles to the middle and upper segments 
are then divided by scissors 1 em dis taI to the proxi­
mal ligature (Fig. 11.23). As the sequestered blood 
in the splenie parenehyma eseapes it is sueked from 

p4 

p2 

Fig. 11.25. Displacing the shrunken spleen to the right by a 
Babcock's gras per placed on the splenic hilar vessels and di­
viding the lienorenal ligament and underlying splenic fascia 
by scissors, with coagulation of any small bleeders 

the splenic fossa. This is also irrigated with warm 
heparinized Hartmann's solution to prevent elot 
formation during this proeess, which is eontinued 
untiI the splenie bleeding has ceased and the area 
is dry. A 50070 reduction of splenie size is obtained 
by this simple measure (Fig. 11.24). This splenie 
bleeding is permissible whenever the splenectomy is 
being carried out for benign disease but is eontrain­
dicated if the procedure is being eonducted for 
Hodgkin's lymphoma or other tumours. 

Detachment of the Lienorenal Peritoneum 
and Fascia 

The lienorenalligament and underlying splenie fas­
eia are then divided by seissors with eoagulation of 
any small bleeders. During this stage, the spleen, 
which is now eonsiderably redueed in size, is dis­
plaeed to the right by a Babeock's grasper plaeed 
on the detaehed splenic hilium (Fig. 11.25). Separa­
tion of the posterior surfaee of the spleen form the 
perinephric fat completes the proeedure. 
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Fig. 11.26. Extraction of exsanguinated spleen insi de a 
laparobag 

Prior to extraction, a careful inspection is per­
formed to ensure complete haemostasis and ex­
clude any splenunculi. This is partieularly impor­
tant in patients suffering from ITP. 

Extraction of Specimen 

The shrunken detached spleen is grasped by the 
hilar vessels and placed inside a laparobag 
(Fig. 11.26). The neck of the bag is then exterioriz­
ed and the spleen sliced inside the transparent bag 
using Mclndoe scissors, before extraction through 
a 2.5-cm incision (enlargement and retraction of 
the left subcostal port). More recently we prefer to 
use a superelastic shape memory alloy slicer. The 
mobilized spleen is first gripped insi de the wire 
cage of the slicer and then placed in a sheathed re­
trieval system manufactured from rip-stop nylon 
(Cameron Balloons, Bristol, UK). Activation of the 
slicer results in splenic fillets whieh are extracted in­
dividually through the exteriorized neck of the 
retrieval system. 

Postoperative Management 

The patients have done well with no postoperative 
complications or deaths. Bleeding from traction 
avulsion of a small venule supplying the pancreatie 

tail was encountered in our first laparoscopie 
splenectomy. The resulting intraoperative blood 
loss amounted to 500 mI and blood transfusion was 
not considered necessary. The postoperative hemo­
globin level in this patient was lOg. Some shoulder 
tip pain is experienced by most patients during the 
first 24 h but all are ambulant the day after the op­
eration. Signifieant ileus is absent and liquid feeds 
can usually be started within 24 h. Platelet counts 
in excess of 300000 are reached by the third day in 
all patients with ITP. The patients are usually 
discharged home on the fourth day on enterie coat­
ed aspirin. 

Clinica) Results 

Our initial experience has been favourable and free 
of significant complications. Undoubtedly, the dis­
section is facilitated by the use of the distally curv­
ed coaxial instruments and the ultrasonie dissector. 
Provided an orderly approach to the operation is 
adopted, no great technical problems are encoun­
tered and with the right instrumentation and en­
doscopic experience the procedure is straightfor­
ward [9]. The most taxing part of the operation is 
the dissection of the pancreatic tail. The technique 
of hilar splenie devascularization described above 
is similar to that used by Carrol et al. [10, 11] and 
needs to be modified in patients with large spleens. 
The most important change consists of preliminary 
identification and ligature of the splenic artery 
above the upper border of the pancreatie tail. This 
should result in splenie decongestion with signifi­
cant reduction in its size. 

Contrary to others, we have not administered 
the pneumococcal polyvalent vaccine in adult pa­
tients with ITP as studies from this department 
have shown minimal if any risk from postsplenec­
tomy sepsis in this group of patients, in contrast to 
infants, children with thalassaemia, adults with liv­
er disease and lymphomas [4]. Our patients simply 
carry splenectomy cards and are advised to contact 
their general practitioners if they develop any fever. 
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A. CUSCHIERI 

Introduction 

Elective surgery for peptic ulcer disease has de­
creased markedly in the last two de cades with the 
introduction of H2 receptor antagonists [1], al­
though there is now clear evidence that prepyloric 
ulcers are not controlled by this medication and re­
quire surgical treatment [2, 3]. The vast majority of 
ulcer surgery undertaken nowadays is for acute 
(perforation and haemorrhage) and chronic com­
plications (stenosis) of ulcer disease aIthough it ap­
pears that the number of patients with uncompli­
cated ulcer disease referred for elective surgical 
treatment has increased in the last few years due to 
long-term noncompliance with medication and the 
advent of laparoscopic surgery. The endoscopic 
vagotomy procedures of truncal vagotomy, highly 
selective vagotomy and posterior truncal vagotomy 
and anterior seromyotomy are covered in VoI. 1, 
Chap.20 and 21. The laparoscopic surgical treat­
ment of perforated ulcer disease is outlined in 
Chap. 22 of the same volume. 

Palliative surgery for unresectable gastric cancer 
yields poor resuIts overall [4], aIthough for antral 
tumours, a proximal anterior gastroenterostomy 
does benefit patients with gastric outlet obstruc­
tion. The same considerations apply to patients 
with cancer of the head of the pancreas involving 
the duodenum and pyloric region. In these pa­
tients, the gastroenterostomy is combined with a 
bilioenteric bypass (Chap.9, this volume). 

Percutaneous gastrostomy is undertaken for pa­
tients with bulbar palsy and is most commonly per­
formed endoscopically - percutaneous endoscopic 
gastrostomy (PEG) [5, 6]. The procedure can be 
carried out expeditiously by the laparoscopic ap­
proach, as can feeding jejunostomy in nutritionally 
compromised patients. 

Preoperative Work-up and Preparation 

All the operations are conducted under antibiotic 
prophylaxis with cephuroxime administered at the 
time of induction. Chemoprophylaxis against deep 
vein thrombosis by heparin administered sub cuta­
neously is used in elderly patients and in those suf­
fering from cancer. In addition, these patients 
should wear graduated antithrombosis stockings. 
Complete deflation ofthe stomach by a 16-F Salem 
sump nasogastric tube attached to a continuous 
low suction is essential for all gastric laparoscopic 
procedures. 

Anaesthesia 

All the gastric operations described in this chapter 
are performed under general anaesthesia with en­
dotracheal intubation. The exact details and 
premedication vary with the practice of the 
anaesthetist. 

Patient Positioning and Skin Preparation 

For gastric procedures, the anaesthetized patient is 
placed in the supine position with a head-up tiIt. 
The skin of the entire abdomen is washed with 
medicated soap (Hibiscrub; ICI, UK) and then dis­
infected with the disinfectant of choice. The operat­
ing field left exposed by the sterile drapes extends 
from the costal margins to the suprapubic region. 
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Layout of Ancillary Instruments and Positioning 
of Staff 

During laparoscopic gastric surgery, the surgeon 
operates mainly from the left side of the operating 
table with the camera person by his side and the 
first assistant and the scrub nurse on the right side. 
A two-monitor visual display is essential. The elec­
trosurgical unit, preferably of the microprocessor 
controlled type (Erbe; Tubingen, Germany), suc­
tion irrigation, insufflator, light source and camera 
unit are placed on a stack behind the surgeon. 

Laparoscopie Witzel Gastrostomy 

Instrumentation and Consumables 

In addition to the ordinary straight laparoscopic in­
strumentation, a pair of 5-mm needle holders, rub­
ber-shod suture holder, a 10-mm plastic retraction 
rod and a straight Duval or Babcock's grasping for­
ceps are needed. A silicon balloon-tipped gastro­
stomy tube (14-16 F) is used and suturing is per­
formed with 3/ 0 Polysorb mounted on endoski 
needles (USSC; Norwalk, USA). 

Sites of Trocar and Cannulae 

The sites of the access cannulae are shown in 
Fig. 12.1. The optic is introduced through a subum­
bilical port (ll-mm; p1) to the left of the midline. 
The two working cannulae (5.5-mml p2, p3) are 
placed along the linea semilunaris, low down at 
umbilical level. The retracting cannula (10.5-mm; 
p4) is inserted in the right subcostal region along 
the anterior axillary line and the assistant's cannula 
(5.5-mm; p5), used to hold the suture tension, is 
placed in the left subxiphoid region. 

Operative Steps 

After the quadrate and left lobe of the liver togeth­
er with the falciform - round ligament complex 
are lifted up by the plastic rod, the stomach is 
grasped along the greater curvature and pulled 

Fig.12.1; Sites of access port for laparoscopie Witzel 
gastrostomy 

down. Any overlying portion of the greater omen­
turn is displaced to expose the anterior surface of 
the middle third of the stomach. A longitudinal in­
cision is made halfway between the lesser and 
greater curvatures using the electrosurgical knife 
and cutting current until the gastric mucos a is 
reached. As the upper edge of the cut muscle coat 
is grasped and tented upwards, the mucosa is open­
ed with electrocutting. Despite this, the cut 
mucosal edges often bleed. This requires soft coag­
ulation after the bleeding submucosal vessels are 
grasped with an insulated forceps. The suction 
device is then inserted inside the lumen and the 
stomach aspirated. The gastrostomy catheter is in­
serted through a stab wound in the left hypochon­
drium, the exact site being determined by the finger 
depression test. Once inside the peritoneal cavity, it 
is grasped and pulled further in. The integrity of its 
balloon is tested before the catheter is inserted 
through the gastrotomy. A sufficient length of the 
catheter (at least 7 cm) must be threaded inside the 
stomach so that its tip lies in the pyloric region and, 
preferably, in the first part of the duodenum. The 
position of the catheter tip inside the stomach is 
easily determined by inflation of the balloon. 
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The first suture is placed in a purse-string fash­
ion around the entrance of the catheter into the 
stomach, taking deep seromuscular bites and start­
ing above and behind the tube. Once in position, 
the suture is tied securely around the tube using a 
standard internal microsurgical knot. The long 
limb of the suture is then wound around the tube 
before being tied again to the tail of the first knot. 
The inversion of the gastrostomy catheter within 
the gastric walls is carried out by a continuous su­
ture. Taking deep seromuscular bites, the adjacent 
gastric wall is picked up on either si de of the cathe­
ter some 2.5 cm proximal to its entrance into the 
stomach and the starter knot tied. The stomach 
walls are then approximated over the tube with con- Fig. 12.2. Completed oversewing of the gastrostomy catheter 

tinuous suturing towards and 1 cm beyond the 
gastrostomy site, with tension being held on the su-
ture line by the assistant using a rubber-shod suture 
holder. Once the catheter and the gastrostomy site 
have been oversewn completely, the end of the su­
ture is tied using an Aberdeen knot. Alternatively, 
the suture is tied to the long limb of an anchoring 
knot introduced and tied by the surgeon as the as­
sistant maintains tension on the suture line. At the 
end of this stage of the operation, the gastrostomy 
site and the adjacent section of the catheter are 
buried within the gastric walls (Fig. 12.2). 

Traction applied to the extern al section of the 
tube should approximate the "gastric tube" to the 
anterior abdominal wall without tension. At the 
stage of the operation, it may be necessary to re­
duce the intra-abdominal pressure to facilitate this 
approximation. 

Fixation of the Witzel's gastrostomy tube to the 
anterior abdominal wall around the exit site of the 
catheter can be performed either by internal or ex­
ternal suturing. 

Internal Technique 

In the internal technique the preformed Dundee 
jamming loop starter knot tied at the end of the 
atraumatic sutures is employed. After fashioning 
the starter jamming loop knot, the suture is intro­
duced through a reducer tube and then pas sed 
through the anterior abdominal wall behind the ex­
it site of the catheter. It is then inserted through the 
corresponding side of the gastric tube, taking a 

Fig. 12.3. Completed approximation of the gastric tube be­
hind the catheter 

deep seromuscular bite. After the needle holder is 
pas sed through the loop, it is used to grab the 
standing part of the suture which is withdrawn 
through the loop before the loop is slipped and 
locked from the tail. After completion of the ap­
proximation of the stomach tube behind the cathe­
ter (Fig. 12.3), an identical suture is inserted to ap­
proximate the stomach tube in front of the 
gastrostomy catheter. 
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Fig. 12.4 a, b. External fixation of the gastric tube to the an­
terior abdominal wall. a The straight 60-mm needle is pass­
ed through the abdominal wall behind the catheter into the 
peritoneal cavity. b The suture is inserted through the stom­
ach tube behind the catheter and then exteriorized 

External Technique 

Two atraumatic sutures mounted on a straight 
60-mm needle are used. After the skin incision ad­
mitting the gastrostomy catheter is enlarged (2 cm), 
the needle is passed through the subcutaneous and 
muscular layers behind the catheter into the perito­
neal cavity where it is grasped by the needle holder. 
The needle is then pas sed through the stomach tube 
behind the catheter (Fig. 12.4a) before its direction 
is changed such that the tip impinges on the ab­
dominal wall close to the initial entrance site 
(Fig. 12.4 b). The needle is then passed through the 
abdominal wall, from inside out, using the follow­
ing technique: as one needle holder is placed half­
way along the needle to maintain its direction, the 
second holder is applied further distally and is used 
to drive the needle through the parieties. Once the 
needle has been exteriorized, the two ends of the 
suture are held in a Spencer Wells forceps. An 
equivalent suture is placed in front of the catheter 
after whieh the two sutures are tied, thereby ap­
proximating the stomach tube to the entry site. The 
edges of the skin wound are then approximated by 
absorbable sutures. 

Feeding Jejunostomy 

There are two techniques whieh can be used for the 
laparoscopie construction of a feeding jejuno­
stomy. One approach consits of nontunnelled in­
tubation of an upper jejunalloop with fixation of 
the loop to the abdominal wall by external sutures 
[7] or by a kit employing the use of four T fasteners 
around the jejunostomy catheter. The alternative, 
favoured by the author, is a tunneled Witzel-type 
feeding jejunostomy. There are no published com­
parative studies between the two methods. The ex­
ternally fixed nontunnelled techniques are quieker 
but the tunnelled jejunostomy provides a greater 
safety margin against catheter dislodgement. 
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Laparoscopie Nontunnelled Externally 
Fixed Jejunostomy 

Sites of Trocar and Cannulae 

The three cannulae (one 10.5-mm for the optic; p1 
and two 5.5-mm for atrumatic gasping forceps and 
needle holders; p2, p3) are placed as shown in 
Fig. 12.5. 

Operative Steps 

With the patient in the reversed Trendlenburg posi­
tion, the upper jejunum is exposed by lifting the 
left half of the transverse colon. The jejunum is 
grasped and followed proximally until the ligament 
of Trietz is identified. The loop is selected (usually 
some 50 cm from the duodenojejunal flexure). The 
appropriate external site of the jejunostomy is then 
selected by finger depression. The position of this 
should ensure that the jejunalloop can be brought 
to the anterior abdominal wall without any tension. 
The site is marked by a small skin stab wound. At 
this stage, air is insufflated through a nasogastric 
tube to distend the upper jejunalloops. This facili-

Fig. 12.5. Sites of trocar and cannulae for nontunnelled je­
junostomy 

tates the subsequent steps, including the insertion 
of the jejunostomy catheter. 

Fixation of the selected loop can be effected in 
two ways: 

1. The simplest is the use of three external 
atraumatic monofilament stay sutures mounted 
on a 60-mm straight needle. The needle is intro­
duced through the abdominal wall. It is then 
grasped by a needle holder and passed through 
the seromuscular wall of the bowel before it is 
reversed and exteriorized. Three such sutures are 
placed equidistant from each other and from the 
site of the proposed jejunostomy on the an­
timesenteric border of the selected jejunalloop. 
Each stay suture is held by small artery forceps 
until the jejunostomy tube is in place. 

2. The other method employs the use of four 
Brown/Mueller T fasteners. Each of these is 
preloaded inside a slotted needle which is insert­
ed through the parieties into the jejunal lumen. 
At this point, the T fastener is advanced and the 
needle withdrawn. Traction on the T fastener 
approximates the bowel lumen to the anterior 
abdominal wall (Fig. 12.6). Four such T fasten­
ers are placed in a rectangular configuration 
around the proposed jejunostomy site. 

The next step consists of the insertion of the je­
junostomy catheter using commercially available 
needle jejunostomy kits (e. g. Vivonex). These have 
three components: (1) 18-gauge needle and J-guide 
wire, (2) introducer peel-away sheath with an inter­
nal dilator and (3) J-jejunostomy tube (8-12 F). 
The 18-gauge needle attached to an air-filled sy­
ringe is inserted percutaneously (through the previ­
ously created stab wound) into the bowel in the se­
lected area of the antimesenteric aspect of the je­
junalloop (at the centre of the area marked by the 
three extern al sutures or the four T fasteners). Air 
is injected into the jejunalloop to confirm the in­
tralumenal position of the needle tip. The 
guidewire is then pas sed through the needle into the 
jejunum when the needle is removed. The introduc­
er/dilator is then passed over the guidewire well in­
to the jejunallumen. Thereafter, the guidewire and 
the dilator are removed, leaving the peel-away in­
troducer sheath. The jejunostomy catheter is then 
passed into the distal limb of the jejunum for at 
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Fig. 12.6a-c. The mechanism of T fasteners. Dnce inside 
the lumen of the bowel, the T fastener is advanced as the 
needle is withdrawn. Traction on the T fastener approxi­
mates the bowel lumen to the anterior abdominal wall 

least 10 cm and the jejunostomy sheath peeled 
away. 

The next step consists in the approximation of 
the bowel around the jejunostomy site either by ty­
ing the three extern al sutures or by sliding the nylon 
washer and then crimping the aluminium ring to 
hold the T fasteners in position. The jejunostomy 
catheter is then sutured to the adjacent skin. The 
jejunal fixation sutures or the T fasteners are cut 

10-14 days later when the bowel has become ad­
herent to the anterior abdominal wall. 

Laparoscopie Witzel Jejunostomy 

Instrumentation and Consumables 

The same instruments and consumables used in 
laparoscopie gastrostomy are needed. A silicon bal­
loon-tipped tube (14-16 F) is employed and sutur­
ing is performed with 3/0 Polysorb (USSC; Nor­
walk, USA) or Vicryl (Ethieon; Edinburgh, UK) 
mounted on endoski needles. 
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Fig. 12.7. Sites of access ports for laparoscopie Witzel feed­
ing jejunostomy 

Sites of Trocar and Cannulae 

The sites of the four access cannulae are shown in 
Fig. 12.7. The optic is introduced through a subum­
bilical port (11-mm; pl) to the right of the midline. 
The two working cannulae (5.5-mm; p2, p3) are 
placed along the linea semilunaris, low down at 
umbilical level. The assistant's cannula (5.5-mm; 
p5) is positioned in the left subxiphoid region. 

Operative Steps 

The initial step consists in the selection of the ap­
propriate loop of upper jejunum. For this purpose, 
the left half of the transverse colon is grasped and 
lifted up by the assistant, whilst the upper jejunal 
loops are followed up by the surgeon using two 
atraumatic gras pers to the ligament of Trietz. A 
loop some 60-80 cm from the duodenojejunal 
flexure is selected and its easy approximation to the 
anterior abdominal wall of the left upper quadrant 
ascertained. After selection of the appropriate site, 
determined by the finger depression test, a full­
thickness incision is made with a pointed scalpel 
and the jejunostomy catheter introduced into the 

peritoneal cavity by means of a Spencer Wells for­
ceps. A purse-string seromuscular suture (circle di­
am eter of 1-1.5 cm) is placed on the antimesenter­
ic aspect of the jejunalloop using 2/0 Polysorb or 
Vicryl mounted on an endoski needle. The bowel is 
then opened inside the purse-string by the electro­
surgical hook knife and the catheter introduced in­
to the jejunal lumen for a distance of 10 -12 cm), 
after which the purse-string suture is tied securely 
using an internal microsurgical knot with two 
5-mm needle holders. The long limb of the suture 
is then wound around the tube before being tied 
again. The extraluminal section of the jejunostomy 
tube over a distance of 3 cm and the enterostomy 
site are then buried underneath adjacent jejunal 
walls using a continuous suturing technique as pre­
viously described in the section on gastrostomy. 

Fixation of the jejunostomy to the anterior ab­
dominal wall around the exit site of the catheter is 
performed either by internal or external suturing, 
also as described in the gastrostomy section. 

Vagotomy and Antrectomy 
for Prepyloric Ulcer Disease 

The advent of laparoscopic surgery has resulted in 
a confused situation with regard to the elective sur­
gical management of patients with intractable duo­
denal ulcer disease. Aside from the exact indica­
tions for surgical treatment, various procedures are 
being advocated, sometimes disregarding the re­
sults of past, well-conducted clinical trials on the 
efficacy and adverse sequelae of some of the proce­
dures [7] . In this respect, there is no doubt that the 
operation of bilateral truncal vagotomy with 
pyloric dilatation is an untested procedure whether 
it is performed laparoscopically, thoracoscopically 
or by the open approach. 

Previous reported surgical studies indicate that 
the best overall clinical outcome of patients with 
uncomplicated duodenal ulceration is obtained by 
the operation of parietal cell vagotomy with preser­
vation of the nerve supply to the antrum. This can 
be performed either by the classical highly selective 
vagotomy (HSV) technique [8, 9] or by posterior 
truncal vagotomy and anterior seromyotomy 
[10-12]. Both these operations, which give 
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equivalent results [13], can now be conducted expe­
ditiously by the laparoscopic approach [14]. The 
operation of posterior truncal vagotomy and ante­
rior HSV first described by Hill et al. [15] can also 
be performed laparoscopicaUy [16] although there 
are no large long-term studies of the efficacy of this 
procedure. 

AU the above operations are accompanied by 
unacceptably high nonhealing and recurrence rates 
in patients with prepyloric ulcers [3] for which the 
only effective surgical management is bilateral 
truncal vagotomy and antrectomy. 

Instrumentation and Consumables 

The operation of bilateral truncal vagotomy and 
antrectomy is both tedious and protracted if 
straight laparoscopic instruments are employed. 
The use of the curved coaxial instruments greatly 
expedites the procedure. Other requirements in­
clude: plastic retraction rod, a pair of 5-mm needle 
holders, rubber-shod or diamond-coated suture 
grasper and atraumatic 3/0 sutures (absorbable or 
nonabsorbable) mounted on endoski needles. The 
author's preference is for Polysorb (VSSC), al­
though coated Vicryl also handles weU. If nonab­
sorbable sutures are used, silk is much easier to use 
laparoscopicaUy than polyamide. Other consum­
ables include, Foley catheter, endoloops (Surgitie, 
VSSC, or Ethibinder, Ethicon) and the EndoGIA * 
(VSSC). Both blue and white cartridges are needed. 

The stomach is kept decompressed by low suc­
tion attached to a 16-F Salem sump nasogastric 
tube. 

Sites of Trocar and Cannulae 

The sites and types of access ports are shown in 
Fig. 12.8. The optic al (11-mm; p1) cannula is plac­
ed in the immediate subumbilical region and the 
two operating cannulae (flexible metal 8-mm; p2, 
p3) along the linea semilunaris at the level of the 
umbilicus. One 15-mm cannulae is inserted in each 
subcostal region. They are used for the introduc­
tion of the EndoGIA stapler. The right subcostal 
cannula is also employed to retract the left lobe of 

Fig. 12.8. Sites of access ports for bilateral truncal vagotomy 
and antrectomy 

the liver and as the assistant's grasping/holding 
cannula (with 5.5-mm reducer). 

Operative Steps 

Exposure of the Hiatus and Truncal Vagotomy 

A falciform - round ligament sling is inserted to 
elevate the central portion of the liver. The black 
plastic rod is then introduced through the right sub­
costal port and used to elevate the left lobe of the 
liver and thus expose the oesophageal hiatus. The 
bilateral truncal vagotomy is carried out first using 
the technique described in VoI. 1, Chap.20. Com­
plete dissection of the oesophagus and division of 
aU accessory vagal branches including the nerves of 
Grassi is important to ensure a complete vagotomy. 

Indentification and Marking of the Pylorus 

The identification of the pylorus is essential and 
should be the next step. It is marked by a suture on 
its anterior surface. If the surgeon overlooks this 
measure, he will encounter problems dur ing the an­
trectomy, when as a result of oozing, determination 
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of the distallimit of the resection becomes difficult 
and he then incurs a real risk of either leaving an­
traI tissue behind or resecting an excessive segment 
of the first part of the duodenum, rendering the 
anastomosis difficult. 

Antral Mobilization 

The mobilization of the stomach is commenced at 
the junction of the upper with the lower third of 
the organ by ligature and division of one Of two 
vessels supplying the greater curvature from the 
gastroepiploic arcade. These vessels are surrounded 
by fat and therefore cannot be secured safely by 
clips. The author's technique for securing these 
vessels before their division entails ligation of the 
distal end in continuity with chromic catgut using 
a Roeder Of Melzer knot. A curved gras per is then 
pas sed inside a preformed chromic catgut en­
doloop and applied to the vessel close to its origin 
from the gastro-epiploic arcade (Fig. 12.9). The 
vessel is then divided between the grasper and the 
proximal tie. The endoloop is positioned and tight­
ened on the vessel behind the gras per before this is 
released. 

The stomach is then elevated with the curved co­
axial grasper and any adhesions between its posteri­
or surface and the pancreas are divided by the curv­
ed coaxial scissors. As the stomach is held tented 
upwards, the EndoOIA * (loaded with white car­
tridge) is introduced through the left subcostal can­
nuIa; the open limbs of the stapler are placed on ei­
ther side of the greater omentum and then approxi­
mated close to the greater curvature before the de­
vice is fired. The process is repeated until the right 
gastroepiploic artery its accompanying vein are 
reached. The proximal ends of these vessels 
(Fig. 12.10) are best ligated in continuity with silk 
or Dacron using an extern al slip knot of the Tayside 
or Melzer type. The distal end is secured by an en­
doloop inside a curved grasper as described above. 

The curved duck-bill forceps is then pas sed be­
hind the stomach and used to push and tent the 
lesser omentum forwards (Fig. 12.11). This is divid­
ed with scissors through its avascular section from 
the duodenum to the O-O junction. An anomalous 
hepatic artery arising from the left gastric may be 
encountered in some patients. This should be pre-

V p2 

Fig. 12.9. Technique for securing vessels to the greater curva­
ture of the stomach 

Fig. 12.10. Curved coaxial duckbill grasper around the right 
gastroepiploie artery and vein prior to their ligation 

served if at aH possible. The left gastric vessels are 
suture ligated close to the mobilized les ser curva­
ture 1 cm proximal to the proposed transection line. 
For this purpose, a 3/0 silk suture mounted on an 
endoski needle is passed through the serosa of the 
les ser curva ture and then tied over the vessels using 
a standard microsurgical knot. The right gastric ar­
tery is also suture ligated in continuity with 3/0 
black silk at the proximal end using a similar tech­
nique. A clip is placed on the vessel close to the an­
trum before the artery is divided. This completes 
the mobilization of the distal stomach (Fig. 12.12). 
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Fig. 12.11 a, b. Curved duck-bill grasper passed behind the 
stomach and used to tent the les ser omentum 

Fig. 12.12. Completed mobilization of the antrum 

Transection and Stapling 

The extent of stapling of the proximal end depends 
on the type of reconstruction intended. For 
Billroth 1 procedures, the EndoGIA * stapler 
3.0 cm or powered 6.0 cm type (with blue car­
tridges) introduced through the left subcostal can­
nuIa is applied from the lesser curve side slightly 
obliquely and with the ends of the stapler limbs 
some 2.5 - 3 cm from the les ser curve, the exact dis­
tance depending on the width of the first part of 
the duodenum (Fig. 12.13 a). The stapler is then 
fired (Fig. 12.13 b). With the 3.0 cm stapler two 
overlapping applications are needed to reach the 
appropriate distance. If a Polya-type reconstruc­
tion is intended, the proximal stapling is continued 
until the stomach is stapled and transected in a 
slightly oblique fashion from the lesser to the great­
er curvature. Usually two stapler applications suf­
fice but sometimes three are needed. Thereafter, the 
left lobe of the liver is allowed to drop down on the 
proximal stomach and the plastic rod used to ele­
vate the right lobe of the liver to expose the an­
troduodenal segment. 

The technique of duodenal transection also var­
ies with the type of anastomosis which is intended. 
For a Polya or end-to-side Billroth 1 anastomosis, 
the duodenum is completely stapled and transected 
with the EndoGIA * (with blue cartridges) just dis­
taI to the pylorus. 

For gastroduodenal reconstructions (end-to-end 
or end-to-side), the proximal gastric resection line 
extends from the stapled proximal part of the stom­
ach vertically down to the greater curvature. This 
division of the stomach walls is performed with the 
L-shaped electrosurgical hook-knife using cutting 
current. Of ten, submucosal vessels bleed. These are 
grasped by an insulated duck-bill forceps and elec­
trocoagulated. If an end-to-end gastroduodenal 
anastomosis is intended, both distal and proximal 
resection lines are effected with electrosurgical cut­
ting. 

A laparobag is introduced through the left 
12-mm subcostal cannula and the detached antrum 
placed inside the bag. Extraction of the antrum is 
best delayed until the continuity of the gastrointes­
tinal tract has been restored. 
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Fig. 12.13 a, b. Proximal partial transection for Billroth 1 
procedures. a The EndoGIA * 60 mm stapler is applied from 
the les ser curve side in an oblique fashion across the stom­
ach some 2.5 - 3 cm from the lesser curve. b When the sta­
pier is fired, the stomach is stapled and transected for part 
of the distance between the lesser and greater curvatures 

Anastomosis 

Polya antecolic anastomosis. Polya antecolic anas­
tomosis is the easiest type and is performed using 
the EndoGIA * (with blue cartridges). An upper je­
junal loop some 40-50 cm from the ligament of 
Trietz is selected and brought up by the assistant 
with an atraumatic grasper to the stapled body of 
the stomach such that the efferent loop lies near the 
les ser curvature. A 3/0 deep seromuscular suture is 
pas sed through the upper antimesenteric corner of 
the jejunum and then through the anterior wall of 
the stomach just proximal to the stapled line and 
close to the lesser curve. The suture is tied, using an 
internal microsurgical knot, and cut. A correspon­
ding suture is placed at the opposite end close to 
the greater curvature. After tying, this suture is left 
uncut (Fig.12.14a). As traction is maintained on 
the taiI of lower corner suture, an opening is made 
with the electrosurgical hook knife in the lower end 
of the aligned jejunal loop and in the adjacent 
stomach proximal to the corner knot (Fig. 12.14b). 
The stapler limbs of the 6.0 cm powered sta pIer are 
introduced into the jejunal and gastric lumens, re­
spectively, their ends lifted anteriorly and then ap­
proximated. If the position of the opposed limbs of 
the stapler is judged to be correct, the instrument 
is fired and then released. If a 3.0 cm stapler is used 
the second application of the stapler overlaps the 
first by about 1 cm. Again after ensuring correct 
application, the instrument is fired and then re­
leased. On completion, the anterior wall of the 
anastomosis is lifted up to inspect the interior and 
exclude mucosal bridges, which are cut with 
scissors if present. The defect at the lower end is 
closed with a running deep seromuscular suture us­
ing the lower corner suture, which is carried up­
wards untiI the stapler line is reached. The suturing 
is terminated by an Aberdeen knot or tied to a sep­
arate anchor knot. 

End-to-Side Billroth 1 Gastroduodenal Anastomo­
sis. The end-to-side Billroth 1 anastomosis is fash­
ioned along an oblique line running from the top 
stapled corner of the duodenal stump to the u pper 
aspect of the anterior wall of the second part of 
this organ. A hand suturing technique is used. The 
upper corner seromuscular suture is passed 
through the stomach and then the duodenum medi-
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Fig. 12.14a, b. Polya antecolic reconstruction. a The selected in the lower end of the aligned jejunalloop and in the adja-
jejunalloop is aligned along the stapled body of the stom- cent stomach 
ach by two stay sutures, which are tied. b Openings are made 
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Fig. 12.15 a, b. End-to-side Billroth 1 gastroduodenal anasto­
mosis. a Proximal and distal corner seromuscular sutures. b 
Running posterior suture line using deep seromuscular bites 

al to the upper end of the stapled line and tied 
(Fig. 13.1Sa). A corresponding corner suture is 
placed at the lower end and after it is tied, the tail 
is grasped by the assistant to align and steady the 
anastomosis (Fig. 12.1Sa). The posterior suture line 
is effected in a continuous fashion using deep 
seromuscular bites (Fig. 12.1Sb) untii the lower cor-

ner is reached, at which time the suture is tied to the 
tail held by the assistant. The duodenum and the 
stomach are then opened on either side of the com­
pleted posterior suture line using the electrosurgical 
hook knife. Of ten bile flow from the second part of 
the duodenum obscures the field. In this situation, 
a 12-F Foley catheter is introduced through a stab 
wound in the right hypochondrium and placed in­
side the second part of the duodenum before the 
balloon is inflated with air. The anterior wall of the 
anastomosis is sutured either with a continuous or 
interrupted technique using inverting sutures. 
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Fig. 12.16. Sutured gastroduodenostomy 

End-to-End Billroth 1 Anastomosis. For end-to­
end Billroth I anastomosis a 12-F Foley catheter 
must be inserted to control bile flow and to stretch 
the posterior wall of the duodenum. An all-coats 
suturing technique is used. The upper corner suture 
is inserted and tied externally. A corresponding su­
ture is placed at the lower corner of the anastomo­
sis, tied and the tail kept on traction by the assis­
tant. The needle of the upper suture is then passed 
through the stomach into its lumen so that the su­
turing of the posterior wall of the anastomosis is 
performed from the mucosal aspect. The assistant 
must keep even ten sion on the suture line using a 
rubber-shod suture holder. Once the opposite cor­
ner is reached, the suture is exteriorized through the 
stomach side and then tied to the lower corner su­
ture. The anterior wall of the anastomosis is closed 
with a continuous or interrupted suture. The bal­
loon catheter is deflated and removed as the ap­
proximation of the anterior walls of the gastro­
duodenostomy is nearing completion (Fig. 12.16). 

Extraction of the Antrum and Toilet 
of the Peritoneal Gutters 

Irrespective of the restoration of continuity which 
is performed, on completion, air is injected 
through the nasogastrie tube to test the integrity of 
the anastomosis. Thereafter, the stomach is deflat-

ed and nasogastric tube is left in situ. The antrum 
is extracted inside the laparobag through one of the 
subcostal cannulae after the placement of a 
speculum-type retractor to distract the wound edg­
es. The gutters are thoroughly irrigated with saline 
and aspirated dry. Any clots or tissue debris are re­
moved, the cannulae withdrawn under vision and 
the pneumoperitoneum desufflated. No drain is in­
serted. 

Gastroenterostomy 

Laparoscopic gastroenterostomy may be performed 
in patients with pylorie obstruction from stenosis 
caused by chronic benign duodenal ulcer disease, 
where it is usually accompanied by truncal 
vagotomy unless the patient is elderly or hypo­
chlorhydric; and as a palliative procedure in pa­
tients with inoperable antral, duodenal or pancre­
atic cancer [18]. The easiest procedure to perform 
laparoscopically is the anterior (antecolic) gastroje­
junostomy, in which the upper jejunal loop is 
anastomosed to the stomach near to the greater 
curvature in front of the transverse colon and great­
er omentum. However, a posterior anastomosis 
(retrogastric) can be performed laparoscopically al­
though it is undoubtedly more difficult. 

Anterior Gastrojejunostomy 

Instrumentation and Consumables 

Although anterior gastrojejunostomy can be per­
formed with straight laparoscopie instruments, its 
execution is facilitated by the use of the curved co­
axial scissors and duck-bill forceps. Other require­
ments include a pair of 5-mm needle holders and 
rubber-shod suture grasper. Suturing is done with 
atraumatic 3/0 sutures mounted on endoski nee­
dles and either absorbable (Polysorb or coated 
Vicryl) or nonabsorbable (Sofsilk, USSC, or 
polyamide) can be used. Other consumables in­
clude endoloops (Surgitie or Ethibinder) and the 
EndoGIA * with the blue cartridge. 
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Fig. 12.17. Sites of access ports for gastroenterostomy 

Sites of Trocar and Cannulae 

The positioning of trocar and cannulae are shown 
in Fig. 12.17. The optic al (ll-mm; pl) cannula is 
placed in the immediate subumbilical region and 
the two operating cannulae (5.5-mm; pl, p2) along 
the linea semilunaris at the level of the umbilicus. 
A 15-mm cannula (p4), used to introduce the 
EndoGIA * stapler, is inserted in the right subcostal 
region in the anterior axillary line along the plane 
of the greater curvature of the stomach (deter­
mined visually by the finger depression test). This 
cannula (with the appropriate reducer) is also used 
by the assistant for retraction and for holding ten­
sion on the suture line during suturing. 

Operative Steps 

The first step of the operation consists in the inser­
tion of the falciform - round ligament lift to 
elevate the central portion of the liver and expose 
the anterior aspect of the antrum of the stomach. 
In the absence of malignancy, the ideal site of the 
anastomosis of the jejunalloop is with the antrum 
along its greater curvature. If the procedure is being 
performed for obstructing cancer, the gastroje-

junostomy is fashioned 5 cm proximal to the tu­
mour. A loop of upper jejunum some 40 - 50 cm 
from the duodenojeunal junction is selected. This 
step requires elevation of the left half of the trans­
verse colon by the assistant as the surgeon follows 
the upper jejunal loops to the ligament of Trietz. 
The selected loop is marked by a serosal suture, 
which is tied loosely. 

Next, attention is paid to the stomach. One or 
more vessels supplying the greater curvature from 
the gastroepiploic arcade at the proposed site of the 
anastomosis are ligated and divided as described in 
the antrectomy section (see above). The next step 
consists in the alignment of the stomach and the se­
lected jejunal loop by the insertion of two-corner 
deep-seromuscular sutures which are approximate­
ly 5 cm apart. The left extremity suture is inserted 
first. The needle picks the jejunum on the medial 
side of the antimesenteric border and then the ad­
jacent stomach. The suture is tied internally using 
a standard microsurgical knot and then cut long. 
Traction is kept on this suture by the assistant as the 
right corner suture is inserted though the two or­
gans, tied and left uncut). This suture is subse­
quently used to close the defect created for the in­
sertion of the stapler (see below). As traction is 
held on the taiI of the right extremity suture, appro­
priately sized openings are made in the jejunum 
and stomach (medial to the suture) for the insertion 
of the limbs of the EndoGIA * stapler. The two 
limbs of the opened EndoGIA * sta pIer are intro­
duced into the stomach and the jejunum, respec­
tively. Once inside the lumen of the stomach and je­
junum, the stapler limbs are elevated to tent the two 
organs and then closed before the instrument is 
fired. Thereafter, the instrument is released and 
withdrawn from the anastomosis. After the 3-cm 
stapler is reloaded with a new cartridge, it is rein­
troduced and a second application made beyond 
but overlapping (by 0.5 to 1 cm) the left extremity 
of the first sta pled anastomotic line. If a 6-cm sta­
pIer is available, only one application is used to ef­
fect the anastomosis. The anterior wall of the 
gastrojejunostomy is then lifted up to inspect the 
stapled anastomotic line (Fig. 12.18) and to ensure 
that there are no mucosal bridges (encountered in 
10% of cases in our experience). If present, these 
mucosal bridges are cut with scissors. 
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Fig. 12.18. Close-up of the interior view of an anterior sta­
pled gastrojejunostomy 

Fig. 12.19. Completed anterior gastroenterostomy 

The final stage of the procedure consists in the 
suture closure of the defect. The right corner suture 
is used to approximate the two edges with a contin­
uous seromuscular technique. The suturing is car­
ried to the left untii the anterior staple line is reach­
ed (Fig. 12.19). The suture is ended either by an Ab­
erdeen knot or by being tied to a separate anchor 
knot. At the end of the procedure, air is injected 
through the nasogastric tube to distend the stom­
ach and test the integrity of the anastomosis, after 
which the stomach is deflated and the nasogastric 
tube left in situ. 

Posterior Gastrojejunostomy 

Sites of Trocar and Cannulae 
and Instrumentation 

The instruments, sites of access ports and consum­
ables are the same as those used for anterior 
gastroenterostomy. Likewise, the stomach is kept 
deflated by low suction applied to a Salem sump 
nasogastric tube and a falciform/round ligament 
lift inserted. 

Operative Steps 

The operation commences with the opening of the 
lesser sac opposite the middle third of the stomach 
by ligature and division of the vessels supplying the 
greater curvature from the gastroepiploic arcade 
using the technique previously described. 

The left half of the transverse colon is lifted up 
by the assistant and the middle colic vessels identi­
fied. A 3-cm opening is cut by scissors in the trans­
verse mesocolon just to the left of the middle colic 
vessels. An upper jejunalloop some 20 cm from the 
ligament of Trietz is grasped by an atraumatic 
forceps and inserted through the defect into the 
les ser sac. At this stage, the transverse colon and 
greater omentum are released and allowed to drop 
over the grasper holding the bowel. A curved Duval 
gras per is applied to the anterior wall of the 
mobilized greater curvature, which is then pulled 
up to expose the lesser sac, the posterior surface of 
the stomach and the transposed jejunalloop being 
held by the infracolic grasper. After the assistant 
grasps the jejunalloop by an atraumatic forceps in­
serted into the lesser sac between the transverse co­
lon and the stomach, the infracolic gras per is re­
leased. The transposed jejunal loop is secured to 
the posterior surface of the stomach by the right 
corner suture, which is ieft uncut after it is tied. 
The assistant then releases hold on the jejunalloop. 
The left corner suture is then inserted some 5 cm 
proximally, tied and cut. The anastomosis is fash­
ioned using the EndoGIA * stapler as described 
previously and the defect closed using a running su­
ture. On completion, the edges of the mesocolic de­
fect are attached to the stomach by a few interrupt­
ed sutures above the anastomosis. 
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Pyloroplasty 

A Heineke-Mikculicz pyloroplasty can be per­
formed laparoscopically without much difficulty, 
provided the surgeon has mastered the technique of 
interrupted suturing with internal knotting. The 
procedure is carried out either as a component of 
bilateral truncal vagotomy for duodenal ulcer dis­
ease or as drainage operation in patients with 
gastroparesis from any cause. Gastroparesis is en­
countered in a few patients with reflux disease (be­
fore and after fundoplication) and in diabetic pa­
tients. In addition to the appropriate symptoms, 
the diagnosis of gastroparesis must be confirmed 
by emptying studies after the ingestion of isotope­
labelled standardized meals. In patients with con­
firmed delayed emptying, a truncal vagotomy is not 
performed, but if the patient is not hypochlorhy­
dric, the procedure is followed by long-term therapy 
with H2 receptor antagonists. In patients with as­
sociated symptomatic gastro-oesophageal reflux, 
the pyloroplasty is performed at the same time as 
the laparoscopic antireflux operation. 

A Finney pyloroplasty is difficult to perform 
laparoscopically as it requires complete mobiliza­
tion of the second and proximal part of the third 
portion of the duodenum. This procedure is sel­
dom performed in open surgery nowadays and to 
the author's knowledge has not been attempted by 
the laparoscopic route. 

Heineke-Mikculicz Pyloroplasty 

Instrumentation and Consumables 

In addition to the ordinary straight laparoscopic in­
strumentation, the following are required: a pair of 
5-mm needle holders, rubber-shod suture holder, a 
straight Babcock's grasping forceps and a Foley 
balloon catheter. Suturing is performed with 3/0 
silk Of polyamide mounted on endoski needles. 

Sites of Trocar and Cannulae 

The sites of the access cannulae are shown in 
Fig. 12.20. The optic is introduced through a 
subumbilical port (ll-mm; p1) to the left of the 

Fig. 12.20. Sites of access ports for pyloroplasty 

midline. The two working cannulae (5.5-mm; p2, 
p3) are placed along the linea semilunaris at the lev­
el of the umbilicus. The assistant's cannula 
(5.5-mm; p5) is inserted in the right subcostal re­
gion along the anterior axillary line. The quadrate 
lobe and segment five of the right lobe of the liver 
is elevated by the insertion of the falciform -
round ligament lift (see below). Excessive leakage 
of bile through the antroduodenotomy, which can 
obscure the field during the suturing of the 
pyloroplasty, can be controlled by the temporary 
insertion of a Foley balloon catheter into the sec­
ond portion of the duodenum. 

Operative Steps 

Throughout the entire procedure, it is essential that 
the stomach be kept empty and collapsed by the 
continuous low suction to a size 16-F Salem sump 
nasogastric tube. The first step of the procedure 
consists of the insertion of the round ligament -
falciform lift to elevate the central portion of the 
liver from the antropyloroduodenal segment. The 
exact position of the pylorus is then identified by 
reference to the prepyloric veins of Mayo and a stay 
suture is inserted on its lower border, tied internally 
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Fig. 12.21. Traction applied to the bottom corner suture con­
verts the horizontal inci sion to a vertically dis posed rhom­
boid defect 

Fig. 12.22. The first stitch, which approximates the margins 
of the proximal end of the rhomboid, is cut long so that the 
assistant can hold it under tension, thereby facilitating the 
insertion of the second suture 

and then cut some 3 cm from the knot. The pro­
posed pyloroplasty inci sion is then mapped with 
soft electrocoagulation using either the Berci spatu­
la or the L-shaped electrosurgical hook knife. The 
coagulated line runs horizontally in the centre of 
the antropyloroduodenal segment and extends 
from the duodenal bulb across the pyloric sphincter 
to the adjacent antrum over a distance of 4 cm. The 
incision is deepened, preferably using microproces­
sor - controlled electrocutting (Erbe ACC unit; 
Tubingen, Germany) with the cutting panel on the 
generator set at mark 3. During this step, an insu­
lated forceps is held in the left hand and used to 
grasp and coagulate bleeding submucosal vessels as 
and when they are encountered. On completion, 
traction is applied to the suture previously applied 
to the lower border of the pylorus, converting the 
horizontal incision to a vertically disposed rhom­
boid defect (Fig. 12.21). Leakage from the stomach 
should be minimal, but large quantities of bile of­
ten escape from the defect and aspiration is re­
quired. If bile flow continues at a rate which ob­
scures the operative field, a 12-F Foley catheter is 
used to deal with this problem as outlined in the 
section on antrectomy. 

Interrupted all-coats inverting sutures are used 
to fashion the pyloroplasty. As traction is main­
tained on the stay suture, the first stitch approxi-

p2 
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mating the margins of the proximal end of the 
rhomboid is inserted, tied internally and cut long. 
The assistant then grasps the long ends of the tied 
first suture to facilitate the insertion of the second 
suture (Fig. 12.22); the process is repeated until the 
lower 1 cm of the defect is reached. It is important 
that the last two sutures are inserted first before be­
ing tied. If a Foley balloon catheter has been placed 
in the second part of the duodenum, the balloon is 
deflated and the catheter removed before the last 
two sutures are tied. Once the suturing of the 
pyloroplasty has been completed, the suction on 
the nasogastric tube is disconnected and air inject­
ed using a SO-ml syringe to test the integrity of the 
suture line. The Salem sump nasogastric tube is left 
in situ at the end of the procedure. 

Postoperative Care 

It is our practice to remove the nasogastric tube 
early, after recovery of consciousness. A second 
dose of antibiotic is administered 12 h after the op­
eration. Analgesia with opiates is usually required 
during the first 24 h. All patients in whom a 
gastroenterostomy, gastroduodenal anastomosis or 
pyloroplasty has been performed are investigated 
with a gastrografin swallow on the third to fourth 
postoperative day to establish that there is no anas­
tomotic leakage. During this period, the patients do 
not receive anything by mouth except for hourly 
sips of water. A tube contrast study is performed 
before enteral feeding is commenced in patients 
who have had a laparoscopic gastrostomy or je­
junostomy. This is usually conducted 24 h after the 
operation. 
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in Disorders of the Liver, Biliary Tract and Pancreas 

A. CUSCHIERI 

Diagnostic laparoscopy can provide clinicalIy use­
fuI information which influences management in 
patients suffering from both acute and chronic in­
tra-abdominal disorders but is especialIy useful in 
hepatic, biliary and pancreatic disease. Diagnostic 
and staging laparoscopy provides clear benefit to 
patients suffering from intra-abdominal malignan­
cy [1 - 9], and it is indeed surprising that the proce­
dure has been overlooked in the routine work-up of 
these patients, although the situation has changed 
drasticalIy in the last few years. Instead of repeated, 
expensive imaging tests such as computed tomogra­
phy (CT) and magnetic resonance imaging (MRI) 
scannning with or without percutaneous guided bi­
opsy, a laparoscopie examination will, in most in­
stances, provide direct visualization of the lesion, a 
more reliable tissue sample and often yields ac cu­
rate information on staging of the disease, estab­
lishing dissemination and resectability of the pri­
mary lesion. These advantages are certainly true for 
pancreatic, hepatic, gastric, oesophageal and col­
orectal cancer. There is no radiological imaging 
technique which can detect peritoneal seedlings or 
small metastatic deposits in the liver with the same 
reliability as laparoscopy [5, 6]. 

Diagnostic laparoscopy should be an integral 
part of general surgical practice. The technique of 
diagnostic laparoscopy and the common indica­
tions for the procedure are outlined in VoI. 1, 
Chap. 14. The present chapter deals specificalIy 
with laparoscopy in the evaluation of patients with 
hepatic, biliary and pancreatic disease. 

Laparoscopie Evaluation 
of Liver Disease 

There are many reports [10-12], monographs [9] 
and colour atlases [13] which document the useful­
ness of diagnostic laparoscopy in the evaluation of 
both benign and malignant liver disease. 

Chronic Liver Disease 

The benefits of laparoscopy in the assessment of 
patients with chronic liver disease include visual in­
formation of the macroscopic appearance and size 
of the liver, the nature of surface nodularity and 
the presence of portal hypertension and spleno­
megaly. At the same time, it provides increased 
scope for multiple biopsies of both the diseased he­
patic parenchyma and any suspect lesions. Aside 
from the targeted nature of the biopsy, bleeding 
which may complicate the procedure, particularly 
in patients with advanced chronic liver disease with 
impaired clotting function and thrombocytopoe­
ni a, is easily dealt with by compression and use of 
electrocoagulation whenever necessary. In this re­
spect, there is no doubt that laparoscopie biopsy is 
safer and has a higher diagnostic yield than the 
blind percutaneous procedure. The combined visu­
al appearance of the liver together with histological 
examination of the liver biopsies result in afirm di­
agnosis in virtualIy alI patients. 

Laparoscopy is of particular value in patients 
with ascites. The nature of the ascitic fluid -
serous, bile-stained, chylous or haemorrhagic - its 
celIular composition, and the state of the peritone­
al lining - inflammation or nodular deposits -
can be assessed by laparoscopy, and this helps to es­
tablish the exact cause in the individual patient. 
Special care is needed in performing diagnostic 
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laparoscopy for ascites as the air-filled small bowel 
loops float on the surface of the ascitie fluid and 
are therefore closely opposed to the anterior ab­
dominal wall. This enhances the risk of bowel inju­
ry by the Veress needle dur ing the creation of the 
pneumoperitoneum unless special precautions are 
taken. One approach which obviates this problem is 
the use of open laparoscopy. The alternative is the 
care fuI insertion of the Veress needle unconnected 
to any tubing and with the tap opened. In this way, 
ascitic fluid will spurt out as soonas the tip of the 
Veress needle enters the peritoneal cavity. Sufficient 
ascitic fluid (1- 21) should be withdrawn to reduce 
the intra-abdominal pressure and fluid volume, be­
fore insufflation is started and the trocar/cannula 
inserted. During laparoscopie inspection, more flu­
id may need to be aspirated to ensure a thorough 
examination of the peritoneal cavity and its con­
tents. 

Hepatic Malignancy 

The laparoscopie assessment of hepatic malignancy 
consists of inspection of the liver surface, contact 
ultrasound scanning of the hepatic parenchyma 
and targeted biopsy. These combined techniques al­
low accurate diagnosis with histologieal confirma­
tion of both primary and secondary hepatic tu­
mours, an assessment of the extent of the tumour 
burden and a realistic appraisal of resectability. 

In patients with secondary tumour deposits 
(Fig. 13.1), the size, number, extent and bilateral in­
volvement of the liver will determine whether treat­
ment is indieated and, if so, its nature. 

In primary hepatomas, information is gained on 
the state of the hepatie parenchyma (normal or cir­
rhotie), the exact location, size, sectorial involve­
ment, invasion of the diaphragm and the presence 
or absence of satellite lesions. The operability by 
liver resection is ascertained from this information. 

Laparoscopy is also useful in the assessment of 
hilar cholangiocarcinoma. These tumours are visu­
alized by retraction of the right lobe and gallblad­
der from the hepatoduodenalligament. Extent and 
precise location of tumour, local in filtration, nodal 
disease and hepatic involvement are ascertained by 
the use of laparoscopic ultrasound scanning. 

Fig. 13.1. Secondary deposits in the liver from a primary 
carcinoma of the sigmoid colon 

Laparoscopie Examination 
of the Pancreas 

In the author's opinion, laparoscopy is essential in 
the management of patients with pancreatic dis­
ease, benign or malignant. It provides essential in­
formation on the nature and extent of the disease 
and, in the case of pancreatic cancer, it is the only 
consistently reliable means of establishing dissemi­
nation and inoperability [5 - 8]. Diagnostic lapa­
roscopy should be regarded as an integral part of 
routine management of these patients. Its use will 
spare a substantial number of patients with ad­
vanced disease an unnecessary laparotomy. In pa­
tients with incurable cancer, palliation of jaundice 
and duodenal obstruction can also be conducted 
laparoscopically (Chap. 10). In the author's report­
ed experience of a series of patients with pancreatic 
cancer in whom laparotomy was immediately pre­
ceded by laparoscopy, no instance of laparo­
scopically assessed inoperability was found to be 
incorrect at operation [6]. However, some 20070 of 
patients who were judged to be operable by laparo­
scopy were found to be unresectable at laparotomy 
due to invasion of the portal vein. This study was, 
however, conducted before the advent of laparo-
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scopie ultrasound examination, which can reliably 
detect vascular invasion. 

Examination for l.esions of the Head 
of the Pancreas 

These patients present with cholestatie jaundiee 
and the diagnosis is usually confirmed by abdomi­
nal ultrasonography followed by endoscopic retro­
grade cholangiopancreatieographic study (ERCP). 
Preparation for laparoscopy includes administra­
tion of intramuscular vitamin K analogue and 
catheterization of the urinary bladder to measure 
the urine output. As the procedure is performed 
under general anaesthesia, adequate intravenous 
hydration with crystalloid solutions is necessary 
and an osmotie or loop diuretie is given at the time 
of induction of anaesthesia. A size 16-F Salem 
sump nasogastrie tube is inserted and attached to 
continuous low suction, as total gastrie and 
duodenal decompression is essential for 
laparoscopie examination of the head of the pan­
creas. 

Sites of Trocar and Cannulae 
and Instrumentation 

The basic procedure is perfarmed through four 
ports (Fig. 13.2). The 30 o forward oblique optie is 
introduced through a subumbilical ll-mm cannula 
and the two operating (S.5-mm) parts are placed 
along each linea semilunaris at the level of the um­
bilicus. The left 10.5-mm subxiphoid port is needed 
for elevation of the quadrate and right lobe of the 
liver (together with the round ligament - faJciform 
complex) by the assistant, using the black 10-mm 
plastic rod. An extra 10.5-mm port is needed far 
laparoscopie ultrasound examination of the head 
of the pancreas and the hepatoduodenal ligament 
with the structures it contains. This is placed on the 
right si de along the anterior axillary line. 

The instruments needed include dissecting scis­
sors, electrosurgical hook and a variety of insulated 
graspers (traumatie and atraumatic). The cholecys­
tocholangiogram, whieh must be regarded as an in­
tegral part of the laparoscopie examination of 
jaundieed patients with mass lesions in the pancre-

Fig. 13.2. Sites of trocar and cannulae for laparoscopie ex­
amination of the head of the pancreas 

atic head, is best performed using the Veress needle. 
A modern portal C-arm image intensifier with im­
age processing system is essential for efficient and 
complete radiological visualization of the biliary 
tract in these patients. Finally, biopsy (Trucut; 
Bioptit) and cytological equipment (fine needle as­
piration system) should be available. A pair of 
S-mm needle holders and atraumatie sutures 
mounted on endoski needle should also be included 
in the sterile instrument tray. 

Laparoscopie Diagnosis and Staging 

Laparoscopie diagnosis and staging consists of six 
steps, in the following order: 

1. Inspection of the peritoneal cavity, omentum, 
serosal surfaces of the small intestine and liver 
with biopsy of suspect lesions 

2. Inspection and palpation of the gallbladder, du-
odenum and hepatoduodenal ligament 

3. Biopsy and cytology of primary lesion 
4. Cholecystocholangiography 
S. Mobilization of the head of the pancreas and 

duoden al curve 
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6. Ultrasonographic examination of the pancreas, 
portal vein and the liver 

1. Inspection of the Peritoneal Cavity. The lesion 
and its local infiltration to surrounding structures 
is assessed after the peritoneal cavity and the liver 
have been inspected. Suspicious or frankly meta­
static transformations on the peri tone al surfaces 
(including the diaphragm and falciform ligament) 
or in the liver are biopsied and subjected to frozen 
section histology. If metastatic disease is confirmed 
in this way, detailed examination of the primary tu­
mour, biopsy and ultrasound scanning (steps 2, 3, 
5,6) are unnecessary and the examination is limited 
to assessment of the duodenal encroachment by tu­
mour. The decision then should be made to as to 
whether to palliate the patient by laparoscopie 
bilioenteric bypass or by endoscopic stenting. 

2. Inspection and Palpation. The round ligament 
- falciform complex, the quadrate and the right 
lobe of the liver are held up by the assistant by 
placement of the plastic rod obliquely across the 
neck of the gallbladder (Fig. 13.3). The antrum of 
the stomach is grasped ne ar the greater curvature 

Fig. 13.3. The round ligament - falciform complex, the 
quadrate and the right lobe of the liver are held up by place­
ment of the plastic rod obliquely across the neck of the 
gallbladder and the antrum of the stomach is grasped near 
the greater curvature and pulled down 

Fig. 13.4. Dilated common bile duct in a patient with inop­
erable carcinom a of the head of the pancreas 

by an atraumatic forceps and pulled down. This 
manoeuvre results in anterior bulging of the "mass 
lesion" which compresses the duodenum from be­
hind. The mobility of the mass in the coronal plane 
is assessed by pushing it from the side by a closed 
atraumatic grasper. The hepatoduodenal area is 
then inspected. Usually the dilated common bile 
duct is obvious (Fig. 13.4) and in some cases, the 
upward extension of the tumour beyond the duode­
nal bulb can be detected. Enlarged lymph nodes in 
the porta hepatis and to the right of the bile duct, 
low down, can be visualized as well. 

After the gras per on the antrum of the stomach 
has been released, the involvement of the duode­
num by the tumour is assessed by picking its anteri­
or wall and lifting it from the mass. The degree of 
lift, pliability or induration of the walls of the duo­
denum are determined, start ing at the level of the 
pylorus and proceeding along the duodenal bulb 
and the second part of the duodenum. 

3. Biopsy and Cytology of Primary Lesion. If a 
mass lesion in the pancreatic head is palpated when 
the stomach is pulled down, then the best and saf­
est technique is transduodenal biopsy. This is ideal­
ly performed by use of the Biopty spring-Ioaded 
core needle system (Fig. 13.5) although a disposable 
long Trucut needle is adequate for the purpose. In 
either case, the optimal side of entry of the needle 
through the anterior abdominal wall is determined 
by the finger depression test. A small stab wound 
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Fig. 13.5. Biopty spring-Ioaded core needle system used for 
transduodenal biopsy 

is made by a pointed scalpel in this site and the bi­
opsy needle introduced and guided to the proximal 
end of the second part of the duodenum 
(Fig. 13.6a). The needle is then advanced through 
the duodenal walls until the lesion is felt by the tip 
of the needle, which is advanced for a further 1 cm, 
fired and then removed (Fig. 13.6b). If an adequate 
specimen is obtained, the hole in the anterior duo­
denal wall is closed by a single interrupted black 
silk or polyamide suture tied internally with two 
5-mm needle holders (Fig. 13.6c). 

Fine needle aspiration cytology can be used in­
stead but the yield is lower than obtained by the 
needle core biopsy technique. The advantage of the 
fine needle aspiration is that the small needle punc­
ture in the anterior duodenal wall does not require 
suturing. 

4. Cholecystocholangiography Cholecystocholan­
giography is indicated: (a) When the ERCP demon­
strates complete or near total occlusion of the bile 

duct such that the proximal biliary tree is not out­
lined by this investigation [14-16] and (b) before 
laparoscopic bilioenteric bypass, when it is essen­
tiaI in the selection of the appropriate bypass: 
cholecystojejunostomy or a choledochojejunosto­
my, depending on the proximity of the upper exten­
sion of the tumour to the entry of the cystic duct 
into the common bile duct [17]. 

The essential requirement for laparoscopic 
cholecystocholangiography is the availability of a 
modern portal C-arm image intensifier with the 
necessary software for rapid imaging processing 
and storage, such as the Diasonics (Utah, USA) 
machine (Fig. 13.7). 

The best instrument for cholecystocholangiog­
raphy is the Veress needle. This is attached via a 
three-way tap to a line leading to two 50-ml syringes 
(one containing isotonic saline and the other sodi­
um diatrizoate, 20070 - 30%) and to a suction line. 
The site of entry of the Veress needle (opposite the 
central fundus and in line with the long axis of the 
organ) is determined by finger depression of the an­
terior abdominal wall. After a small stab wound is 
made in the skin, the Veress needle is introduced in­
to the peritoneal cavity. When the gallbladder is 
reached, the spring-Ioaded inner blunt stylet is held 
retracted so that the bevelled cutting tip is exposed 
(Fig. 13.8 a). This is then advanced through the 
gallbladder fundus into the lumen, at which time 
the inner blunt component is released. Confirma­
tion of the intraluminal position of the needle is 
achieved by injection of a few millilitres of saline 
followed by aspiration. The Veress needle is then 
advanced further in and the position of its blunt, 
rounded tip determined by needle deflection such 
that the tip tents the medial wall of the gallbladder 
(Fig. 13.8 b). The optimum position is near the neck 
of the organ. Once this position has been reached, 
the gallbladder is aspirated of bile until it becomes 
nearly empty. Before fluorocholangiography is 
commenced, the operat ing table is tilted head­
down (30°) and slightly to the right and the C-arm 
is brought in place with the usual precautions to en­
sure against contamination of the operating area. 
If metal cannulae are used, those that are in the ar­
ea of the intended exposure are removed temporari­
ly over a plastic radiolucent rod and reinserted once 
the cholangiography has been completed. 
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Fig. 13.6a-c. Transduodenal biopsy of a lesion in the head 
of the pancreas. a Guiding biopsy needle. b Advancing, fir­
ing, and removing the needle. c Sutured hole in the anterior 
duodenal wall 
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Fig. 13.7 a, b. Modern portable C-arm image intensifier with 
advanced imaging processing software 

Fig. 13.8a, b. Transcystic cholecystocholangiography. a Ad­
vancing the bevelled cutting tip of the Veress needle through 
the gallbladder fundus into the lumen, when the glallblad-

der lumen is entered the stylet is released. b Determining the 
position of the Veress needle by needle deflection such that 
the rounded tip tents the medial wall of the gallbladder 

b 

b 
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Fig. 13.9. Cholecystocholangiogram in a patient with inop­
erable carcinoma of the head of the pancreas 

Fig. 13.10. After completion of the cholecystocholangio­
gram, the gallbladder is aspirated until it becomes collapsed 
before the Veress needle is withdrawn 

Fluoroscopy is started with contrast medium in­
jection. On average, some 40 - 50 mI contrast medi­
um are needed to fill the gallbladder before it starts 
to opacify the cystic duct and then the biliary tract. 
Exposures are stored throughout by pressing on the 
appropriate foot switch (Fig. 13.9). The important 
information needed from the cholecystocholangio­
gram includes the distance between the cystic duct 
insertion and the upper limit of the tumour and the 
state of the proximal biliary tree: extent of dilata-

tion, secondary stones, other lesions or strictures. 
On completion of the cholecystocholangiogram, 
the gallbladder is aspirated until it becomes totally 
collapsed before the Veress needle is withdrawn 
(Fig. 13.10). If decompression of the biliary tree is 
intended by an immediate laparoscopic bilioenteric 
bypass, then the small hole in the gallbladder can 
be ignored. Closure of the gallbladder puncture is 
necessary if decompression is not contemplated. 
This is carried out by a single interrupted suture us­
ing 3/0 Polysorb or Vicryl with internal knotting 
using two 5-mm needle holders. On no account 
may the hole be closed with an endoloop as necro­
sis of the gallbladder wall included in the loop will 
ensue. 

5. Mobilization of the Head of the Pancreas and 
Duodenal Curve. Mobilization of the head of pan­
creas and duodenum requires experience and can 
be difficult with straight laparoscopic instruments, 
but is easier using coaxial curved instruments intro­
duced through flexible metal cannulae. The duode­
nal bulb is grasped by the curved coaxial Duval's 
forceps and pulled to the left by the surgeon. At the 
same time the hepatic flexure is grasped and pulled 
down and to the left by the assistant. This com­
bined manoeuvre exposes the paraduodenal fossa 
below the gallbladder (Fig. 13.11). The peritoneum 
lateral to the second part of the duodenum is divid­
ed by the curved coaxial scissor or by the elec­
trosurgical hook knife (Fig. 13.12). If the latter is 
used, the microprocessor-controlled ACC system 
(Erbe, Tiibingen, Germany) is highly desirable in 
view of its enhanced safety. The curved Duval co­
axial gras per is then used to grasp the second part 
of the duodenum. As this is lifted up, the fascial 
plane between the posterior surface of the head of 
the pancreas and the inferior vena cava is separated 
using the curved coaxial scissors (Fig. 13.13). This 
plane is obliterated if there is posterior extension of 
the tumour; under these circumstances attempts to 
dissect it should be resisted as the lesion will prove 
to be inoperable and dissection would likely lead to 
major bleeding from damage to the vena cava, the 
right adrenal or the left renal vein. 
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Fig. 13.11. Grasping the duodenal bulb and pulling it to the 
left and the hepatic flexure down to expose the paraduo­
denal fossa below the gallbladder 

Fig. 13.12. Dividing the peritoneum lateral to the second 
part of the duodenum by the curved coaxial scissor or by the 
electrosurgical hook knife 

Fig. 13.13. Separating the fascial plane between the posteri­
or surface of the head of the pancreas and the inferior vena 
cava using the curved coaxial scissors as the second part of 
the duodenum is lifted up 

Examination of the Body and Tail 
of the Pancreas 

Two approaches are avaiIable: the supragastric and 
the infragastric techniques [4, 18, 19]. To some ex­
tent they are complementary in that both can be 
used in the same patient and the number and sites 
of the access ports necessary are the same. The 
supragastric technique provides a good exposure of 
the central portion of the pancreas in thin patients. 
The method is difficult in obese individuals and is 
impossible if there are adhesions binding the pan­
creas to the lesser sac. In addition, the neck of the 
pancreas (region close to the gastroduodenal ar­
tery) and the taiI of the organ cannot be inspected 
adequately by this technique. By contrast, the in­
fragastric approach is almost always technically 
feasible as adhesions can be divided and the entire 
region from the gastroduodenal artery on the right 
side to the taiI of the gland and the spienic hilium 
on the Ieft can be visualized. 
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Fig. 13.14. Sites of trocar cannulae for examination of the 
body and tai! of the pancreas 

Sites of Trocar and Cannula 
and Instrumentation 

Four trocar cannulae are needed for either the 
supragastric or infragastrie technique of laparo­
scopic inspection of the pancreas. These are shown 
in Fig. 13.14. The optic is introduced through a 
subumbilical ll-mm cannula. Two operating can­
nulae (5.5-mm for straight instruments, 8-mm met­
al flexible for curved coaxial instruments) are plac­
ed one on each side along the linea semilunaris at 
the level of the umbilicus. A lO.5-mm cannula is 
placed in the right upper quadrant along the anteri­
orly axillary line. This is the assistant's cannula and 
is also used for introduction of the ultrasound pro­
be. Usually another cannula placed in the corre­
sponding position on the left side is required for 
complete ultrasound examination of the pancreas 
(see below). 

Although both infra- and supragastric methods 
of laparoscopie exposure of the pancreas can be 
performed using standard straight laparoscopie in­
strumentation, there is no doubt that both tech­
niques are considerably facilitated by the use of 
coaxial curved instruments introduced through 
metal flexible cannulae (Fig. 13.15). Both the ease 

Fig. 13.15. Coaxial curved instruments and flexible metal 
cannulae which permit their insertion 

of execution and the time taken to perform the pro­
cedures are influenced by the type of instruments 
used. A 30 o forward oblique telescope is essential 
for both the supra- and infragastrie techniques. 

The ancillary equipment needed includes the 
electrosurgical unit, suction irrigation system and 
biopsy/fine needle aspiration cytology needles. 
Complete gastric decompression by the insertion of 
a 16-F Salem sump nasogastric tube attached to 
continuous low suction is essential for both meth­
ods. 

Supragastric Technique 

The operating table is tilted head-up (30 O) through­
out the supragastric procedure. As the assistant lifts 
the falciform ligament and quadrate lobe upwards, 
the anterior wall of the middle third of the stomach 
is grasped by a Babcock's or Duval's forceps and 
pulled down (Fig. 13.16). The lesser omentum is di­
vided by scissors in an oblique transverse direction 
some distance from the les ser curve to avoid the left 
gastrie vascular arcade and the incision extended 
from the region of the antrum to the transparent 
section (pars flaccida) close to the oesophago­
gastrie junction (Fig. 13.17) provided an ano ma­
lous left hepatic artery arising from the left gastric 
is not encountered. In such a case, the left extension 
of the lesser omental window is stopped short of 
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Fig. 13.16. Grasping and pulling the anterior wall of the 
middle third of the stomach 

this vessel because it must be preserved. The curved 
coaxial gras per is then placed behind the stomach 
with the tip pointing downwards used as a hook to 
lift the stomach upwards and in a distal direction, 
thereby exposing the body of the pancreas. The 
curved grasper is slid along the lesser curvature to 
the right to expose the proximal part of the body 
of the pancreas and then to the left for visualiza­
tion of the left hemipancreas (Fig. 13.17). The ex­
posed pancreas is palpated with a closed 
atraumatic forceps and any suspicious lesion biop­
sied. A good exposure of the distal splenic artery in 
its tortuous course along the upper border of the 
pancreas is obtained. 

Infragastric Technique 

The infragastric technique undoubtedly provides 
better exposure of the pancreas and is feasible even 
in the presence of adhesions binding the posterior 
wall of the stomach and lesser omentum to the pan­
creas. It, however, takes longer and is more techni­
cally demanding. 

The first step of the procedure consists of cre­
ation of an infragastric window in the greater 
omentum near the greater curvature. For this pur-

Fig. 13.17. Dividing the les ser omentum in an oblique trans­
verse direction some distance from the lesser curve to avoid 
the left gastrie vascular arcade and extending the incision 
from the region of the antrum to the transparent section 
close to the oesophagogastric junction. In examination of 
the pancreas by the supragastrie approach the curved coaxi­
al grasper is used as a hook to lift the stomach upwards and 
in a distal direction thereby exposing the body of the pancre­
as. The curved gras per is slid along the les ser curvature to 
the right to expose the proximal part of the body of the pan­
creas and then to the left for visualization of the left 
hemipancreas 

pose, the stomach is grasped at the junction of its 
middle with the upper third by a coaxial curved 
grasper which is used to lift the greater curvature 
upwards to identify an avascular window between 
vessels running from the gastroepiploic arcade to 
the stomach. Usually two to three such vessels re­
quire to be secured and divided to create a suffi­
cient window. As these gastric vessels are soft and 
surrounded by fat, they do not hold clips well and 
often continue to bleed despite correct clip applica­
tion. Furthermore, clips applied to these gastric 
vessels can be brushed off easily during the mani­
pulations. For these reasons, ligature of these 
greater curvature vessels is necessary. This is 
achieved as follows: The peritoneum is divided on 
either side of the selected vessel (Fig. 13.18), which 
is then tied in continuity at its origin from the ar­
cade using an external slip knot of 1/0 chromic 
catgut (Fig. 13.18). A preformed chromic catgut en-
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Fig. 13.18. Ligature and division of the greater curve vessels 
to create the infragastric window. Dividing the peritoneum 
on either side of the selected vessel, using an external slip 
knot of 1/0 chromic catgut to "tied the vessel in continuity 
at its origin from the arcade 

p2 

Fig. 13.20. After the vessel is divided, the endoloop is placed 
behind the grasper and then closed and locked on the vessel 

Fig. 13.19. A curved grasper is passed through the endoloop 
before being applied to the vessel close to the stomach wall 

p2 

Fig. 13.21. The grasper is released and the ligated vessel 
divided by scissors 
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Fig. 13.22. Division of adhesions between the posterior sur­
face of the stomach and the pancreas 

doloop is then inserted and a curved gras per is 
pas sed through the loop before grasping the vessel 
close to the stomach wall (Fig. 13.19). After the ves­
sel is divided by scissors, the endoloop is placed be­
hind the grasper (Fig. 13.20) and then closed and 
locked on the vessel (Fig. 13.20) before the grasper 
is released (Fig. 13.21). The long limb of the en­
doloop is then cut. The entire process is repeated to 
ligate and divide adjacent vessels until a suficient 
window is achieved. The posterior wall of the stom­
ach is then lifted by the coaxial curved gras per 
when the central portion of the pancreas is ex­
posed. In the vast majority of patients adhesions 
are present between the posterior surface of the 
stomach and the pancreas. These are divided by the 
coaxial curved scissors (Fig. 13.22). Eventually, the 
entire surface of the pancreas from the 
gastroduodenal artery on the right to the tail and 
splenic artery and hilium on the left can be in­
spected and palpated (Fig. 13 .23 a - c). Lesions can 
be biopsied or subjected to fine needle aspiration 
cytology. 

Fig. 13.23a-c. Infragastric exposure of the les ser sac. a 
Gastroduodenal artery, neck and proximal body of pancre­
as. b Left hemi-pancreas. c Splenic artery 

a 

b 

c 
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Laparoscopie Ultrasound Scanning 

There is littledoubt that the scope of diagnostie and 
staging laparoscopy has been considerably en­
hanced with the advent of laparoscopic transducer 
probes and real-time portable units. Modern 
ultrasonie transducers mainly employ lead zir­
conate titanate (PZT), although some of the newer 
probes utilize vinylidene fluoride trifluoroethylene 
copolymer (P (VDF-TrPE)). In most modern scan­
ners, mechanieal or electronically controlled real­
time systems are used. The speed of scanning is de­
termined by the speed of sound and the resolution 
is dependent on the wavelength and thus on the at­
tenuation in the tissue [20]. Wavelength frequency 
(MHz) aside, the improvement in the resolution 
provided by modern ultrasonic scanners is due to 
more sophisticated electronic signal processing of 
reflected sound providing a wider range of registra­
tion of the received signals on video storage tubes. 

Contact ultrasonography employed during open 
and laparoscopie surgery allows the use of high fre­
quency probes (5 -7.5 MHz) for maximum resolu­
tion. As the probe is in direct contact with the tis­
sue, the sacrifiee in depth of field (far field = 
5 - 6 cm at these frequencies) which is inevitable 
with increased wavelength frequency is not a prob­
lem. If the organ' s depth exceeds this range (e. g. 
right lobe of liver), contact scanning from the rele­
vant two opposite surfaces ensures imaging of the 
entire parenchymal depth. 

The value of intraoperative contact ultrasound 
scanning (lOCUS) in open surgery for liver tu­
mours, biliary tract and pancreas is beyond ques­
tion [21-27]. It detects deposits in the liver which 
are missed by preoperative imaging tests and whieh 
are impalpable or invisible at operation, permits 
scan-guided biopsy and assists in defining both in­
operability and the extent of resection needed 
[21- 25]. In the cases of pancreatic insulinomas, 
palpation of the pancreas together with IOCUS. 
permits localization of these tumours in 100070 of 
cases [26]. The reports on the use of the technique 
for the detection of ductal calculi dur ing open cho­
lecystectomy have been favourable [27], although 
whether IOCUS is an effective substitute to in­
traoperative cholangiography (lOC) remains unset­
tled. 

Fig. 13.24a, b. Aloka laparoscopie ultrasound scanning sys­
tem and probe 

The reported experience to date with laparo­
scopic contact ultrasonography is limited [28 - 30], 
but the results are encouraging and the benefit 
should be equivalent to that whieh has been ac­
crued by IOCUS dur ing open surgery. Laparoscop­
ic ultrasound scanning has been used in the diagno­
sis of hepatie and gallbladder disease, ductal 
calculi, staging of cancer of the head of the pancre­
as and liver tumours, and examination of the he­
patic parenchyma for secondary deposits. More re­
cently we have extended the scope of laparoscopie 

a 

b 
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ultrasound scanning to include examination of the 
neck and body of the pancreas [31]. 

In our institution, we have evaluated and used 
two systems in laparoscopie diagnosis and staging: 
the Aloka SSD 500 system (Tokyo, Japan), whieh 
uses a high density linear array 7.5-MHz probe 
(Fig. 13.24) and the Laparoscan (Endomedix, Ir­
vine, California, USA) whieh has end- or sideview­
ing 5-MHz sector probes. Both the Aloka and the 
Laparoscan probes are introduced through stan­
dard 10.5-mm cannulae. In general, linear array 
probes outline the anatomy better and provide 
higher resolution in both the near and far fields. 
More than any other imaging modality, ultrasonog­
raphy requires a skilled operator who is also an ex­
perienced interpreter. There is little doubt that with 
training, surgeons, by virtue of their knowledge of 
the structural and topographical anatomy, can be­
come experienced reliable ultrasound operators 
within a relatively short period of time. The utility 
of laparoscopic ultrasound scanning is as much de­
pendent on the acquisition of the necessary skills in 
manipulat ion of the probe and in the interpretation 
of the scanned images as it is on the quality of the 
equipment and probes used. The best advice that 
can be given to surgeons who have no previous ex­
perience is to enlist the serviees of a trained 
ultrasonographist (usually a radiologist colleague) 
to guide them through as many cases as is necessary 
to achieve full profieiency in both the execution of 
the technique and in its interpretation. 

Laparoscopie Ultrasound Scanning of the Liver 

Laparoscopie ultrasound examination of the liver is 
invaluable in the evaluation of cirrhosis, detection 
of focal lesions and secondary deposits and in the 
assessment of the resectability of primary tumours 
[29, 30]. The contact ultrasound scanning permits 
the detection of deep lesions within the hepatie pa­
renchyma whieh do not reach the liver capsule and 
cannot therefore be visualized by inspection of the 
liver surface during diagnostic laparoscopy. 

The technique is similar to the that used in open 
surgery. The ultrasound scanning using the sector 
Aloka probe starts on the anterosuperior surface by 
identifieation of the vena cava at the back of the 
liver and subsequently the three hepatie veins which 

form the boundaries of the four sectors of the liver. 
The hepatie parenchyma of each sector is scanned 
from the vena cava downwards to the free margin 
of the liver. On completion of the examination 
through the anterosuperior surface, the probe is 
placed underneath the liver lobes for scanning of 
the hepatie parenchyma from below. The examina­
tion of the entire depth of the hepatie parenchyma 
(especially on the right side) is assured by this com­
bined approach. 

Cystic structures within the liver parenchyma 
are readily identified as they contain few or no in­
ternal echoes, exhibit good transmission and have 
sharply defined walls. Solid lesions (tumours) are 
more difficult to delineate and exhibit three 
sonographie patterns: hypoechoie or sonolucent, 
hyperechoie or complex. The hypoechoie lesions 
can usually be differentiated from cysts because 
they have a different sound attenuation and indefi­
nite margins. Hypoechoic lesions are usually com­
posed of solid tumours without necrosis [32]. 
Hyperechoie lesions exhibit intense and uniform 
echo reflectivity, whieh is indieative of a prominent 
vascular component con si sting of dilated vessels 
[32]. Hyperechoicity can also be caused by fatty 
change. Complex lesions have both hyper- und 
hypoechoic regions which reflect viable and necrot­
ic areas within a lesion, respectively. In some malig­
nant tumours alternating rings of hypo and 
hyperechoic regions give rise to a "bull's eye" ap­
pearance. However, it must be stressed that there 
are no reliable ultrasonographie findings whieh dif­
ferentiate benign from malignant tumours or be­
tween primary and metastatie liver disease. 

The most hyperechoic lesion encountered in the 
liver is the haemangioma. This is, however, readily 
identified by its macroscopie appearance during 
laparoscopy and is, of course, compressible. Haem­
angiomas should never be biopsied. 

If a solid lesion is detected, an ultrasonically 
guided biopsy using the Bioptit or Trucut needle is 
performed. 
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Laparoscopie Ultrasound Scanning 
of the Gallbladder 
and Extrahepatie Biliary Tract 

Laparoscopic ultrasound examination is useful in 
the evaluation of gallbladder disease. Direct con­
tact scanning of the gallbladder is indieated in 
those patients with symptoms attributable to dis­
ease in this organ where the usual preoperative 
work-up is normal or equivocal or raises suspicion 
of serious disease. The most common indication is 
the patient who presents with symptoms of biliary 
colic but has negative investigations. Small calculi 
or biliary sludge can be detected in some of these 
patients with laparoscopie contact ultrasonogra­
phy. Other lesions whieh are best confirmed by 
scanning of the gallbladder during laparoscopy in­
clude adenomyomatosis, cholesterolosis and pol-
yps. In cancer of the gallbladder, contact 
ultrasonography of this organ provides informa­
tion on the extent of mural involvement and pres­
ence and sectorial location of invasion of the he­
patie parenchyma. 

Laparoscopic scanning of the extrahepatie bile 
ducts for the detection of ductal calculi is currently 
under investigation in a number of centres [28]. AI­
though early results are encouraging, it is doubtful 
whether it has the potential for providing the de­
tailed anatomical information whieh is elicited by 
lOC and for this reason, it is unlikely to replace this 
contrast examination. Laparoscopic biliary ultraso­
nography may be used as a substitute for lOC in 
easy, uncomplicated cases without a previous 
history of jaundiee or acute pancreatitis as a quiek 
screen for unsuspected ductal calculi. When posi­
tive or suggestive, it requires confirmation by lOC. 
Another potentially useful role for laparoscopic 
ultrasonography with colour Doppler (when this 
becomes available) is in the course of a difficult 
laparoscopie cholecystectomy. Where it would ideal 
for the identification of vascular structures, includ­
ing the common hepatic artery and its branches. 

More detailed information can be obtained by 
intraluminal biliary ultrasound. The system which 
is introduced percutaneously is used to image the 
interior of the gallbladder and bile ducts [33], 
thereby documenting the presence of biliary sludge, 
stones, ductal strictures and tumours. This tech­

intraluminal filling defects, intramural pathology 
of the gallbladder and bile ducts and allows the ex­
amination of inaccessible duct territories. 

Ultrasound Scanning of the Pancreatie Head 

The mobilization of the head of the pancreas de­
scribed above permits excellent ultrasound scan­
ning of the pancreas by placement of the linear ar­
ray Aloka probe behind the head of the pancreas 
with the transducer facing forwards. Detailed ex­
amination of the pancreatic parenchyma, the in­
trapancreatic segment of the bile duct, the common 
channel and ampullary region, the lesion and its 
encroachment on the pancreatic duct and portal 
vein can be determined. 

Contact Scanning of the Body and Tail 
of the Pancreas 
Through the Infragastrie Approach 

This provides the best technique for outlining the 
detailed anatomy of the pancreas and has been 
used successfully for the location of occult in­
sulinoma [31]. The Aloka system is employed. As 
the current sector probe is straight, contact with the 
surface of the pancreas requires two ports: a right 
subcostal for scanning the distal hemipancreas and 
an ipsilateral port for scanning the neck and proxi­
mal body of the organ (Fig. 13.25). Each half of the 

nique provides useful information on the nature of Fig. 13.25. Probe scanning the distal hemipancreas 
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Fig. 13.26. Scanning each half of the pancreas with the pro­
be lying along the longitudinal axis of the organ, start ing at 
the upper border and sweeping down the anterior surface to 
the lower border of the pancreas 

Fig. 13.27. The pancreatic duct in the distal hemipancreas 
just above the splenic vein, separated from it by the central 
artery of the pancreas 

pancreas is scanned with the probe lying along the 
longitudinal axis of the organ, starting at the upper 
border and sweeping down the anterior surface to 
the lower border of the pancreas (Fig. 13.26). In 
this sweep of the left hemipancreas, the pancreatic 
duct appears just above the splenic vein and is sepa-

Fig. 13.28. The portal vein and its junction with the splenic 
vein, the proximal pancreatic duct and the central pancreatic 
artery in the proximal pancreas 

rated from it by the central artery of the pancreas 
(Fig. 13.27). In the proximal pancreas, the portal 
vein and its junction with the splenic vein, the prox­
imal pancreatic duct, and the central pancreatic 
artery are clearly visible (Fig. 13.28). Having com­
pleted the contact scanning on the anterior surface, 
the probe is transferred to the lower border of the 
pancreas with the transducer facing upwards and is 
used to lift the organ and any mass (see Figure 
13.25). This manoeuvre provides excellent imaging 
of the deeper portion of the pancreas and the 
retropancreatic nodes. 
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Disposables 4 
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azygos vein 11 O 
common bile duct 198 
hydro 160 
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Dysphagia-free survival 103 
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Electrosurgical unit 108 
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End-tidal COz analysis (ETCOz) 
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End-to-end 230 
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anastomosis 231 
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Endoclips 149 
EndoGIA 182 
Endoscope 
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rigid chip 11 
rod lens systems 11 
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Forceps 42 
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Hepatomas, primary 242 
High definition television 

(HDTV) 76 
High-frequency (HF) surgery 21 
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HSV 227 
anterior 228 

Hydatid disease 159 
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Hypoxaemia 99 
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Implantation, permanent 

pacemaker 126 
index 97 
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Indications 126 
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Intraperitoneal CO2 insufflation 97 
Intravenous 

anaesthetic techniques 92 
fluid 98 

Involvement of the cardia and adja­
cent stomach 104 

Jaundiced patients 191 
Jaw, spring-loaded approxima-

tion 52 
Jejunal loop, selection 175 
Joule-Thomson effect 20 
Joy stick 42 

Knot 
Aberdeen 178 
internal surgeon's starter 175 
jamming loop (Dundee) 175 
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probes 164 
scope warmer 21 
splenectomy 207 
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Laparoscopy 104 
Lapraty knot clip 57 
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Leak, anastomotic 120 
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Ligament of Treitz 175 
Ligature 
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azygos vein 112 
splenic artery 218 
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Linear array 10 

diode lasers 161 
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Lithotomy 94 
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laser 30 

Liver 
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Low output state 124 
Low writing speed 73 
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dissection 131 
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Lymphadenectomy 103 
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Magnetic resonance imaging 

(MRI) 8 
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masses, diagnostic evaluation 131 
shift 109 
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Mediastinoscope, operating 103 
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Medtronic 126 
Meralgia paresthetica 94 
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transanal endoscopic 

microsurgery (Wolf) 52 
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peripheral primary bron­

chogenic 139 
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Nerve 
damage 94 
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Nontunnelled intubation of an up­
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Oesophageal 
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Oesophagectomy 
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thoracoscopic 118 
right thoracoscopic 103 
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three-stage procedure 103 
transhiatal 103 
two-stage procedure 103, 104, 117 

Oesophagus 
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Open thoracotomy tray 109 
Operability of the tumour 110 
Operating system OREST 18 
Operative procedure 
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irrigation 21 
scalpel 33 
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Organ extraction 66 
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Oximetry 94 
Oxygenation 93 

PAL system 71, 72 
Palliative surgery 221 
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suture 177 
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Postoperative 
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management 118 
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flexure of the colon 212 
segments, middle and upper 216 

Standard 
4-2-2 video recording 76 
CCIR 71 
colour transmis sion 72 
NTSC 71 
television 71 

Stapler 182 
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