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PREFACE

The idea for this book was born during a workshop
on anaesthesia for laparoscopic surgery, which I
organized several years ago. What was intended for a
regional audience of perhaps 250 anaesthetists at
most, turned into an international event with the par-
ticipants spilling out of the main lecture hall to view
the presentations on video screens in adjacent halls.
The overwhelming resonance of the workshop and
the numerous requests for accompanying material
was ample evidence of the need for a comprehensive
treatise of the subject that merged experimental study
data with clinical reality and the requirements of peri-
operative patient care.

This book is designed to fill the gap. It was clear that
although laparoscopic procedures were the original
focus of attention and should be given the most space,
the scope of the book would have to be widened
to include other minimally invasive surgical proce-
dures, such as thoracic surgery, laser surgery of the
upper airways or neurosurgery, that require adjust-
ments and adaptations of routine anaesthetic man-
agement, or entail specific risks requiring specific
precautions. These specialties are presented in sepa-
rate chapters.

A format was chosen that starts with what the sur-
geon is actually doing to the patient, proceeds
through an in-depth look at the patient’s cardiopul-
monary responses to the surgeon’s manipulations,
and then distils hands-on practical recommendations
and guidelines for anaesthetic management from this
basic information. These include tips on anaesthetic
regimens derived from the application of recent phar-
macokinetic and pharmacological research results to
the clinical demands of minimally invasive opera-
tions. Special attention is given to the typical patient
profile for selected operations; what to look for during
their preoperative work-up, and what to watch for
during and after surgery. With this synoptic founda-
tion, the reader also has a better grasp of what goes
awry during typical adverse events and complications,
and how these can be prevented and treated.

The reader can easily choose just what depth of infor-
mation is required for the task at hand, be it a how-to-
do anaesthetic recipe or a fully-referenced detailed
presentation. Important points are summarized in
highlighted charts that allow the reader to find perti-
nent information at a glance, and numerous illustra-
tions are included to enhance clarity.






FOREWORD

Minimally invasive surgery is increasingly popular
with management in the drive to reduce hospital
expenditure and especially the expense of patients’
stay overnight in hospital after surgical procedures.
Moreover, our patients can benefit enormously through
reduced disturbance of their well-being and less
interference with metabolic and other physiological
processes. It has been made possible by amazing devel-
opments in surgical techniques such that conventional
surgery for many procedures as we used to know them
hardly exists today. Historically, advances in surgery
were made possible through advances in anaesthesia;
however, to some extent, at least, the boot is on the
other foot because these advances in surgery through
minimally invasive (so-called keyhole) techniques have
demanded the refinement and development of exist-
ing anaesthetic techniques and the introduction of
new drugs. Notably, these methods require keeping
the patient safe at all times and returning the patient
to full consciousness extremely rapidly, yet with free-
dom from pain, immediately the surgical procedure is
completed.

Prof. Tom Crozier, with long-standing experience of
this subject, writes from Gottingen — arguably the
foremost centre of excellence of anaesthesia in Europe.
Readers will note that, first and foremost, this is an
essentially practical book. He defines the subject in
terms of practicalities such that some often overlooked
aspects, for example surgery of the upper aerodiges-
tive tract, are included. This is eminently sensible in a

book of this kind. In the early days of minimally invasive
surgery some terrible disasters — unnoticed perfo-
rated bowel, massive haemorrhage from damaged ves-
sels, gas embolism, etc. — befell some patients. Most
often this was due to poor surgery by inexperienced
surgeons; this hastened the need for absolutely con-
tinuous and complete monitoring of the patient by
the anaesthetist on a beat-by-beat and breath-by-
breath basis, surely the tenet of any form of first-class
modern anaesthetic care. Fortunately, much of this sur-
veillance can easily be carried out with modern patient
monitoring equipment but it must be backed up by the
attention of the attending anaesthetist and interpreta-
tion using all his vital senses.

Minimally invasive surgery continues to expand. How-
ever, now is a good time to consolidate and review
anaesthetists’ requirements in this area and Tom
Crozier has included consideration of bariatric surgery,
laser surgery, thoracic surgery and neurosurgery since
these areas nowadays are tending to become minimally
invasive. He has performed his task extremely well.

Anthony P Adams

Emeritus Professor of Anaesthetics in the University of
London at Guy’s, King’s & St Thomas’ Hospitals’
School of Medicine; lately Editor-in-Chief,

European Journal of Anaesthesiology.

London, UK
July 2004.
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INTRODUCTION

The term minimally invasive surgery conjures up an
image of innovation and cutting-edge technology that
differs in a fundamental way from conventional surgi-
cal methods. Novel procedures have been introduced
that have a spectrum of complications and contra-
indications that differs distinctly from that of the
conventional method and requires a modification of
standard anaesthetic management. These, obviously,
deserve to be dealt with in detail in a book on peri-
operative management from the more comprehensive
viewpoint of the anaesthetist. But all attempts at a
general definition of which procedures should be
included show how elusive the term actually is. If one
takes it to describe procedures that do not require
large incisions or extensive tissue destruction, it would
include such diverse operations as circumcisions,
cataract extractions or transurethral bladder surgery —
none of which belong in this book. What then is the
characteristic, the common denominator of what we
generally refer to as “minimally invasive”? The
answer lies in the context: minimally invasive does not
refer to the magnitude of invasiveness as an absolute
measure, but rather to the invasiveness compared
with that of the conventional procedure. Add to this
the element of novelty and a particular relevance for
anaesthesia and one has a fairly good description of
the scope of this book.

Minimally invasive surgery has virtually revolution-
ized the surgical therapy of a large variety of diseases
in the space of just a few years. While progress in the
more spectacular surgical specialties, such as heart
surgery, organ transplantation, or separating Siamese
twins, captures the public imagination to a greater
degree, these benefit only a small segment of the popu-
lation. Endoscopic surgery, on the other hand, has
changed the management of some of the most fre-
quently performed surgical procedures, the most
notable among these being gall bladder surgery. The
continuing interest in endoscopic surgery is not only
due to its aesthetic and cosmetic advantages, but also
to the potentially smoother postoperative course, with
fewer complications and a swifter return of the
patient to his normal daily life. However, in order to
exploit this potential to its fullest, perioperative
anaesthetic management must adapt to the altered
requirements of the new techniques.

Most, but not all, of these procedures are performed
through small incisions with the aid of an endoscope.
This has led some, particularly in the UK, to prefer
the term “minimal access surgery”. The endoscope
most frequently used is the laparoscope, and the pro-
cedures are sometimes referred to collectively as
laparoscopic surgery, even though the operation site
might be in the retroperitoneum or the mediastinum.
Since these are the operations that started the present
fascination with minimal invasiveness, and are also
the ones whose anaesthetic management differ most
from conventional operations, they shall be dealt with
first in this introductory chapter.

Laparoscopy itself is not a new technique, but one that
has been in use since the beginning of the 20th century,
although it was mainly used only for diagnostic
purposes. The urologist Georg Kelling examined the
peritoneal cavity of a dog in 1901 with the aid of
a cystoscope, and called the procedure “koelioskopie”,
the term by which it is still known in France.! In 1910,
Jacobaeus described the first major series of such exam-
inations in humans, in whom he studied both the peri-
toneal and the thoracic cavities.” He coined the terms
“Laparoskopie” and “Thorakoskopie” to describe the
two techniques. Kalk improved the optical instruments
and used two trocars instead of only one.’ In 1938,
Janos Veress introduced the insufflation needle that still
bears his name (Figure 1.1).* The introduction of auto-
matic insufflation devices resulted from the innovative

Figure 1.1 Details of the Veress needle. The round tip of
the spring-loaded obturator is pushed back into the needle
shaft while the needle tip is penetrating the abdominal wall.
It springs forward as soon as the needle tip has cleared the
peritoneum and protects against damage to the intestine or
other viscera.
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work of Karl Semm in the 1960s. Surgical working
conditions were improved greatly by attaching a video
camera to the endoscope and transmitting the view to a
television monitor. This allowed the surgeon to stand in
a normal position, and also made it possible to train
several assistants simultaneously.

Gynaecologists, above all Semm and Lindemann,
were the ones who pioneered the development of a
technique with which intra-abdominal operations
could be carried out without having to make a large
abdominal incision.’ This led to a marked increase in
the number of laparoscopic operations in the 1970s,
when laparoscopic ligation of the Fallopian tubes
became a popular method of contraception.

The first laparoscopic cholecystectomy, which might be
regarded as the birth of minimally invasive surgery as
we understand it, was performed by Philippe Mouret
in Lyons in March 1987. From this moment on, the
technique spread worldwide, despite the controversy it
ignited and the vigorous initial resistance from parts of
the surgical establishment.®® In time, other surgical
specialties, such as urology, gynaecology and thoracic
surgery, developed their own applications for the endo-
scopic technique and the cholecystectomy was joined
by numerous other indications and operations.

One salient feature of the boom in laparoscopic surgery
was the dramatic increase in the average duration of
the operations due to the shift in the spectrum of sur-

operations have become part of the repertoire of
nearly every moderately well-equipped clinic. There
is then the shifting group of laparoscopic operations
that are routinely performed in specialized centres,
and although no longer regarded as investigational,
nevertheless require the experience of specialists. And
then there is a continuously growing list of laparo-
scopic procedures that stand more or less at the cut-
ting edge of medical science — some of which find
their way into clinical routine, while others are
dropped as not practicable. Laparoscopic operations
routinely offered by many hospitals include cholecys-
tectomy, appendectomy,”!? tubal ligation, treatment
of ectopic pregnancies, minor urological operations
and many others.!>!> Other operations such as hernia
repair, laparoscopically-assisted vaginal hysterec-
tomy,>* enucleation of myomas, ovarial cysts,
etc.'%2 have also become standard.

Some hospitals perform extensive abdominal and
thoracic operations endoscopically, including major
bowel resections, pancreatectomy, splenectomy and
even oesophagectomy.” 2 A wide range of urological
operations such as nephrectomy.?’ 2’ adrenalectomy?*
or radical prostatectomy with retroperitoneal lym-
phadenectomy® are performed endoscopically. Paedi-
atric urology is another field in which endoscopic
operations are becoming very common.*! Opinions

gical procedures. While the usual maximum duration
of the typical diagnostic or sterilization procedure was
less than 20 min, the average duration of laparoscopic
operations is now 60—120 min, with some even lasting
many hours. A second feature of the rapid expansion
was that the indications widened to encompass a com-
pletely different patient population; whereas laparo-
scopic surgery had been formerly performed mainly
on healthy young women, all age groups were now rep-
resented, from the hypotrophic, premature neonate to
the nonagenarian. The method was also no longer
restricted to large medical centres, but had spread with
incredible speed on a broad front with even small- and
medium-sized hospitals taking advantage of the new
techniques. These factors meant that every anaes-
thetist was likely to be required to deal with laparo-
scopic operations of varying difficulty at some point.

Laparoscopic operations

In the short time since the first laparoscopic cholecys-
tectomy was performed, development has advanced at
such a rapid pace that there is now almost no surgical
procedure that has not at least been attempted with

Table 1.1 Selected endoscopic operations

Operation Where conducted

Cholecystectomy

Hernia repair
Appendectomy

Tubal ligation

Uterine myomas
Cryptorchism, orchidopexy
Ectopic pregnancy
Oophorectomy etc.

General hospitals

Colorectal surgery

Gastric surgery

Splenectomy

Bariatric surgery

Lung surgery

Coronary artery surgery

Thoracic sympathectomy

Oesophagectomy

Nephrectomy, kidney
donor nephrectomy

Adrenalectomy

Radical prostatectomy

Hepatic resection

Retroperitoneal and pelvic
lymphadenectomy etc.

Specialized centres

endoscopic methods. Certain standard laparoscopic
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are divided regarding the question of whether laparo-
scopic surgery of malignant tumours is contraindi-
cated,’3%33 while another controversy involves the
question of whether laparoscopic surgery is con-
traindicated during pregnancy.**-3¢ Obesity was once
considered almost an absolute contraindication
against laparoscopic surgery, but has now morphed
into a strong indication.’”*® Even weight reduction
surgery in the morbidly obese is thought to have a
lower total risk of serious complications when per-
formed laparoscopically. Table 1.1 presents an
overview of the range of endoscopically performed
operations. This list is neither comprehensive nor
final, as new techniques are constantly being added,
and interventions regarded as investigational at best
today, will have become routine operations tomorrow.
The use of new techniques, such as the abdominal
wall lif*>* or balloon dilators,*' will help to avoid the
problems associated with gas insufflation and
increases of intra-abdominal pressure (IAP).*

Technical aspects of
laparoscopic surgery

Laparoscopic operations are basically very stand-
ardized procedures that begin and end with a set
sequence of events. A brief description of these phases
will help to understand the contribution required of
the anaesthetist and also to understand the pathology
of a number of potentially lethal complications that
can occur during laparoscopic surgery, most of which
are caused by faulty surgical technique or malfunc-
tioning equipment. These points will be taken up in
more detail in the following chapters.

In the first step of the operation, the abdomen is
inflating by leading gas into the abdominal cavity
under pressure to create a pneumoperitoneum. This
is sometimes referred to as a capnoperitoneum® in
order to call attention to the particular problems that
arise from using carbon dioxide (CO,) as the insuftla-
tion gas (see Chapter 2). The surgeon lifts the ventral
wall of the abdomen and introduces a specially
designed safety needle through a small incision in the
navel (Figure 1.2) for the initial inflation phase. The
abdominal muscles must be well relaxed for this
manoeuvre to succeed. This needle, known as a Veress
needle after its inventor, is about 3—4 mm in diameter,
and has a blunt, spring-loaded obturator that pro-
trudes past the tip of the needle (see Figure 1.1). When
the needle meets firm resistance, as for example
when it is pushed through fascia or muscle, the tip
of the obturator is pressed back, exposing the sharp
tip of the needle. After the needle penetrates the

peritoneum, the obturator tip springs forward, pre-
venting the needle from damaging the intestines or
other intra-abdominal organs. Once the correct
intraperitoneal position of the Veress needle has been
confirmed, insufflation is started slowly and the
patient is monitored closely. The gas flow rate is then
increased and the abdomen inflated to a pressure of
about 12 to 15mmHg. IAP is kept constant with an
electronically controlled insufflator (Figure 1.3) at a
level sufficient to maintain optimal operating condi-
tions for the surgeon (usually about 10-15mmHg).
Neuromuscular block must be sufficient during this
period to keep the abdominal cavity compliant, and to
prevent its being compressed by the return of muscu-
lar tension.

The typical adverse events that can happen during
this phase of the operation is the insufflation of gas
into preperitoneal tissue or directly into a blood ves-
sel. The former is not infrequent, but is rarely ser-
ious, and requires no particular action on the part of
the anaesthetist. Intravascular gas insufflation, on the
other hand, can be extremely serious and requires
rapid, deliberate action to avoid a lethal outcome (see

Chapters 2 and 6).

When the abdomen has been sufficiently inflated, the
Veress needle is removed and replaced with a larger
trocar introduced through the same incision (Figure
1.4). The primary complication of this manoeuvre is
injury to large vessels, such as the aorta or the iliac
vessels,*»* or perforation of hollow viscera. Safety
trocars with a sharp tip that retracts itself automati-
cally once it has passed the peritoneum are now avail-
able. The obturator in the trocar is then removed and
a laparoscope is introduced through the sleeve and
used to guide the placing of the following trocars, the
number and location of which vary according to the
operation. The first trocar is used for intraoperative

Figure 1.2 Blind introduction of the Veress needle.
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Figure 1.3 The basic mobile unit for laparoscopic surgery.
The unit contains the insufflator for creating and maintain-
ing a constant pressure in the body cavity, a bottle of pres-
surized CO,, a peristaltic pump to irrigate and rinse the
surgical field, a cold-light unit for illumination of the surgi-
cal field, a diathermy unit for coagulation and cutting, a
video monitor for observing the operation and a video
recorder for documentation.

Figure 1.4 Trocar with sharp obturator.

insufflation and it can become dislodged with result-
ing insufflation of gas into preperitoneal tissues. The
anaesthetist is frequently the first to notice this prob-
lem when end-tidal CO, concentrations start to rise.

Statistics on the mortality associated with laparoscopy
are available from 1949 to the present. In the period
from 1949 to 1977, when it was primarily a diagnostic

procedure, there was a mortality rate of 0.09% of a
total of 265,900 laparoscopies performed. From 1983
to 1985, the rate had fallen to 0.024% of almost
250,000 operations.***’ In the US in the year 1977—
1978, a mortality rate of 0.04% was registered for
750,000 sterilizations, which were carried out by
laparoscopy as well as laparotomy. Of the cases result-
ing in death, 16 occurred in connection with
laparoscopy, of which six were classified as anaesthetic
complications. Even for the very short surgical proce-
dures evaluated in this study, the risk of death was low
but not negligible, considering that the patients were
healthy and young. The expanding range of indications
with operations having an order of magnitude increase
in duration, and the inclusion of patients from extreme
age groups and high-risk patients with serious pre-
existing pathologies will obviously increase the risk of
morbidity and mortality. The realization of this fact
should act as a clear warning against incautiously
equating minimal invasiveness of the operation with
minimal risk to the patient, and should induce the
anaesthetist to do his or her utmost to contribute
towards minimizing this risk. The most important fac-
tors that the anaesthetist has to take into account dur-
ing laparoscopic operations are the pathophysiological
changes due to gas insufflation, the risk of intravascular
gas injection and the occasionally extreme position of
the patient.

There are other entire groups of minimally invasive
operations that are not performed by laparoscopy and
thus are not associated with the problems of the pneu-
moperitoneum and CO, insufflation. They will be
described in detail in their respective chapters and are
therefore only mentioned shortly at this point. Among
these are thoracoscopic surgery, minimal access car-
diac and coronary surgery, endoscopic laser surgery of
the aerodigestive tract and endoscopic neurosurgery.
Thoracoscopic operations differ less from their con-
ventional counterparts than the laparoscopic opera-
tions do from theirs, and anaesthetic management will
not require the same extent of adaptive modifications.
The peripheral lung is easily accessible with an endo-
scope, and thoracoscopic operations, such as wedge
resection or lobectomy, ablation of blebs and others
have become common.*>" The mediastinum can be
approached either by the traditional suprasternal
access or through the pleural cavity after allowing the
lung to collapse.’!*? Cardiac and coronary artery sur-
gery can be considered minimally invasive if they
avoid using a midline sternotomy or extracorporeal
circulation, the two factors that contribute most to the
invasiveness of the conventional methods.’
Endoscopic laser surgery of the aerodigestive tract
allows operations that are not possible by any other
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means.>* Tissue trauma can be extensive when consid-
ered in relation to the narrow anatomy of the larynx,
but postoperative recovery is rapid and usually
uneventful. Endoscopic and microsurgical procedures
in neurosurgery are truly much less invasive than their
conventional counterparts and do not generally
require any modification of anaesthetic management.

The following chapters will deal with important
anaesthesiological aspects of modern minimally inva-
sive surgery, be it endoscopic surgery of the abdomen
or thorax, endoscopic laser surgery of the larynx and
adjacent structures, or endoscopic neurosurgery.
They are designed to offer the anaesthetist the spe-
cialized theoretical and practical knowledge which he
or she needs to meet the particular challenges of these
operations, and to provide competent anaesthetic care
with optimal risk reduction for the patient.
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The physiological consequences of laparoscopic—
endoscopic surgery are primarily due to the effects of
increased intra-abdominal pressure (IAP) and the
systemic absorption of the insufflated gas. The mag-
nitude of these changes is modulated by the position
of the patient and the choice of insufflation gas.

Operations in the peritoneum, uterus or bladder
require active expansion of the pre-existing cavity by
the application of exogenous pressure. This is usually
unnecessary for thoracoscopy, where the self-retracting
tendency of the lungs is exploited and reinflation of the
lungs is prevented by a selective ventilation, such as
with a double-lumen endotracheal tube. In operations
on organs surrounded by connective tissue, such as in
the retroperitoneum (nephrectomy, adrenalectomy,
lymphadenectomy), the groin (hernia repair), or in the
mediastinum, an artificial cavity must be created with
insufflated gas or with the aid of a dilation balloon. The
specific effects of these measures will occur in addition
to the already ongoing changes resulting from anaes-
thesia and surgery.

Circulation

During laparoscopic surgery, the circulation under-
goes typical changes of cardiac output (CO), blood
pressure, venous pressure and cardiac filling pressures
that are the result of the complex interactions between
anaesthesia, patient position, pressure changes in the
body cavities and neuroendocrine reactions. Depend-
ing on the circumstances, the effects of these factors
can either reinforce each other or they can cancel each
other out.

Increased TAP and the patient’s position (supine,
head-down Trendelenburg, or head-up reverse
Trendelenburg) are — given constant arterial carbon
dioxide (CO,) tension — the main determinants gov-
erning circulatory changes during laparoscopy. These
two factors must be considered separately, since
they can either reinforce or oppose each other, depend-
ing on body position. If ventilation is not adjusted
properly, CO, retention will occur causing initial
stimulation and then, ultimately, depression of the
circulation, depending on the extent of the resulting
hypercapnia and acidosis (see the following text).

Cholecystectomy is one of the most common laparo-
scopic operations, and a discussion of the effects of
laparoscopic surgery on the circulation should be
begin with this operation that is typically performed
with the patient in the reverse Trendelenburg, head-
up position. Joris and co-workers' describe the
typical haemodynamic course of a laparoscopic chole-
cystectomy in healthy patients in a 15-30° head-up
position. After induction of anaesthesia in the supine
patient, there is usually a parallel reduction of CO and
mean arterial pressure (MAP). Changing from the
supine to the reverse Trendelenburg position induces
a further fall in blood pressure and CO accompanied
by a decrease in right and left ventricular filling pres-
sures, measured as right atrial pressure (RAP) and
pulmonary capillary wedge pressure (PCWP).?

Inflating the abdomen with the patient in this posi-
tion causes an initial increase in MAP, RAP and
PCWP with a decrease in CO. Systemic blood pres-
sure gradually returns to the baseline level at anaes-
thesia induction, RAP and PCWP increase to above
their initial levels, while CO decreases still further.
There is a sharp rise in peripheral systemic vascular
resistance (SVR), which is partly responsible for the
observed increase in blood pressure. The changes in
MAP and central venous pressure (CVP) are signifi-
cantly less when the abdominal cavity is expanded
with an external lift and not by increasing IAP>*

This situation lasts only for about 15-20 min, after
which CO returns to the baseline level before insuffla-
tion, blood pressure remains constant, and SVR
decreases slightly, while RAP and PCWP still remain
elevated. Since the reduction of CO lasts only such a
short time, it may be easily missed if measurements
are not timed properly. This could be a reason for the
contradictory results of various studies. Figure 2.1
summarizes the behaviour of CO in the studies of
Joris et al.! and Reid er al.’ The reasons for the grad-
ual normalization of CO are not entirely clear. Some
authors see it secondary to a reduction in afterload,
while others consider positive inotropic effects subse-
quent to sympathetic nervous system activation by
absorbed CO, to be the decisive factor. As described
in more detail below, CO does not recover if nitrous
oxide (N,O) rather than CO, is used for insufflation.
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Figure 2.1 Postoperative CO changes after laparoscopic
cholecystectomy. Relative changes after induction of anaes-
thesia and positioning of patient as well as at various times
after begin of pneumoperitoneum (PP) are shown. For ease
of comparing the two studies the value determined after
the patient had been positioned was defined as 100%. '

This argues in favour of hypercapnia-induced activa-
tion of the sympathetic nervous system as the force
driving haemodynamic normalization.

The increases in RAP and wedge pressure measured
against atmosphere are the consequence of increased
IAP, an increase which is transmitted into the thorax.*
This should not automatically be assumed to reflect
a rise in cardiac filling, since in the Trendelenburg
position, intrathoracic pressure increases to an equal
or even greater extent, so that effective transmural
atrial pressures may even decrease* (Table 2.1). This
is supported by the echocardiographic study of
Cunningham ez al..% which shows a decrease in end-
diastolic left ventricular volume. In the head-up posi-
tion, gravity-induced reduction of venous return
causes the initial decrease in CO. Increasing IAP
during pneumoperitoneum reduces blood flow in the
inferior vena cava with venous congestion and blood
pooling in the lower extremities and a further reduc-
tion in cardiac filling volumes (Figure 2.2).”% A more
recent model uses the Starling resistor concept to
explain the behaviour of pressures and blood flow in
the intrathoracic and intra-abdominal inferior vena
cava.’ Elevated TAP in patients with ascites is known
to cause narrowing of the cephalad portion of the
intra-abdominal vena cava,'® and this is also observed
during pneumoperitoneum.!! Increasing IAP in

Table 2.1 Changes in right atrial filling pressures in animal studies and in patients after creation of pneumoperitoneum
under different conditions. There is a consistent reduction of transmural pressures that reflects reduced cardiac filling

A. Studies in dogs after creation of pneumoperitoneum with CO, or N,O with different IAP?

Duration (min) 0 5 10 15 20 25

IAP (mmHg) 0 20 20 30 40 0

Right atrial pressure (RAP)

CO, 6.5+3 1257 143 +£8 14.6 £ 9 15.9 = 11 6.0 =3
N,O 6.0 3 131 7 13.0 9 141 £ 8 16.8 = 11 6.4=*3
Intrathoracic pressure

CO, 3.8+2 *6 128 £ 5 140 £ 6 151 =7 39=*2
N,O 3.8 +£2 +6 122+7 1319 159 =10 4.5+ 2
Transmural atrial pressure (RAPy,)

CO, 27 *1.2 0.9 = 0.5 1.5+0.9 0.6 = 0.3 0.9 £ 0.5 2.1 £1.2
N,O 22 +1.1 2.1 x£1.1 8+0.3 1.0=0.5 0.9 + 0.4 1.9 +0.9

Intrathoracic pressure increased (AITP) during the study

B. Patients in reverse Trendelenburg position and CO, pneumoperitoneum with constant IAP of 14 mmHg.P

Duration (min) 0 5 15

RAP 5.0 11.0 10.0
AITP 0 9.4 9.6
RAP, 5 1.6 0.4

30 0
10.0 8
8.7 0
1.3 8

2Adapted from Ivankovich et al.?
b Adapted from Joris et al.’
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Figure 2.2 Changes of IAP and blood flow in the inferior
vena cava (IVCF). RAP increases with increasing IAP (abscissa).
However, transmural filling pressure (RAPy,,) decreases signifi-
cantly, while IVCF is also reduced. (Adapted from Ref [26].)

study animals by the intraperitoneal instillation of
normal saline solution established a pressure gradi-
ent between the intra- and extrathoracic portions of
the inferior vena cava.!> Clinical studies in patients
undergoing laparoscopic cholecystectomy showed
that increasing AP also increases the pressure gradi-
ent between intrathoracic and intra-abdominal vena
cava pressures.’ A rise in IAP as occurs during pneu-
moperitoneum will impair venous return through the
inferior vena cava. Blood flow into the thorax will
cease whenever transmural pressure across the wall of
the vein falls to zero or below. Evidence that this actu-
ally occurs is given by the observation that blood flow in
the femoral vein is slowed and ceases intermittently in
patients undergoing laparoscopic cholecystectomy.'®1*

Reduction of cardiac filling is seen as the primary cause
of reduced CO. This view is supported by observations
in animal experiments, in which CO changed only
slightly in normovolaemic animals, but fell markedly
when they were hypovolaemic. In over-infused, hyper-
volaemic animals, on the other hand, CO increased
by ca. 50% over the baseline values.””> On the other
hand, Gentili and co-workers presented circumstantial
echocardiographic evidence suggesting myocardial
dysfunction during laparoscopy in children.!® During
moderate pressure pneumoperitoneum with an IAP of
10 mmHg or less, left ventricular end-diastolic volume
increased without the concomitant increase of left ven-
tricular ejection fraction that one might expect accord-
ing to the Frank—Starling mechanism. Body position
itself has an important influence on CO. In animal
studies, the head-up position caused a further decrease
in CO, while the Trendelenburg position led to a partial
normalization.'” The interdependent factors governing

the circulatory effects of CO, pneumoperitoneum in the
head-up position are shown schematically in Figure 2.3.

Pneumoperitoneum has been shown to induce or to
worsen valvular regurgitation.'® Increased SVR during
pneumoperitoneum, preoperative hydration and head-
down positioning are thought to be causal factors.

The situation in the Trendelenburg position with
increased IAP differs from that in the head-up posi-
tion, and the circulatory responses deviate in several
important aspects from those described so far. The
forces of gravity and IAP that act synergistically in the
head-up position to reduce cardiac filling, oppose each
other in the head-down position. In the Trendelenburg
position, CO either remains constant or can even
increase.'”?! Kelman reports, for example, that the
IAP of 15mmHg normally used for pneumoperi-
toneum caused an increase in CO, and that CO only
decreased when IAP was elevated to 40mmHg or
higher.!” One of the reasons for the lack of CO reduc-
tion is that transmural atrial pressures (RAP,,, LAP,.)
remain unchanged or even increase slightly (Table 1.2)
during insufflation with an IAP of 15-20 mmHg in the
head-down position, and there was thus no reduction
of left ventricular end-diastolic volume.®

On the other hand, Lenz et al.** and Johannsen et al.*

reported a decrease in CO of approximately 20%, even
though RAP,, remained constant. These contradic-
tory results, however, might be due to methodological
short-comings, since CO was measured in these stud-
ies by bioimpedance, a method that might have a sys-
tematic error under the given study conditions. The
bioimpedance method measures changes in a high-
frequency signal applied to the thorax with electrodes
on the upper and lower thorax aperture. Given a con-
stant thorax geometry, changes in the signal reflect
changes in the impedance (Z£) assumed to be due to
fluctuations in intrathoracic blood volume. Stroke
volume (SV) is calculated from the cyclic impedance
changes by applying the function

4z
SV = f(13)==Z;1
T2

or, with older systems, with the function

2

o[ £)(%)

ZO de min
The distance between the upper and lower electrodes
(L) enters into the calculation to the third or second
power, so that minor deviations in the distance between
the electrodes result in large errors. For example, a 6%
decrease in L results in a 17% reduction in the calcu-
lated SV. A deviation of this magnitude is conceivable
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Figure 2.3 Haemodynamic changes during pneumoperitoneum with CO,: (a) in head-up reverse Trendelenburg position,
or (b) in head-down Trendelenburg position. T: Trendelenburg position; rT: reverse Trendelenburg head-up position; ITP:
intrathoracic pressure; AVP: vasopressin; NA: norepinephrine; Tincrease; ldecrease; T— no change or only slight increase.

(For abbreviation see text.)

in the head-down position and with increased IAP,
since the combined effects of gravity and pneumoperi-
toneum would widen the lower thorax aperture and
would thus bring the upper and lower electrodes closer
together. Moreover, the basic impedance of the thorax,
Zy, will also be altered to an unknown degree by the
shift of diaphragm, liver, spleen and other abdominal
organs into the measurement area. Using only a very
low IAP (5-8§ mmHg) and taking the altered baseline
impedance into the equation, as in the study by Ekman
et al.,** the bioimpedance method yields results similar
to those of the dye dilution method. This problem is
perhaps not as relevant in the head-up position, since
the effects of gravity and the pneumoperitoneum tend
to balance each other out.?’

The blood pressure and peripheral vascular resistance
responses to inflation of the abdomen with CO, are
the same whether the patient is in a supine position,
head-down Trendelenburg position or in a head-up
position, despite the fact that the change in CO is
totally different. This suggests that neuroendocrine
stress responses with increased plasma concentrations

of norepinephrine, vasopressin and renin—angiotensin,
and consequently elevated SVR and not changes in
stroke volume are responsible for blood pressure
changes (see Section on stress reactions).

Cardiovascular changes during pneumoperitoneum
are not only due to the increased IAP, but are also
caused by the systemic effects of the absorbed CO,
and the vegetative reactions to peritoneal irritation.
The studies cited so far only investigated the cardio-
vascular effects of CO, as insufflation gas, but using
N,O for inflation instead of CO, changes the pattern
of cardiovascular effects. Comparing the results of
these studies helps to delineate the causative factors.

Ivankovich and co-workers directly compared the
haemodynamic changes induced by a pneumoperi-
toneum with either CO, or N,O in dogs.?® Although
they described the changes as essentially identical, they
did observe that after 20 min at an IAP of 20 mmHg
CO had decreased by 57% with CO, and by only 47%
with N,O, while vascular resistance had increased by
148% with CO, and only by 93% with N,O (Table 2.2).
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Table 2.2 Haemodynamic effects of pneumoperitoneum using either CO, or N,O as insufflation gas

Author Position Gas ACVP ACO AMAP ASVR
(% or mmHg) (%) (%) (%)
Ivankovich dogs?®  Supine CO, - —-57 +11 +148
N,O = —47 +7 +93
Rademaker?” Head-up CcoO, —50 (6 — 3) -31 0 +45
N,O —40 (5 - 3) —40 -33 +12
Marshall2%.28 Head-down CO, +38(8 > 11) -0.7 +26 +25
N,O +25 (8 > 10) =23 +17 +49

pneumoperitoneum.

Changes are given between baseline values after induction of anaesthesia and the value in the described position after creating the

Note: Changes in CVP (ACVP) do not necessary indicate a change in right atrial filling pressure.

Unfortunately, the authors did not test their data for
statistical significance.

The results of a comparative study by Rademaker
et al.*” on patients undergoing cholecystectomy carry
more weight. They observed a reduction of CO in
both the CO, as well as the N,O group, but when the
patients were in the reverse Trendelenburg position,
the reduction in the group with N,O was significantly
greater. At the same time, MAP and SVR were
markedly higher in the CO, group (Table 2.2).

Marshall ez al. made similar observations using dye
dilution in patients in the Trendelenburg position.”*?
CO exhibited a varying response during inflation with
CO,: it increased in two patients, decreased in two
patients and remained constant in three patients.
During inflation with N,O, CO decreased in all
patients by approximately 23% (Table 2.2). Blood
pressure rose in both groups but the increase was
greater in the CO, group (26%) than in the N,O
group (17%).

One can see from the results of these studies that
using CO; as the insufflation gas can partially alleviate
the negative effects of increased IAP on CO. This
might be due in part to the stimulatory effects of
absorbed CO, on the sympathetic nervous system,
since there was no attempt to maintain normocapnia
in any of the studies.”’ However, a different study
claims to have found no effect of normocapnia or
hypercapnia on blood pressure behaviour.*

Predicting the cardiovascular effects of absorbed CO,
is hampered by the fact that it exerts manifold effects
on various segments of the circulation itself and on
regulatory functions. Some of these effects directly
oppose one another and some act synergistically. CO,
with acidaemia can reduce myocardial contractility,’!
but in the intact organism this is more than com-
pensated for by the CO,-induced activation of the

sympathetic nervous system with increases of heart
rate, vascular resistance and CO.%?>-3* Figure 2.4 gives
a synopsis of these interactions. A study in children
showed that pneumoperitoneum without hypercapnia
caused left ventricular regional wall movement
abnormalities.?

An increase in SVR, often combined with a coincident
increase in MAP is a constant observation in virtually
all investigations, while simultaneously measured CO
exhibited no consistent relationship with blood pres-
sure. The clinical relevance of this fact is that during
laparoscopy one cannot make any inferences about the
cardiac pump function or perfusion from the arterial
blood pressure. An increase in afterload also has the
inherent risk of precipitating cardial decompensation
in patients with congestive heart failure. Intravenous
nitroglycerine has been used to decrease SVR during
laparoscopy and restore haemodynamic function.3%%

The consistently occurring blood pressure increase that
is usually accompanied by tachycardia, indicates an
increase in myocardial oxygen consumption (MVO,).%
The marked rise in the concentration of circulating
catecholamines is associated with an increase in the
inotropic state of the myocardium and an further
increase of MVO,. The combination of these factors
can compromise patients at cardiovascular risk. Circu-
latory collapse and dysrhythmias also deserve mention
as relevant adverse cardiovascular events. These can be
interpreted as resulting either from the activation of the
sympathetic nervous system or from a vagal reaction
to peritoneal stretching and intra-abdominal manipu-
lation combined with reduced venous return.**!

A study in cardiac transplant patients undergoing
laparoscopic cholecystectomy is interesting, despite
the small number of patients.*? These patients did not
have an increase in MAP or SVR after inflation of the
abdomen, but only an increase of CVP. CO returned
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Figure 2.4 Direct and indirect cardiovascular effects of CO, absorbed during laparoscopic surgery. CO, has a negative
inotropic effect on the myocardium, stimulates adrenal medullary catecholamine release and cause vasodilation. These direct
effects are cancelled out to a large extent by indirect effects, such as stimulation of the sympathetic nervous system and

inhibition of parasympathetic innervation.

to normal after inflation and remained constant at
preoperative levels. These observations were basically
corroborated by another study.* Case reports have
also shown that laparoscopic surgery is uneventful in

heart transplant recipients.*»*

Note Inflating the abdomen with CO, typically causes
an increase in peripheral vascular resistance and a com-
pression of the atria with a reduction of cardiac filling.
The initial response to this is:

Increase in arterial blood pressure
Decrease in CO

Increase in CVP

Increase in left ventricular wall tension
Increase in MVO,

Note The position of the patient can either enhance or
diminish the effect on CO:

® Transient decrease with gradual recovery in reverse
Trendelenburg position (e.g. during cholecystec-
tomy and other upper abdominal operations)

® No change or slight increase in Trendelenburg posi-
tion (e.g. during gynaecological or urological opera-
tions, transperitoneal hernia repair)

Note Increased abdominal pressure causes conges-
tion and stasis in the veins of the legs, particularly with
the patient in the reverse Trendelenburg position.

This leads to: Risk of deep vein thrombosis and requires
rapid postoperative mobilization and thrombosis
prophylaxis.

Regional blood flow

Increased TAP not only influences global haemo-
dynamics but interferes also with the blood flow to
individual organs. Alterations of regional perfusion can
cause problems independent of total blood flow, such
as impairing organ function or altering drug delivery
and disposal.

Studies with transcranial Doppler sonography (TCD)
showed that CO, pneumoperitoneum increased blood
flow velocity in the middle cerebral artery.*® This was
probably not due to the increase in IAP but to a rise in
arterial CO, tension, since other authors could not
confirm an effect of increased IAP on cerebral blood
flow when arterial CO, tension was kept constant.*/+*
A further study demonstrated that arterial PCO, was
directly correlated with cerebral blood flow.*

Increasing IAP by insufflating CO, markedly reduces
blood flow in the portal vein, hepatic artery and supe-
rior mesenteric artery,” although in one study, flow in
the hepatic artery remained unchanged.’! Inflating
with helium (He) causes a more marked decrease in
hepatic blood flow than CO,.%? The sum effect was a
reduction in indocyanine green clearance.’ Intestinal
mucosal perfusion is reduced as well and possible
mucosal ischaemia is suggested by the decrease of
intramural pH in the jejunum.** A more recent study
suggests that insufflated CO, enhances splanchnic
blood flow up to an inflation pressure of 16 mmHg.*
One recent study showed that hepatic blood flow can be
affected to a degree that impairs hepatocyte integrity
depending on the nature of the operation and patient
position. Laparoscopic cholecystectomy caused greater
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postoperative increases in alcohol dehydrogenase, glu-
tathione S-transferase, aspartate aminotransferase and
alanine aminotransferase than laparoscopic colectomy
reflecting  significant hepatic hypoperfusion during
cholecystectomy.>’

The data on the effects of laparoscopy on renal
function show that urine output, renal blood flow and
creatinine clearance are reduced during pneumoperi-
toneum.>>*%%? One study suggested that it was not
elevated IAP per se that it is responsible for the
observed effects on urine flow, but that intraperi-
toneal cooling might possibly also be involved, since
the changes were not observed when warm gas was
used for insufflation.®” This does not seem likely in
view of the results of numerous other investigations
that give strong evidence that pressure itself and not
the insufflated CO, or its temperature is the probable
trigger. In one animal study, renal function deterio-
rated when IAP was increased with an inflatable bag
inserted into the peritoneal cavity,®' and in another,
renal blood flow and diuresis were both significantly
reduced by directly compressing the kidney to a pres-
sure of 15mmHg.%? Some clinical studies showed
only inconsistent effects on renal function of patients:
urine output and creatinine clearance were reduced in
only 60% of the patients, and either not affected at all
or even increased in the others,% but the most com-
mon observation is that increased abdominal pressure
significantly reduces urine output and can even cause
anuria.®

The primary effect of increased IAP is a decrease in
renal venous blood flow that can persist after pressure
is released.®® Renal cortical perfusion also decreases
during pneumoperitoneum.® This reduction in renal
blood flow is the most likely cause of the increased
plasma renin activity seen with laparoscopy (see
below). Urine O, tension decreases when abdominal
expansion is achieved by gas inflation but not when
the abdominal wall is lifted mechanically.®* The fall in
urine O, tension is a consequence of renal vasocon-
striction.®”% Increased urinary levels of N-acetyl-
beta-D-glucosaminidase have been described,>%
which reflect significant renal parenchymal hypoxia
with tubular damage that can ultimately lead to acute
tubular necrosis and acute renal failure in the predis-
posed patient. There is a direct relationship between
reduced renal blood flow, decreased urine O, tension
and the observed reduction in creatinine clear-
ance®7”" as was demonstrated in patients undergoing
cardiac surgery.”! Some suggest that supporting urine
flow with the use of diuretics or low-dose dopamine
might be beneficial,”” but the currently available data
are not sufficient to generally recommend this.®’

The observed reductions in renal and hepatic perfu-
sion can affect the elimination of drugs used for
anaesthesia, for example, by reducing their clearance.
It is conceivable that the half-lives of both hepatically
as well as renally eliminated substances could be pro-
longed by laparoscopic surgery. Reduced indocyanine
green clearance during pneumoperitoneum supports
this assumption.>

The effect of CO, pneumoperitoneum on uterine
blood flow is of particular importance whenever
laparoscopic surgery is to be performed during preg-
nancy. In gravid ewes, CO, pneumoperitoneum signi-
ficantly reduced uterine blood flow, increased maternal
and foetal CO, tensions and caused maternal and foetal
acidosis.”? A different study showed that uterine blood
flow remained unaffected if partial pressure of CO, in
arterial blood (P,CO,) was kept constant.”® Contrary to
these results, He pneumoperitoneum reduced uterine
blood flow without altering arterial CO, tension or
blood pH, indicating that pressure is an independent
factor.”* Hypercapnia is known to independently
reduce uterine blood flow”® and the combination of
IAP and elevated P,CO, might enhance the deleterious
effects on the foetus.

Note The increased pressure in the pneumoperi-
toneum induces a reduction of splanchnic and renal
blood flow.

Clinical consequences:

® Reduction of hepatic perfusion might prolong half-
life of drugs eliminated by the liver

® Reduction of creatinine clearance and urine flow
might reduce the clearance of drugs that are elimi-
nated through the kidneys

Insufflation gas

The choice of the gas used for insufflation is an
important factor affecting the safety of laparoscopic
procedures and determining the character of the
physiological consequences. Once practitioners had
realized that the use of room air for insufflation car-
ried a high risk of fatal gas embolism, a large number
of gases, including O,, CO,, He and N,O were inves-
tigated as possible alternatives, and also employed in
the clinical setting. None of the gases were found to be
ideal, and each represented a compromise. The choice
of a particular gas will depend on the risk—benefit
assessment of the individual advantages, disadvantages
and adverse effects. The details required for this deci-
sion will be sketched in the following paragraphs.
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Factors influencing the choice of insufflation gas are
physicochemical properties, such as solubility, dif-
fusibility and flammability, as well as the pharmacolog-
ical effects after systemic uptake. Solubility determines
how much of the insufflated gas can be absorbed by the
body and how it behaves once in solution. Diffusibility
is a characteristic that determines how fast the gas can
follow a concentration gradient from one compartment
to another. In the case of pneumoperitoneum one must
keep in mind that the gas passes from a gas phase to a
liquid phase and not through a membrane from one
gas phase to another. This is particularly important
when considering He, N,0O and CO,. He is highly dif-
fusible owing to the small size of its single atom, but it
enters the liquid phase only slowly since it is poorly
soluble. N,O and CO, are much larger molecules, but
both have markedly higher diffusion coefficients due to
their greater solubility (Table 2.3). What is the most
important determinant of safety in an insufflation gas?

Room air, a mixture of nitrogen, oxygen, argon and
other gases, is dangerous when used as an insufflation
gas. All of the component gases are poorly soluble, and
should air enter the venous system directly, as can hap-
pen during insufflation, the ensuing intravascular bub-
bles will not dissolve, but will collect in the right heart
and the pulmonary circulation. The small amount of

Table 2.3 Physicochemical properties of insufflation

gases

Gas Solubility Relative Relative
coefficient (ml solubility diffusion
gas per ml H,O O,=1) coefficient
at 760 mmHg) 0,=1)

CO, 0.57 24.0 20.5

N,O 0.47 16.3 14.0

0, 0.024 1.0 1.0

N, 0.012 0.52 0.55

He 0.008 0.37 1.05

20-50ml is sufficient to cause a fatal gas embolism.
The same applies for the even less soluble He (Table
2.3). The primary requirement of an insufflation gas is
thus high solubility. Although diffusibility itself is not
an important factor, the product of diffusibility and
solubility is thought to give a better indication of the
relative risk of a gas than solubility alone.”®”’

N,O and CO, have a much higher solubility in blood
and inadvertent intravascular application is thus much
less dangerous than with the gases mentioned above.
Systemic absorption of N,O does not cause the
derangement of acid—base status as seen with CO,, but
there are other problems associated with its use. One
of these is the risk of intra-abdominal fire or explosion
that has been repeatedly described with its use.”>!
N,O is not flammable itself but it supports the com-
bustion of other materials, such as methane or hydro-
gen sulphide that can escape into the peritoneal cavity
from the intestinal lumen through small, inapparent
lesions to the bowel (Table 2.4).

CO, was substituted for air as insufflation gas towards
the end of the 1940s, mainly by the German gynaecol-
ogists LLindemann and Semm, since it offers a number
of advantages over the alternative gases, foremost
among them being its high solubility in blood.3*-%*
This results from the fact that most of the CO, in
blood is not in simple solution, but has been reversibly
converted into bicarbonate ions reducing CO, partial
pressure. An additional factor is its binding to haemo-
globin. Studies on spontaneously breathing dogs have
shown that 50—-100ml/min of CO, can be injected
directly into the femoral vein without cardiovascular
consequences.® However, the choice of anaesthetic,
such as the use of N,O can markedly reduce the
amount of CO, that is tolerated.®® This must be taken
into account during operations with a high risk of
intravascular gas entrainment. The advantages of CO,
as insufflation gas are its excellent solubility in blood
and its rapid uptake from cavities (Table 2.3). On the
other hand, CO; is not pharmacologically inert after

Table 2.4 Biochemical and pharmacological properties and risk profile of insufflation gases
Biochemical Pharmacological effects Risk of Supports
effects embolism combustion

CO, Acidosis Activation of SNS, direct —(+) =

circulatory depression, pain

N,O Inert Narcosis —(+) e

0O, Inert Inert F IFF

N, Inert Inert IFaF —

He Inert Inert ++ -

SNS: sympathetic nervous system.
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systemic uptake. CO, absorption raises P,CO, and
causes a respiratory acidosis that must be compensated
for by increasing alveolar ventilation (see below).

Uptake of insufflated CO,

CO, absorption is a further consistent characteristic
of laparoscopic surgery that has an impact both on
physiological consequences as well as on the manage-
ment of anaesthesia.’*%” One study found a high CO,
tension in the epigastric veins draining the peri-
toneum, gives additional support to the assumption
that CO, uptake from the abdominal cavity actually is
responsible for the observed increase in arterial CO,
tension.®® It causes respiratory acidosis, predisposes
to cardiac dysrhythmias and has to be eliminated by
increasing minute ventilation.

There are approximately 1201 of CO, stored in the
body,®’ most of it in the form of carbonates in the
bones or dissolved in lipids. Aqueous solutions contain
circa 500 ml CO, per litre. CO, stores can be divided
into three compartments — fast, intermediate and slow —
that differ in their equilibration times. Blood and
organs with high blood flow, such as the brain, liver and
kidneys constitute the fast compartment, while the
intermediate compartment comprises muscle and less
well-perfused parenchymal organs. The CO, tension
in the fast compartment lies only slightly higher than
partial pressure of CO, in alveolar gas (P4CO,) and
rapidly follows any change in arterial P,CO,. The
intermediate compartment is relatively large and less
sensitive to fluctuations of arterial CO, tension — acute
hyper- or hypoventilation has little effect on CO, ten-
sion in the muscles. These two compartments have a
total storage capacity of approximately 2 ml of CO, per
kg body weight and mmHg P,CO, in a normal individ-
ual.**%2 This means that the uptake of 2 ml of CO, per
kg will raise arterial CO, tension by ] mmHg

ml CO,
(kg body weight)(mmHg P, CO,)

CO, storage | _
capacity

Adipose tissue, bones and other tissues with low blood
flow comprise the slow compartment. The storage
capacity of this compartment is approximately 10ml
CO,kg 'mmHg ! P,CO,. The slow compartment is
in close contact with the fast compartment, but trans-
fer of CO, between them is slow. This is due to the
low blood flow in adipose tissue, while in bones the
limiting factor is the conversion of CO, to hydroxy-
apatite and vice versa.

Due to its high diffusion coefficient CO, can easily
pass from gas-filled cavities into the blood (and vice

versa). The speed with which absorption takes place
depends on the absorbing surface. Uptake through
the thick, smooth and relatively poorly perfused peri-
toneum is slower than from loose connective tis-
sue.”>% The amount of gas absorbed has a decisive
influence on the manner and magnitude of the physi-
ological consequences.

Despite high solubility and ease of tissue penetration,
only a fraction of the insufflated CO, is absorbed
from the abdominal cavity. The amount can be esti-
mated using data typical for laparoscopic operations.
Approximately 51 of CO, are required to create the
pneumoperitoneum. Using the formula for the CO,
storage capacity given above shows that this volume of
CO,; would acutely raise the arterial CO, tension of a
60 kg patient from 40 to 82 mmHg. In reality, P,CO,
increases only about 9mmHg during a 10-30 min
operation in a patient ventilated mechanically with a
constant minute volume. This represents the uptake
of approximately 1080 ml.

This is a rough estimate of CO, uptake using the
average storage capacity of the fast and intermediate
compartments in a patient with constant alveolar
ventilation. A more accurate determination can be
made using indirect calorimetry to measure the
increase in the volume of CO, eliminated through the
lungs during CO, insufflation. During the measure-
ments, arterial CO, tensions must be kept constant to
ensure that absorbed CO, is completely eliminated
and not allowed to enter the storage compartments.
This requirement is crucial since CO, uptake will be
underestimated considerably if a relevant amount of
the absorbed CO, is stored (as evidenced by an
increasing P,CO, or partial pressure of CO, at end-
tidal (P.CO,)) then. A constant P,CO, reflects the
fulfilment of this requirement, although in most
studies arterial tension is not measured directly, and
end-tidal CO, concentrations (P,CO,) are used as a
surrogate parameter.

One obtains the rate of CO, absorption (VCO; 4perb)

by subtracting the endogenous CO, production
(VCOy ¢ndog) from the total exhaled CO, (VCO; (o)
(Equation (2.1)):

VCOZ absorb VCOZ total VCOZ endog (21)

Endogenous CO, production can be continuously
calculated from total body O, uptake (VO,) using the
respiratory quotient (R):

VCO =VO,R (2.2)

2 endog
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Table 2.5 CO, output und O, uptake (ml min~")
Author CO,; output ACO, O, uptake
Preoperative  Intraoperative = Maximum Preoperative Intraoperative
Lewis et al.”’ 102 126 = 24 = =
Blobner et al.’®! 145-180 179-222 - - - -
Kazama et al.®” 110 = 24 163 * 26 - 54 16 129 + 26 142 + 26
Luiz et al."%® 156 = 24 216 = 35 - - 206 = 15 211 =23
Mullett et al.?3
Intraperitoneal 132 176 — — - -
Extraperitoneal 133 207 - - - -
Puri and Singh'®® 3.6 = 0.51 4.4 * 0.56 - - - -
(mlkg™") (mlkg™)
Seed et al.%® 135 151 = 16 = =
Sumpf et al.>>
Extraperitoneal 161.0 331.9 788 153.4 226.9 250.9
Transperitoneal 154.4 222.2 300.2 59.2 220.4 232.0
Tan et al.2% 146 = 20 183 £17 - 421 =17 169 =13 164 =18
Weyland et al.”® 138 + 29 212 = 50 361 - 201 -

Older studies give an average CO, uptake of
20mlmin~1.%%%7 These data were gathered during
short diagnostic laparoscopic procedures without
regard to maintaining endogenous CQO, stores at a
constant level. More recent studies, in which care was
taken to keep P,CO, constant, give much a higher
uptake (‘Table 2.5) and have helped deepen our under-
standing of the physiological and physical events
during CO, uptake.?>%

CO; uptake from the abdominal cavity does not
proceed at a constant rate, but is a function of capil-
lary perfusion in the peritoneum and the prevailing
pressure gradient. CO, uptake initially increases
with rising IAP, but there is indirect evidence that
further increasing IAP reduces capillary perfusion
and decreases the rate of CO, absorption.” 1! The
rate of CO, absorption during laparoscopic cholecys-
tectomy varies widely from patient to patient and can
be increased by a factor of three over baseline values
(Table 2.5). The absorption rate can also vary widely
during the course of the operation as shown in
Figure 2.5.

One consistent observation is that CO, uptake depends
on the tissue surface that is in contact with the gas
phase, and therefore to a large degree on the type of
operation.”>** Absorption is low during laparoscopic
operations without further damage to the smooth,
tough and relatively thick peritoneum. Opening the
peritoneum for dissection into the surrounding con-
nective tissue, or even the creation of artificial cavities
as for nephrectomy or preperitoneal herniotomy, can
enlarge the exposed surface area and enable a higher
absorption rate.*»1%1% The increase in CO, uptake

over baseline during an uncomplicated transperitoneal
laparoscopic herniotomy ranges between 55% and
70%.%9%1% The highest absorption rate is seen during
extraperitoneal procedures complicated by subcuta-
neous emphysema, since the absorbing surface area is
very large and the tissue thickness through which the
gas has to diffuse is shorter (Figure 2.6).°59>105-107
Chiche and co-workers found that CO, elimination
was only 16.9% above baseline in patients without sub-
cutaneous emphysema, while this complication caused
an increase to 70%.!% We found an increase in CO,
uptake of more than 500mlmin~! in patients with
extensive subcutaneous emphysema during extraperi-
toneal hernia repair, which corresponds to a relative
increase of 250% compared to patients without
emphysema® (Table 2.5).

The absorbed CO, must be eliminated by increasing
alveolar ventilation, since large P,CO, increases cause
considerable pH and electrolyte shifts. The latter are
associated with an increased incidence of cardiovascu-
lar complications such as hypertension and cardiac
dysrhythmias. The relative increase in ventilation that
Wwas necessary to maintain normocapnia varied between
0% and 145% in one study. The corresponding mean
absolute increase in minute volume was 14-161
min~ %1% Debois and co-workers observed that ven-
tilation had to be increased by an average of 30% dur-
ing laparoscopic cholecystectomy, while an increase of
55% was required during endoscopic hernia repair.!*
Our own data show that ventilation has to be increased
by more than 400% in patients with extensive subcuta-
neous emphysema. The corresponding absolute value
of minute volume was 301min~'.%



PHYSIOLOGY 17

700~ -
ml min
600+
500+
~N
o
~ 400
k5
] Figure 2.5 CO, absorption
25 300 during the course of laparo-
scopic extraperitoneal inguinal
200- hernioplasty. One can easily see
that the amount of absorbed
CO, does not remain constant,
100+ but increases during the opera-
tion. The highest values are seen
0 | postoperatively and are proba-
0 10 20 30 40 50 60 70 80 90 98 108 bly due to the extensive subcu-
Intraoperative Postoperative  taneous emphysema. (Adapted
min from Ref [95].)
250 ml min~! account When drawing up t.he list of possible con-
. traindications for laparoscopic surgery.
—°= Gynaecological laparoscopy
—=— Laparoscopic cholecystectomy There is a constant risk of hypercapnia in the sponta-
—+— Retroperitoneale pelviscopy neously breathing patient, as is shown in Table 2.6.
This is not entirely due to suppression of ventilatory
O'200 Start of A\k‘\ drive by the anaesthetic as the data obtained using
% N,O as insufflation gas show. But mechanical ventila-
o surgery . . . g
s | tion alone does not guard against hypercapnia if is not
E adapted to the rate of CO, absorption.
= g
150- Postoperative—" Thermpcautery and la.ser surgery produce hl.gh intra
abdominal concentrations of carbon monoxide. This
can be absorbed from the peritoneum and induce
1 relevant levels of carboxyhaemoglobin.'*110
1h
100

Figure 2.6 The magnitude of CO, absorption depends on
operation site. (Adapted from Ref [93].) The gynaecological
laparoscopy were short diagnostic or operative procedures,
such as tubal ligation. The pelviscopic operations were
retroperitoneal lymphadenectomy. Arterial CO, tensions
were not kept constant so the actual amount of CO, uptake
might be significantly higher.

It is important to be aware of the expected magnitude
of CO, uptake, since the increase in alveolar ventila-
tion required to maintain normocapnia might not be
possible in patients with severely compromised lung
function. This is an aspect that cannot be ignored,
considering the number of elderly patients with
chronic obstructive lung disease (COLD) who might
present for laparoscopic surgery. It must be taken into

Note

® CO, absorption varies widely, both between patients
as well as during a single operation

® |t is greatest during surgery outside the borders of
anatomically defined cavities with insufflation of gas
into loose connective tissue (e.g. lymphadenectomy,
herniotomy, nephrectomy)

® Minute ventilation required to maintain normocap-
nia during these operations can increase by more
than 20 I min~'

® Capnometric or blood gas monitoring is indispensa-
ble in order to detect the P,CO, increase and to
adapt ventilation

Clinical conclusion

® Patients with compromised pulmonary function and
reduced ventilatory reserve (e.g. COLD or after lung
resection) are at a higher risk
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Table 2.6 Changes of P,CO, and P,0, during pneumoperitoneum with N,O or CO,

Mode of ventilation Author Gas F,0, AP,CO,(mmHg)  AP,0,(mmHg)
Spontaneous breathing Baratz and Karis'?> CO, 0.99 4.8 -20
Hodgson et al.'% CO, - 7.0 -
Lewis et al.®” Cco, 0.98 4.6 =
Scott and Julian®! Cco, = 17.6 =
N,O - 5.9 -
Kenefick et al.’"? Cco, 0.35 10.0 -29
Mechanical ventilation Alexander and Brown'®” Cco, = 8.7 —24
N,O - —2.4 -28
Baratz and Karis'%® Cco, 0.99 1.1 -32
Hodgson et al.'% CO, = 10.1 =
Kelman et al."® Cco, 0.3 8.4 3
Motew et al.?! Cco, 0.5 12.1 -6
Magno et al.’%® CO, 0.3 9.0 -9
N,O 0.3 -1.0 =13

AP,CO; and AP,O, denote changes of the respective partial pressures between beginning and end of gas insufflation.

FRC reduced by CC increased by

-------- APAAS

Aging
ccC Lying down Smoking
Anaesthesia Emphysema
Obesity Pulmonary oedema
Pregnancy

Figure 2.7 Numerous conditions can bring the FRC within
the range of CC, either by reducing FRC or by increasing CC.

RESPIRATION

Gas exchange

Every operation in general anaesthesia is associated
with characteristic intra- and postoperative alter-
ations of lung function. Functional residual capacity
(FRC) and total compliance (C,,) decrease by an
average of 20% and dead-space ventilation (Vp/ V)
increases immediately after induction of anaesthesia.
The magnitude of FRC reduction depends on the
patient’s build and can be 50% in adipose patients.'!!
Even a moderate reduction of FRC can cause arterial
O, desaturation in patients with increased closing
capacity (CC), such as cigarette smokers and patients
with COLD (Figure 2.7). These changes are associated
with the cessation of spontaneous breathing and insti-
tution of mechanical ventilation."'>"'* The ultimate
causes are a disturbance of the normal ventilation—
perfusion relationship, the loss of dorsobasal diaphragm
motion and the changes in intrathoracic pressures.
The ventilation—perfusion relationship is shifted in
wide areas of the lungs (Figure 2.8), leading to reduced

From anatomical

End tidal gas dead-space
Exhaled air
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venous
blood
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Figure 2.8 Schematic diagram illustrating the variety of
ventilation—perfusion ratios (V/Q) present in the lung. Vp/Vy
occurs in alveoli with a high v/Q ratio, whereas venous
admixture occurs in alveoli with a V/Q ratio below unity. A
V/Q of zero indicates shunt perfusion.

ventilation of the well-perfused basal regions with an
increase in shunt perfusion (Q g/Q 1), while the well-
ventilated but poorly perfused superior regions (West
zone I) are responsible for the increase in V/Vp
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Figure 2.9 The influence of gravity and the prevailing pressures in the lungs and pulmonary vessels lead to the develop-
ment of areas with differing perfusion, which were divided by West into the zones 1-3. In zone 1, which is located in the api-
cal portions of the lung in the upright subject or in the uppermost portions in the recumbent patient, alveolar pressure (P,)
is higher than the pressure in the pulmonary capillaries (P,). The capillaries collapse and blood flow ceases. In zone 2, blood
flows as long as P, is higher than P,, and stops intermittently during the cardiac cycle or due to increased alveolar pressure
during mechanical ventilation. In zone 3, which is in the dependent portions of the lungs, pulmonary venous pressure (Py) is
higher than P,, so that the capillaries never collapse and blood flow is continuous. (Modified from West et al. | Appl Physiol
1964; 19: 713-724.) Changes in blood pressure or intrathoracic pressure influence the distribution of the zones; increasing
vascular filling and blood pressure reduces the extent of areas with zone 1 characteristics, and thus Vp/Vy whereas increasing
intrathoracic pressure (e.g. during pneumoperitoneum) will increase P, and Vp/Vr.

mentioned above (Figure 2.9). Dorsobasal atelectatic
areas develop immediately after induction of anaes-
thesia that can be seen in computerized tomography
scans.!'»!"* The resulting alterations of pulmonary
function are seen clinically as a decrease in arterial O,
and CO, tensions as well as an increase in airway
pressure (Pay) during mechanical ventilation. These
factors are obviously effective during laparoscopic or
thoracoscopic operations, and can be intensified by
the increase in IAP, head-down position or one-lung
ventilation %% 115117

Available data indicate that pneumoperitoneum
causes a further reduction of FRC (Table 2.6).!15118,119
One would expect an effect of this nature under the

influence of elevated IAP with cephalad shift of the
diaphragm."'%117 Applying constant positive Py can
largely prevent the FRC reduction,'?>1?! an observa-
tion that has great practical value for the management
of anaesthesia, since it improves gas exchange and
oxygenation. 1,122

The changes observed in infants during pneumoperi-
toneum differ from those in adults. These patients
rely nearly completely on diaphragm motion for ven-
tilation due to the horizontal position of their ribs.
Even slight increases of IAP can cause a sharp drop
in arterial O, saturation that requires positive end-
expiratory pressure of nearly the same magnitude as
IAP for compensation.'?
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Intraoperative pulmonary function

C,o of the chest and lungs falls markedly after creation
of the pneumoperitoneum, with the thoracic com-
ponent decreasing more than the pulmonary
one. 118124125 Ty patients without lung pathology,
creating a pneumoperitoneum in the supine patient
induces a 43% drop in C,,, which remains unchanged
when the patient is brought into a reverse
Trendelenburg position.'® This position improves
compliance and oxygenation in obese patients and
patients with COLD.'?!2® When the abdomen is
inflated after the patient has been brought into the
head-up position the C,, reduction is also between
32% and 48%.'2%13% There is a large body of evidence
that abdominal inflation and not patient position is
responsible for the compliance reduction.!?#126131 The
change is also independent of the duration of the pneu-
moperitoneum and is rapidly reversible after IAP has
been released."* The changes in American Society of
Anaesthesiologists (ASA) IIT and IV patients are similar
to those in their healthy counterparts with a compliance
decrease of approximately 40%'%? (Table 2.7).

The clinical correlate of reduced compliance is the rise
in Pyy at otherwise unchanged respirator settings.
Plateau pressure increases between 45% and
75%. 108130132133 The combination of low compliance
and increased minute volume can lead to unacceptably
high Py and necessitate termination of the operation
or conversion to an open procedure. A sudden, sharp
increase in Py should alert the anaesthetist to the pos-
sibility of a complication such as a pneumothorax. 1013

Essentially the same respiratory changes are seen dur-
ing thoracoscopy as during thoracotomy, which are a
considerable increase of shunt perfusion and a reduc-
tion of vital capacity (VC). This can impede the nec-
essary increase in minute ventilation. The effects of
extraperitoneal endoscopic procedures on lung func-
tion are probably much less impressive.

Note Pneumoperitoneum induces a reduction of
compliance, an increase of pulmonary shunt perfusion
and Vp/Vr and the development of basal pulmonary
atelectases.

The clinical consequences are:

Paw increase (cave barotrauma)

Total minute ventilation has to be increased just in
order to keep alveolar constant

Arterial O, desaturation (PEEP ventilation recom-
mended, pulse oximetry required)

Postoperative pulmonary function

Laparoscopic surgery is thought to compromise lung
function to a lesser degree than conventional open pro-
cedures.’>13 While the intraoperative alterations of
lung function depend primarily on the patient’s posi-
tion and the ventilatory mode (spontaneous vs. con-
trolled), the postoperative changes are governed by the
incision and the surgical site — upper vs. lower
abdomen and intraperitoneal vs. extraperitoneal. After
upper abdominal and thoracic surgery, there is a pro-
longed reduction of VC, forced expiratory volume
(FEV,) and FRC.""" Reduced VC prevents effective
coughing and periodic deep breathing (sighing), FRC
can fall below CC, the lung volume at which airway
closure begins (Figure 2.7). This causes an increase of
venous admixture and is responsible for late postoper-
ative hypoxaemia.'* These changes are not observed
after lower abdominal or body surface surgery, or at
least not in this magnitude and duration. L.ung func-
tion is restricted by incision pain and increased tension
of the abdominal wall muscles as well as by a reflex
inhibition of inspiratory diaphragm motion.'**-1*> The
L:E relationship is shifted towards expiration, the ven-
tilatory contribution of the diaphragm is sharply
reduced and there is a shift from abdominal to rib-cage
breathing (Figure 2.10).' Ventilatory minute volume

Table 2.7 Changes in thoracic and pulmonary compliance induced by pneumoperitoneum

Author Compliance (ml/cmH,0)
Position Baseline value After With pneumo-
positioning peritoneum
Drummond'’>  HD 60 61 44 —27%
Johannsen?3 HD 50 42 30 —40%
Kendall'#* HU 55 = 28 —49% (thorax)
102 - 62 —39% (lung)

Luiz'% HU Absolute values not given —40%
Weyland®® Supine 60 = 40 -33%

HD: head-down position; HU: head-up position.
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Figure 2.10 The incisional wound pain of laparoscopic
cholecystectomy causes a reflectory inhibition of diaphragm
activity with a change in the relative contributions of
abdominal and rib-cage breathing that is detectable 24 h
after surgery. (Adapted from Ref [143].)
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Figure 2.11 The postoperative respiratory changes of
tidal volume and respiratory rate depend on the intra-
abdominal location of the surgical site. Tidal volume
exhibits a greater decrease following laparoscopic cholecys-
tectomy than after hernioplasty. Respiratory rate increases
to a greater degree after cholecystectomy. (Adapted from
Ref [141].)

remains constant but tidal volume is reduced by 30%
and respiratory rate is increased (Figure 2.11). These
effects are observed after laparoscopic surgery, but
depend on the intraperitoneal localization of the oper-
ation site. Laparoscopic hernia repair and cholecystec-
tomy have virtually identical trocar insertion sites but
the two operations can have very different effects on
postoperative diaphragm function.!*** The effects

are not due to a residual pneumoperitoneum.'* A
greater degree of respiratory impairment is seen fol-
lowing more extensive laparoscopic operations in the
lower abdomen and pelvis, such as laparoscopic-
assisted vaginal hysterectomy or laparoscopic-assisted
prostatectomy. 0

VC is reduced by approximately 24% during the first
24 h after laparoscopic cholecystectomy, but by 52% in
the same period following the conventional procedures
(Table 2.8). It returns to normal after 2 or 3 days after
the laparoscopic operation, while it remains
depressed for a much longer period after the open
operation.”1*7 Recovery of VC is delayed in older
patients (Figure 2.12)."*® Our own data show that VC
was reduced by 19% on the first postoperative day,
but that this had resolved on day two.

Twenty-four hours after surgery, FRC is reduced by
8% after laparoscopic cholecystectomy compared to
27% after the conventional technique. The impairment
is much more short-lived after the minimally invasive
procedure, and resolves within 3 days, while FRC is
still reduced by 23% at this time following the open
procedure (Figure 2.13).137 Other authors report sim-
ilar findings.'* The magnitude of arterial O, desatu-
ration parallels FRC reduction, and postoperative
hypoxaemia is much less severe following laparo-
scopic operations.

Pneumonia is the most serious pulmonary complica-
tion of laparotomy. It can develop on the basis of an
intraoperative atelectasis perpetuated by impaired
deep breathing and abolishment of effective coughing.
The incidence described in the literature varies
between 10% and 70% depending on how it is defined
in the individual study. It depends on the surgical
incision — upper or lower abdomen, midline vs. trans-
verse vs. subcostal — and the diagnostic criteria
employed — clinical symptoms, blood gases or radi-
ographic signs. Hypoxaemia is a regular postoperative
feature even without clinical evidence of pneumonia.
Pulmonary infiltrates are seen in up to 90% of all
patients following conventional cholecystectomy, while
the incidence was only 40% after the corresponding
laparoscopic procedure (Figure 2.14).13¢ Only 10% of
the patients with laparoscopic cholecystectomy devel-
oped segmental atelectasis.’’®!** An elevated right
hemidiaphragm is a common observation.'* A study in
our hospital revealed a 50% incidence of pneumonia in
patients with abdomino-thoracic oesophagus resec-
tion." Pneumonia was defined as the presence of
pulmonary infiltrates in chest X-ray and elevated body
temperature later than 24 h after surgery. The presence
of this complication prolonged the median duration of
intensive care from 8 to 15 days. Pneumonia is one of
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Table 2.8 Changes in lung function 24 h after laparoscopic (LC) or conventional
open cholecystectomy (OC)
Parameter LC (%) OC (%) P Source
FVC -21 —-50 <0.05 Schauer'3¢
—28 —44 <0.05 Williams?©"
—-26 —48 <0.05 Frazee?02
-20 —45 <0.05 Putensen-Himmer'3’
—42 71 <0.05 Rademaker'70
-13 n.s. Johnson'#?
—-25 n.s. Rotbgll Nielsen?%3
-23 n.s. Beebe'4
Mean FVC —24 -52
FEV, —24 —55 <0.05 Schauer'36
—24 —45 <0.05 Williams2°!
—-28 —47 <0.05 Frazee?0?
-16 —43 <0.05 Putensen-Himmer'3”
-22 n.s. Rotball Nielsen?03
—-26 n.s. Beebe'46
Mean FEV, -23 —48
TLC -8 -22 <0.05 Schauer'36
-17 n.s. Rotbgll Nielsen203
MWV -22 -52 <0.05 Schauer'3¢
FEF nax -19 —-57 <0.05 Williams?©"
-33 n.s. Beebe'4
FEF,5_75 -19 —47 n.s. Frazee20?
FRC -15 —27 n.s.* Putensen-Himmer'3’
-7 n.s. Johnson'#?
-8 n.s. Rotbgll Nielsen?03
Mean FRC -8 -27
OC: open cholecystectomy; LC: laparoscopic cholecystectomy; FVC: forced vital capacity;
FEV;: one second volume; TLC: total lung capacity; MVV: maximal voluntary ventilation;
FEF max: maximal expiratory flow; FEF,s_75: maximal flow between 25% und 75% of expiration;
n.s.: not studied.
*FRC was also reduced to a significantly greater degree in the open cholecystectomy group at
6 and also at 72 h after surgery (see also Figure 2.13).

Litres
7]
1 o
-o- Age <50 0O Age <50 61 °
4- Fve = Age >50 FEV; m Age >50| , ] °
5] o S 8 o
3 3 (@) 'T' % -?-
& 41
[N
g 5 ]
2 24 L2 & 3
- & ] 4 %, + &
1 1 24 & <) ° °
] 0 o
1 . . . .
0 O .
Preoperativle 1 I 6 ' 24 Baseline Day 1 Day 2 Day 3

Hours after surgery
Figure 2.13 FRCis changed only slightly following laparo-
Figure 2.12 Changes of FRC as a function of age. Recovery scopic cholecystectomy (Hamo and Crozier, unpublished
of FRC after laparoscopic cholecystectomy is slower in older data). The contrasts with the marked FRC reduction seen
patients. (Adapted from Ref [148].) after the open procedure (see Table 2.8).
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Figure 2.14 The incidence of pulmonary atelectasis
detectable in chest radiogram is significantly lower after
laparoscopic (LC) than after open cholecystectomy (OC).
This finding is relevant for the incidence of postoperative
pneumonia. (Adapted from Ref [136] and [149].)

the main causes of postoperative morbidity and mor-
tality along with anastomotic leak and sepsis. All avail-
able data suggest that the incidence of pulmonary
complications is greatly reduced after laparoscopic
cholecystectomy and also suggest an advantage of the
laparoscopic over the open approach for patients with
pre-existing pulmonary pathology. The probability of
an uneventful postoperative course usually outweighs
the intraoperative problems.

Note

® Postoperative impairment of pulmonary function
is significantly less after laparoscopy than after
laparotomy

® Arterial O, desaturation is less severe after laparo-
scopic operations

® The incidence of atelectases and pneumonia is lower
after laparoscopic operations

Intracranial pressure during
laparoscopy

The safety of laparoscopic surgery in patients with
elevated intracranial pressure (ICP) or closed head
injuries is controversial. Pneumoperitoneum has
been shown in numerous animal studies to increase
ICP, independent of arterial CO, tension.'l!31132
Studies in children with ventriculoperitoneal shunts
demonstrated that inflating the abdomen immediately
increased intraventricular pressure by up to
25mmHg.'> When performed in patients with closed
head injuries, laparoscopy can increase intracranial

pressure from normal values to over 60 mmHg, and
this increase can persist even after IAP has been
released.’* Symptoms of increased intracranial pres-
sure, such as headache and nausea, are seen signifi-
cantly more often after laparoscopic surgery than after
open procedures.!” The cause of the ICP increase is
thought to be venous congestion and increased pres-
sure in the sagittal sinus, lumbar cistern and the dural
sleeves of spinal nerve roots leading to impaired
cerebrospinal fluid absorption.'>®® A mechanical
abdominal wall retractor could be an alternative to
pneumoperitoneum in patients at risk of ICP
increases, since animal studies have shown that ICP
does not increase during laparoscopy when a gasless
abdominal wall lift device is employed.!>"1%

Neuroendocrine and
immunological reactions to
laparoscopic surgery

The rapid adoption of laparoscopic techniques has
made the prospective, randomized comparison of
laparoscopic operations with their conventional coun-
terparts almost no longer possible. One would expect
that the small incisions of laparoscopic surgery would
induce only minor increases in the circulating con-
centrations of the typical stress indicators, such as
epinephrine, norepinephrine, cortisol and blood glu-
cose or the neuroendocrine hormones, such as vaso-
pressin, adrenocorticotropin (ACTH) and prolactin.
The results of the available comparative studies reveal
a certain discordance in the reactions of the various
neuroendocrine stress parameters. But expectation
and reality do not coincide — numerous studies have
shown that perioperative endocrine stress responses
to laparoscopic surgery does not differ relevantly
from conventional open surgery laparoscopy.!?>13%-163

Simply inflating the abdomen increases circulating
plasma concentrations of catecholamines, ACTH, cor-
tisol and vasopressin.'®*1% Increasing IAP and CO,
absorption activates the sympathetic nervous system
and stimulates the secretion of catecholamines from
the adrenal medulla.'”'%® The reduction of renal
perfusion stimulates the release of renin from the
kidneys.'® Cortisol, ACTH, B-endorphin, interleukin-
6, and blood glucose increase during surgery (Figure
2.15) while the plasma concentrations of insulin and
glucagon remain unchanged. 01162165 170-172 Qyr data
confirm these findings. In a study comparing the time
course of hormone concentrations during abdominal
hysterectomy and laparoscopic cholecystectomy, we
observed comparable increases of cortisol, epineph-
rine and norepinephrine that indicate a similar degree
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Figure 2.16 Perioperative changes of typical endocrine and inflammatory stress parameters interleukin-6 plasma concen-
trations seen with laparoscopic cholecystectomy compared to a conventional abdominal operation of medium invasiveness

(hysterectomy) (Crozier et al., unpublished data).
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of intraoperative stress. However, the concentrations
of these hormones decreased postoperatively more
rapidly after the laparoscopic operation (Figure 2.16).
Plasma concentrations of atrial natriuretic hormone
remained unchanged despite increased PCWP.!73

The perioperative time courses of catecholamines,
cortisol, vasopressin and blood glucose are virtually
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120 L 800
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Figure 2.17 The less traumatic nature of laparoscopic sur-
gery compared to the conventional procedure is reflected
in the reduced increases of interleukin-6 (IL-6) (*P < 0.05
from baseline). Cortisol concentrations are essentially the
same after both techniques.

the same with laparoscopic or open cholecystec-
tomy. 319170 In some studies, catecholamine res-
ponses were even more pronounced after laparoscopic
operations.'® The temporal coincidence suggests a
causal relationship between the rapid increase of
plasma renin activity and vasopressin and norepineph-
rine plasma concentrations and the concomitant blood
pressure increase. A positive correlation between vaso-
pressin concentrations and MAP was documented in
one study.!”* However, in other studies comparing
pneumoperitoneum with gasless mechanical wall lift,
the increase in vasopressin plasma concentrations were
virtually identical in both groups, but MAP was signi-
ficantly lower in the wall lift group.®%!® Pneumoperi-
toneum is considered a possible independent stimulus
for catecholamine secretion during surgery for the
resection of phaeochromocytoma.'”

Open and laparoscopic operations do differ in the
behaviour of indicators of tissue trauma, such as
C-reactive protein, erythrocyte sedimentation rate
and leucocytes: changes of these parameters are
attenuated following laparoscopic surgery,!3%139-161,163
This might be due to the lower plasma concentrations
of interleukin-6 following minimally invasive opera-
tions (Figure 2.17 and Table 2.9).1%16 The signifi-
cance of interleukin-6 as a stress parameter is seen in
its pivotal importance in the acute phase reaction and
postoperative catabolism. The more rapid reconvales-
cence after laparoscopic surgery is likely to be due

Table 2.9 Synopsis of the endocrine, metabolic and immunological reactions to the stress of open or laparoscopic

cholecystectomy

Parameter Donald Mealy Joris Mansour Rademaker Dionigi
et al.’ et al.'6? et al.’3%171 et al.'”? et al.'”® et al.'s!

Epinephrine o=L = o= = = =

Norepinephrine L>0 = o= - - -

VMA - L>0 - - - -

Cortisol © =0t o=1L o=1L o=1L o=1L o>L

ACTH o>l - - - - -

Prolactin - - - - - o>l

Vasopressin oO>1L - = = - _

Insulin - - - Oo=L - -

Glucagon - - - Oo=L - -

Blood glucose - - - Oo=1L Oo=1L -

IL-6 - - o>l - - -

CRP - o>l o>l - - o>l

Leukocyte count - - o>l = - _

CD3-decrease - - - - - Oo>L

OKDR-decrease - - - - - oO>L

O: open cholecystectomy; L: laparoscopic cholecystectomy; VMA: Vanillin mandelic acid; CRP: C-reactive protein; CD3-lympocyte count:

total number of circulating T-lymphocytes; OKDR-count: number of activated lymphocytes in peripheral blood.

*The first blood sample 4 h postoperatively may have been too late to detect intraoperative changes.

FCortisol concentrations were similar in both groups, but returned to normal more rapidly in the laparoscopy group.
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to the lower intensity of acute phase reactions that
persist into the postoperative period.

One can only speculate on the reason for the lack of
any spectacular difference in the classic endocrine
stress reactions between minimally invasive operations
and their conventional counterparts. One might
hypothesize that the adrenergic and adrenocortical
reactions have a threshold that is lower than the stimu-
lus arising from IAP increase or manipulations on the
liver hilus. The afferent limb of the reflex loop might
possibly run through the vagus or phrenic nerves,
since the initial increases in the blood concentrations
of cortisol and glucose are not blocked by thoracic
epidural anaesthesia.!”’ There is evidence that ele-
vated IAP alone is responsible for part of the
endocrine stress reaction, since the increase of both
plasma renin activity and norepinephrine plasma con-
centrations is attenuated when a mechanical abdomi-
nal wall lift is used to enlarge the abdominal cavity
instead of gas insufflation.!®’

Transient immunosuppression is observed following a
wide variety of injuries and surgical operations, and its
magnitude depends to a certain extent on the extent of
the tissue trauma. Immunosuppression is particularly
important in tumour surgery, since it encourages
tumour growth!”® and enhance the risk of metastases.
Laparoscopy has a smaller effect on immunological
parameter than laparotomy. This has been documented
in animal studies, in which the delayed type hypersen-
sitivity to various, intradermally injected antigens was
retained after laparoscopy, but diminished following
laparotomy.!”17® Total leukocyte count is higher in
patients following an open cholecystectomy, but the
total T-lymphocyte count (CD3 cells) and the activated-
lymphocyte count (OKDR cells) was significantly
reduced.!oM17?

Differences of this sort might be responsible for the
results of an animal study in which tumour cells were
inoculated intradermally into mice subsequently sub-
jected to either midline laparotomy or to abdominal
inflation.'® Tumour were established more easily and
grew more aggressively in the laparotomy group.
Seventy per cent of these animals, but none of those
in the laparoscopy group had intradermal tumours on
day 14. There might also be a connection between the
choice of insufflation gas, the degree of immunosup-
pression and tumour growth. Animals studies have
shown that abdominal insufflation with air or laparo-
tomy inhibits phagocytosis of Candida albicans cells
by peritoneal macrophages to a greater degree than
when CO, is used for inflation.'®! Recurrence of
experimentally induced hepatocellular carcinoma was
more frequent after partial hepatectomy in a murine

model when the operation was performed as open
laparotomy or laparoscopically with a room air pneu-
moperitoneum than when He or CO, were used to
inflate the abdomen.'$2

Note

® Laparoscopic surgery induces a marked endocrine
stress reaction

® The reduction of tissue trauma with laparoscopic
operations is reflected in a reduction of the inflam-
matory response as attenuated changes of C-reactive
protein, interleukin-6, leukocyte count, erythrocyte
sedimentation rate and total T-lymphocyte count

® laparoscopy causes less immunosuppression than
laparotomy

Temperature loss

During laparotomy, a drop in body temperature
occurs regularly due to radiant and evaporative heat
losses from the open abdomen in combination with
the anaesthetic-induced impairment of thermoregula-
tory mechanisms. Unintentional hypothermia should
be avoided since it can cause postoperative myocardial
ischaemia and angina'®® as well as enhance postopera-
tive tumour growth.'®* Hypothermia does not occur if
the patient is completely draped and the wound is
small as in eye or otorhinolaryngological surgery. The
situation is similar during laparoscopic surgery, and
yet unexpected, and occasionally significant cooling is
observed in nearly a third of all patients.'®>130 The rea-
son for this is likely to be the gas flow through the
abdominal cavity. An argument in favour of this expla-
nation is the correlation of temperature drop and vol-
ume of insufflated gas. Body temperature decreases by
0.3°C/501 of insufflated gas.'3¢ The ultimate causative
factor could be the heat required for the intra-abdominal
evaporation of water to moisten the gas, or that required
to bring the room temperature gas to body temperature.
The results of one study suggest that warming the
insufflation gas to 30°C will prevent intraoperative
hypothermia during laparoscopy,'®” although this is
contradicted by a different study.'® Let us perform a
simple calculation to assess the probability of this
being correct.

The amount of heat required to bring the insufflated
gas to body temperature can be calculated approxi-
mately with Equation (2.3):
CPCO2 (37 — gas temperature in °C)V, _ -
MV.

1

AQ =

2.3)
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where AQ is the heat loss of the body in calories;
Cpco, 1s the molar heat capacity of CO, under con-
stant pressure at room temperature and is equal to
8.97 cal/°C and mole COy; Vi is the volume of
insufflated gas in litres and MV; is the mole volume of
an ideal gas at 293°K (~24.01).

The resulting temperature decrease A7 is a function
of the heat capacity and the mass of the body
(Equation (2.4)). The heat capacity is approximately
0.83kcal/°C and kg:

_ AQ(keal)/0.83 (kcal°C1kg™1)
body mass (kg)

AT (2.4)

With an initial gas temperature of 20°C, an insuf-
flated gas volume of 501 and a body mass of 75kg,
the calculated heat loss would be 318cal which
would cause the body temperature to decrease by

0.005°C.

This temperature change is far from the observed
value of approximately —0.3°C/501.% Even if the gas
left the trocar under pressure and cooled adiabatically
to —10°C, the temperature drop that this would
induce in the body would only be about 0.015°C. It is
obvious that gas warming alone does not explain the
observations, and that other factors must be acting to
cause the change in body temperature.

Large amounts of heat can be lost through evaporation
of water from the surface of abdominal organs, and the
continuous flow of dry gas will augment this process.
If this was the cause, then moistening the insufflation
gas should prevent intraoperative hypothermia. This
was shown to be the case in animal studies.’®!* The
contribution of humidified insufflation gas to intra-
operative normothermia in adequately draped and
externally warmed patients was found to be minimal
in one study.'”! Humidifying the insufflation gas and
applying external warming to the patient will prevent
unintentional intraoperative hypothermia during
laparoscopic surgery.'*21%*

Note

® Monitoring body temperature is recommended,
since significant hypothermia can occur during
laparoscopic surgery

® Appropriate preventive measures such as humidify-
ing the insufflation gas, forced air heating or heat-
ing blankets should be taken in patients with an
increased risk of cardiovascular complications or
those undergoing laparoscopic tumour surgery
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PREPARING AND POSITIONING FOR

LAPAROSCOPIC SURGERY

The positioning of the patient for laparoscopic surgery,
and the positions of the surgeon, assistants and scrub
nurses differ in many ways from conventional oper-
ations. These differences must be taken into account
when preparing the patient for anaesthesia, since they
frequently interfere with routine management and
impair the anaesthetist’s access to the patient’s head
and extremities. A simple example in point is the pos-
itioning for a laparoscopic herniotomy. In the conven-
tional procedure, the surgeon stands at the level of the
groin, and the anaesthetist has unimpeded access to
the arms and head. For the laparoscopic procedure,
on the other hand, the surgeon stands at the patient’s
head in order to guide the instruments from above, into
the hernial orifice. One or even both of the patient’s
arms are positioned at his side, his head is almost com-
pletely covered and the operating table is brought into
a steep Trendelenburg position. The result of this is
that the anaesthetist has difficulties in accessing the
venous cannulae and the endotracheal tube, as well as
monitoring the patient’s skin colour and pupils. At the
same time, there is a higher risk of endotracheal tube
movement relative to the carina with endobronchial
intubation,'™* without the anaesthetist being unable to
confirm or correct it (Figure 3.1).

Preparing the patient

Preparing the patient for anaesthesia — from selecting
the venous cannulation site, to the choice of endotra-
cheal tube and the monitoring modes — must take the
above-mentioned set of problems and risks as well as
the particular routine of the individual hospital into
account. For the anaesthetist, it is important to retain
access to at least one of the patient’s arms and to
the head and endotracheal tube. Unfortunately, this is
not always possible, either because it would interfere
with the operation, or simply because that is just the
way things are done. In some hospitals, for example,
the video monitor for laparoscopic cholecystectomy
and other upper abdominal procedures is mounted
on a bridge that spans the patient’s head. Both of the
patient’s arms are positioned at his side, and access to
his head in the event of an emergency is nearly impos-
sible impeded (Figure 3.2).

One arm is all one needs for venous access, but if both
arms are fixed at the patient’s sides, one can either
connect an extension with an access port to a catheter
in a peripheral vein, or one can cannulate the external
jugular vein, which usually remains fairly accessible
even when the patient is completely draped. In more
extensive operations, and especially with older patients,
the use of a central venous catheter might be indicated
in any case. Infusion lines from the syringe pumps
for intravenous anaesthetics should be connected as
closely as possible to the catheter to avoid infusion
dead-space.

When the patient’s head is covered with drapes,
particular care must be taken to protect the eyes from
abrasions and other injuries. This is usually done by
taping the eyelids shut with a strip of non-irritating
surgical adhesive tape (e.g. Leukosilk®). This does not
always prevent corneal abrasions,’ but not taking this
kind of precaution might be construed as negligence.
We do not use eye ointment in our institution, since
the patients complain of postoperative visual impair-
ment caused by corneal oedema or conjunctivitis. If
there is any danger of the patient’s eyes being exposed
to pressure (e.g. members of the surgical team leaning
on the patient’s head), plastic eye protectors can be
applied (Figure 3.3).

The position of the endotracheal tube and the
presence of bilateral breath sounds must be confirmed
by careful auscultation after intubation, and then
checked at regular intervals during the operation, since
the tube can migrate into an endobronchial position.!*
A double-lumen endotracheal tube, usually a left-sided
tube, is usually required for thoracoscopic operations
to allow one-lung ventilation with collapse of the lung
on the affected side.

When the patient is in a steep head-down position,
padded shoulder supports must be used to prevent
him from slipping. These should not be attached
either too far laterally or too far medially, so as to
avoid damage to the brachial plexus, a common com-
plication of the Trendelenburg position (see Chapter 6).
For the same reason, the patient should not be fas-
tened by the wrists.®’
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Figure 3.1 Patient undergoing laparoscopic hernioplasty. (a) One recognizes the Trendelenburg position with the patient’s
head completely covered and towards the left of the picture, and the inflated abdomen. (b) The patient as seen by the
anaesthetist. One arm is positioned above the patient’s head to facilitate access to the venous cannula.

It is not necessary to insert a urinary catheter for
cholecystectomy, or for any other upper abdom-
inal procedure of short duration.® Voiding the
bladder before the operation ensures adequate

surgical access, and only three out of 50 patients
require a single postoperative catheterization.
However, the situation is different with laparoscopic
hernia repair or other lower abdominal and pelvic
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Figure 3.2 Monitor support bridge used for laparoscopic cholecystectomy and other upper abdominal procedures.
(a) Surgeon’s view. (b) Anaesthetist’s view.

operations. A distended bladder can impede surgical ~ The indication for inserting a central venous cath-
progress during these procedures, and can increase  eter is based, first of all, on the clinical status of the
the risk of injury to the bladder when inserting the  patient, as well as on the invasiveness of the surgical
trocars. procedure. An indwelling arterial catheter for invasive
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Figure 3.3 Eye protectors to prevent mechanical damage
to the eyes or corneal abrasions.

blood pressure monitoring is indicated for patients
with increased cardiac risk. It can provide useful
information for the management of patients with
severe pulmonary impairment, and for coping with
difficult respiratory situations (see Chapter 4).

Note The patient’s arms are often fastened at his sides
for laparoscopic procedures:

® Attach non-compliant extension lines to the venous
and arterial catheters

® Consider catheterization of the jugular vein (external
or internal)

The head is often completely covered:

® Protect the eyes from mechanical injury
® Secure endotracheal tube against dislocation
® Check position of endotracheal tube frequently

Consider urinary catheterization for lower abdominal

operations.

Positioning the patient

The patient’s position for laparoscopic surgery
depends on whether it is for an upper abdominal, a
lower abdominal or a thoracic procedure. The patient
is usually positioned so that gravity causes the
abdominal organs to fall away from the operation site
to facilitate surgical access. For most operations in
the upper abdomen, for example cholecystectomy, or
gastric or hepatic surgery, the patient is supine in a
head-up position, with the surgeon looking in a
caudal-to-cranial direction. For operations in the
lower abdomen, such as hernioplasty, appendectomy,
hysterectomy or colorectal surgery, the patient is in a
head-down Trendelenburg position and tilted from
side to side as necessary. For operations in the thorax,
for example for oesophagus or lung surgery, the
patient is placed in a lateral decubitus position, with
the side to be operated on uppermost.

The following describes the particular points for
typical operations in more detail.

Upper abdominal operations
Cholecystectomy

Since the gall bladder lies on the underside of the
liver, the surgeon must approach it from a caudal
position, standing at the patient’s lower end and
looking towards his head. There are two different
schools with regard to where the surgeon stands. The
“French” school, also known as the “European”
school,” has the patient positioned supine with the
legs slightly abducted and flexed at the hip. The sur-
geon stands between the legs and views the video
screen placed near the patient’s right shoulder or on a
bridge over the patient’s head. This bridge, which is
shown in Figure 3.2, makes access to the patient’s
head very difficult. The first assistant stands to the
right, while the second assistant and the scrub nurse
stand to the left of the patient (Figure 3.4).

With the “American” method, the patient lies supine
or in a slight head-up position, with legs together. The
surgeon stands to the left of the patient at about hip
level, while the first assistant and the video monitor are
on the patient’s right. One arm can be abducted to 90
degrees, and the head remains freely accessible (Figure
3.5). There are thus no particular problems associated
with this position with regard to the technical aspects
of anaesthetic management. Some suggest that the
patient be positioned in a left lateral decubitus position
for cholecystectomy,' since this would facilitate intra-
operative endoscopic retrograde cholangiopancreato-
graphy (ERCP) should this become necessary.
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Figure 3.4 Positioning for laparoscopic cholecystectomy
according to the European method. The anaesthetist is
marked in the diagram with an A, while S; represents the
surgeon, S, and S the surgical assistants, and N the scrub
nurse. The video monitor is mounted on a bridge over the
patient’s head in this diagram.

Gastric and hepatic surgery

For gastric (e.g. fundoplication, ulcer surgery, vago-
tomy, gastroplasty) or hepatic surgery, the patient is
placed in a position similar to that for cholecystec-
tomy. Here, too, the surgeon stands either between
the patient’s legs or at his side at hip level (Figures 3.4
and 3.5).

Note Upper abdominal operations:

® Patient supine or in slight head up position, in some
cases tilted slightly to the left

® One arm can be free, but both are often positioned
alongside the patient

Lower abdominal operations
Inguinal hernioplasty

Inguinal hernia repair requires the surgeon to
approach the surgical site from the patient’s head
looking caudal towards the hernia. He stands about
even with the patient’s shoulder on the side opposite
the hernia. Both of the patient’s arms are positioned
close to his body so that the surgeon has maximal
freedom of movement from all sides (Figure 3.6).
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Figure 3.5 Positioning for laparoscopic cholecystectomy
according to the American method. The video monitor for
the surgeon is mounted to the patient right in this diagram.
The assistants follow the operation on the monitor posi-
tioned next to the surgeon.
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Figure 3.6 Positions of the surgeon and the patient for
inguinal hernia repair. The video monitor stands near the
patient’s feet. Both arms are adducted and the patient’s
head is draped.
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Figure 3.7 Shoulder support designed by the German gynaecologist Semm, on which the surgeon can support his or her
upper body when operating in the pelvis, lower abdomen or groin. The support protects the patient’s head and eyes from
mechanical damage, but limits the anaesthetist’s access to the arms, the head and the endotracheal tube.

This is highly inconvenient for the anaesthetist, since
he cannot access peripheral venous cannulae. If only
one side is to be operated on, the arm opposite
the surgeon can usually be abducted. With bilateral
hernioplasty, it is not possible to abduct an arm from

the patient’s body, but it can be positioned above the
patient’s head (Figure 3.1(b)). This position is particu-
larly useful if an arterial catheter is being used.
Unfortunately, this position is not possible when a
shoulder support, on which the surgeon can lean, is
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Figure 3.8 Position of the patient and surgeons for append-
ectomy and operations on the ascending colon. The
patient’s right arm can be abducted, allowing access to
venous catheter. The head is easily accessible. The anaes-
thetist is marked in the diagram with an A, while S; repre-
sents the surgeon, S, and S; the surgical assistants, and N
the scrub nurse. Surgeon and assistants follow the oper-
ation on the video monitor mounted across the patient
from their position.

installed (Figure 3.7). A further problem in the pos-
itioning for herniotomy is that the patient’s head is
often completely draped, to prevent accidental con-
tamination of instruments and surgical personnel. A
patient in such a position requires an athletic anaes-
thetist (see Figure 3.1).

Appendectomy and colorectal surgery

For appendectomy, as for most colorectal operations,
the surgeon’s direction of sight is not nearly as paral-
lel to the vertical axis of the patient’s body as with
hernia repair. The surgeon stands on the side of the
patient opposite the lesion (Figure 3.8). For oper-
ations on the sigmoid and descending colon the sur-
geon stands on the patient’s right side (Figure 3.9).

Gynaecological laparoscopic surgery

For all gynaecological laparoscopic operations, for
example sterilization, ovarian cysts, uterine myomas
or laparoscopically assisted vaginal hysterectomy
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Figure 3.9 For operations on sigmoid and descending
colon the surgeon stands to the patient’s right with the
surgical assistants positioned across from him. Both of the
patient’s arms are adducted, making access to venous
catheters difficult. The head is freely accessible.

(LAVH), the patient is in the lithotomy position.
The surgeon stands about level with the patient’s
chest, one assistant stands next to him, and another
stands between the patient’s legs. It depends on
the surgeon as to whether the operation is to be
carried out from one side only, or if he wants to
change sides during the procedure. One arm can be
abducted (usually the left) but sometimes both arms
have to be placed next to the patient’s body. The
anaesthetist should ask beforehand in order to plan
Venous access.

The patient is routinely tilted head-down to allow the
pelvic organs to fall free and facilitate surgical access.
This is associated with a number of problems, from
securing the patient on the operating table, for provid-
ing adequate ventilation and detecting if the endo-
tracheal tube has migrated into an endobronchial
position (vide supra).

Urological surgery

The patient’s position for most urological surgery,
such as orchidopexy, varicoceles, cryptorchism, etc.,
is similar to that for hernia repair (vide supra). The
head is draped, but one arm can be positioned over
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Figure 3.10 Patient positioned in a mild jack-knife position for retroperitoneal laparoscopic adrenalectomy. The patient’s
head is toward the left in (a) and the legs are lowered. The surgeon and his assistant stand on the same side of the patient as
seen in (b).

the patient’s head. During laparoscopic nephrectomy
or transperitoneal adrenalectomy, the patient is in the
lateral decubitus position with the affected side up. ® Patient is usually in a more or less steep, head-down
Retroperitoneal adrenalectomy is performed with the position ) o
patient prone and the legs slightly lower than the dor- ® Partial end;leijplratory pressure (PEEP) ventilation is
sal costal margin (Figure 3.10). Retroperitoneal lym- recommenace

s’ (Fig ) . p . y ® The tip of the endotracheal tube can migrate with
phadenectomy is performed with the patient in a . o .

. .. resulting endobronchial intubation

slight Trendelenburg position as for a prostatectomy.

Note Lower abdominal surgery:
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Figure 3.11 Positioning the patient for thoracoscopic sur-
gery. The patient is in a lateral decubitus position with the
surgeon standing in front of his chest. The anaesthetist is
marked in the diagram with an A, while S; represents the
surgeon, S, the surgical assistants, and N the scrub nurse.

Thoracoscopic surgery
Operations on the oesophagus and lungs

Thoracoscopic surgery is usually performed with the
patient in a lateral decubitus position. For surgery of
the thoracic section of the oesophagus or the right
lung, the patient is positioned on his left side. The
surgeon stands facing the patient’s chest but slightly
caudal of the trocar insertion site looking cephalad
(Figure 3.11). The lower arm stretches away from the
patient’s body, while the upper arm is bent at the
elbow and brought over the patient’s head. Selective
ventilation with a double-lumen endotracheal tube is
recommended, so that ventilation can be interrupted
on the side being operated on. An indwelling arterial
catheter is useful for monitoring arterial oxygen
tensions and the magnitude of pulmonary shunt
perfusion. For more details see Chapter 9.

Thoracoscopic sympathectomy

For this operation, the patient is positioned as for
other intrathoracic procedures, except that he is tilted

S2

Instruments

Figure 3.12 Approach to the patient for mediastinal
procedures.

by only about 30 degrees to the contralateral side.
The contralateral arm is either abducted or pos-
itioned alongside the patient, while the ipsilateral arm
is brought over the patient’s head and is accessible for
the anaesthetist.

Mediastinal surgery

The patient is supine in a slight head-up position, and
the surgeon approaches him from cephalad. The
patient’s head is draped, but at least one arm is
usually accessible (Figure 3.12).

Note Thoracoscopic operations:

® Patient usually in lateral decubitus position (excep-
tions: sympathectomy, coronary artery surgery)
® Use double-lumen endotracheal tube
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MONITORING

Monitoring for minimally invasive operations is essen-
tially the same as for the conventional counterparts
with basic monitoring of circulatory and respiratory
parameters as well as surveillance of the correct func-
tioning of the auxiliary support apparatus, such as
ventilators, drug infusion equipment, etc. However,
laparoscopic surgery forces a shift of emphasis to par-
ticular aspects of the monitoring spectrum, and man-
dates the inclusion of some parameters that might not
be so crucial for the conventional procedures. Carbon
dioxide (CO,) absorption and alterations of pulmonary
function are the two characteristic features that come
to mind. The primary aim of monitoring is, of course,
to ensure the maximum safety for the patient, but in
minimally invasive surgery there is an additional goal
of helping to exploit the concept to its fullest extent.

Respiratory monitoring

Monitoring of oxygenation and ventilation is especially
important during laparoscopic surgery, because, on the
one hand, these functions are directly impaired by the
operations themselves, and are additionally challenged
by the uptake of CO, on the other. Peripheral pulse
oximetry and capnometry are usually adequate surro-
gate measures of arterial oxygen (O,) and CO, ten-
sions, although under some circumstances capnometry
may be misleading (see below).

Oxygenation

Pneumoperitoneum and the head-down tilt tend to
intensify the occurrence of atelectatic regions in the
lung! that appear after induction of anaesthesia in the
supine patient, and to further increase venous admix-
ture, widening the alveolar—arterial O, difference
(AaDQ,) and increasing the risk of hypoxaemia dur-
ing laparoscopic procedures. Clinical monitoring of
the patient’s skin colour is not sufficient, since arterial
O, desaturation can occur in patients with apparently
adequate ventilatory parameters and with no signs of
cyanosis. In one study, 16 of 108 patients had arterial
0, saturation below 90% without visible cyanosis.? In
addition, the operating theatre is usually darkened
during laparoscopic surgery, which makes judging the

patient’s skin colour even more difficult. Pulse oxime-
try measures pulsatile changes of light absorption at
two wavelengths to calculate the percentage of oxy-
haemoglobin in the blood.> The method can deliver
false readings if other haemoglobins, for example car-
boxyhaemoglobin (COHb) and methaemoglobin, are
present in appreciable concentrations. COHb, which
gives false high readings,* is frequently increased in
smokers, since they can still have COHb concentra-
tions above 5%, hours after the last smoke inhalation.
Carbon monoxide is also produced in the abdomen by
electrocautery and the use of lasers and is absorbed
from there into the blood.>”” Methaemoglobinaemia,
which causes either incorrectly high or low readings,’
1s less likely to be a problem during laparoscopic sur-
gery, since mentionable amounts usually only appear
after infiltration with large amounts of prilocaine, or
during infusions of nitroglycerine or sodium nitro-
prusside in patients with methaemoglobin reductase
deficiency. Methylene blue, which is occasionally
injected to visualize renal function and ureter patency,
can be an iatrogenic source of incorrect pulse oximetry
readings and give false low SpO, values.’

A treacherous cause of arterial O, desaturation is the
intraoperative migration of the endotracheal tube
into an endobronchial position. This is not infrequent
during laparoscopic surgery and is facilitated by the
relative shift of the carina due to the head-down pos-
ition and the additional force of the pneumoperi-
toneum,'*1* although it can also occur in the reverse
Trendelenburg position as well.® Table 4.1 summar-
izes typical causes of intraoperative arterial O, desat-
uration and their treatment.

Ventilation

The defining factor in most laparoscopic operations is
the creation of the CO, pneumoperitoneum. It was
recognized early on that arterial CO, tension increases
if the absorbed CO, is not eliminated by increasing
alveolar ventilation.'® Years of experience and count-
less studies have shown that the degree of CO,
adsorption is unpredictable, and it is impossible to
calculate beforehand by exactly which amount venti-
latory minute volume will have to be increased,!”!’
although attempts in this direction have been made.?’
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Table 4.1 Causes of arterial O, desaturation detected by pulse oximetry

Cause

Remarks

Therapy

Increased venous admixture
(e.g. atelectasis)

Endobronchial intubation
Bronchial secretions
Impaired pulmonary perfusion

Poor peripheral perfusion
(centralization, hypothermia,
shock, hypovolaemia)

F,O, too low
Ventilator disconnected
COHb, Met-Hb

Most common cause

Auscultate
Auscultate
For example embolism

Blood gases to confirm
(P,0,, pH, lactate)

Rarely sole cause
Frequent cause

Rare causes

Adapt ventilation
(recruitment, PEEP)

Retract endotracheal tube
Remove by suctioning
Specific therapy

Treat circulation, active
warming

Increase F,O,

Reconnect to patient

Met-Hb: methaemoglobin; PEEP: positive end-expiratory pressure.

Hypercapnia and hypocapnia, with their accompanying
disturbances of the acid—base status can only be avoided
by monitoring partial pressure of CO, in arterial blood
(P,CO,) and adjusting ventilation as necessary. Several
monitoring methods are available, each with its advan-
tages and disadvantages. An understanding of the
shortcomings of each method, and how it might be
affected by the changes during laparoscopic surgery is
necessary in order to use each to its fullest advantage.

Capnometry

Capnometry, or measuring the concentration of CO, in
the expired air, is the easiest, non-invasive method of
monitoring ventilation. It is based on the assumption
that the end-tidal CO, partial pressure (P.CO,) is the
same as the CO, partial pressure in the alveolar gas
mixture (P,CQO,), and that this in turn approximates
the P,CO,. The usefulness of P,CO, for monitoring
assumes further that alveolar dead space, and hence
the difference between P,CO, and P,CO, (P,CO, —
P.CO,), remains constant during the observation
period. This assumption is not consistently valid during
anaesthesia and ventilation, since the ventilation—
perfusion ratio changes intraoperatively, with a shift in
the distribution of the alveoli that are hypoventilated
or hyperventilated relative to their perfusion. The
hypoventilated areas have no effect on capnometry. The
air in the hyperventilated alveoli, however, has a CO,
tension lower than that in arterial blood. The air from
this alveolar dead space “dilutes” the air from the nor-
mally ventilated areas, resulting in a P,CO, that is
lower than the P,CO,.2! During normal surgery, this
difference is usually of no consequence, but it acquires
clinical relevance in laparoscopic operations.

The ventilation—perfusion ratio changes, for example,
when pulmonary perfusion is shifted by a fall in blood
pressure. Ventilatory distribution changes as a result
of increased intra-abdominal pressure or an extreme
head-down position. The head-up position converts
apical lung segments to West I zones?” and increases
alveolar dead-space ventilation (Vp/Vy). In all of
these cases, PCO, deviates from the actual P,CO, to
an increasing degree, as illustrated in Figure 4.1.7%%*
This deviation is greatest in older patients, especially
in those with pre-existing lung disease. Due to the
problems mentioned above, capnometry may give
incorrect results during prolonged operations, espe-
cially in patients with pre-existing pulmonary disease,
and it should supplemented with other methods (see
below).

When evaluating the changes in P,,CO,, the following
factors should be taken into account: an increase in
P..CO, is almost always due to an increase in P,CO,,
which can be caused by hypoventilation, for example,
or a rise in body temperature; increased muscle activ-
ity; increased CO, adsorption or malignant hyper-
pyrexia. However, a rapid rise in P,CO,, without a
concomitant change in P,CQO,, is routinely observed
when pulmonary perfusion improves; for example,
when blood pressure increases in response to surgical
stimulation. The reason for this is the reduction in
the extent of West I areas in the lungs, which reduces
alveolar V/ V. A decrease in P,CO, can indicate
hyperventilation. But it can also be caused by a reduc-
tion of CO, production by the body (anaesthesia
effect), or by an increase in alveolar Vp/ V- as a result
of regional (e.g. pulmonary embolism, head-up pos-
ition) or global (e.g. blood pressure decrease) reduction
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Table 4.2 Interpreting capnometry data

Cause Clinical consequence

P.:CO, increase
Hypoventilation
Increased CO, absorption

Increase ventilation
Increase ventilation, check
for intravasal insufflation

Observe, and adjust
ventilation, if necessary
Specific therapy

Decrease in Vp/Vt

Malignant hyperpyrexia

P.CO, decrease
Hyperventilation
Gas embolism

Reduce ventilation
Specific therapy (see

Chapter 6)
Reduced CO, production  Adapt ventilation, if
(effect of anaesthesia) necessary

Increased Vp/Vy
(positioning, reduced

Observe, and adjust
ventilation, if necessary

pulmonary perfusion, etc.)

of lung perfusion (Figure 4.1). If one suspects that the
capnometry data might be incorrect, blood gases should
be measured frequently to clarify the situation. Venous
blood samples are adequate for assessing PCO,. Table
4.2 summarizes the approach to capnometric data.

Transcutaneous CO, monitoring

Measuring capillary P,CO, through the intact skin is
another non-invasive way to monitor ventilation that
is widely used in neonatology and has been shown to

Figure 4.1 Numerous factors influence
the reliability of capnometry. Perfusion
of the alveoli A, C, D and E is reduced,
and the ventilation— perfusion ratio is
increased above unity. The result is Vp/Vy
with a reduction in P,CO,.

be useful in adults as well.”>?” The validity of the
method rests on two observations, first of all, that the
CO, tension of capillary blood in hyperaemic skin is
virtually identical to that of the arterial blood, and
secondly, that CO, diffuses rapidly from the capillar-
ies through the epidermis.

In this method, the skin is made hyperaemic by
actively heating it to 44°C, and CO, is measured in
the skin under the heating electrode. Uncorrected
transcutaneous CO, (P,.CO,) is higher than capillary
CO, due to the contribution of CO, from cutaneous
metabolism. A factor is entered manually to correct
for this (Figure 4.3). Reduced cutaneous perfusion
will produce false high values, because the CO, from
cutaneous metabolism will accumulate.?

In a study in patients undergoing laparoscopic
herniotomy and cholecystectomy, we observed a con-
stant difference between measured P,CO, and P,.CO,
(p,CO, — P,.CO,), while P,CO, — P,CO, tensions
increased during the course of the operations (Figure
4.2). Moreover, we found a poor correlation between
P,CO, and the P,CO,, which worsened during the
operation (Figure 4.3). The correlation between
P,CO; and P, .CO, on the other hand was acceptable
(Figure 4.4). This observation has also been confirmed
by others.?*

Transcutaneous CO, measurement is a useful supple-
ment to capnometry for monitoring the efficiency of
ventilation in patients with pulmonary disease. However,
it should not replace capnometry completely, since only
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Figure 4.3 The correlation between capnometric and
P,CO, is poor at the start of surgery and worsens during
laparoscopic cholecystectomy.

capnometry detects rapid changes of end-tidal CO,,
which might reflect ventilator disconnection, airway
obstruction or pulmonary embolism, changes that are
not detected by transcutaneous CO, monitoring.?%3
Table 4.3 summarizes the recommended monitoring of
ventilation during laparoscopic surgery.

Haemodynamic monitoring

In healthy patients and laparoscopic operations with
little risk of circulatory complications, a standard
5-lead electrocardiogram (ECG) and non-invasive
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Figure 4.4 P, .CO, and P,CO, correlate well at the start of
surgery, and the correlation improves during laparoscopic
cholecystectomy.

Table 4.3 Recommendations for monitoring ventilation
during laparoscopic surgery
Operation Patient status Recommended
monitoring
Short (<2 h) Young, healthy Capnometry
lungs
>60 years Capnometry,
occasional
venous BGA
Pulmonary Capnometry,
disease repeated BGA or
(e.g. COLD) transcutaneous CO,
measurement
Long All patients Capnometry,
(>2 hours) repeated BGA,
PtcCOZ
Extraperitoneal, All patients Capnometry,
retroperitoneal repeated BGA,
PCO,
BGA: blood gas analysis; COLD: chronic obstructive lung disease.

blood pressure measurement provide sufficient infor-
mation; central venous pressure (CVP) monitoring or
arterial cannulation is unnecessary. In patients with
ischaemic heart disease, automated ST segment analy-
sis of the ECG provides early warning of myocardial
ischaemia, which can occur frequently during laparo-
scopic surgery (see Chapter 2).

However, minimally invasive surgery is frequently
indicated in patients with co-morbidity so severe
that conventional procedures are contraindicated.
Laparoscopic cholecystectomy is a typical example.
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These patients will, of course, require much more
invasive monitoring, up to and including cardiac out-
put (CO) or ventricular regional wall motion monitor-
ing. For such patients, continuous invasive arterial
pressure monitoring contributes substantially to the
safety of anaesthetic management, and will facilitate
serial blood gas monitoring to assess pulmonary func-
tion and perfusion. CVP monitoring might be useful
in these patients, if one keeps in mind the problems
associated with interpreting CVP changes during
pneumoperitoneum as described in Chapter 2. If the
patient’s condition warrants close control of atrial fill-
ing pressures, a pulmonary artery catheter or trans-
oesophageal echocardiography (TEE) might be
indicated. Patients with impaired ventricular function,
but undergoing operations that are known to increase
the cardiac workload by increasing the vascular after-
load, should have CO, left ventricular filling pressure
and systemic vascular resistance monitored to gain the
information required for optimal control fluid
replacement, and inotrope and vasodilator therapy.
With a pulmonary artery catheter, one can measure
CO and also right and left ventricular filling pressures.
This is a standard method, but it is complicated and
associated with serious complications, and should only
be employed if strictly indicated. There are a variety of
non-invasive method for measuring CO which can
provide useful information if their particular limita-
tions and defects are borne in mind. Among these are
Doppler sonography and bioimpedance, both of
which can be used for CO measurements, but do not
allow the measurement of pulmonary artery or left
ventricular filling pressures.’!

Doppler methods measure the velocity of blood flow-
ing in the aorta, from which CO is calculated incorp-
orating the aortic cross section (predicted or
measured), heart rate and ejection time. FEarlier
methods used a transcutaneous approach from the
suprasternal notch, which yielded a satisfactory cor-
relation with the results obtained by thermodilu-
tion.?>3 This is not feasible during most laparoscopic
operations. Using an oesophageal probe will avoid the
problems of access associated with laparoscopic sur-
gery. The initial results were very poor and the corre-
lation between the CO measured by Doppler and that
measured by thermodilution varied between —(.02
and +0.94.3* Equipment has improved and studies
and reviews show that the correlation between
Doppler CO measurement and thermodilution is now
much better.*>3” However, precision is still only fair as
measured by the limits of agreement between the
methods.*® Leather and Wouters demonstrated that a
redistribution of blood flow induced by lumbar
epidural anaesthesia changed the bias of oesophageal

Doppler CO measurement compared to thermodilu-
tion from —0.891min ! to +0.55Imin"". The limits
of agreement with thermodilution that were initially
between —2.67 and +0.88 1min ', deteriorated after
blood flow redistribution to between —3.21 and
+4.301min "', which is inacceptable.’ The increase
in peripheral vascular resistance caused by creating
the pneumoperitoneum is likely to cause a redistribu-
tion of blood flow as will placing the patient in a steep
Trendelenburg or reverse Trendelenburg position.
Another factor that might contribute to the high vari-
ability of oesophageal Doppler CO monitoring is the
fact that it does not include blood flow to the coronar-
ies, the upper extremities and the brain. This error
cannot be corrected for with a constant factor, since
blood flow to the coronary arteries and the brain are
subject to fluctuations which themselves are functions
of anaesthesia and surgical stimulation, and do not
always represent the same fraction of CO. For
example, the typical intraoperative rise in P,CO, will
trigger an absolute as well as percentage-wise increase
in cerebral blood flow.

Bioimpedance is another well-known, non-invasive
method for determining CO that is suitable for con-
tinuous monitoring, and which has already been used
in studies involving laparoscopic operations.**! With
this method, changes in transthoracic impedance are
analysed against a high-frequency current. The stroke
volume is calculated from the distance between elec-
trodes on the upper and lower thorax aperture, the
temporal change in impedance, the baseline impend-
ence and the time. But the distance between the
upper and lower electrodes, the constancy of which is
most critical, is altered by the creation of the peri-
toneum and longitudinal data over time are difficult
to interpret (see Chapter 2). The bioimpedance tech-
nique is also of no use during thoracoscopy, because
the changes in baseline impedance caused by creating
a pneumothorax are not calculable. Comparative
studies show an acceptable total correlation of CO
data measured by bioimpedance with those derived
from thermodilution, but the values of the individual
measurements varied widely (*1.51min"!) and
exhibited no systematic bias that one could adjust
for.** For these reasons, the bioimpedance tech-
nique is hardly suitable for monitoring critically ill
patients during laparoscopic—endoscopic operations.
Better results might be achieved with the oesophageal
placement of the electrodes.** A more recent study
comparing bioimpedance CO measurements with
thermodilution during major abdominal surgery
found poor agreement between the two methods and
a shift in measurement bias relative to changes in
surgical conditions.*® Pulse contour monitoring and
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the Fick principle using CO, are the two other non-
invasive techniques for measuring CO.**> The former
is probably unreliable due to the changes induced by
the pneumoperitoneum, and the latter is obviously
useless in laparoscopic surgery.

Despite its shortcomings, oesophageal Doppler
sonography is, at present, probably the most suitable
non-invasive method for monitoring CO in cardiac
risk patients. TEE gives information on myocardial
contractility, ejection fraction and ventricular filling
and complements CO measurements.

Note Measurement of cardiac function and/or CO is
indicated in patients at high cardiac risk.

® Thermodilution: invasive but standardized and reli-
able if properly used

® Doppler sonograph: non-invasive and fairly reliable

® Bioimpedance: non-invasive but problematic with
regard to reliability

® TEE: moderately invasive, excellent information on
myocardial function and cardiac filling, little infor-
mation of CO, requires specialized training

During laparoscopic surgery, the process of distilling
clinical consequences from the haemodynamic moni-
toring data must include careful differential diagnos-
tic considerations. Changes in blood pressure and/or
heart rate, especially increases, may occur in response
to surgical stimuli and pain, and thus be an indication
of insufficient anaesthesia, but not always. They
might also be the first clinical signs of hypercapnia
(frequent), hypoxaemia (less frequent), gas embolism
(not uncommon), or relative hypovolaemia in a

Table 4.4 Haemodynamic monitoring during laparo-
scopic surgery

Patient status Suggested monitoring

Young, no cardiac 5-lead ECG, non-invasive
risks blood pressure monitoring

5-lead ECG with ST segment
analysis, invasive blood
pressure monitoring if
hypertension a risk

5-lead ECG with ST segment
analysis, invasive blood
pressure monitoring, CVP

Ischaemic heart
disease

Congestive heart
disease compensated

Additional cardiac function
monitoring (pulmonary artery
catheter, oesophageal
Doppler, TEE, etc.).

Poorly compensated

patient with the typical vasoconstriction of pneu-
moperitoneum. These possible causes must be ruled
out before simply deepening the level of anaesthesia.
Table 4.4 gives a survey of points to be considered in
haemodynamic monitoring.

Neuromuscular monitoring

Neuromuscular monitoring is particularly useful dur-
ing laparoscopic operations, since adequate relaxation
is required for optimal surgical access, while at the
same time, one wishes to avoid residual curarization
in the postoperative period.**” The latter aspect is
especially important in view of the extremely short
times required for wound closure after minimally
invasive procedures.

Sophisticated monitoring methods are not required,
and train-of-four (TOF) stimulation with either tactile
or quantitative evaluation (e.g. by accelerography) of
the twitch responses and the TOF ratio should suf-
fice. The latter is the quotient obtained by dividing
the response to the fourth stimulus by that to the first
stimulus. If there are fewer than four responses the
TOF ratio is not calculated, and only the number of
twitches is noted (TOF number). Residual relaxation
can be detected with double-burst stimulation (DBS)
consisting of two short series of three stimuli each.*

Tactile assessment of the TOF is sufficient for intra-
operative management of neuromuscular relaxation.
A TOF number of 1-2 indicates an adequate degree
of myorelaxation for laparotomy, but there is no uni-
versally defined level for laparoscopic procedures.
A twitch reduction of approximately 80%, indicated
by two to three responses to TOF stimulation, will
probably be sufficient to obtain adequate compliance
of the abdomen. The presence of singultus will require
further relaxation, since the diaphragm is less sensi-
tive to the effect of non-depolarizing neuromuscular
blockers than skeletal muscle. Tactile assessment
alone is not sufficient for determining eligibility for
tracheal extubation. Current guidelines require a
TOF quotient of 0.9 or higher.

The ulnar nerve — adductor pollicis muscle unit is
normally employed for neuromuscular monitoring.
The ulnar nerve is stimulated with closely spaced sur-
face electrodes (ECG electrodes suitable) attached
over the course of the nerve at the wrist. However,
since the patient’s arms are often positioned alongside
the body and are thus inaccessible for tactile or
accelerographic monitoring, this nerve can only be
employed when the response is assessed by elec-
tromyography (e.g. Relaxograph®, Datex). One can
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also stimulate the facial nerve and assess relaxation as
the response of the orbicularis oculi or orbicularis oris
muscle. The electrodes are placed over the course of
the nerve, one approximately over the condyle of the
temporal mandibular joint, and the second anterior to
the first (Figure 4.5). The current required for supra-
maximal stimulation of the ulnar nerve is about
50-70mA and approximately 30—40 mA for the facial
nerve. The orbicularis oculi muscle responds to neuro-
muscular blockers in a manner similar to that of the
diaphragm.*’ Using these muscles to guide the admin-
istration of neuromuscular blockers will guarantee an
adequately relaxed patient during the operation, but
recovery of the facial muscles may not indicate recov-
ery of muscular strength adequate for tracheal extuba-
tion.”®’! Changes of skin or muscle temperature alter
the response to relaxometry.’>> Response drift can
occur during lengthy operations that usually reduces
the amplitude of the first twitch compared to base-
line.’* Table 4.5 summarizes the basic principles of
neuromuscular monitoring in laparoscopic surgery.

Figure 4.5 Electrode placement for stimulating the facial
nerve.

Temperature monitoring

Temperature monitoring is recommended during
lengthy laparoscopic operations, since body tempera-
ture can decrease sharply, despite the smaller incision
and better insulation of the patient compared to con-
ventional operations. Care must be taken not to pos-
ition the thermistor in the vicinity of the operation
site where there is considerable cooling.
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ANAESTHESIA FOR LAPAROSCOPIC SURGERY

Laparoscopy surgery requires a strategic reassess-
ment and adaptation of anaesthetic management in
order to derive the greatest possible benefit from the
procedures on the one hand, and to anticipate the
specific risks and prevent the complications inherent
in the technique on the other. When choosing the
anaesthetic, the anaesthetist must be fully aware that
the main advantage of these minimally invasive surgi-
cal procedures is the shortened recovery period and
the intended rapid return of the patient to normal
daily life. The patient expects early mobilization, a
rapid return to oral feeding and prompt discharge
from the hospital — frequently within 24h after an
uncomplicated laparoscopic cholecystectomy. This
intended fast tracking should not be impeded by
postoperative impairment of the patient’s recovery by
fatigue, lassitude, nausea and vomiting, vertigo or
other adverse effects. Even after major operations,
such as colectomy, nephrectomy or lymphadenec-
tomy, oral fluids are given on the day of surgery, oral
feeding is started on the first postoperative day, and
the patient is occasionally discharged from the hospi-
tal on the following day.

A further aspect of minimally invasive surgery is the
drastic reduction of the time from when, for example,
the gall bladder is removed until when the wound is
sutured and dressed. Taking the altered time frame into
consideration, the anaesthetist can contribute to the
smooth handling of the surgical schedule by ensuring
short turnover times between the individual patients. In
conventional surgery, the anaesthetic could be light-
ened while the peritoneum was being closed, the vari-
ous layers of the abdominal wall sutured and the
dressing applied, and the patient would be awake imme-
diately afterward. The pharmacokinetics of the anaes-
thetic were not particularly crucial. This procedure is
not possible with laparoscopic surgery, since wound
closure only consists of removing the instruments and
trocars and stitching up a few holes, and takes only few
minutes. This means that a rapid offset and recovery is
the conditio sine qua non for an anaesthetic for minimally
invasive surgery. New hypnotics, volatile anaesthet-
ics, opioids and neuromuscular blockers having the
required pharmacokinetic—pharmacodynamic proper-
ties have been developed, and advanced methods of

drug delivery and anaesthetic depth monitoring are
now available that will allow optimal anaesthetic man-
agement of minimally invasive operations with minimal
adverse effects and rapid awakening and recovery.

General anaesthesia with controlled ventilation is the
method of choice for nearly all minimally invasive pro-
cedures with only few possible exceptions. Controlled
mechanical ventilation is recommended to counteract
the hypercapnia and hypoxia due to impaired lung
function, and to meet the simultaneously increased
ventilatory requirements. Even where this is not the
case, the necessity of neuromuscular relaxation for
most laparoscopic operations would make mechanical
ventilation mandatory.

Airway

Elevated intra-abdominal pressure (IAP) does not per
se increase the risk of regurgitating gastric contents,
but the risk is higher with the patient in the
Trendelenburg position. Endotracheal intubation pro-
tects the airway and prevents aspiration pneumonitis
in these patients. Some authors see laparoscopic sur-
gery as an indication, or at least not a contraindication,
for use of the laryngeal mask airway,? but their
enthusiasm is not shared by all.’ If one chooses to use
a laryngeal airway, some authors recommend using the
ProSeal® model instead of the classic model, since
they found it provided better ventilation during pneu-
moperitoneum,* and that it was equal to ventilation
with a cuffed endotracheal tube.” Either would be
suited for short diagnostic laparoscopies or for
extraperitoneal procedures such as hernia repair.® A
double lumen endotracheal tube should be used for
thoracoscopic operations in order to facilitate collapse
of the lung on the side of the operation. This improves
surgical access, shortens the operating time and obvi-
ates the necessity of intrathoracic gas insufflation with
its associated complications.’

The optimal anaesthetic for laparoscopic or thoraco-
scopic operations is one that takes advantage of the
excellent pharmacokinetics of drugs such as remifen-
tanil, propofol, desflurane, isoflurane, mivacurium and
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others with rapid on—off characteristics. This can be a
total intravenous technique or a balanced technique
with an opioid and a volatile anaesthetic, as long as the
components are administered in a way to optimize
depth of anaesthesia and recovery. We prefer a total
intravenous technique with propofol as the hypnotic
and remifentanil, since most meta-analyses have shown
that propofol is effective in preventing postoperative
nausea and vomiting (PONYV), a complication other-
wise linked with laparoscopy.®’ The newer drugs
required for these techniques are more expensive than
old faithfuls like fentanyl, thiopental, pancuronium
and halothane, but they can be more cost effective by
reducing the turnover time between patients and the
need for postoperative monitored care, while further-
ing the goal of early mobilization and hospital dis-
charge. These drugs might not be available in every
institution or in every country.

Premedication

We recommend giving patients an oral premedication
on the ward to provide anxiolysis before they are
brought to the operating theatre, but this is not an
absolute necessity and many institutions opt for an
intravenous premedication in the holding area or for
none at all. When oral premedication is given, a drug
should be chosen that does not cause postoperative
drowsiness. Short-acting oral benzodiazepines, such
as midazolam, lorazepam or temazepam, are good
choices. The clinical effects of diazepam, fluni-
trazepam, barbiturates or similar drugs last too long
for most minimally invasive procedures, and will
delay awakening and interfere with the recovery
period. Whichever drug one chooses, the correct dose
and proper time of application are important to
ensure getting the maximum benefit from the pre-
medication. Midazolam has a rapid onset of action,
but must not be given too soon, since it also has a
rapid offset and the sedative and anxiolytic effects
might have evaporated before the patient is brought
to surgery. Lorazepam, on the other hand, must be
given at least an hour before the patient is fetched
from the ward, since its effect sets in only slowly.
Many institutions choose to give an intravenous pre-
medication with a small dose of midazolam shortly
before induction. There are a number of studies
which show that this “co-induction” reduces the dose
of hypnotic needed to attain the targeted depth of
anaesthesia.!®!! On the other hand, although the
propofol dose required for induction is reduced,
recovery is prolonged, and this intravenous applica-
tion does nothing to reduce the patient’s anxiety
beforehand. Intramuscular premedication used to

be the standard procedure, but the availability of
excellent oral drugs and the knowledge that a sip
of water with the tablet does not increase the risk
of aspiration during induction has rendered the
intramuscular route obsolete. Antisialogogues are no
longer considered a mandatory component of the
premedication, now that the use of ether has been
discontinued. When increased salivation might be a
problem, such as with a laryngeal mask airway or
when ketamine is used, glycopyrrolate or atropine is
given intravenously.

Total intravenous anaesthesia

General remarks

In the narrow definition of total intravenous anaesthe-
sia (TTVA), the components of anaesthesia — analgesia,
hypnosis and muscle relaxation — are achieved solely
with intravenously applied drugs, without using
inhalational agents. A totally intravenous technique with
a rationally chosen combination of opioid, hypnotic
and neuromuscular blocker offers a number of advan-
tages over other types of general anaesthesia. These
advantages are associated with the pharmacological
properties of the drugs themselves, but are also con-
ferred by being able to avoid the undesired properties
of the drugs that can be dispensed with, for example,
nitrous oxide (N,O). The choice of drugs for the
TIVA is governed by their pharmacokinetic profiles
and by their effects on postoperative recovery.

When comparing pharmacokinetic properties in
order to determine which drugs are best suited for an
anaesthetic for minimally invasive surgery, one should
not be obsessed with terminal elimination half-lives.
Much more useful information is given by the

Table 5.1 Premedication agents for minimally invasive
surgery

Drug Dose (mg) Administration

time

Midazolam 7.5-15 20 min before
transport to OR

Lorazepam 1-2 60 min before
transport to OR

Lormetazepam 1 60 min before
transport to OR

Temazepam 20 30 min before

transport to OR
Sufficiently early
to be effective
during transport

Other short-acting,
anxiolytic sedatives
Diazepam (not
recommended)
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“context-sensitive half-time”. This is a measure of
how long it takes for the concentration of a drug to
decrease by 50% in the effect site after having been
infused for a defined length of time, with the duration
of the infusion being the context.'>!® The context-
sensitive half-times of a number of common drugs
together with their elimination half-lives determined
in bolus injection studies are shown in Figure 5.1.
A further parameter that determines how easily the
effects of a drug can be titrated to intraoperative
demands is #,.. This is a constant that describes the
equilibration rate between blood and the effect site
and is a measure of hysteresis, the delay between
increasing or decreasing plasma concentrations of the
drug and a measurable change of its effect.

Choice of opioid

There is one outstanding characteristic of most min-
imally invasive operations that has a major influence
on the rational choice of opioid for the anaesthetic:
the surgical stimulus is very intense up to within a
few minutes of the end of the operation, and the
anaesthetic has to accommodate this fact. Under this
constraint, remifentanil is, first and foremost, the
opioid of choice for minimally invasive surgery.
Sufentanil and alfentanil come in a distant second and
third, while fentanyl or morphine are unsuitable, and
should be used only when nothing else is available
(Table 5.2). The computer simulation shown in
Figure 5.1 illustrates that up to an infusion time of
about 6h, sufentanil has a shorter context-sensitive
half-time than alfentanil, and thus potentially allows a
more rapid awakening, despite its longer terminal
elimination half-life.'"* Remifentanil occupies a special
position in the palette of opioids, in that its context-
sensitive half-time remains virtually unchanged. The
time required for effect-site concentrations to decrease
by 50% after a constant rate infusion lasting 150 min

is 3.7 min for remifentanil, 34 min for sufentanil, 59 min
for alfentanil and an incredible 262 min for fentanyl."?
The reason for this is that remifentanil is hydrolysed
independent of specific organ function by ubiquitous,
non-specific esterases in the blood and tissues, includ-
ing the brain to a virtually inactive metabolite and
thus has an unusually high clearance of approximately
3000 mlmin~1.1%16 Due to its large volume of distri-
bution and low clearance, fentanyl is only suitable as
a TIVA component for procedures lasting 20—30 min
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Figure 5.1 Context-sensitive half-times of remifentanil
and other fentanyl congeners commonly used in TIVA tech-
niques. The numbers given after each substance is the ter-
minal elimination half-life (in min) after bolus application.
This is considerably longer than the context-sensitive
half-time — the time required for the effect-site concentration
to decrease by 50%, and there is no consistent relationship
between the two parameters. This increases dramatically for
fentanyl with increasing duration of infusion, but remains
nearly constant at a very low level for remifentanil. The dia-
gram illustrates the point made in the text that remifentanil
and sufentanil are the opioids most suited for use in a totally
intravenous technique for minimally invasive surgery. (Adapted
from Egan, Anesthesiology 1993; 79: 881.)

Table 5.2 Pharmacological properties of commonly used opioid

Remifentanil Sufentanil Alfentanil Fentanyl
Terminal elimination half-life ¢, (min) 10 164-570 110 390-450
Central distribution volume, V_ (1) 7.0 12 2.9 17
Steady-state distribution volume, Vi, (1) 25-62 121 23 312
Clearance, Cl (mlmin~") ~3000 900 185 700
Protein binding at pH 7.4 (%) 92 92 92 84
pKa 7.1 8.0 6.5 8.4
Non-ionized at pH 7.4 (%) 67 20 89 9
Hepatic extraction ratio NR 0.7-0.9 0.3-0.5 0.8-1.0
V.: initial volume of distribution in central compartment; V;: volume of distribution in quasi-steady state;
NR: not reported and not relevant for elimination.
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at most."® After this time, cumulation causes undue
prolongation of respiratory depression and retards
recovery. A direct comparison of alfentanil and
remifentanil in a total intravenous technique with
propofol demonstrated more rapid recovery with
remifentanil, as measured by respiratory rate, oxygen
(O,) saturation and number of patients with an
Aldrete score of 10 both after 10 and 30 min, even fol-
lowing short procedures lasting only 20 min.!”

Due to a combination of low degree of ionization
and moderate plasma protein binding, remifentanil
and alfentanil both have very short onset times.
Fentanyl and sufentanil have longer 7, values and are
more difficult to adapt to rapid intraoperative changes
in stimulus intensity. During laparoscopic surgery, the
elimination of opioids with high hepatic extraction
might be impaired due to the reduction in splanchnic
and hepatic perfusion.'®? This effect can be ampli-
fied by volatile anaesthetics, which reduce splanchnic
perfusion.

Unlike morphine, the newer opioids have only minor
effects on the biliary system, an aspect that is relevant
during laparoscopic cholecystectomy. Neither sufen-
tanil nor fentanyl cause a narrowing of the common
bile duct.?! Fentanyl does significantly increase the pres-
sure in the biliary system,?” but symptomatic choledo-
choduodenal sphincter spasm is rare with its use.”* In a
direct comparison, alfentanil caused a lower and statis-
tically insignificant pressure increase than fentanyl.??
The behaviour of remifentanil in this respect is not well
known. It has been shown to delay the drainage of
radioactive dye into the duodenum,”* but this delay is
shorter than with other studied opioids.

Remifentanil has one characteristic adverse effect,
and that is a high incidence of postoperative shivering
that is not thermogenetic in nature and not correlated
to intraoperative changes in core temperature.”>?

Note Opioids suitable for use as a component of a
TIVA or a balanced anaesthetic for minimally invasive
surgery are:

® Remifentanil (e.g. Ultiva®)
® Sufentanil (e.g. Sufenta®)
® Alfentanil (e.g. Rapifen®)

Less suitable are:

® Fentanyl, morphine and others

Ketamine should be mentioned when discussing the
analgesic component of a total intravenous technique.
This unique substance is used in anaesthesia for every
kind of surgery in many parts of the world, and it has a

number of advantages over opioids. When used for
TIVA in combination with propofol, it had a recovery
profile similar to that of alfentanil-propofol combin-
ation.”” Dream events were more common on emer-
gence, but were not unpleasant in content. A study
comparing of propofol with ketamine or fentanyl for
laparoscopic operations found that the only difference
was that the patients in the ketamine—propofol group
required more pain medication in the immediate post-
operative period.”® However, it seems that the keta-
mine dose of 1-1.5mgkg ! used in the study was less
than equipotent with the 3-5 wgkg ™! dose of fentanyl.

Choice of the hypnotic component

Propofol is essentially the only intravenous hypnotic
that is suitable for use in a TIVA for minimally inva-
sive surgery. Methohexital and etomidate have similar
elimination kinetics and clearance as propofol, and the
recovery time following their use is not relevantly
different from that after propofol, but they have little
to offer in the way of advantages and a number of
drawbacks. Etomidate might be nominally suitable
as a component of a TIVA, but it is associated with
unpleasant awakening and a higher incidence of
PONY than after propofol.”’3! The well-known inhib-
ition of corticosteroid synthesis by etomidate is prob-
ably of no clinical consequence during short-term
administration, since it can be overcome if necessary.*
Awakening takes longer,*!33 and the incidence of nausea
and vomiting was reported to be higher after a TIVA
with methohexital than after propofol,*>** although
other studies could not confirm this finding.>"** At any
rate, both substances are considerably more expensive
than propofol.

The results of a number of studies suggest that
propofol has antiemetic properties and also induces
a slightly euphoric mood in the patients, a combina-
tion of effects that greatly enhances patient satisfac-
tion.?*3-37 Propofol occasionally causes pain on
injection, but this can be attenuated or abolished
by applying a tourniquet to the forearm, injecting a
small amount (2ml) of 1% lidocaine into the vein
and waiting 10s, or by waiting until the pre-injected
opioid has taken full effect (see below). This prag-
matic approach is supported by the results of a
recent study.®® A perhaps more academic concern is
that propofol in clinically relevant concentrations
(IC5) ~ 9gml™!) can inhibit alfentanil and sufen-
tanil metabolism in human liver microsomes.®
Propofol has also been described to reduce the central
volume of distribution of remifentanil by 41% and its
clearance by 15%, but this was considered to be with-
out clinical relevance.*
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Midazolam, which is occasionally used as a compon-
ent of TIVA for major surgery, is unsuitable in
this role for minimally invasive procedures due to its
long duration of action.*! It can be used, however,
to reduce the dose of hypnotic necessary for loss of
consciousness during induction of anaesthesia*>* in
a technique known as “co-induction”.

Note Hypnotics suitable for use in a TIVA for minimally
invasive surgery:

® Propofol
Perhaps

® Methohexital
For co-induction

® Midazolam

Choice of neuromuscular blocking agent

Adequate muscle relaxation increases the compliance
of the abdomen, thus allowing better inflation of the
abdomen at a set AP and thereby facilitating surgical
access. Muscle relaxation is therefore a crucial com-
ponent of expert anaesthetic management. During
laparoscopic cholecystectomy or other procedures,
deep relaxation makes it easier for larger bits, for
example, the gall bladder, to be retrieved through the
small incision in the abdominal wall. Muscle relax-
ation will not always be necessary for extraperitoneal
operations, such as hernia repair or nephrectomy.
Close co-operation between surgeon and anaesthetist
is important in order to adapt the degree of neuromus-
cular block to the individual stages of the operation.

In laparoscopic surgery, the interval from when the sur-
geon concludes the intra-abdominal phase of the oper-
ation, which requires a good degree of myorelaxation,
and final wound closure with dressing is in the order of

5-10 min. Muscle relaxation will have to let up suffi-
ciently during this short period to allow the patient’s
trachea to be extubated immediately after wound clos-
ure. This can be achieved by properly timing the
reversal of relaxation and employing higher doses of
cholinesterase inhibitors or by using a neuromuscular
blocker with a short recovery index, or a combination
of the two. Table 5.3 gives a synopsis of the relevant
pharmacological data on which a rational choice can be
based. The costs of neuromuscular blocking agents vary
widely and the newer, short-acting substances are the
most expensive. However, understanding the actual
cost of a drug requires more than just looking at its shelf
price.* A carefully performed study has shown that
when not only the price of the muscle relaxant, but also
the operating room (OR) costs incurred while waiting
for the effects to wear off were entered into the calcula-
tion, the use of mivacurium led to a saving of approxi-
mately £100 per patient over longer acting agents.*

We rarely reverse muscle relaxation, since this carries a
definite risk of its own, but instead prefer to use short-
acting neuromuscular blockers with a rapid recovery
index in combination with neuromuscular monitoring,.
Our choice of agent depends on the expected duration
of the operation. With a total expected anaesthesia
time of 2h, we would use cisatracurium, vecuronium
or rocuronium with possibly a very slight top-up
towards the end if relaxometry indicates a lightening of
the block. If the block only had to be intensified to
retrieve material at the end of the operation, we would
probably only give a small dose of succinylcholine. For
shorter operations, we would choose mivacurium or
perhaps only succinylcholine for very short diagnostic
procedures. For longer operations we would also choose
mivacurium, since its recovery index does not increase
appreciably with the duration of its administration and
one can expect rapid termination of its effect even after
an infusion lasting several hours. The effects of mivac-
urium can be prolonged in patients with insufficient or
atypical cholinesterase. *

Table 5.3 Comparison of pharmacological variables of neuromuscular blockers for use in laparoscopic surgery
EDys Intubating dose Onset time RTs RTyo Recovery index
(mgkg™)  (mgkg™") (min) (min)  (min)  (min)
Atracurium 0.2 0.4-0.5 2-3 25 70 10-15
Cisatracurium 0.06 0.1-0.15 2-3 25 60 7-9
Mivacurium 0.08 0.2 1.5-2 15 30 6-8
Vecuronium 0.06 0.1 2-3 25 100 10-15
Rocuronium 0.25 0.6 1-1.5 45 920 14-22
Pancuronium 0.07 0.1 3-5 115 240 30-40
EDys: dose required to suppress the magnitude of the first twitch (T;) by 95%; RT,s, RTg: times to 25 and 90% recovery of
first twitch T; after the injection of an intubating dose; recovery index: interval between 25 and 75% recovery of T;.
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Future pharmaceutical developments may make it pos-
sible to specifically reverse the effect of rocuronium
rapidly and effectively without the adverse effects seen
when cholinesterase inhibitors are administered. Stud-
ies have shown that derivatives of cyclodextrine can be
synthesized that chelate the rocuronium molecule ren-
dering it inaccessible for the acetylcholine receptors of
the neuromuscular junction. The chelated compound
is then excreted through the kidneys.*® One cyclodex-
trine derivative (ORG 25969) is in pre-clinical test-
ing. When given in a dose of 1 mgkg ™! this compound
shortens the recovery time #;g_g) from 19 to 2.1 min.*

Note Neuromuscular blocking agents suitable for use
in minimally invasive surgery:

® Mivacurium
® Rocuronium
® (Cisatracurium
® Vecuronium

Basic dosage considerations

Knowing the plasma or effect-site concentrations of
the individual components required for hypnosis and
surgical tolerance, and considering their additive or
synergistic interactions with one other, one can
roughly calculate a rationally based dosage schedule
for a total intravenous technique based on pharmaco-
kinetic and pharmacodynamic data.

The hypnotic threshold plasma concentration of
propofol given alone has been determined to be about
3-5 wgml~ 1352 This is slightly lowered by the add-
ition of an opioid.’’*>* The plasma concentration
required to suppress reaction to skin incision in 50%
of the patients (Cp501) is reduced significantly by the
simultaneous administration of a benzodiazepine or an
opioid. Premedication with midazolam, temazepam or
lorazepam alone reduces Cp50i by up to 50%.+>3%%

Synergistic effects have been demonstrated between
propofol and alfentanil or fentanyl by numerous
studies.’7 % A fentanyl plasma concentration of
2-4ngml~!) corresponding to an induction dose of
0.2mg followed by a continuous infusion at a rate
of 2-3wgkg 'h™! reduces the Cp50i of propofol by
80% to 2.7ugml! (Figure 5.2).*»°! Equipotent
plasma concentrations of sufentanil and alfentanil
are 0.4-0.6ngml~! and 100-300ngml~!, respec-
tively."%2 Similar effects have been shown for the
combination of alfentanil and propofol. A number
of studies have demonstrated the synergistic inter-
actions between propofol and remifentanil with regard
to a number of clinical and electrophysiological

35

Propofol (ng mi—1)

Opioid (ng ml—T)

Figure 5.2 Isobologram showing the pharmacodynamic
interaction of propofol with an opioid. The curves give the
50 and 95% probability that the patient will tolerate a sur-
gical stimulus at the chosen dosage combination of the two
drugs. The dotted line is the hypnotic threshold for propofol;
awareness becomes more likely at concentrations under this
value.

parameters.’’ %% The results of these studies show
that a small opioid dose causes a steep reduction in
the Cp50i of propofol, but that the interaction curve
is hyperbolic, and the relative propofol-sparing effect
of the opioid decreases at higher doses.

Since one can achieve the same effect with a propofol-
dominated or an opioid-dominated combination of
dosages as illustrated by the isobolograms in Figure
5.2, one should choose the combination which gives
the shortest recovery time. This can be determined
either clinically or theoretically using response sur-
face analysis.’®%* Just which dose combination this is,
depends on the pharmacokinetics of the individual
components. Let us just illustrate this concept with
two extreme examples. In a combination of propofol
with fentanyl, one would give a low dose of fentanyl
and titrate the required depth of anaesthesia by
increasing the propofol dose. On the other hand, if
one decided to combine thiopental with remifentanil,
one would give the lowest possible thiopental dose
just adequate to prevent awareness and give as much
remifentanil as necessary to assure a sufficient depth
of anaesthesia. Vuyk and co-workers did a computer
simulation that illustrates this point quite nicely.**
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Figure 5.3 Response surface analysis of varying combinations of propofol with remifentanil, alfentanil or sufentanil. The
curve on the horizontal plane gives the isobolographic analysis of propofol-opioid dose combinations yielding a 50% prob-
ability of no response to surgical stimuli. (Adapted from Ref [64].) The heavy line on the vertical curved plane gives the
awakening time after a TIVA lasting 60 min with the various combinations of propofol with the individual opioids.

Figure 5.3, adapted from this study, shows recovery
times after a 1-h continuous infusion of propofol and
either remifentanil, alfentanil or sufentanil in varying
infusion rate combinations, and demonstrates that
there is an optimal combination that has the most
rapid recovery time. The results also give visible proof
of a number of points that have been mentioned so
far. The first of these is that awakening is faster after a
TIVA with remifentanil than with either alfentanil or
sufentanil, and, secondly, that there is virtually no
difference between alfentanil and sufentanil with
regard to recovery time after a 1-h infusion.

Adding N,O to the combination of intravenous drugs
will reduce the required doses and possibly shorten
recovery time.'3*>%%% However, as described in more
detail in Chapters 2, 6 and 10, N,O can be hazardous
when used during laparoscopic surgery or laser surgery
of the upper airways, and one should try to avoid it.

These theoretical considerations should demonstrate
that a combination of propofol and remifentanil after
oral premedication with a short-acting benzodi-
azepine, closely approaches the ideal TIVA for all
types of minimally invasive surgery with regard to
ease of titration to surgical needs, speed of recovery
and patient’s comfort and satisfaction. Sufentanil,
alfentanil or even fentanyl can be used instead of
remifentanil in certain, clearly defined situations, or
when rapid awakening is not a requirement.

The dosage recommendations based on pharmaco-
kinetic—pharmacodynamic data are only to be taken as
guidelines for the initial settings. The actual values must
be adapted to the intensity of the surgical stimulation

and titrated to the patient’s needs. Pragmatically deter-
mined dosage schedules will be described below.

There is no consensus on the degree of muscle relax-
ation required for laparoscopic surgery. It might be
less than that necessary for laparotomy, where muscle
response has to be reduced by 80%, corresponding to
one or two twitches following train-of-four (TOF)
stimulation. A reduction to two to four TOF
responses should be sufficient to provide adequate
abdominal compliance. Some patients develop recal-
citrant singultus during laparoscopic cholecystectomy
that can effectively impede surgical preparation. The
diaphragm is much less sensitive to non-depolarizing
neuromuscular blocks than skeletal muscle, and sin-
gultus can persist despite complete cessation of twitch
response to peripheral nerve stimulation. In these cases,
the behaviour of the diaphragm will have to guide the
administration of the muscle relaxant.

Despite all precautions, relaxation will be sufficiently
intense in some patients at the end of the operation as
to prevent safe removal of the endotracheal tube. For
high-risk patients, the best choice would be to continue
ventilation in the post-anaesthetic care unit until the
effects of the relaxant have worn off. In all others,
reversal of the neuromuscular block is an option, but
should not be attempted if the block is too intense, that
is twitch strength is decreased by 85% or more, or
there are fewer than two responses to TOF stimulation.

Drug application systems for TIVA

For the safe, reliable and economical administration
of a TIVA one requires the appropriate equipment.
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This includes the syringe pumps, infusion pumps
and the correct infusion lines. Peristaltic infusion
pumps are used to control the rate of intravenous
infusions, and when used for anaesthesia the drugs
are added to the infusion solution, usually normal
saline or glucose, and infused at the required rate.
The one advantage of using such a dilute solution of
the drug is that, in a pinch, one can dispense with the
pump and regulate the infusion rate by adjusting the
drip rate.®® The main disadvantage is the large fluid
volume given to the patient.

Syringe pumps allow a precise application of concen-
trated solutions of drugs in small volumes. For practical
reasons to be mentioned below, the concentration of the
drug should not be too high. A wide variety of syringe
pumps are available on the market, and listing them
would not be feasible. They should have a minimal
slack time, achieve the set infusion rate rapidly and be
able to keep it constant to within =2% even at a slow
rate, and should be able to accept a variety of different
syringe types. Particularly useful are microprocessor-
controlled pumps that calculate the infusion rate from
patient’s weight, drug concentration and required
dosage in mgkg ™ 'h ™! or pgkg ™ 'min~! entered by the
anaesthetist. Some pumps have a pre-programmed,
menu-driven drug database that allows one to simply
pick and choose the drug and concentration that one
needs. All of these sophisticated pumps are more com-
plicated and require more extensive training to use, but
once they are mastered they facilitate drug infusions
and prevent mistakes resulting from calculation errors.

A constant rate infusion will lead to increasing plasma
concentrations over time. Various ways of avoiding an
overdose towards the end of the anaesthetic or insuffi-
cient depth of anaesthesia at the beginning have been
proposed. All of these are based more or less on the
bolus, elimination, and transfer (BET) concept.®”’ The
bolus dose is calculated to saturate the central com-
partment to a pre-defined initial plasma concentra-
tion, while the following infusion compensates for the
amount of drug lost from this compartment by elimin-
ation or transfer to more peripheral compartments.
The rate of elimination remains relatively constant,
but the amount of drug transferred into peripheral
compartments decreases over time, necessitating a
reduction in the infusion rate in order to keep the
targeted plasma concentration constant. Examples
of simple BET infusion schedules are given below.

Calculating the correct infusion rate required for a con-
stant plasma concentration during the course of a total
intravenous technique entails repeatedly solving a num-
ber of differential equations. This is not a task for the
busy operating theatre, but is just the thing to delegate

to a microprocessor. There are a number of syringe
pumps now on the market that are programmed to keep
the plasma concentration of the infused drug at a
pre-set level by applying a target-controlled infusion
(TCI) schedule. The first of these, the Diprifusor® sys-
tem developed by Kenny and co-workers, controls the
infusion of propofol.?®® The software in these pumps
incorporates a model based on pharmacokinetic data
extracted from studies in thousands of patients and vol-
unteers. Administering an intravenous drug by setting a
plasma concentration and not a drug dose takes some
getting used to. On the other hand, it is no different than
the way one administers inhalational anaesthesia — one
dials in the desired concentration and lets the vaporizer
or the TCI system give the required volume. Newer
pump systems allow several drugs to be applied simulta-
neously as TCI, and allow one to target plasma concen-
trations or effect-site concentrations (Figure 5.4).

When administering concentrated solutions of
extremely potent drugs, one has to beware of inadver-
tent bolus applications resulting from occlusion and
release of the infusion tubing. To prevent this, only
non-compliant tubing should be used to connect the
syringe pump to the patient, and the connection
should be as close to the venous cannula as possible. If
the drug is infused parallel to a running infusion, a
check valve should be used to prevent retrograde fill-
ing of the infusion system should the venous cannula
become occluded. The pump must be equipped with
an overpressure alarm, and should actively retract the
syringe driver if the alarm is triggered to release pres-
sure in the system. Low-volume, low-compliance sys-
tems are available that also incorporate the check
valves (Figure 5.5). The drug delivery system must be
secured against accidental disconnection that might
lead to intraoperative awakening of the patient.

TIVA protocols for laparoscopic
surgery

Various opioid—propofol combinations will be des-
cribed in the following paragraphs. While opioid and
propofol doses might differ, other components of
the totally intravenous anaesthetic always remain the
same. All patients are given an oral premedication as
described above. Intubation is facilitated with a neuro-
muscular blocker chosen according to the criteria
described above and dosed according to Table 5.3.

The initially chosen infusion rates of propofol and
opioid that are based on the average patient may often
not be adequate for the required plane of anaesthesia.
The standard procedure in this case is to increase the
dose of the analgesic under the assumption that it is
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Figure 5.4 An integrated system for administering TIVA. The TCI parameters are set on the control unit, and the calculated
plasma and effect-site concentrations of the individual drugs are displayed on the screen. The running infusion is controlled

by the peristaltic pump seen at the top of the device.

Figure 5.5 Infusion set for use with TIVA. Important fea-
tures are the low-volume, non-compliant tubing for con-
necting the syringes to the flowing infusion (upper left and
right coils) and the check valves incorporated at relevant
points in the system. The short stretch of tubing seen on the
lower left is to reduce forces acting on the venous catheter.

pain and not awareness that is causing the signs of too
light anaesthesia. If two additional bolus injections of
the opioid have no effect, a supplemental dose of the
hypnotic is given. During laparoscopic surgery, one
must be careful not to misinterpret the blood pressure
increase regularly observed during abdominal infla-
tion as an indication that the anaesthetic has to be
deepened. This is a trap into which the inexperienced
anaesthetist frequently falls. Fortunately enough, the
consequence of the anaesthetic overdose is usually
only a prolongation of recovery time.

Note Managing the TIVA:

® Signs of insufficient anaesthetic depth are first
treated with additional opioids

® Supplemental doses of the hypnotic are given if the
response to the opioid was inadequate

Beware Blood pressure always increases during inflation
of the abdomen as part of the physiological response to
increased abdominal pressure. Differentiate as pain
response before treating with opioids or hypnotics!
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TIVA with propofol-remifentanil

Remifentanil differs in a very practical manner from
other frequently used opioids in that it must be given
as a constant infusion because of its extremely short
half-life. Administering it in individual bolus doses is
simply not practical except for very short procedures.
If the expected duration of anaesthesia is longer than
10-15 min, administering it as an infusion is neces-
sary. A further consequence of the short elimination
half-life is that its analgesic effects wear off rapidly
after the infusion is stopped, and postoperative pain
can set in early. The problems associated with this will
be discussed in the section on postoperative pain
therapy.

Remifentanil’s rapid onset can cause vagomimetic
effects with profound bradycardia, particularly fol-
lowing the initial bolus injection, and atropine or gly-
copyrrolate should be readily available. This does
not usually occur if the initial bolus is given slowly
over 60-120s. Like all intensely acting opioids with
rapid onset, remifentanil can induce significant thorax
rigidity, which can impair mask ventilation or even
render it impossible. This adverse effect is less fre-
quent in patients who have been given a benzodi-
azepine premedication. The rigidity responds to
neuromuscular blockers, and a small dose of succinyl-
choline (10 mg) can be administered, if ventilation is
severely impaired.

Remifentanil is supplied in powder form in vials con-
taining 1 or 5 mg. It has to be dissolved and diluted to
the final concentration in 0.9% NaCl or 5% glucose
solution before it is used. For use in adult patients we
draw the contents of the 5 mg vial into a 50 ml syringe
for a final concentration of 100 pgml~'. The average
TIVA consumes approximately 1-2mg of remifen-
tanil per hour. For paediatric anaesthesia, we prefer to
dissolve only 1 mg in 50 ml for a final concentration of
20pugml~!. We use this less concentrated solution
to avoid the very low infusion speeds, which not all
syringe pumps can reliably apply. If syringe pumps
are not available, remifentanil can be diluted in
normal saline and administered by infusion pump or
through a minidrip set.®® Five milligrams in 500 ml
solution yields a concentration of 10mgml~!. The

infusion rate (in mlh ™) of this concentration is easily
calculated as the desired dose (in pgkg 'min~')
times body weight (in kg) times 60 (min) divided
by 10. For example, a 75kg patient would require
an infusion rate of 90mlh™! for a dose of
0.2 pgkg 'min~!. Table 5.4 shows the preparation of
these solutions in detail.

Anaesthesia is induced with 0.5-1ugkg™! body
weight remifentanil given as a slow intravenous bolus
injection, usually by letting the infusion run at a rate
of 0.5 wgkg 'min~! for 2min. After the bolus injec-
tion, the infusion rate is set at the initial maintenance
rate of 0.2 ugkg 'min~!. As soon as the effect of
remifentanil sets in, propofol is given in an induction
dose of 1.5-2mgkg™ ! body weight and the pro-
pofol infusion is started at an initial rate of
6—7mgkg 'h~!. This is reduced after about 15min
to a maintenance rate of 5mgkg ™ 'h™!. As an alterna-
tive, propofol can be administered as a TCI. We set
the initial target concentration at 45 pgml ™! and let
the pump run until approximately 1.5-2mgkg™! of
propofol have been administered. We then reduce the
target concentration to between 2 and 2.5 pgml L.
This is, in effect, the intravenous counterpart of the
“overpressure” technique used to accelerate induc-
tion with inhalational anaesthetics. Our empirical
results are supported by the findings of a systematic
study, which showed that only 40% of the patients
had lost consciousness after 3min when the target
concentration was set at 3 wgml ™! as opposed to 90%
when the concentration was set at 5 ugml 1%

Signs of light anaesthesia are first treated with a bolus
injection of 1 pgkg ! remifentanil that is repeated
after 2min if there is no response to the first dose. If
this is effective in restoring an adequate plane of
anaesthesia the infusion rate of remifentanil is
increased by 0.2-0.5 pgkg 'min~!. If the second
injection of remifentanil is without effect, a bolus
injection of 0.6-0.8mgkg ™! propofol is given, and
the infusion rate is increased by 1 mgkg ™ 'h™!. Bolus
injections are not possible with a TCI system, but we
circumvent this problem by increasing the targeted
propofol plasma concentration to about 6 ugml™!
until approximately 50 mg have been infused and then

Table 5.4 Preparing remifentanil solutions for bolus injection and infusion

5mgin 5ml (1 mgml~")
5 ml stock solution in 50 ml (=100 pg ml~")
1 ml of the syringe solution in 10ml (=10 ugml~")

Stock solution
Concentration for syringe pump for adults
Concentration for bolus injections

When using remifentanil from the 1 mg vial, we recommend diluting it in at least 20 ml of liquid (=50 ugml~")
to reduce the relative amount lost in the system dead space. Concentrations of 10-20 ugml~' are recommended
for use in children to avoid extremely low infusion rates.
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reducing the target concentration to 0.5pgml™!
above the previous level (see Table 5.5).

If anaesthesia has been stable for 20 min or more under
a constant level of surgical stimulation, we tend to care-
fully reduce the infusion rates of propofol and remifen-
tanil in order to avoid unnecessarily deep anaesthesia.
The median infusion rates required by our patients

Table 5.5 TIVA with propofol and remifentanil for min-
imally invasive surgery

Dissolve and dilute remifentanil according to Table 5.4

Induction

Remifentanil 0.5-1 pg kg™ slow bolus injection

or 0.5 wgkg "min~" for 2min

and

Propofol 1.5-2mgkg™!

or

Propofol TCI Target plasma concentration
4-5ugml™!

Until 1.5-2 pg kg~ ' have been infused

Then Target plasma concentration
2.0-2.5pugml™!

Maintenance

Remifentanil 0.2 pg kg~ 'min~" initial infusion rate

Propofol 6-7mgkg~"h~! for 15min
5mgkg'h™! thereafter

or

Propofol TCI Target plasma concentration
2.0-2.5ugml™!

Intubation

Endotracheal tube or laryngeal mask airway

Ventilation
With O,-air and minute volume adjusted to eliminate
excess carbon dioxide (CO,)

If anaesthesia too light

Remifentanil 1 wgkg~! bolus injection, repeated
after 2 min, if necessary if opioid
effective, increase infusion rate by
0.2-0.5 pgkg ™" min™!

If opioid ineffective

Propofol 0.6-0.8 mgkg " bolus injection and
Increase infusion rate by
1mgkg 'h™!

Propofol TCI Set target concentration to 6 ugml~'

until ca. 40-60 mg infused Increase
target concentration by 0.5 pg ml™!
Anaesthesia stable for 20 min
Careful stepwise reduction of drug infusion rates
Do not reduce propofol infusion rate below 4 mgkg™'h~'
End
Stop infusions of remifentanil and propofol about 3 min
before last stitch.
Cave!
Pain can set in early. Prophylactic analgesics.

were 0.2 ugkg 'min~! for remifentanil (range 0.05—
0.42) and 4.2mgkg 'h™! for propofol (range 1.5-7.1).
The patients awakened 4-9min after the drug infu-
sions were stopped. The depth of anaesthesia was mon-
itored by bispectral index (BIS) (see Chapter 4). These
empirically determined infusion rates are very similar
to those defined by Vuyk on the basis of theoretical
calculations aimed at determining the propofol-
remifentanil combination with the shortest awaken-
ing.®* These calculations recommend an initial
remifentanil dose of 1.5-2pgkg ! followed by an
infusion rate of 0.37 pgkg 'min~! for 20min and
0.32 wgkg 'min~! thereafter. Propofol is given as an
initial dose of 1.5mgkg ™!, followed by 8mgkg 'h™!
for the first 40 min, 6.5 mgkg ™ 'h ™! for the next 150 min
and 6mgkg 'h™! from then on. The propofol plasma
concentration targeted by this infusion regimen is
2.8 pgml ™!, which the authors describe as sufficient to
suppress response to surgical stimuli in 95% of the
patients when given with remifentanil (Table 5.8). The
awakening time after this combination is around 6 min.

TIVA with propofol-sufentanil

We found that when combined with propofol infused
at a rate of 6mgkg 'h™!, a median sufentanil dose
of 0.3 ugkg 'h™! was sufficient to provide haemo-
dynamic stability and prevent response to surgical stim-
uli during laparoscopic cholecystectomy. Anaesthesia
is induced with a bolus injection of 0.2-0.3 pgkg ™!
sufentanil followed by an infusion with an initial rate
of 0.2 ugkg 'h™!. We use a sufentanil solution con-
taining 5 pwgml ™! in order to have manageable infu-
sion rates. The onset time is slower with sufentanil
than with remifentanil and one must wait 4 or 5 min
for an appreciable effect to set it. Propofol is then
given as an induction dose of 1-1.5mgkg ™!, followed
by an infusion at a rate of 5-6mgkg 'h™!, which is
then reduced to 4-5mgkg 'h™! after 10 min (Table
5.6). This differs slightly from the theoretical dosage
recommendations of Vuyk shown in Table 5.8.%*

As with the remifentanil-propofol combination, light
anaesthesia is first treated with an additional dose of
the opioid; in this case, a bolus injection of 3-5 pg
sufentanil. This is repeated after 5min if the first
injection is without effect. If the additional opioid
dose attenuates the patient’s response to surgical
stimulation, the sufentanil infusion rate is increased
by 0.05ugkg 'h™L. If the opioid is not effective, a
bolus injection of propofol is administered and the
infusion rate is changed as described above. If every-
thing has remained stable for 20min or more, we
reduce the propofol and sufentanil doses in steps, as
described above for the remifentanil-propofol com-
bination, starting with the opioid (see Table 5.6).
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Table 5.6 TIVA with propofol and sufentanil for mini-
mally invasive surgery

Induction

Sufentanil 0.2-0.3 pg kg™ bolus injection,
wait at least 2-3 min

Then

Propofol 1.5-2mgkg ™" bolus injection

or

Propofol TCI Target plasma concentration
4-5ugml™!

Until 1.5-2 pgkg ! have been infused

Then Target plasma concentration
2.0-2.5ugml™’

Maintenance
Sufentanil 0.2 pgkg~"h~ 1 initial infusion rate
or 3-5 pg bolus injections as necessary

Propofol 8-10mgkg~"h~! for 10 min, then
5mgkg™'h™! thereafter

Propofol TCI Target concentration 2.0-2.5 ugml ™’

Intubation

Endotracheal tube or laryngeal mask airway

Ventilation
With O,-air and minute volume adjusted to eliminate
excess CO,

If anaesthesia too light

Sufentanil 3-5ug kg™ bolus injection,
repeated after 5 min, if necessary
If opioid effective, increase infusion
rate by 0.05 pgkg™'

If opioid effective, increase

Propofol infusion rate by 0.05 ugkg™'h™'
If opioid ineffective
0.6-0.8 mg kg~ bolus injection and
Increase infusion rate by mgkg™'h™!
Propofol TCI Set target concentration to 6 pgml~’

until ca. 40-60 mg infused increase
target concentration by 0.5 pgml|™!

Anaesthesia stable for 20 min
Careful stepwise reduction of drug infusion rates
Do not reduce propofol below 4mgkg~'h™!

End

Last sufentanil ca. 20-30 min before end of surgery
Stop propofol infusion about 5 min before last stitch
and dressing.

Tip: Dilute sufentanil to a concentration of 5 pgml~' to
facilitate handling and to avoid low infusion rates.

TIVA with propofol-alfentanil

The combination of propofol and alfentanil is also suit-
able for minimally invasive surgery lasting up to about
60 min. The time to awakening is essentially the same as
after a total intravenous technique with propofol and
sufentanil. Alfentanil has the advantage of a more rapid

Table 5.7 TIVA with propofol and alfentanil for minimally
invasive surgery

Induction

Alfentanil 20-30 ng kg™ bolus injection
(ca. 1.5-2mg)

then

Propofol 1-1.5mgkg ™" bolus injection

or

Propofol TCl Target plasma concentration
4-5ugml™’

Until 1.5-2 pg kg~ " have been infused

then Target plasma concentration
2.0-2.5ugml™’

Maintenance
Alfentanil 25-35 pgkg~"h " initial infusion rate
or 0.5-1.0 mg bolus injections as necessary
Propofol 8-10mgkg~" h™' for 10 min,
then

5-6mgkg 'h~! thereafter
Propofol TCI Target concentration 2.0-2.5 ugml~’
Intubation
Endotracheal tube or laryngeal mask airway

Ventilation
With O,-air and minute volume adjusted to eliminate
excess CO,

If anaesthesia too light

Alfentanil 0.5-1 mg bolus injection, repeated
after 3 min, if necessary
If opioid effective, increase infusion
rate by 5pugkg 'h!

If opioid ineffective

Propofol 0.6-0.8 mgkg " bolus injection and
Increase infusion rate by 1mgkg~'h™!
Propofol TCI Set target concentration to 6 ugml™'

until ca. 40-60 mg infused
Increase target concentration by
0.5pgml™!
Anaesthesia stable for 20 min
Careful stepwise reduction of drug infusion rates
Do not reduce propofol below 4mgkg~'h™!
End

Last alfentanil ca. 20-30 min before end of surgery
Stop propofol infusion ca. 3 min before last stitch

onset of its effects, but it has the disadvantage of being
much more expensive than sufentanil in many countries.

Our studies showed that an infusion rate of 25-
35ugkg 'h™!, or approximately 2.5 = 1.0mgh™!, in
combination with propofol gave a sufficiently intense
analgesia for laparoscopic cholecystectomy. The neces-
sary infusion rate was virtually the same for herniotomy
and other laparoscopic operations. Propofol was given
as an induction dose of 1-1.5mgkg™! followed by
an infusion of 6mgkg 'h™! that was reduced to
4-5mgkg 'h™! after 10min. Alfentanil can also be
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Table 5.8 Infusion rates of remifentanil, sufentanil or alfentanil in combination with propofol calculated to give a 95%
probability of no response to surgical stimulation and to have the most rapid recovery times (Vuyk, et al.5%)

Remifentanil Sufentanil Alfentanil
Without propofol
Target concentration  8.0ngml™! 0.2ngml™! 130ng ml™!
Infusion rates
Bolus 1.5-2 pgkg™! 0.25pgkg™! 35ugkg™!
Infusion 1 22 pgkg™'min~! for 20min  0.22 pgkg™'h™! 75ugkg~"h™" for 30 min
Infusion 2 19 pgkg 'min~ " thereafter ~ 0.22ugkg 'h™! 42.5ugkg "h~ thereafter
With propofol
Target concentration 2.8 pgml™! 4.5ugml™! 4.4pugml!
Infusion rates
Bolus 1.5mgkg™’ 2.8mgkg™! 2.8mg kg™!
Infusion 1 8 mgkg~'h~! for 40 min 12mg kg~ "h™ for 40 min 12mg kg~"h~" for 40 min
Infusion 2 6.5mgkg 'h™'for 150min  10mgkg 'h~'for 150 min  10mg kg "h~" for 150 min
Infusion 3 6mgkg "h ! thereafter 8mgkg "h~! thereafter 8mgkg 'h~! thereafter

simply given at a set rate of 2mgh ™! and supplemented
with bolus injections of 0.5mg if necessary. If two or
more additional injections are required in a 10-min
period, the infusion rate is increased by 0.5mgh™.
Here, as with the other total intravenous technique, the
infusion rates can be gradually reduced when the
course has been stable for a reasonable length of time

(Table 5.7).

Our clinically determined combination of alfentanil
and propofol is less propofol-dominated than that
calculated by Vuyk®* (see Table 5.8).

Inhalational anaesthetics and
balanced anaesthesia

A monoanaesthetic with a volatile agent has the disad-
vantage of delayed recovery, perhaps with the excep-
tion of desflurane. Time to awakening after a 90 min
administration of 1.5 minimal alveolar concentration
(MAC) of isoflurane, enflurane or sevoflurane is more
than 30 min. This would slow patient turnover, seri-
ously interfere with rational utilization of operating
capacity and incurs costs far higher than potential
savings from the use of inexpensive volatiles.

Volatile anaesthetics have the further disadvantage that
they decrease hypoxic pulmonary vasoconstriction
(HPV).""72 This vascular reflex reduces the perfusion
of non-ventilated alveoli and diminishes the magni-
tude of pulmonary shunt perfusion (Qg/Qr). The
extent of non-ventilated lung areas and consequently
Qg/Qr is increased by controlled ventilation, the
head-down position and elevated IAP.>7* Interfering
with hypoxic vasoconstriction will cause a greater
degree of arterial O, desaturation at a constant inspira-
tory O, concentration. This effect is enhanced by N,O.

The increase of systemic vascular resistance during
laparoscopic surgery is accompanied by a marked
vasoconstriction in the splanchnic vascular bed. The
resulting decrease in hepatic portal blood flow might
increase the risk of liver damage by anaerobic halo-
thane metabolism. Halothane also increases the risk
of cardiac dysrhythmias due to CO, absorption and
hypercarbia.”’

It should be obvious that an inhalational monoanaes-
thetic is not suitable for minimally invasive surgery.
One possible exception might be desflurane with its
low solubility, although it would be difficult to find
convincing arguments for using it alone. The classical
method for reducing the alveolar concentration of the
volatile agent required for surgical tolerance is to
combine it with N,O. N,O will be discussed shortly at
the end of this section. It is dealt with in Chapter 2
and will figure prominently in Chapter 6. A further
way to reduce the required alveolar concentration is
to combine the volatile with an opioid. This will be
described in the following paragraphs.

Note

® Monoanaesthetic with an inhalational agent is not
suited for minimally invasive surgery

® The hypnotic effects of inhalational anaesthetics in
low concentrations can be exploited in a balanced
anaesthetic

Balanced anaesthesia, the combination of an opioid
with a volatile anaesthetic, can be used to advantage in
minimally invasive surgery. As with propofol, the add-
ition of an opioid causes a dramatic reduction in the
alveolar concentration of the inhalational anaesthetic
required for hypnosis as well as suppressing response
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Table 5.9 Reduction of isoflurane minimal alveolar
concentration by opioids
Opioid MAC reduction Source

(50% at)
Fentanyl 1.67ngml™! McEwan et al.”®
Sufentanil 0.145ngml™! Brunner et al.”’
Alfentanil 28.8ngml™! Westmoreland et al.8°
Remifentanil  1.37ngml™! Lang et al.”

to painful stimulation.”®®* Whereas an alveolar con-
centration of 1.5-2 MAC is required to produce a suffi-
ciently deep plane of anaesthesia when used alone, only
about 0.5-0.8 MAC is necessary with the simultaneous
administration of a relatively small dose of an opioid.
For example, about 1 mg of alfentanil reduces the MAC
of isoflurane by more than 50%.% Equianalgesic doses
of other opioids will have the same effect (Table 5.9).
Using this combination not only reduces the recovery
time but also the adverse effects associated with the use
of high concentrations of volatile anaesthetics. Volatile
anaesthetics have the one advantage over short-acting
hypnotics that they are virtually ubiquitously available
and do not require additional equipment, such as
syringe pumps, for their exact administration.

The ideal balanced anaesthetic combines a poorly sol-
uble inhalational anaesthetic and an opioid with a
short context-sensitive half-time that is not affected
by changes in hepatic perfusion. The inhalational
agent of choice should be eliminated rapidly with little
or no metabolism, should be without relevant side
effects and should not interfere with the elimination
of other drugs. The first choice would be isoflurane or
desflurane followed by sevoflurane and perhaps enflu-
rane. The high lipid solubility of halothane, along
with its pronounced metabolism, its sensitization of
the myocardium to the dysrhythmogenic effects of
catecholamines, and its inhibition of opioid clearance,
make it a poor choice.

Note Suitable components of a balanced anaesthetic
for minimally invasive surgery:

Inhalational agents

Isoflurane, desflurane, sevoflurane and enflurane
Opioids

Remifentanil, sufentanil and alfentanil

Halothane and fentanyl are unsuitable and are not
recommended.

The volatile anaesthetic is administered in an end-
tidal concentration that will ensure lack of intraoper-
ative awareness. This is about 0.5-0.7 MAC for all

inhalational agents. The opioid is given at the same
dosage as described above for TIVA. Signs of a too
light plane of anaesthesia are initially treated with
additional bolus injections of the opioid.

We compared a balanced anaesthetic with isoflurane
and alfentanil to a total intravenous technique with
propofol and alfentanil for laparoscopic cholecystec-
tomy. Isoflurane was given at an end-tidal concentra-
tion of 0.6% (0.5 MAC), while alfentanil was infused
as described above for the TIVA. Median awaken-
ing time after the balanced technique was 14 min
compared to 12min after the TIVA (Crozier et al.,
unpublished data).

Remifentanil is an excellent combination partner
for balanced anaesthesia. In one study comparing
isoflurane—remifentanil and propofol-remifentanil for
arthroscopy lasting about 80min, the patients with
the balanced anaesthetic were awake after an average
of 6.7min, while the mean awakening time following
the total intravenous technique was 9.6 min.?* The
need for postoperative supplemental analgesics and
the incidence of adverse events were the same in both
groups, although the patients requested the first anal-
gesic earlier after the balanced technique. Table 5.10
describes a balanced anaesthetic with isoflurane or
desflurane combined with remifentanil or alfentanil.
One study compared desflurane—remifentanil with
propofol-remifentanil for laparoscopic cholecystec-
tomy.%’ Time to extubation was 5-6min in both
groups, but the patients with the balanced anaesthetic
required more supplemental opioid analgesics and
had a higher incidence of nausea and vomiting.

Nitrous oxide

The use of N,O for laparoscopic surgery is problem-
atic for two reasons. One of these is the distension of
hollow viscera caused by the diffusion of N,O into
air-filled spaces. The volume of the stomach and
intestines was doubled after a 2-h anaesthetic with
N,0;% an effect that can interfere with surgical access
and impede the course of the operation, if the bowels
are not prepared and the stomach not emptied of gas
prior to surgery.?’” This might only be an academic
worry, since surgeons were unable to tell if N,O had
been used for the anaesthetic during a 75 min laparo-
scopic cholecystectomy, and were not hampered by
bowel distension.?® However, this might be an issue in
operations lasting several hours. It is our experience
that surgical access for laparoscopic fundoplication is
considerably impaired by distended bowel loops after
several hours of N,O anaesthesia.
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Table 5.10 Balanced anaesthesia with isoflurane or desflurane with remifentanil or alfentanil for minimally invasive

concentration of the volatile anaesthetic is increased.

surgery
Induction Remifentanil 0.5-1 ugkg ™" bolus injection and infusion
or
Alfentanil 20-30 pg kg~ bolus injection (ca. 1.5-2 mg)
then
Propofol 1.5-2.0mg kg™ bolus injection
Maintenance Isoflurane End-tidal concentration should be around 0.7-0.9% (ca. 0.5 MAC)
Desflurane End-tidal concentration should be around 4-5% (higher if using alfentanil)
Remifentanil 0.2 pgkg "min~!
or
Alfentanil 25-35pgkg 'h~' (ca. 2-3mgh~")
Intubation Endotracheal tube or laryngeal mask airway
Ventilation With O,-air and minute volume adjusted to eliminate excess CO,

The first measure at signs of too light anaesthesia is to give a supplemental dose of the opioid. If the first dose is not
sufficiently effective it is repeated once more after several minutes. If the second dose is also without effect, the inspiratory

End Last alfentanil ca. 20-30 min before end of surgery
Slightly reduce ventilation, allow patient to breathe spontaneously (but avoid hypoventilation)
Stop remifentanil infusion 3 min before last stitch
Stop isoflurane when instruments are removed; desflurane slightly later

A further reason not to use N,O in an anaesthetic for
laparoscopic surgery is that it can delay the dissolution
of gas bubbles in the circulation,® even if these con-
tain only CO,. This increases the risk of clinically rel-
evant pulmonary gas embolism, particularly during
intra-abdominal laser surgery.”’

A final controversy revolves around the question of
whether N,O increases the incidence of PONV.3%1-93
If it did increase postoperative emesis even slightly,
its use would contravene one of the basic intentions of
minimally invasive surgery.

Note

® N,O enhances the circulatory effects of entrained
venous gas and reduces the volume of entrained gas
required to cause a lethal embolism

® N,O can easily be dispensed with for anaesthesia

Postoperative nausea and
vomiting

PONV is one of the two major factors preventing
early discharge after day-care surgery and is also a
major reason for re-admission to the hospital. It sig-
nificantly increases the costs of monitoring, nursing
and treatment, and is rivalled only by pain as a cause
of patient discomfort.”* Prevention of PONV is an
important contribution to the rational management of
patients undergoing minimally invasive surgery.

Laparoscopy was once thought to be a risk factor for
PONY, but this has not been confirmed in controlled
studies. Large studies on thousands of patients have
distilled four factors that predict the likelihood of
PONV. These are female gender, non-smoker, a history
of travel sickness or PONYV and postoperative opioid
administration.”> Female patients suffer from PONV
three times more frequently than males.”>’® Non-
smokers are at increased risk of PONV,” as are patients
with a history of PONV or travel sickness.”” The
first three factors are beyond the control of the anaes-
thetist, but he or she can still influence the risk of
PONV to a certain degree by carefully planning the
management of the anaesthetic and postoperative pain
relief. Opioids given for postoperative pain control are
the fourth major risk factor for PONV,’>% and their
use can be minimized by rational planning of analgesic
regimens (see Chapter 7). Volatile anaesthetics increase
the risk of PONV,”® and simply avoiding their use
reduces the incidence by 18%.% Eliminating N,O from
the anaesthetic regimen probably decreases the inci-
dence of PONV.%!% Reversing the effects of the neuro-
muscular blockers with neostigmine is a further factor
that increases PONV.!"!

Effective measures for the treatment and prophylaxis
of PONYV have been determined by countless clinical
studies. 5-H'T; receptor antagonists are the drugs of
first choice for treating PONYV, followed by antihista-
mines, such as dimenhydrinate or cyclizine, and
droperidol. Metoclopramide has been shown to be
ineffective.'’? Scopolamine is a popular substance,
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but its efficacy in the treatment of PONYV is limited,
and its high incidence of adverse effects, such as
visual disturbances, dry mouth, dizziness and agita-
tion, will limit its usefulness.!®® Dexamethasone has
been demonstrated to be effective in the prevention,
but not in the treatment of PONV.!%*

The overall probability of PONV is 10% in patients
without risk factors. The presence of one, two, three
or four risk factors is associated with an incidence of
PONV of 20, 40, 60 and 80%, respectively.'0%106
Current recommendations for PONV prophylaxis
incorporate this observation into a graded, multimodal
approach.9%1% Patients at moderate risk for PONV
(one risk factor) should be given a TIVA without N,O
and a prophylactic dose of an antiemetic, preferably
4mg dexamethasone. In addition to these measures,
patients at high risk (two or more risk factor) should
be given a prophylactic dose of a second antiemetic.
Patients with failed prophylaxis should not be given a
second dose of the prophylactic agent, but one acting
at a different site.

Regional and local anaesthesia

Regional or local anaesthesia has the advantage that the
patient is awake and can be rapidly mobilized as soon as
the motor blockade recedes. Some authors see a further
advantage in the fact that the patient can automatically
adapt his alveolar ventilation to eliminate absorbed
CO,. But there are only very few laparoscopic or endo-
scopic procedures that could be carried out under
regional or local anaesthesia. The choice is severely
limited by the physiological consequences of the oper-
ation, the pain localization and, above all, the patient’s
possible reluctance to accept the technique. Regional
anaesthesia is most useful for short procedures with
low-pressure pneumoperitoneum, with at most a
slightly head-down position and without expected sur-
gical complications (e.g. adhesions). Among these are
laparoscopic tubal ligation, diagnostic procedures,
gamete transfer, cryptorchism, etc. Laparoscopic tubal
ligation is frequently performed in spinal or local
anaesthesia.'"11% N,O is recommended as insufflation
gas instead of CO, for laparoscopy with local anaesthe-
sia, since it causes less peritoneal irritation and is bet-
ter tolerated by the patient.'”” Extraperitoneal hernia
repair is a further indication for epidural anaesthe-
sia,'"'"113 however, conversion to general anaesthesia
can become necessary if the peritoneum is perforated.

Although regional anaesthesia is not generally recom-
mended for upper abdominal surgery, since part of
the afferent innervation runs through the vagus and
phrenic nerves, and complete sensory blockade is

not always assured, it has been performed successfully.
In one institution, epidural anaesthesia is the method
of choice for laparoscopic cholecystectomy in patients
with severe obstructive lung disease,''* while Edelman
and colleagues described a laparoscopic cholecystec-
tomy performed under epidural anaesthesia during
pregnancy.'’

Regional anaesthesia is not feasible as the sole anaes-
thetic for thoracoscopic operations in any case. For
laparoscopic procedures, the level of anaesthesia has to
reach Th4 to completely block all peritoneal afferents,
but segments Thl to Th4 should be spared to avoid
blocking the thoracic sympathetic accelerant nerves.
This is hardly possible, since the extent of sympathetic
block usually exceeds that of analgesia, and there will be
arisk of severe bradycardia during pneumoperitoneum.

Increased abdominal pressure impeding breathing, a
head-down position and other associated factors cause
severe distress in some patients that can interfere with
surgery or even render it impossible to complete. The
increased respiratory efforts required to eliminate
excess CO, can cause considerable movement in the
surgical field making delicate work increasingly diffi-
cult. Gas-free abdominal wall lift techniques that do
not require increased IAP might avoid these problems.

It remains to be seen if regional anaesthesia is a suit-
able method for extraperitoneal procedures, such as
hernia repair. The extremely high CO, uptake from
the tissues will impose a heavy demand on the venti-
latory capacity that the patient might not be willing to
tolerate or even be physically able to cope with. Gas-
free techniques might offer an acceptable alternative.

Fluid management during
laparoscopic surgery

The elevated IAP of pneumoperitoneum establishes a
pressure gradient between the intra-abdominal and
intrathoracic segments of the inferior vena cava that
interferes with venous return to the heart and thus
induces circulatory changes resembling those seen
in hypovolaemia. Hypotension is absent only because
pneumoperitoneum increases peripheral vascular resist-
ance. This is usually clinically irrelevant for short pro-
cedures or for surgery in the Trendelenburg position.
Occasionally, however, this relative hypovolaemia can
contribute to significant intraoperative hypotension.
This is particularly the case in operations, such as
retroperitoneal laparoscopic adrenalectomy, in which
the patient’s legs are lowered and there is no pneu-
moperitoneum to stimulate cardiovascular responses.
Bandages or elastic stockings can be useful in preventing
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venous pooling in the legs, but these measures are not
always sufficient. In these cases, cardiac filling must be
restored by infusing a sufficient fluid volume to com-
pensate for that sequestered in dependent body areas.
Crystalloids are the fluids of choice, since they can be
removed from the circulation again with greater ease.
Signs of over-infusion, with right and left ventricular
overload may occur when the patient is returned to the
horizontal supine position, and the fluid pooled in the
legs is shifted to the thorax. Rapidly acting diuretics,
such as furosemide, can be given to accelerate excretion
of the excess fluid from the circulation.
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COMPLICATIONS AND CONTRAINDICATIONS
OF LAPAROSCOPIC SURGERY

Laparoscopic operations carry a distinct risk of com-
plications despite their minimal invasiveness, as shown
in Table 6.1. In one study, the incidence of typical
anaesthesiological complications, such as hypo- or
hypertension, tachycardia, hypercapnia, dysrhythmia,
hypoxaemia or hypothermia, in the course of laparo-
scopic cholecystectomy was 19.8% compared to 14.8%
with open cholecystectomy, but 3.7% with short
gynaecological laparoscopic procedures.! The most
frequent complication during laparoscopic cholecys-
tectomy was hypotension, which was seen in 13% of
the patients. Arterial hypertension is a regular occur-
rence and most reviews do not even count it as a
complication. Hypothermia, nausea and vomiting,
hypoxaemia and pain head the list of the postopera-
tive adverse events (Table 6.2). Subcutaneous emphy-
sema, the incidence of which depends on the type of
operation, is a typical surgical complication of laparo-
scopic operations that can have considerable anaes-
thetic implications in the postoperative period. The
most important complications will be described and
discussed in the following chapters.

Table 6.1 Complications of laparoscopic operations
with relevance to anaesthesia

Cardiovascular
Hypotension, hypertension, tachycardia, bradycardia,
dysrhythmias

Pulmonary
Hypercapnia, hypoxaemia, atelectasis, barotrauma

Related to gas insufflation
Subcutaneous emphysema, gas embolism, pneumo-
thorax, pneumomediastinum, extreme CO, absorption

Surgical
Haemorrhage, damage to hollow viscera, damage to
nerves

Mechanical

Damage to nerves or eyes (positioning and draping),
dislodgement of endotracheal tube with endobronchial
intubation

Miscellaneous
Hypothermia, nausea and vomiting, hyperkalemia,
renal failure

Gas embolism

Intravascular gas embolism is one of the most serious
complication of laparoscopic surgery. Depending on
the gas used for insufflation, the speed of entrain-
ment, the volume of gas entering the blood stream
and the anaesthetic, the clinical impact of this compli-
cation ranges from a virtually inapparent course to
death on the table. The incidence and the severity of
gas embolism also depends on the type of endoscopic
operation performed. Besides being aware of the factors
that lead to embolization, the anaesthetist must also
be well acquainted with those that aggravate the clin-
ical effects of a gas embolism once it has occurred.

Gas embolism occurs frequently during hysteroscopy,
and small amounts of gas can be detected in the right
heart with a precordial Doppler stethoscope in up to
50% of all patients,? while larger amounts that can be
auscultated with a normal stethoscope are found in
10—15% of the patients.’ Pressurized air was originally
used to dilate the uterus but the unacceptably high
incidence of fatal gas embolism triggered a search for
a safer insufflation gas.”~> The most important develop-
ment towards preventing fatal gas embolisms was the
introduction of carbon dioxide (CQO,) as insufflation
gas (see Chapter 2). Other gases, such as oxygen (O,)
or helium (He), have been studied for use as insufflation
gas, but they offer no advantage over CO, with regard to

Table 6.2 Incidence of adverse postoperative events
after laparoscopic cholecystectomy (LC), open chole-
cystectomy (OC) or gynaecological laparoscopy (GL)'

Event LC ocC GL
All (%) 52.5 58.8 20.0
Hypothermia (%, skin 31.4 11.8 Not
temperature <35°C) studied
PONV (%) 12.9 16.4 5.7
Hypoxaemia (%, SO, 10.9 25.9 1.3
<90% when breathing
room air)
Severe pain (%) 4.0 12.9 4.4

PONV: postoperative nausea and vomiting; SO,: oxygen
saturation.
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Figure 6.1 Diagram of vascular injury during initial blind
introduction of the trocar.

gas embolism. Quite the contrary, due to their physico-
chemical properties they carry the same risk of fatal
embolism as air.®

Clinically apparent gas embolism occurs much less
frequently during laparoscopy than during hyster-
oscopy,»~13 although the incidence of gas bubbles
detected in the right heart by echocardiography dur-
ing laparoscopic cholecystectomy was almost 70%.'*
Animal studies have shown that the incidence of gas
embolism is nearly 100% during laparoscopic dissec-
tion of the liver.!® The reason for the lower incidence
of clinically relevant embolic events despite the high
prevalence of intracardiac gas bubbles is possibly due
to the lower insufflation pressure and the vascular
anatomy. Gas cannot pass directly from the abdominal
cavity through the uninjured peritoneum into the
blood stream, and significant intravascular entrainment
of gas occurs during laparoscopic cholecystectomy only
when the insufflation needle is incorrectly positioned
or when veins are injured that for some reason cannot
collapse. This happens frequently during the early
stages of insufflation, since the Veress needle is intro-
duced blindly and the tip can be inserted into a vein
despite all precautions (Figure 6.1).! Small peritoneal
veins can be torn by the trocar during insertion and
remain open until they are compressed by an increase
in intra-abdominal pressure (IAP). This would explain
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Figure 6.2 Increase of MPAP following intravenous injection

of CO, while breathing room air, 100% O,, or N,0:0, 79:21.
(Data from Ref [21].)

the high incidence of detectable gas bubbles following
the beginning of insufflation.'* Intravascular gas insuf-
flation occurring intraoperatively can result from the
insufflation trocar becoming dislodged from an origin-
ally correct position.'® Gas can also pool in the venous
system and cause symptomatic systemic embolization
after some delay.”” Gas embolism has also been
described during the use of gas-cooled laser probes or
fluid dissectors on well-vascularized organs, such as
the liver,!>18-20

The only initial effect of a small amount of gas on the
circulation is an increase of pulmonary artery pres-
sure, the magnitude of which depends primarily on
the type of insufflated gas. Injecting 20 ml of air intra-
venously increases the mean pulmonary artery pres-
sure (MPAP) in a spontaneous breathing dog by an
average of 87%, while the MPAP increase after
injecting the same volume of CO, is only 10%.2! A
larger volume of gas reduces blood flow in the lung by
obstructing pulmonary arteries and blocking right
ventricular outflow.

Nitrous oxide (N,0) intensifies the circulatory effects
of a gas embolism, causing smaller intravascular bubbles
to acquire clinical relevance. Injecting 20ml of air
into a dog breathing a N,O-O, mixture raises pul-
monary artery pressure not by 87% as when breath-
ing room air, but by 148%.2! N,O reduces the median
lethal volume (I.LDsg) of an intravenous injection of
gas by approximately 60-80%.% It also magnifies the
circulatory effects of intravascular CO, bubbles and
intensifies the resulting MPAP increase (Figure 6.2).%!
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Figure 6.3 (a) Transformation of a CO, bubble into a
N,O bubble in blood saturated with N,O. The partial pres-
sures are given without regard to the hydrostatic pressure
of the surrounding blood. (b) During ventilation with O;:N,
mixture the CO, bubbles dissolve rapidly, since N, has
a low diffusion coefficient and enters the bubbles more
slowly than CO, diffuses out. PCO,, PH,0O, PN,, PN,O and
PO, are partial pressures of CO,, H,O, N,, N,O and O,,
respectively.

The elevated pressure also returns to normal more
slowly in the presence of N,O.

Why do entrained CO, bubbles that dissolve very rap-
idly in blood under normal circumstances, cause such
severe circulatory problems when N,O is in the inspira-
tory gas mixture? One has to imagine that in this case
the blood is saturated with poorly soluble but highly
diffusible N,O. N,O diffuses into the CO, bubbles at
approximately the same rate as CO, diffuses outward.
O, also diffuses into the bubbles but significantly
more slowly, since its diffusion coefficient is about
30 times less than that of N,O. In quasi equilibrium,
somewhat smaller bubbles will remain, filled with
N,0 and some CO, (Figure 6.3). These slowly resolv-
ing N,O bubbles remain in the pulmonary circulation
and are responsible for the clinical symptoms.

Detection and symptoms of gas embolism

The symptoms of gas embolism (Table 6.3) result from
the acute obstruction of the pulmonary circulation,
and affect both the arterial and venous systems.”® A
sufficiently large embolism increases central venous
pressure (CVP) and causes signs of venous congestion.

Table 6.3 Symptoms of gas embolism

® Fall of end-tidal CO, (increased dead-space
ventilation)

® Dysrhythmias (bradycardia, ventricular ectopic

beats, tachycardia, asystole)

Hypotension (decreased left ventricular filling)

Fall in arterial O, saturation

Increased CVP and venous congestion

ECG signs of acute right heart strain

Auscultatory phenomena (tympanic second

heart sound, mill-wheel murmur)

Tricuspid regurgitation can be observed even with
otherwise inapparent gas embolism.?* An acute increase
in right ventricular pressure induces typical changes in
the electrocardiography (ECG), such as tall R-waves
in Vy, peaked P-waves best seen in the inferior leads,
right axis deviation, atrial dysrhythmias and right bun-
dle branch block. Left ventricular filling pressure falls
and with it systemic arterial pressure.

The reduction of pulmonary perfusion increases the
extent of the West I zones in the lungs. These are the
areas in which the ventilation—perfusion relationship
is shifted towards dead-space ventilation. The resulting
fall of the capnometric end-tidal CO, concentration is
one of the most sensitive indicators of an embolism.
The widespread misconception that the CO, bubbles
trapped in the pulmonary circulation would be exhaled
and thereby increase the end-tidal CO, concentration
is not supported by clinical observations and has been
disproved in animal studies.?’

Acute right ventricular dilation in combination with
inadequate myocardial perfusion predisposes to cardial
dysrhythmias. Bradycardia followed by tachydysrhyth-
mia is frequently the initial manifestation of an
embolism, but an immediate onset with tachycardia and
ventricular ectopic beats is also observed. Polymorphic
ectopic beats which rapidly progress to asystole are
the consequence if the obstruction of the pulmonary
circulation persists.

Transoesophageal echocardiography (TEE) is the
most sensitive method for detecting intracardial gas?>¢
followed by Doppler ultrasonography. Gas bubbles can
be detected in the inferior vena cava and the right heart
before they become apparent as acoustical Doppler
phenomena or as a fall in end-tidal CO, partial pressure
(P..CO,).2* One study showed that auscultation with
a precordial or oesophagus stethoscope has a sensitivity
similar to that of capnometry or pulmonary artery
pressure monitoring.>

The auscultatory phenomena of venous gas embolism
depend on the amount of gas trapped in the right
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heart. Small gas bubbles can only be detected by pre-
cordial Doppler ultrasonography as brief swishing
sounds. A slightly greater amount of gas in the right
ventricle gives a tympanic character to the pulmonic
component of the second heart sound due to rising
pulmonary artery pressure, and with increasing gas
volume the typical splashing, churning sound reminis-
cent of a washing machine, and known as a mill-wheel
murmur, can be heard. A Doppler stethoscope should
be used as an early warning system for operations with
a high risk of embolism, since this allows prompt coun-
termeasures to be taken to stop further gas entrainment
and to prevent the accumulation of relevant amounts
of gas. Capnometric evidence of embolism has a greater
clinical relevance than ultrasonographic phenomena,
since it reflects an actual reduction of pulmonary
perfusion.

There is a certain risk of paradoxical emboliza-
tion into the systemic circulation through arteriove-
nous shunts in the lung or through a patent foramen
ovale (present in 30% of all adults), particularly
when pulmonary artery pressure is increased.’’
This can occlude cerebral or coronary arteries caus-
ing permanent neurological damage or myocardial
infarction.?-30

Secondary pulmonary failure can occur even after
successful management of the initial event.’’~3 The
pathogenesis of this is not completely resolved but
inflammatory and coagulatory reaction cascades, acti-
vated by the endothelial adhesion of leucocytes and
thrombocytes in the affected vascular bed, are thought
to be involved.**3°

Therapy of gas embolism

The therapy of symptomatic pulmonary gas embolism
requires a concerted approach with the goal of allevi-
ating the clinical symptoms and stabilizing vital func-
tions. At the same time, one has to prevent the further
entrainment of gas, and the expansion of gas already
in the circulation.

On the slightest suspicion of a clinically relevant
embolism, or the occurrence of unexpected, severe
circulatory symptoms, insufflation must be stopped
immediately and the patients’ lungs ventilated with
100% O,. The patient is brought into a steep head-
down, left lateral decubitus position (Durant pos-
ition) under the assumption that this will facilitate the
escape of gas from the pulmonary artery and the right
ventricular outflow tract.’” However, this position is
not unanimously considered to offer any advantage over
the horizontal supine position.*

Circulatory complications are then treated following
the guidelines for cardiopulmonary resuscitation:
closed chest cardiac compression, catecholamines for
asystole, and defibrillation for ventricular fibrillation
or ventricular tachycardia. Inotropes are administered
to support the right ventricle. Vasopressors should be
used to treat severe hypotension and to maintain a
minimal coronary perfusion.

Some recommend introducing a central venous catheter
into the right ventricle and aspirating the trapped gas.
One study showed that intracardial gas aspiration was
no more effective in the management of gas embolism
than proper positioning,* while others found it to be
effective when a multiorifice catheter was used, but
even then only if the gas had entered the heart via the
superior vena cava.*®*! If the patient has an indwelling
central venous catheter, one can attempt to aspirate
gas, but one should not interrupt other measures in
order to insert a catheter.

After the event the patient should be allowed to awaken
rapidly under intensive care monitoring in order to
assess the neurological status. One should look for
symptoms arising from a paradoxical embolization.
Hyperbaric O, therapy may be beneficial in cerebral
gas embolism.?*> Further close monitoring is indi-
cated to detect a delayed occurrence of pulmonary
complications.

CO, embolism usually resolves rapidly, and the patients
normally recover without permanent sequelae; how-
ever, this is not always the case.!®!3!7 Acute right ven-
tricular decompensation can drastically worsen the
prognosis in patients with congestive heart failure
and pre-existing elevated pulmonary artery pressure,
while coronary artery occlusion can precipitate fatal
myocardial infarction.

Note

® Stop gas insufflation immediately!

® |Increase inspiratory O, concentration to 100% O,
and hyperventilate

® Position patient head-down, left lateral decubitus
(Durant position)

® Attempt intracardial gas aspiration if central venous
catheter is present (but do not waste time trying to
insert a catheter)

® Give inotropes to support right ventricle

Treat severe hypotension with vasopressors

® Closed chest cardiac compression for asystole

Prevention of gas embolism

It is primarily the surgeon’s responsibility to prevent
gas embolism, since this complication is usually caused
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by an incorrect position of the insufflating needle or
trocar. It is the responsibility of the anaesthetist to
undertake everything possible to remove the risk of
clinically relevant embolisms, and to minimize the clin-
ical effects of a pulmonary gas embolism by early detec-
tion and effective, competent treatment. This includes
avoiding the use of N,0, which seriously aggravates
the clinical course of gas embolism.?!

Subcutaneous emphysema

Subcutaneous emphysema, gas in the soft tissues of
the subcutis, is a fairly common complication of laparo-
scopic surgery. There is a smooth swelling of the skin,
and crepitations; which are felt on palpation. Gas can
also collect in the mediastinum or pericardium, where
it reveals its presence by the typical Hamman sign, a
precordial crunching, crackling sound that is syn-
chronous with the heart beat. Patients with extensive
subcutaneous emphysema eliminate the excess CO,
absorbed from the tissues by breathing deeply at a high
respiratory rate. This hyperpnoea occasionally gives
them a quite disturbing feeling of breathlessness, which
can be alleviated to a certain extent by the careful
administration of opiates.

Subcutaneous emphysema can arise from incorrect
positioning or secondary dislodgement of the insuf-
flation needle or trocar (Figure 6.4). It can also occur
in the course of an endoscopic operation when the
peritoneum is breached (such as in transperitoneal her-
nia repair or retroperitoneal operations) or whenever
artificial cavities are formed by gas insufflation (such
as during preperitoneal hernia repair, nephrectomy or
mediastinal operations). Subcutaneous emphysema
occurs with such regularity during some operations,
that it should not be considered a complication, but a
typical event.

The subcutaneous emphysema arising during intraperi-
toneal, laparoscopic operations involves the abdomen

Figure 6.4 Gas is insufflated subcutaneously from a mal-
positioned trocar.

and the flanks and occasionally extends to the chest
and mediastinum. In isolated cases, it can extend to the
neck and face, and in some patients the eyes are swollen
shut (Figure 6.5). Figure 6.6 shows a chest X-ray of a
patient with fairly extensive subcutaneous emphysema.
One can see the gas inclusion in subcutaneous tissue,
in the structure of the pectoral muscle and in the fine
line along the right border of the mediastinum. The
direct and indirect pathways by which the gas spreads
from the peritoneum are shown in Figure 6.7.
Following hernia repair and retroperitoneal operations,
the emphysema can extend to the abdomen, the flanks,
scrotum and thighs. Gas can also travel through the
retroperitoneal space into the mediastinum and from
there into the neck and face. The anatomical structures
along which it spreads are shown in Figure 6.8.

A potentially dangerous situation can arise if the
emphysema affects the soft tissues of the pharynx. The
swelling can be so extensive that the airway is only
kept patent by the endotracheal tube and extubation
would lead to acute airway obstruction and suffoca-
tion.* Faced with extensive cervicofacial subcuta-
neous emphysema, the anaesthetist should always
inspect the pharynx and hypopharynx for swelling.
An air leak should be heard in adults and older children
after the cuff of the endotracheal tube is deflated. If

Figure 6.5 Patient with subcutaneous emphysema
extending to the neck and face. If the pharynx is affected to
the same degree there is a risk of airway occlusion when the
endotracheal tube is removed.
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pharyngeal swelling prevents a free view of the glottis,
and if no air flow around the endotracheal tube is
detectable after deflation of the cuff, the endotracheal
tube should be left in place until the swelling subsides.
This usually takes about 2-5h.

Subcutaneous emphysema alone can be a risk factor
for the patient, since CO, absorption can rise to over

Figure 6.6 Chest X-ray of
a patient with subcutaneous
emphysema. Gas can be seen as
darker layers in the soft tissue of
the patient’s right side. A pennate
structure is visible on the upper
chest extending towards the arms
that is caused by gas in the intra-
muscular septa in the pectoral
muscle.

B,

Figure 6.7 Diagram of the path-
ways by which the gas spreads. A;:
foramen of Bochdalek; A,: foramen
of Morgagni; B;: paraoesophageal
hiatus; B,: along the bronchi; Bj:
pneumopericardium; C;: mediastinal
pleural conduits; C,: cervical soft tis-
sue; Cs: subcutaneously from trocar
insertion site.

700 mlmin~! in patients with extensive emphysema.
This is an increase of total CO, uptake of more than
300% over the rate in patients without emphysema.
These patients require ventilatory minute volumes
301min ! and more to maintain normocapnia. Hyper-
capnia has to be tolerated in some patients, since inspi-
ratory pressures reach 50 mmHg and ventilation cannot
be increased further without risk of barotrauma.**
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Figure 6.8 Sections through the body showing the extent
of the retroperitoneal space.

Newer studies show that postoperative absorption of
CO, from the emphysema is so slow that spontaneous
respiration is adequate to eliminate it.* However, there
is the risk that ventilatory reserve might be exhausted in
patients with severe restrictive or obstructive lung dis-
ease, or respiratory muscle disorders. If such high-risk
patients develop subcutaneous emphysema, the endo-
tracheal tube should be left in place as a precautionary
measure. The patients are allowed to breathe sponta-
neously, perhaps with pressure support, and the course
of end-tidal CO, and respiratory mechanics are moni-
tored to determine the necessity for mechanical ven-
tilation. If the endotracheal tube has already been
removed, respiration (frequency, capnometry, blood
gases) must be monitored closely. The decision for rein-
tubation and assisted ventilation (synchronized inter-
mittent mandatory ventilation, SIMV) with pressure
support, continuous positive airway pressure (CPAP)
should be made liberally and early if there are signs of

respiratory insufficiency or impending exhaustion. It is
difficult to define a reliable limit beyond which invasive
respiratory support is necessary and warranted.
Maximal breathing capacity is a parameter that can help
in the preoperative assessment of how likely postopera-
tive respiratory support will be required. However, it is
based on a very short measuring period, is very depend-
ent on patient cooperation, and gives no information on
how long the ventilatory effort can be sustained before
the respiratory muscles are exhausted.

Pneumothorax,
pneumomediastinum

Pneumothorax is not a rare occurrence following
laparoscopic operations.”*” Gas passes from the peri-
toneum directly into the pleural space either through
preformed channels, or it spreads from the medi-
astinum along the bronchi and bronchioles until it
breaks through a weak spot into the thorax (Figure 6.7).
Barotrauma due to excessive airway pressure with alveo-
lar rupture and consequent pneumothorax is another
possibility.

The intraoperative manifestations of a pneumothorax
can be an increase in inspiratory pressure, a decrease
of peripheral O, saturation, or even a drop in arterial
pressure and a simultaneous rise of CVP with tension
pneumothorax. Differentiating pneumothorax from
gas embolism is crucial.*® Breath sounds are absent or
diminished on one side in pneumothorax but not in
gas embolism. Postoperatively, the patients complain
of dyspnoea and have asymmetrical chest excursions.

Asymptomatic pneumothorax requires no treatment,
since the CO, is rapidly absorbed. End-expiratory
pressure can be initiated or increased to counteract the
compression of the lung parenchyma.*’ Pneumothorax
with severe clinical symptoms calls for immediate
action. The insufflated gas should be vented and if the
symptoms persist, intrathoracic pressure should be
relieved by drainage, perhaps with insertion of a pleural
catheter. If this is adequate to relieve the symptoms,
the laparoscopic operation can be continued, if not, the
operation should be converted to an open procedure.

Cardiac dysrhythmias

The incidence of cardiac dysrhythmia during laparo-
scopic operations given in the literature ranges from
5% to 47%.%-31 This can be a simple bradycardia or
tachycardia, but life-threatening dysrhythmias such
as polymorphic ventricular ectopic beats, ventricular
fibrillation or primary asystole can occur. There are
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certain associations between the type of dyshyrthmia
and its triggering factors, and each requires its own
preventive measures. Bradydysrhythmia leading to
asystole is the most common type of arrhythmia.*’ The
underlying cause is an intense vagal stimulus such as
peritoneal distension during initial insufflation or trac-
tion on the viscera. Bradydysrhythmia is also an early
symptom of gas embolism.

Tachydysrhythmia and ventricular ectopic beats are nor-
mally a sign of sympathetic nervous system activation,
which can be due to hypercapnia or hypoxaemia. They
usually occur later in the course of the operation than
vagally induced dysrhythmias. The impact of CO, on
the incidence of dysrhythmias is illustrated by the
findings that the incidence was reduced from 17%
to 4% when N,O replaced CO, as insufflation gas.”
The incidence of dysrhythmias is also influenced
by the choice of anaesthetic. This is illustrated nicely by
the results of a study which showed that ectopic beats
occurred at an P, CO, of 35 mmHg under halothane,
but with enflurane they did not appear until P.CO,
had increased to 50 mmHg.*!

Prevention and therapy of dysrhythmias during laparo-
scopic operations depends on avoiding or correcting
triggering factors. Pharmacological interventions
follow standard therapy guidelines.

Haemorrhage

Intraoperative haemorrhage is a potentially serious
complication. Massive bleeding from the cystic artery
is frequently the reason for converting a laparoscopic
cholecystectomy to an open procedure.’>> This type
of arterial bleeding is obvious and rapidly detected.
Less common, but more serious, are injuries to great
abdominal vessels that may be inflicted with the Veress
needle or the trocars at the beginning of the operation.**
The topography of iliac vessels, aorta and vena cava
favour this type of injury. Tissue can move to cover the
perforation and the haemorrhage can spread impercep-
tibly in the retroperitoneum (Figure 6.9). The surgeon
will not see any signs of bleeding, but the anaesthetist
will be alerted to the problem by the developing
haemodynamic instability. The surgeon should be
informed if the patient exhibits signs of unexpected
hypovolaemia, and should subject the abdominal cavity
to a careful inspection.

Epigastric arteries can be injured during insertion of
the trocar. The vessels are frequently compressed by
the trocar, so that bleeding, which can be brisk, does not
set in until the trocar is removed. This complication can
be detected by inspecting the puncture sites before the
laparoscope is removed completely.

Figure 6.9 Retroperitoneal haemorrhage. The large retro-
peritoneal vessels (aorta, vena cava, iliac vessels) can be injured
during the introduction of the Veress needle or the trocars
and can cause serious bleeding. The haemorrhage can spread
in the retroperitoneum without being noticed by the sur-
geon. The anaesthetist is often the first to detect the occult
bleeding when it begins to cause circulatory symptom:s.

Injury to internal organs

The intestines, stomach and urinary bladder can be
injured during insertion of the Veress needle. Lifting
the abdominal wall while introducing the needle will
lower the risk (Figure 6.10). This complication is
more likely if there are adhesions between the hollow
viscera and the parietal peritoneum. A puncture of this
type is unlikely to cause specific anaesthesiological
problems.

Bipolar electrocoagulation is used for intraoperative
haemostasis and for tissue dissection. Unipolar elec-
trodes can cause thermal damage to intra-abdominal
organs including intestinal lesions with perforations
that only become apparent postoperatively.>>%

Perioperative peripheral
neuropathy

Perioperative peripheral neuropathy is a problem of
any type of surgery under anaesthesia. Precautionary
measures are thought to prevent the occurrence, and
this has been supported by a recent advisory even
though the authors could not identify conclusive evi-
dence of a causal relationship in every case.”” The pos-
itions commonly used during laparoscopic operations
have an inherent risk of nerve damage, particularly of
the brachial plexus and sciatic nerve or peripheral
nerves in the arms and legs (Table 6.4).%301 The
steep Trendelenburg and lithotomy positions as well
as abduction of the arms predispose to peripheral
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Figure 6.10 Hollow viscera can
be injured by the blindly inserted
Veress needle. The risk can be
reduced by lifting the abdominal
wall.

Table 6.4 Perioperative neuropathies typical of laparoscopic surgery

Nerve Cause

Prevention

Pressure or tension
on the plexus

Brachial plexus

Radial nerve
Sciatic nerve

Peroneal nerve

Obturator nerve  Surgical damage

Pressure on the upper arm
Stretching by hyperflexion

Pressure on head of fibula

Position the shoulder pads carefully,
reduce abduction of the arm

Position arm alongside patient

Reduce flexion of the legs in the
lithotomy position

Carefully pad the knees (lithotomy
position)

neuropathy. Abduction during lithotomy is worse than
flexion since it puts more traction on the obturator

nerve.62

The brachial plexus has long been known to be espe-
cially vulnerable in the steep head-down position.%3%3
Pressure from the shoulder pads that prevent the
patient from sliding from the table can damage the
brachial plexus. A medial position of the pads can
directly injure the long thoracic nerve and parts of
the plexus causing acute serratus anterior paralysis
with the typical symptoms of “hod carrier’s palsy”
(“Steintrigerlihmung”), while pads positioned too far
laterally injure a different set of nerves by compress-
ing the plexus between the clavicle and the upper ribs
causing “rucksack palsy”. Fastening the patient by the
wrists causes plexus damage both by costoclavicular
compression and as well by traction on upper portions
of the plexus.

The radial nerve can be damaged by pressure on the
medial upper arm, for example from the surgeon lean-
ing towards the patient’s head for a better view of the
true pelvis. The use of a video camera will remove the
need of the surgeon to lean in this direction, and posi-
tioning the arms at the patient’s side will avoid this
type of injury altogether. Sciatic and femoral neu-
ropathy occurs primarily in the lithotomy position.
Delayed appearance of neuropathy or paralysis of the
obturator nerve has been described as a complication
of pelvic lymphadenectomy.*%%7

Miscellaneous complications

Cephalad displacement of the diaphragm and intra-
thoracic organs under the influence of gravity and
increased IAP causes a shift of the tip of the endo-
tracheal tube relative to the trachea. This can cause
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a one-sided intubation with all the associated conse-
quences.®*7* This complication can be detected by
auscultation of the lungs after the patient has been
positioned and the abdomen inflated, and treated by
correcting the position of the endotracheal tube. Access
to the patient is nearly impossible in a number of
minimally invasive procedures (see Chapter 3), and
the anaesthetist should be aware of the situations, in
which endobronchial intubation can occur, and know
which signs should be observed with particular dili-
gence. An unexplained fall in peripheral O, saturation,
increase of inspiratory pressure or reduction of
pulmonary compliance should be taken as signs of
endobronchial intubation until proven otherwise.

Hypothermia occurs fairly frequently despite the small
wound and the fact that the patient is almost completely
draped and places a considerable burden on the car-
diovascular system.”>”® The main cause of hypothermia
is thought to be the gas insufflation, since the tempera-
ture drop correlates with the insufflated gas volume
(—0.3° per 501 gas””) and to a certain extent with the
temperature of the insufflated gas.”>” Warming the
insufflation gas does not prevent the drop in core
temperature, but humidifying it does.?*#! The use of
heating mats and convective warming can help pre-
vent cooling. Using suitable instruments and careful
technique helps to avoid gas loss, thus reducing the
volume of insufflated gas and the magnitude of heat loss.

Nausea and vomiting following laparoscopic surgery
were found to be frequent in a number of studies,**%*
but these data are not confirmed by other studies.!
The incidence of nausea and vomiting is usually lower
after a totally intravenous anaesthetic with propofol
and an opiate than after inhalational anaesthesia or
a balanced technique with a volatile anaesthetic,3%
although contradictory data have been published.®?

Basal atelectases and pneumonia are seen in 1-2% of
the patients following laparoscopic cholecystectomy.
This is approximately the same incidence as seen
following the open procedure.®

Completely covering the face during the operation pre-
disposes the patient to mechanical damage to the eyes.
The danger is enhanced if the surgeon leans on the
head. An arm support will obstruct direct access to
the patient’s head and face, but will prevent pressure
damage to the eyes (see Chapter 3). The eyes should be
taped shut with non-irritating adhesive tape or pro-
tected with disposable goggles. The use of salve is not
recommended since it does not offer any better protec-
tion and can cause corneal oedema and conjunctivitis.®’

There are isolated reports that pneumoperitoneum
can cause hyperkalaemia, which have been confirmed

in animal studies.3% It is not clear whether this occurs
independently or is simply an epiphenomenon asso-
ciated with the hypercapnia and respiratory acidosis
frequently observed during pneumoperitoneum. It may
be associated with the observation that the increase in
TAP causes a reduction of diuresis and creatinine clear-
ance that can progress to frank renal failure in isolated
cases.”" 2

The reduction of blood flow in the legs and pelvic
vessels caused by the pneumoperitoneum and reverse
Trendelenburg position predisposes to deep vein
thrombosis.” Data are only available from small patient
collectives,” but hypercoagulability is seen even
after these minimally invasive operations.” Preventive
measures such as low-dose heparin, compression stock-
ings, or intraoperative intermittent pneumatic compres-
sion is indicated in these patients.”

There is a theoretical risk of intra-abdominal explo-
sions when N,O is used for insufflation. The dreadful
name of this complication sounds as implausible as
the ballistic organ syndrome,’’ but it actually has been
reported. Although not combustible itself, N,O sup-
ports combustion of methane or hydrogen, which are
produced in the intestinal lumen.”® These gases are
normally not present in the peritoneum in relevant
amounts, since they do not diffuse rapidly enough
through the intact intestine.”” However, their concen-
trations could increase significantly if the wall of the
intestine were to be breached. Reports of the actual
occurrence of intra-abdominal explosions seem to
confirm this possibility,'%10!

Complication spectrum of
individual operations

Individual laparoscopic operations are associated with
specific risks and complications (Table 6.5). Laparo-
scopic hernioplasty and other operations that invade the
extraperitoneal space (nephrectomy, retroperitoneal
adrenalectomy, retroperitoneal lymphadenectomy) have
an increased risk of massive CO, absorption with exces-
sive hypercapnia. The minute ventilation required to
maintain normocapnia can exceed 30 1min~!, and per-
missive hypercapnia should be considered in patients
with pre-existing lung pathology.

During laparoscopic operations performed in a steep
Trendelenburg position (e.g. hernioplasty, gynaeco-
logical operations, operations on rectum and sigmoid
colon) the tip of the endotracheal tube can migrate to
an endobronchial position and cause hypoxaemia.
The lungs should be auscultated frequently to detect
this, and the endotracheal tube should be retracted, if
it should occur.
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Table 6.5 Complications and risks of individual laparoscopic operations relevant to anaesthesia

Operation

Complications and risks

Cholecystectomy
Hernioplasty

Retroperitoneal procedures
(lymphadenectomy,
adrenalectomy, etc.)

Gynaecological operations, rectum,
sigmoid colon operations

Adrenalectomy for hyperaldosteronism
(Conn syndrome)

Fundoplication

Surgery of liver and spleen

Bleeding from the cystic artery, bile leakage

Massive CO, absorption, hypercapnia, facial and pharyngeal
subcutaneous emphysema, endotracheal tube migration to
endobronchial position causing hypoxaemia

Massive CO, absorption, hypercapnia

Endotracheal tube can migrate to endobronchial position
causing hypoxaemia

Hypertensive reaction to surgical stimulation, postural
hypotension after positioning with legs lowered

Pneumothorax, tension pneumothorax, pneumomediastinum,
facial and pharyngeal subcutaneous empysema

Haemorrhage from organ or supplying vessels. Gas embolism
when gas-cooled laser is used for hepatic surgery

Table 6.6 Adverse events that can necessitate terminating the laparoscopic operation

Complication How to proceed

Gas embolism with severe
circulatory symptoms
Tension pneumothorax

Excessive CO, absorption

Stop insufflation, check for gas entry site, reinsert trocars, careful
resumption of insufflation, convert or terminate if symptoms recur

Stop insufflation, ventilate with positive end-expiratory pressure, drain
pleura if necessary. If the symptoms recur with insufflation convert to open
procedure or continue with suction on pleural drainage

Stop insufflation, convert to other method

Laparoscopic adrenalectomy for Conn syndrome is
complicated by the arterial hypertension and relative
volume depletion in these patients. Hypotension
occurs due to venous pooling in the dependent legs,
and adequate fluid substitution with crystalloid solu-
tions is required. The patients have a relative fluid
overload when they are returned to a level supine pos-
ition and this fluid must be removed from the circula-
tion postoperatively. Surgical stimulation can cause an
exaggerated blood pressure response that frequently
does not respond to deepening the anaesthetic. Beta-
adrenergic blockers and nitroglycerine are effective in
controlling this hypertension.

Pneumothorax and pneumomediastinum can occur
during laparoscopic fundoplication. An open commu-
nication between the peritoneum and the pleural cavity
compresses the lungs, but this can be compensated for
by increasing end-expiratory pressure and decreasing
intra-abdominal inflation pressure. Tension pneumo-
thorax occurs when gas enters the thorax from the
peritoneum by a valve mechanism. It can be severe
enough to require draining. Pneumomediastinum is
usually innocuous itself, but gas can pass through

the mediastinum and cause facial and hypopharyngeal
subcutaneous emphysema. This is also a typical
complication of extraperitoneal gas insufflation during
laparoscopic hernioplasty.

Surgery of the liver and spleen can cause appreciable
blood loss, and haemorrhage can be so brisk as to inter-
fere with the operation. Lasers are used for coagula-
tion during liver surgery. Some of these are gas cooled
and can cause severe gas embolism.

Criteria for aborting the
laparoscopic procedure

There are a number of complications that will force
the conversion to an open procedure or even require
premature termination of laparoscopic operations
(Table 6.6). Most of these are surgical complications
and only peripherally involve the anaesthetist. Among
these are haemorrhage, extensive adhesions, lack of
orientation in the operation site, and damage to anatom-
ical structures,’>07:102-105
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The most important non-surgical complications are gas
embolism, tension pneumothorax and extremely high
degree of CO, absorption. In every case, gas insuffla-
tion has to be stopped immediately and IAP vented.
This is frequently sufficient to allay the symptoms. In
cases of gas embolism, insufflation can usually be care-
fully recommenced when the circulation is stabilized,
the gas entry site has been identified and dealt with, and
the trocars have been repositioned. In cases of tension
pneumothorax, the most important initial measure is to
relieve intrathoracic pressure. If the symptoms recede
rapidly, insufflation can be re-instituted carefully. If the
symptoms reappear the laparoscopic procedure has to
be terminated or, if this is not possible or feasible, it can
be continued after a chest tube has been placed to pre-
vent intrathoracic pressure build-up.

Insufflation should be stopped if CO, absorption
significantly exceeds the ventilatory capacity of the
lungs to deal with it. The gas is usually absorbed from
an extensive subcutaneous emphysema that normally
cannot be drained. Our studies have shown that
absorption decreases rapidly once insufflation has been
terminated.** However, since it cannot be excluded
that absorption will increase again once insufflation is
recommenced, it is probably best to convert to an open
technique, if possible, or, if not, to use a markedly
reduced inflation pressure.

Contraindications

The list of contraindications for laparoscopic surgery
is in continuous flux (Table 6.7). Not too long ago
morbid obesity was considered an absolute contra-
indication for laparoscopic procedures, since the

cardiopulmonary changes induced by the pneumoperi-
toneum were thought to carry too high a risk. Now
they are the method of choice, even, or especially, for
the extremely obese patient. It is generally recognized
that while the intraoperative course might indeed be
quite tempestuous, the postoperative recovery period
is usually much shorter and passes with fewer com-
plications than after conventional open procedures.
Therefore, when determining if one should perform
a laparoscopic operation on a patient, one must con-
sider not only the risk of the laparoscopic operation,
but also compare it to the risks associated with the
conventional technique — even high risks are accept-
able if the risks of the alternatives are greater. The
postoperative course must be taken into consideration
as well. A typical illustration of this is the divergent
behaviour of intraoperative complications and post-
operative advantages of laparoscopic cholecystectomy.
The pneumoperitoneum and extreme reverse Trende-
lenburg position of the laparoscopic procedure cause
considerable intraoperative cardiovascular problems,
but the better postoperative pulmonary function, more
rapid recovery and earlier mobilization compared
with the open operation more than makes up for this.

Patients with severe cardiovascular or pulmonary
diseases are commonly described in the literature as
absolutely unsuited for elective laparoscopic opera-
tions. Pneumoperitoneum does increase circulatory
afterload, reduce preload, and interfere with ventila-
tion of the lungs to an extent which may exceed the
adaptive capacity of these patients. But co-existing
diseases of this severity are probably contraindica-
tions for any kind of elective surgery. However, one
should not simply regard them as a contraindication
to every vitally indicated operation, but should first

Table 6.7 Anaesthesiological contraindications for laparoscopic surgery

Condition Assessment

Congestive heart disease
(NYHA 11-1V)
Ischaemic heart disease

Obstructive and restrictive
pulmonary diseases

Morbid obesity

Pregnancy No contraindication
Patent foramen ovale

Right-to-left shunt

No contraindication for vitally indicated laparoscopic cholecystectomy or other
intra-abdominal operations. Probably contraindication for laparoscopic hernia repair

No contraindication for laparoscopic cholecystectomy or other intra-abdominal
operations with adequate monitoring

No contraindication for laparoscopic cholecystectomy or other intra-abdominal
operations with low risk of excessive CO, absorption. Relative contraindication
for laparoscopic hernia repair or other extraperitoneal operations

No contraindication for most intra-abdominal operations. Caution required for
procedures in Trendelenburg position.

Risk of paradoxical embolization. Relative contraindication for laparoscopic operations
High risk of paradoxical embolization. Contraindication for laparoscopic operations

NYHA: New York Health Association.
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consider the perioperative complications and risks
associated with the surgical alternatives. Studies have
also shown that high-risk (American Society of
Anesthesiology, (ASA) II-III) patients with predom-
inantly congestive heart failure tolerate the circulatory
load induced by the pneumoperitoneum astonishingly
well'%197 and thus should be able to undergo laparo-
scopic surgery with careful monitoring and manage-
ment. Even patients with heart transplants tolerate
laparoscopic surgery well.!” The decision will be more
difficult in patients with manifest congestive heart
failure who need emergency surgery, but even in these
cases there probably is no absolute contraindication
for the laparoscopic technique.

An example for the opposite case is hernia repair. The
conventional Lichtenstein operation for tension-free
mesh repair of inguinal hernias is minimally invasive
and can be performed under local anaesthesia while
the laparoscopic procedure requires general anaesthe-
sia. However, the laparoscopic approach is considered
by many to offer so many advantages over the conven-
tional operation that they outweigh the associated
intraoperative risks.!” Other studies find the exact
opposite: patients in the laparoscopic operation group
were discharged and returned to work earlier, but com-
plication rates and the incidence of recurrence were
higher.!' All things considered, severe concomitant
cardiopulmonary disease should be regarded as a con-
traindication for laparoscopic hernia repair.

Significant impairment of pulmonary function is a
contraindication for all laparoscopic operations that
have the risk of extensive CO, absorption. In these
patients, ventilation can probably not be increased to
the degree required to eliminate the excess CO, and
to prevent intraoperative hypercapnia and respiratory
acidosis with their associated complications. Among
these are nearly all extraperitoneal procedures such as
retroperitoneal lymphadenectomy, and extraperitoneal
hernioplasty. The decision is more difficult in the case
of hiatus hernia repair or nephrectomy, since the post-
operative respiratory impairment and the incidence of
pulmonary complications after conventional surgery
is significant. Laparoscopic cholecystectomy is the
method of choice for patients with significant respira-
tory disease, since functional residual capacity is less
impaired and the duration of hypoxaemia is much
shorter than after the open procedure.

Pregnancy is often listed as a contraindication for
laparoscopic surgery. This is probably based on
subconscious wariness and perhaps also on the fear of
litigation should the child eventually has any sort of
developmental difficulties. Nearly all reports in the
literature show that laparoscopic surgery is completely

uneventful during surgery if care is taken not to
injure the uterus or its blood supply.!''~1!7 Fetal death
has been reported when gas is insufflated into the
uterus. Pneumoperitoneum and hypercapnia reduce
uterine blood flow.!'®!" Inflation pressure should be
kept to a minimum and hypercapnia should be avoided
by adapting ventilation to changes in end-tidal CO,.
Although surgery is generally not advisable during
pregnancy, should it become necessary all available
data suggest that for most operations the laparoscopic
approach has no more risk for mother and foetus than
the conventional method. The choice is therefore up
to the surgeon and the mother.

Morbidly obese patients have a tendency to develop
hypoxaemia when breathing spontaneously in a supine
position. Arterial O, desaturation is even observed
during mechanical ventilation with 100% O,.120-122
The degree of hypoxaemia is increased by the pneu-
moperitoneum and the Trendelenburg position, but
is somewhat, albeit not reliably reduced if the patient
is in a head-up position as for upper abdominal pro-
cedures.'?»12* On the other hand, obese patients have
a very high risk of postoperative pulmonary compli-
cations after conventional surgery, particularly upper
abdominal operations.'?* This is reduced after laparo-
scopic surgery.'?0 In view of these changes, the laparo-
scopic approach is definitely indicated in the morbidly
obese patient for upper abdominal operations. The
indication for lower abdominal and pelvic surgery is
not that easy to decide and depends on the operation
itself and the perioperative risks associated with the
conventional technique.

Patients with a patent foramen ovale are at risk of arter-
ial embolization with gas bubbles or debris (see above).
Some authors therefore suggest avoiding laparoscopic
surgery in these patients, and this caution is sup-
ported by reports of paradoxical embolism.!?” On the
other hand, considering that a substantial percentage
of the population actually has a patent foramen ovale,
the incidence of this complication in laparoscopic
surgery is rare. However, patients with an intracardial
right-to-left shunt are at a much higher risk for para-
doxical embolism and should therefore be considered
ineligible for laparoscopic surgery.
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POST-LAPAROSCOPY PAIN AND PAIN RELIEF

Patterns and mechanism of
post-laparoscopy pain

The majority of laparoscopic operations are performed
as short-stay or even day-care surgery. Although pain
is less severe and of shorter duration than following
open procedures (Table 7.1), it can still be sufficiently
intense to prevent early discharge. The pain after
laparoscopic surgery has a spatial distribution and
character that is so unique that it is often referred to as
the “post-laparoscopic pain syndrome”."? Pain arises
from the trocar insertion sites, the intra-abdominal
trauma and also from the rapid distension of the peri-
toneum with traumatic traction on blood vessels and
nerves, irritation of the phrenic nerve and release of
inflammatory mediators (see reviews in Refs [3,4]).
The pain presents as parietal pain in the insertion
sites, visceral pain from the intra-abdominal wound
and the irritated peritoneum, and pain referred to the
shoulder tip, a characteristic feature, or to the back.
Post-laparoscopic pain is most frequently located in the
upper abdomen, independent of the intra-abdominal
localization of the operation site.

Pain tops the list of complaints following laparoscopic
surgery, with up to 96% of the patients complaining of
postoperative pain (Table 7.1). It is most intense
immediately after the operation, but decreases rapidly.
In one study, the patients quantified the initial inten-
sity as 60 on a 100 point visual analogue scale (VAS),’
but it had decreased under therapy to approximately
30VAS points within 2 h. This is equivalent to a verbal
pain score of 2-2.5 on a six-point scale (see Table 7.2).
Women consistently reported more intense pain than

Table 7.1 Incidence of moderate to severe postopera-
tive pain after laparoscopic surgery

Author Operation Incidence (%)
Crozier? Cholecystectomy 76
Ure® Cholecystectomy 95
Gotz* Appendectomy 87
Pier® Cholecystectomy 95
Michaloliakou®>  Cholecystectomy 96

2unpublished date.

men.® In a survey of patients in our institution, the
median pain score was 8§ VAS points (range 0-64)
immediately after laparoscopic cholecystectomy under
total intravenous anaesthesia with propofol-alfentanil
and diclofenac as prophylactic analgesic. The pain had
decreased to 0 VAS points (range 0-26) at the end of the
10-h postoperative observation period (unpublished
data). In all published studies, pain decreased to below
15 VAS points by the third postoperative day (Figure
7.1). Joris and co-workers described the discordant
temporal behaviour of the various types of pain fol-
lowing laparoscopic cholecystectomy.” Visceral pain
was predominant during the first 24 h, but this abated
and was superseded in significance by shoulder pain
on the following day.

Pain localized in the tip of the shoulder, usually on the
right side, and the back are typical for laparoscopy.
This is accompanied by visceral upper abdominal pain,

Table 7.2 Verbal pain score*

0 1 2 3 4 5
No  Light Moderate Severe Terrible Intolerable
pain pain  pain pain pain pain
707 O Troidl et al.
60- O Ure et al.
W Michaloliakou et al.
50 [ Crozier et al.

VAS score
w
<

N
it

0- L |
0 2 4 8 12 24 36 48 60 72

Postoperative (h)

Figure 7.1 Time course of pain intensity after laparoscopic
surgery. Mean VAS scores reported in different studies are
shown. The differences between the various studies reflect
the choice of anaesthetic, postoperative pain therapy and
differing assessment times.
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Figure 7.2 Time course of pain intensity after laparoscopic
and open cholecystectomy (LC and OC, respectively). Mean
values of VAS scores are shown (VAS scores) (*P < 0.01).°

Table 7.3 Studies on pain intensity and analgesic
requirements after cholecystectomies and appendec-
tomies performed either with the laparoscopic or the
conventional open technique

Author Pain
intensity

Analgesic
requirements

Laparoscopic cholecystectomy (LA)

Attwood*® LC < 0OC nd
Barkun*” LC = OC LC < OC
Kunz*8 LC < OC LC = OC
Putensen-Himmer#® LC = OC LC < OC
Rademaker>® LC = OC LC =~ OC
Ure® LC < OC LC < OC
Laparoscopic appendectomy (LC)

Attwood?' LA < OA nd
Lejus>2 LA =~ OA LA = OA
McAnena®3 nd LA < OA
Ure>* LA = OA LA = OA

OC: open cholecystectomy; OA: open appendectomy; L < O:
laparoscopic procedure superior to open procedure; ~: no
difference detectable between the two techniques; nd: no data.

the intensity of which can exceed that of the surgical
wound. In a prospective study, about half of the
patients reported pain in the trocar insertion sites, usu-
ally in the navel, 43% had pain in the upper right
abdomen, 40% described pain in the shoulders and
about 20% complained of pain in the back. The inci-
dence of shoulder and upper abdominal pain can, how-
ever, amount to over 80% (Figure 7.3) and is largely
independent of the type of laparoscopic operation. The
incidence is similar after cholecystectomy, appendec-
tomy and gynaecological operations. 1 The intensity
of this pain reaches its maximum on the first or second
postoperative day. The severest pain is localized in the
upper right abdomen, followed by the trocar insertion

Shoulder 40%
Back 21% -

Upper right
abdomen 43%

Trocar insertion
sites 55%

Figure 7.3 Localization of post-laparoscopy pain.

sites, and the intraperitoneal wound (46% and 36% of
patients, respectively; see Figure 7.4). Although most
patients have back and shoulder pain, only few (2%
and 4%, respectively) describe this as severe.

The pathogenesis of the characteristic post-laparoscopic
pain syndrome has not been entirely explained. Its local-
ization in the shoulder and upper abdominal areas
suggest subdiaphragmatic, peritoneal irritation. There
is evidence that the insufflation gas is responsible for the
irritation, since insufflation with carbon dioxide pro-
duces more severe intraoperative and immediate
postoperative pain in awake patients than, for exam-
ple, nitrous oxide.!! Only 8% of the patients operated
with a gasless abdominal wall lift device complained
of postoperative shoulder pain compared with 46%
with pneumoperitoneum.

A subphrenic gas bubble, detectable in over 90% of
patients and persisting at least 48 h after deflation of
the pneumoperitoneum, is thought to contribute to
the typical upper abdominal and shoulder pain.b>!3!*
Active aspiration of the residual gas at the end of the
operation reduces postoperative pain.'* One popular
hypothesis is that the retained carbon dioxide causes a
local acidosis in the peritoneal lining which induces
pain. In a prospective, randomized study, however, no
difference was found between insufflation with car-
bon dioxide as opposed to argon with regard to the
development of post-laparoscopic pain syndrome,'
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Figure 7.4 Localization of the severest post-laparoscopy
in 6
pain.

but on the other hand, no difference was found in
intra-abdominal pH values.

Pain relief

The majority of patients require an analgesic after
laparoscopic surgery.>® Opioids are effective in redu-
cing post-laparoscopic pain, but the adverse effects,
such as nausea, vomiting and sedation, associated with
their use can delay patient mobilization and discharge
from the post-anaesthetic care unit and from the hos-
pital. Other approaches have therefore been evaluated
to provide adequate pain relief in patients undergoing
laparoscopic surgery. Among these are instillation of
local anaesthetics into the abdominal cavity, topical
application of local anaesthetics directly under the
diaphragm, infiltration of the incision sites and the
prophylactic administration of non-opioid analgesics.

The typical localization of post-laparoscopy pain in the
right upper abdomen, regardless of the site of the intra-
abdominal wound, and the projection of pain to the
associated head zone in the shoulder, fostered the
assumption that peritoneal irritation was the initiating
event, and prompted treatment with intraperitoneal
local anaesthetics. A number of studies have been
reported, but their results are conflicting. The most
positive effects were seen following diagnostic

laparoscopy or laparoscopic pelvic surgery. Narchi and
colleagues report that 80 ml of either (.5% lidocaine or
0.125% bupivacaine instilled into the abdomen reduced
analgesic requirements and the severity of shoulder
pain but not abdominal pain."> Similar results were
reported by Loughney'® and Helvacioglu.!” Some
authors reported that intraperitoneal instillation of local
anaesthetics was ineffective after laparoscopic cholecys-
tectomy,'®!” but they did not report if the patients had
been tilted head-down to bathe the upper peritoneum.
Schulte-Steinberg and co-workers found no effect of
20 ml bupivacaine 0.25% i.p. but a significant reduc-
tion of global postoperative pain by the interpleural
injection of 30 ml bupivacaine 0.25%.%° On the other
hand, Labaille and co-workers demonstrated that
intraperitoneal ropivacaine (20ml of a 0.25% solu-
tion) significantly reduced visceral pain and mor-
phine consumption.?! Chundrigar and colleagues also
reported significant pain relief following laparoscopic
cholecystectomy when 20 ml bupivacaine 0.25% were
applied directly to the gall bladder bed.??

Non-steroidal anti-inflammatory drugs (NSAID)
have been used in the treatment of post-laparoscopy
pain under the assumption that peritoneal inflamma-
tion and prostaglandin synthesis are major determin-
ants of pain. Numerous studies have been published
comparing a wide variety of substances against
placebo as well as against one another. Most studies
demonstrated that NSAID were effective in reducing
post-laparoscopy pain®*~2° but some studies were
unable to demonstrate more effect of the NSAID
over placebo. In most of these, pain levels were lower
in the treatment group, but the calculated P values
were greater than (.05, indicating that the sample size
might have been too small??® or that the study
design was faulty. The study drug was frequently
given too late to have developed its full effect by the
time postoperative pain was assessed. Newer cyclo-
oxygenase 2 (Cox-2) inhibitors have been shown to be
effective in reducing post-laparoscopy pain,?® but
their relative efficacy is questioned.”’ The topical
application of NSAID might even be effective, since
the use of a piroxicam patch was shown to alleviate
the shoulder pain of laparoscopic surgery.*

Although NSAID provide at least a certain degree of
pain relief following laparoscopic procedures, some
authors warn against their use, since as potent
inhibitors of prostacyclin synthesis they can reduce
renal blood flow, which is already compromised by the
increased abdominal pressure, and ultimately precipi-
tate renal failure.’! Ketorolac is reported to be particu-
larly dangerous in this respect.’? In fact, ketorolac has
been taken off the market in some countries because of
the incidence and severity of its adverse effects.
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Impairment of renal function is much less likely with
the use of acetaminophen (paracetamol) or metamizol
(dipyrone). Acetaminophen has been shown to signifi-
cantly reduce opioid requirements after laparoscopic
sterilization.*® One gram of intravenous acetamino-
phen was shown to have an analgesic effect equal to
that of 10 mg morphine.** Metamizol was taken off the
market in a number of countries, because of an
assumed link to blood disorders, such as agranulocyto-
sis. It has since been relicenced in most of Europe,
South America and other countries. Its efficacy for the
treatment of acute postoperative pain is well docu-
mented.”® Both of these substances are thought to
modulate pain perception by acting on Cox-3 species
in the central nervous system,*®*” and not to affect the
constitutive prostagladin synthesis responsible for
maintaining renal perfusion and gastric mucosal pro-
tection. These substances also interact with spinal and
supraspinal serotonergic mechanisms to produce their
antinociceptive effects.’¥ Studies have shown that
these Cox-3 inhibitors and classic NSAID act syner-
gistically in reducing acute postoperative pain.*>*!

Intravenous opioids are, of course, effective in the
treatment of post-laparoscopy pain and are the main-
stay of rescue analgesia for break-through postopera-
tive pain. Oral oxycodone 10mg given 1h before
surgery was shown to effectively reduce postoperative
pain and analgesic requirements.*? Intrathecal mor-
phine reduced postoperative morphine consumption
following laparoscopic colorectal surgery.*

It was shown that the postoperative pain following
laparoscopic—endoscopic operations could be treated
effectively with non-steroid antiphlogistics, especially
if these were administered in time — that is, optimally
before the operation.>?* This also reflects the results
of a randomized, controlled study in our institution
(Crozier, unpublished data).

We studied postoperative analgesic requirements fol-
lowing laparoscopic cholecystectomy. The patients
were given rectal diclofenac (100 mg) after induction
of anaesthesia, and were allowed to self-administer an
opioid (piritramide) with a patient-controlled anal-
gesia pump in the postoperative period. The average
piritramide dose during the first 10 postoperative
hours was 22 mg (equivalent to 15 mg morphine).

The pain caused by laparoscopy and laparoscopic sur-
gery is less severe than that after laparotomy, but can
still be quite distressing. The multifactorial genesis of
post-laparoscopic pain requires a multimodal approach
for effective pain relief.> NSAID and other non-opioid
analgesics reduce the intensity of postoperative pain,
but are usually inadequate as the sole analgesic, and

none of them are very effective for treating referred
pain the shoulder and back. The intraperitoneal
instillation of local anaesthetics can also be employed
for pain reduction in the immediate postoperative
period, but prolonged use would require the place-
ment of a subdiaphragmatic catheter. Infiltrating the
trocar insertion sites with local anaesthetic affords
effective pain relief for a few hours.

Based on these insights, the most efficient pain therapy
would consist of the preoperative, prophylactic admin-
istration of a non-opioid analgesic, perhaps a combin-
ation of an NSAID with a centrally acting Cox-3
inhibitor, the preoperative infiltration of the skin inci-
sion sites with a local anaesthetic, the instillation of a
local anaesthetic into the upper abdomen prior to
abdominal closure and the postoperative supplementary
administration of an opioid as rescue medication.

Note Protocol for postoperative pain relief after laparo-
scopic surgery:

® Preoperative administration of a non-opioid anal-
gesic (e.g. NSAID, acetaminophen)

® Pre-incisional infiltration of trocar insertion sites with
local anaesthetic (e.g. bupivacaine 0.25%)

® |Intraperitoneal instillation of local anaesthetic solu-
tion before removing trocars (e.g. 40 ml bupivacaine
0.25%, lidocaine 0.5% or ropivacaine 0.25%)

® Rescue medication with small doses of an opioid
(e.g. morphine)

® Treat postoperative shivering with clonidine or
meperidine>?
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LAPAROSCOPIC BARIATRIC SURGERY

Bariatrics is the branch of medicine that deals with
obese patients and their problems, but mainly with
their weight itself. The term bariatics comes from the
Greek Bapva (barys) meaning “heavy” and a deriva-
tive of the word vaTpera (iatreia) which means “heal-
ing”, as in paediatrics and geriatrics.

Morbid obesity used to be a typical relative con-
traindication for laparoscopic surgery. Now it is an
indication of its own. The intention of bariatric sur-
gery is to enable morbidly obese patients to lose
weight that they are unable to lose by conservative
means. The procedures used in bariatric surgery are
not simple weight reduction methods, such as lipo-
suction, that work by directly removing excess fatty
tissue. Bariatric surgery takes a more complex
approach that modifies the gastrointestinal system in
such a manner as to make it almost impossible for the
patient to maintain his or her weight at a high level.
Weight reduction surgery has been performed since
the 1960s as a measure of last resort to enable mor-
bidly obese patients to lose weight. Conventional sur-
gery in these patients is fraught with a wide array
of potentially lethal complications ranging from pul-
monary embolism and pneumonia to poor wound
healing and wound infection. Laparoscopic tech-
niques are the obvious solution to these problems and
have been used in bariatric surgery since 1993.12 The
intraoperative course can be turbulent during laparo-
scopic procedures, but recovery is more rapid with
fewer complications. Virtually all bariatric operations,
even the technically most sophisticated, are now
being performed laparoscopically.>® The very indica-
tion for bariatric surgery is a prime cause of typical
anaesthesiological problems and complications, which
the anaesthetist has to anticipate and ultimately deal
with in this type of laparoscopic surgery.

The term obesity comes from the Latin word obesitas
that ultimately derives from the verb obedere, which
means, “to eat away (and get fat)”. It is a condition
characterized by an excessive accumulation of body
fat. There is no natural dividing line between obesity
and normal weight and no obvious way to grade the
condition, so that any classification will be arbitrary to
a certain degree. An operative definition of obesity
states that an individual should be considered obese

when the amount of fat tissue is “increased to such an
extent that physical and mental health are affected
and life expectancy is reduced”.” But, while the
economic, social or psychological impact of excess
adipose tissue varies widely between individuals,
epidemiological studies and actuary tables of life
insurance companies can give accurate estimates of its
effects on morbidity and mortality, and have led to
generally accepted classification systems.

There are two measures commonly used to quantify
the degree of obesity. One is based on the concept of
an ideal body weight (IBW), which is derived from
actuary tables that give the body weight associated
with the lowest overall mortality rate for a given
height and gender. IBW is calculated with the follow-
ing formula:

Male:
Female:

IBW (kg) = height (cm) —100
IBW (kg) = height (cm) —105

Long-term studies have shown that men whose
weight was 100-109% of IBW had the lowest mor-
tality rates.

The second, more widely used measure was originally
described by Quetelet, a Belgian mathematician, in
1835 and is now known as the body mass index
(BMI).” This is calculated using the following
formula:

weight (kg)
height (m)?

BMI = in kgm™2

where normal range is 18-25kgm 2.

A person with a BMI of 25-30kgm ™2 is considered
to be overweight, while a BMI over 30 kg m™? defines
obesity.!” Above this level, the nomenclature becomes
confusing, since different groups apply the same term
to different cut-off points.!! Most studies define mor-
bid obesity as a BMI over 35kgm ™2, but the limit is
sometimes set at 40kgm 2. This, of course, makes it
difficult to compare epidemiological surveys. A BMI
over 40kgm™? is occasionally referred to as severe
obesity, and one over 55 kgm 2 as super-morbid obes-
ity. For comparison, the BMI of a person 170 cm tall
with an ideal weight of 70kg would be 24 kgm 2.
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Prevalence of obesity

Obesity has a high prevalence in most of Europe and
North America, and this has been increasing steadily
over the past decades.'? The present incidence of obes-
ity (BMI over 30kgm™?2) in the USA is between
20.9% and 30.5% depending on the survey, with the
incidence of persons with a BMI over 40kgm 2
between 2.3% and 4.7%.'%'* This represents an
increase of 74% since 1991.

The incidence of obesity in Europe exhibits marked
geographical variations. In the UK in 1998, 17.3% of
the men and 21.2% of the women had a BMI of
more than 30kgm ™2, and 0.6% of the men and 1.9%
of the women were classified as morbidly obese
(BMI > 40kgm%)."> The incidence of obesity varies
even within a country and between genders. In 1991,
24.5% of the female residents of former Eastern
Germany were obese as opposed to 18% of Western
German men.!® The prevalence of obesity in men of
both sections of the country increased during the fol-
lowing 10 years. During this period, the prevalence of
obesity amongst West German women increased by
6.4%, while there was a 6.3% decrease in the eastern
half of the country. In comparison, in 1991, only 7.0%
of French women and 6.5% of French men were
obese.!” In 2000, the percentage of the adult French
population with a BMI of more than 30kgm % had
increased to 8.2%.'8

Obesity has an enormous impact on public health, since
morbidity and mortality are greatly increased in per-
sons with a BMI over 30kgm ™2 (Table 8.1).1%1%%0 A
person with a BMI over 30 has a 50% higher risk of
death than a person with normal body weight, while the
risk is doubled in a person with a BMI over 35.2! Some
studies also show an increased risk of death in under-
weight persons.? In 2000, obesity accounted for nearly
as many preventable deaths as tobacco smoking in the
USA; 18.1% of all deaths were attributed to smoking
and 16.6% to the effects of obesity.?’ In comparison,

Table 8.1 Grading of obesity and its associated health
risk
Classification BMI Risk of

(kgm=2) early death
Underweight <18 Moderate
Normal weight 18-25 Lowest
Mild overweight ~ 25-30 Moderate
Obese >30 Significantly increased
Morbid obesity >35(40) Very high

only 3.5% of all deaths were caused by alcohol. It is
likely that obesity has now passed tobacco smoking as
the main ultimate cause of death in the USA.

Other terms such as severe obesity or super-morbid
obesity are not unanimously defined, but generally
refer to a BMI of more than 40—50 kg m 2.

Surgery is recommended in patients with a BMI over
40, or over 35 if life-threatening co-morbidity is pre-
sent. To give an idea of what we are talking about: a
165-cm-tall patient with a BMI of 40kgm ™2 will
weigh 108 kg (5 ft 61n. tall and 17 stones).

Obesity predisposes to a wide variety of associated
diseases and disease conditions. The most common of
these are type II diabetes mellitus, ischaemic heart
disease, peripheral vascular disease, heart failure,
hypertension, dyslipidaemia, obstructive sleep
apnoea syndrome (OSAS) and cancer (Table 8.2).24%
The relative risk ranges from about three for myocar-
dial infarction and cancer of the colon up to about
eight for diabetes mellitus. These risks are reversible
after the patient loses weight.’*’! Aside from these
organic diseases, obesity also impinges on economic
and social aspects of the individual’s life.

In the UK, reports commissioned by the National
Health Services (NHS) and the National Institute for
Clinical Excellence (NICE) have demonstrated the
cost effectiveness of bariatric surgery,’>% showing
that it not only brings an increase in the quality-
adjusted life years for the individual patient, but that
it also reduces the societal costs of the co-morbidities
of obesity. This insight led to the recommendation
that this treatment modality be offered to persons
suffering from morbid obesity as an aid to weight
loss.>»% A similar American study also found that
providing bariatric surgery to select patient popula-
tions was less costly than financing the health costs of
the co-morbidities and was less expensive in the long

run than medical weight reduction programmes.*®

The generally accepted guidelines on the eligibility of
patients for bariatric surgery define the weight-related
indication for bariatric surgery as a BMI over 40 kgm 2

Table 8.2 Co-morbidity of obesity

Diabetes mellitus type Il
Ischaemic heart disease
Cancer

Hypertension

OSAS

Peripheral vascular disease
Psychosocial impairment
Osteoarthrosis

Heart failure
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(over 35kgm™2 in patients with life-threatening
co-morbidities) and failure to lose more than 5-10% of
excess weight by supervised weight-loss diets, or weight
gain after an initial loss. Further criteria are current
intensive management in a specialized hospital obesity
clinic, an age of 18 years or over, no general contraindi-
cations for anaesthesia or surgery, no specific clinical or
psychological contraindications for this particular type
of surgery and willingness to participate in long-term
follow-up.*** Patients with behavioural abnormalities,
such as significant psychiatric disease (e.g. schizo-
phrenia), mental retardation, substance abuse, self-
destructive behaviour, etc., are excluded from bariatric
surgery by the National Institute of Health (NIH)
guidelines on the grounds that these abnormalities
would probably prevent the patients from complying
with the postoperative counselling necessary to obtain
the greatest benefit from the operation.

The very nature of the patient selection criteria for
bariatric surgical interventions defines the co-morbidity
and perioperative complications with which the anaes-
thetist will be dealing in the management of these
patients. Well-founded knowledge is required regarding
the physiological changes of metabolism and drug
disposition resulting from excessive body weight, the
concomitant pathophysiology of the respiratory and
cardiovascular systems, and their responses to increased
intra-abdominal pressure (IAP) and extreme surgical
positions, and the typical, but serious, postoperative
complications in order to provide these patients with
the best possible care.

Physiology of obesity

Respiratory system

Obesity has profound effects on the respiratory
system. Functional residual capacity (FRC) decreases
with increasing BMI, falling from approximately
1.5-2.51ata BMI of 20-25kgm 2 to 0.3-0.71 at a BMI
of 40-50 kg m™~2.3% Expiratory reserve volume and total
lung capacity are also decreased.® FRC is reduced to an
extent that it falls below closing capacity (CC) leading
to small airway closure, ventilation—perfusion mis-
match, right-to-left shunting and arterial hypoxaemia
even in the awake patient.*** Intrapulmonary shunt
was found to be 10-25% in the obese as compared to
2-5% in lean control persons.* The morphological
correlate of this functional pattern is the significantly
greater extent of atelectasis seen in thoracic computed
tomography (CT) scans in spontaneously breathing,
awake obese individuals (Figure 8.1).#

Obesity reduces the compliance and increases the
resistance of the total respiratory system.*® The chest

Normal

g Obese, awake

<_::3 _____________________________ Closing volume

; ) _ Obese,

= Functlgnal residual anaesthetized
= | capacity

Residual volume

Figure 8.1 The effect of obesity on FRC. Closure of some
small airways occurs at the end of expiration. This increases
venous admixture and AaDO; and causes hypoxaemia. This
change is aggravated by induction of general anaesthesia.

wall contributes only slightly to the changes of com-
pliance and airway resistance caused by increasing
body weight. The decrease of lung compliance is due
in part to the increased pulmonary blood volume,**
and partly due to the reduction of FRC with a shift
of the neutral position to a flatter portion of the
pressure—volume curve.*®

The extent of the atelectatic areas seen in the CT
scans increases after induction of anaesthesia in spon-
taneously breathing as well as mechanically ventilated
patients,*”*8 but this increase is much greater in obese
patients (BMI > 35kgm2) than in non-obese patients
(BMI < 30kgm™?). The area of roentgenologically
detectable atelectasis increases from 2.1% preopera-
tively to 7.6% at the end of laparoscopic surgery in
the obese vs. from 1.0% to 2.8%, respectively, in the
non-obese patients.** These areas resolve completely
within 24 h in lean patients, but still remain or even
increase (to 9.7%) in the obese. The result of this
along with the reduced FRC is that obese patients
have a larger alveolar—arterial oxygen (O,) gradient
than patients with a normal BMIL3* At an inspired
O, concentration of 50%, the alveolar—arterial O, dif-
ference (AaDQO,) is 66 mmHg in non-obese patients,
while it averages 160 mmHg in the morbidly obese
(BMI > 46kgm ™).

O, consumption and carbon dioxide (CO,) production
are increased in the obese individual due to the meta-
bolic activity of the additional tissue and the increased
workload.**" However, the arterial-venous CO, dif-
ference is normal and the metabolic activity related to
body surface area is within normal limits. Increased
CO, production requires an increase in alveolar minute
ventilation in order to maintain normocapnia. This
puts an additional strain on the respiratory system and
increases the O, cost of breathing.
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OSAS occurs more frequently in obese persons.”

A long-term consequence of OSAS is the obesity
hypoventilation syndrome, an alteration in the control
of breathing characterized by central apnoeic events
with an increased reliance on hypoxic drive for venti-
lation. The end stage of this is the Pickwickian
syndrome with hypersomnolence, hypoxaemia, hyper-
capnia, increased pulmonary artery pressure and right
ventricular failure.’! Weight reduction after bariatric
surgery has been shown to improve the sleep apnoea
index and arterial blood gases, and to reduce the need
for supplemental O,.!

Anaesthesia and pneumoperitoneum further aggra-
vate the poor respiratory situation of the obese
patient. Induction of anaesthesia reduces FRC by
50% in the obese patient as opposed to only 20% in
the non-obese.’>> The increased IAP during pneu-
moperitoneum reduces FRC still further.® After
insufflation, body position (Trendelenburg or reverse
Trendelenburg) has no significant effect on respira-
tory mechanics or FRC (Table 8.3).*>* Some authors
recommend ventilation with tidal volumes up to
20mlkg ™! as a method of counteracting the fall in
FRC and the subsequent widening of the AaDO,,>%
but others have shown this to be ineffective or even
detrimental.** Positive end-expiratory pressure
(PEEP) ventilation can increase FRC, reduce AaDO,
and improve oxygenation in obese patients.”® An
end-expiratory pressure of 10-12cmH,0 is com-
monly used, but one study showed that a PEEP of
15 cmH,0 increased partial pressure of O, in arterial
blood (P,0;) by ca. 50% from 14.0 to 21.5kPa
(F1O, = 0.5) and reduced the intrapulmonary shunt
fraction from 21% to 13%.°" At the same time, car-
diac output (CO) fell by 20% from 5.5 to 4.41min !
so that the net effect was a reduction of O, delivery,
since haemoglobin O, saturation, the primary deter-
minant of blood O, content was not altered by the
increase in P,0,. It is, therefore, important to deter-
mine the PEEP level that optimizes pulmonary
mechanics without impairing CO and O, delivery,
and to keep haemoglobin O, saturation at 98% or
above by adjusting the inspired O, concentration.

Table 8.3 Respiratory effects of obesity

Hypoxaemia

Reduced FRC

Ventilation—perfusion mismatch

Reduced lung compliance

OSAS

Obesity hypoventilation syndrome

Increased minute ventilation (O, consumption and
CO, production increased)

Obese patients require a larger minute ventilation to
maintain normocapnia*’ due to their greater CO,
production.

Cardiovascular system

Cardiovascular disorders are common in the obese
population and are a leading cause of morbidity and
mortality. In one survey, 37% of the adult population
with a BMI over 30 kg m ™2 also suffered from a cardio-
vascular disease, while the prevalence was only 10% in
persons with a BMI under 25kgm™2.%2 Hypertension
is very common in the obese. Factors contributing to
this are sodium retention with expansion of extracellu-
lar and intravascular volumes, increase in CO, and the
enhancement of the pressor activity of catecholamines
and angiotensin II and central sympathetic nervous
system stimulation by the adipocyte-derived protein
leptin.®% Total blood volume is increased, but the
weight-adjusted volume is lower than in lean individ-
uals (50 mlkg ™! in obese vs. 75 mlkg ™! in non-obese).?’
CO increases to meet the demands of increased O,
consumption by increasing stroke volume with a con-
stant ejection fraction. This, combined with the
increased afterload of hypertension, results in eccentric
left ventricular hypertrophy: the ventricle becomes less
compliant and end-diastolic pressure rises.®®

Obesity is an independent risk factor for ischaemic
heart disease and sudden death, and co-existing
hypertension, diabetes mellitus and dyslipidaemia will
compound this problem.?>%7" The concentration of
high-density lipoprotein (HDL) cholesterol is
decreased, while that of low- and very low-density
lipoproteins (LDL and VLLDL) is increased. Despite
this, 40% of the patients with symptoms of angina do
not have demonstrable coronary artery stenosis on
catheterization.®? Cardiac dysrhythmias are common
in obese patients, and are the results of increased auto-
nomic stimulation as well as pathological changes in
the cardiac conduction system.%®’7? The condition
can be aggravated by the hypoxaemia, hypercapnia and
myocardial hypertrophy frequently present in obesity.

Obese patients frequently suffer from an impairment
of cardiac function commonly referred to as “obesity-
related cardiomyopathy” (Table 8.4). The earlier con-
ception that this was a consequence of a fatty
infiltration of the myocardium has been refuted. The
sequence of events leading to cardiac dysfunction and,
eventually, manifest heart failure are thought to begin
with the increased stroke volume being pumped
against an elevated afterload. End-diastolic volume
increases and the ensuing increased wall tension
induces eccentric left ventricular hypertrophy. The
increased wall thickness of the dilated ventricle is less
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compliant and causes impaired diastolic function,
increased left ventricular end-diastolic pressure
(LVEDP), and insipient interstitial pulmonary
oedema.®®737> This backward failure of the left ven-
tricle tends to chronically elevate pulmonary capillary
occlusion pressure, which, together with the increased
pulmonary vascular resistance resulting from hypoxic
pulmonary vasoconstriction, subjects the right ven-
tricle to an increased workload. The simple change from
a sitting to a supine position increases venous return,
left ventricular filling and CO, but also causes a simul-
taneous, significant rise in pulmonary capillary occlu-
sion pressure and mean pulmonary artery pressure’®
which can precipitate paroxysmal dyspnoea and pul-
monary oedema. These patients tolerate rapid increases
of intravascular volume only very poorly. Figure 8.2
gives a summary of the events leading to “obesity-
related cardiomyopathy” and cardiac failure.

Drug distribution and disposition in obesity

Obesity is associated with a number of changes that will
have an impact on the distribution, protein binding,
metabolism and renal elimination of drugs.”” A funda-
mental question in anaesthesia for obese patients is
therefore which drugs are least affected by these
changes, and which body weight —ideal, lean or actual —
should be used when calculating the required dose of
intravenous drugs. It is difficult to anticipate the net
effect of these changes, and monitoring clinical end
points is more important than blindly following calcu-
lated doses. However, a number of approximations can
be made that will help one make a rough estimate of the
required dose. An overview of the factors affecting drug
disposition is given in Table 8.5.

The volume of distribution is an important factor
when calculating drug dosages. Factors that will affect
this are the increase in adipose tissue, increased lean

Table 8.4 Cardiovascular effects of obesity quy mass (I.‘BM)’ increased intravascular Volume
with a reduction of total body water, altered protein
® |ntravascular volume increased binding and increased CO. The central volume of dis-
® COincreased tribution (7.), which for practical purposes can be
® Systemic and pulmonary hypertension considered identical with intravascular volume, is a
® Leftand right ventricular hypertrophy determinant of the initially required dose. The
: Obesity-related cardiomyopathy absolute value of intravascular volume increases
. IRe?]uced. eﬁerc:fj.tolerance with body weight, but to a lesser extent than weight
o SSS dgi?lc?ea(te; 1sease itself.” Therefore, initial doses should be calculated
on the basis of IBW or, more accurately, of LBM 3081
Obesity
A 4 A A 4
OSAS, OHS Oxygen Blood
(hypoxaemia, consumption T volume T
hypercapnia)
r v A 4
Hypoxic Cardiac output T Afterload T
pulmonary (stroke volumeT) (hypertension)

vasoconstriction

Pulmonary artery

I LV dilatation and
eccentric hypertrophy

hypertension

Figure 8.2 Pathogenesis of

v - .
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d hypertrophy heart disease ystunction
SR (LVEDP T)

dysfunction
(dp/ d tmax ‘L)

LV systolic obesity-related  cardiomyopa-
thy and cardiac failure. OHS:

obesity hypoventilation syn-
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RV Lv

drome; LV: left ventricle; RV:
right ventricle; dp/dt.x: mea-
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Table 8.5 The effect of obesity on determinants of pharmacokinetics

Absorption

Distribution
Body composition

Protein binding

Elimination
Metabolism Splanchnic blood flow T

laboratory evidence of hepatic damage
Excretion

Oral drugs <
Unpredictable after intramuscular or subcutaneous administration

Adipose and lean tissue T; Vp of lipophilic drugs T

Blood volume T; Vp of hydrophilic drugs slightly T

Total protein, albumin «; free fraction of acidic drugs <>

Triglycerides, cholesterol, lipoproteins, free fatty acids T causing
displacement of acidic drugs and thus raising free fraction 178
al-acid glycoprotein T; free fraction of basic drugs |

Phase | reactions «>T; Phase Il reactions T despite histological and

Data on drugs with high extraction rate are conflicting, but reduction of
CO and hepatic blood flow will have large impact on their elimination
Renal blood flow, GFR, tubular secretion T; renal clearance T

T increased; 1 decreased; <>: unchanged. Vp: volume of distribution; GFR: glomerular filtration rate.

Table 8.6 How to dose intravenous anaesthetics in obese patients

Drug Dosed on Comments

Propofol IBW, TBW Calculate induction dose with IBW, but maintenance dose with TBW. Systemic
clearance and Vj, correlate well with TBW

Thiopental LBM For induction — not used for maintenance

Atracurium, TBW Absolute Vp, unchanged, but higher relative dose does not prolong effect®:?°

Cisatracurium

Vecuronium, IBW or LBM Little distribution into adipose tissue; pharmacokinetics and pharmacodynamics

Rocuronium unaltered in obese patients®>86

Fentanyl, TBW Vp correlates with TBW; clearance is unchanged, but effects can be prolonged®'92

Sufentanil

Alfentanil LBW, TBW Vp is smaller than for sufentanil or fentanyl, but alfentanil still distributes widely into
adipose tissues. Effect prolonged after continuous infusion

Remifentanil IBW or LBM Small Vp, similar in obese and lean patients®?

Midazolam TBW Highly lipophilic; V;, increases with weight. Prolonged effect after adequate dose®*

TBW: total body weight; Vj: volume of distribution.

LBM is higher than IBW, since approximately
20-40% of an obese individual’s weight gain is due to
an increase in lean tissue.

The required maintenance dose of a continuously
infused drug depends on its volume of distribution at
steady state ('), and this depends on its lipid solubil-
ity. Due to the absolute increase in adipose tissue, the
volume of distribution of highly lipophilic drugs, such
as barbiturates, propofol or benzodiazepines is greatly
increased in obesity®>** and maintenance doses should

be calculated on the basis of total body weight. Less

lipophilic drugs, on the other hand, such as non-
depolarizing neuromuscular blockers, should still be
dosed on the basis of IBW or LBM.%%7 Succinylcholine
and atracurium are exceptions to this rule. Plasma
cholinesterase activity increases in proportion to body
weight and the dose of succinylcholine should be
increased accordingly.®® Despite the lower volume of
distribution of atracurium relative to weight, its effect is
not prolonged when dosed according to total body
weight.¥* Specific data on cisatracurium is lacking, but
it is virtually indistinguishable from atracurium, and its
distribution and metabolism should be similar. Table 8.6
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gives an overview of the weight that should be used to
calculate the doses of drugs used in anaesthesia.

Fentanyl and its congeners are highly lipophilic and
should thus be dosed according to total body weight,
with the exception of remifentanil. The volume of
distribution of fentanyl and sufentanil correlates well
with total body weight, and both substances are dis-
tributed extensively in fatty as well as lean tissues.”>%?
Remifentanil, on the other hand, although also highly
lipophilic, has only a small volume of distribution and
its pharmacokinetics are virtually the same in obese
and lean patients.”® This is due in part to its degrad-
ation by ubiquitously present esterases. Alfentanil has
a similar volume of distribution in obese and non-
obese individuals, but the elimination half-life is
longer in obese patients due to its reduced clearance.

The extent of protein binding will probably differ in
obese patients. Total plasma protein and albumin con-
centrations are the same in lean and obese individuals
but their binding capacity can be reduced by the
higher concentrations of triglycerides, cholesterol,
free fatty acids and lipoproteins in dyslipidaemia. The
net effect of this would be higher free fractions of
acidic drugs. The plasma concentration of al-acid
glycoprotein is elevated in obese patients, and this will
decrease the free fraction of basic drugs.

Hepatic drug elimination is usually not affected in
obese patients, despite the fact that histological abnor-
malities, such as fatty infiltration, parenchymal cell
degeneration and periportal cellular infiltration, are
nearly always present. Phase I reactions (dealkylation,
oxidation, etc.) are generally normal or even slightly
increased. Phase II metabolism (glucuronidation, sul-
fatation, alkylation, etc.) is consistently increased. The
reduction of CO and hepatic perfusion as caused by
the increased IAP during pneumoperitoneum can
decrease the elimination of drugs with a high hepatic
extraction rate (e.g. midazolam, sufentanil **
fentanyl,”> methohexital®®) and prolong their effects.

Renal elimination and clearance of drugs is increased
in obese patients due to an increase in renal blood flow
and glomerular filtration rate of up to 40%.”% It
might be necessary to increase the doses of renally
excreted drugs.

Effect of obesity on drug distribution

® Volume of distribution increases with body weight
for lipophilic drugs (e.g. opioids (except remifentanil),
hypnotics)

® Volume of distribution does not increase with body
weight for hydrophilic drugs (e.g. neuromuscular
blockers)

Gastric emptying

Obese patients are thought to be at a higher risk of aspi-
ration of gastric contents due to increased IAP, delayed
gastric emptying, and an increased incidence of hiatus
hernia and reflux. After an 8-h fast, 90% of obese
patients had a gastric fluid volume of more than 25ml
with a pH of less than 2.5.” These figures are generally
considered to represent a high risk of aspiration pneu-
monitis should the gastric fluid enter the lungs. Later
studies have shown that gastric emptying is actually
more rapid in obese individuals,'” and that the lower
oesophageal sphincter is as competent in obese patients
without symptomatic gastro-oesophageal reflux as in
non-obese individuals.!”! But since obese patients have a
much greater gastric volume to begin with, the residual
volume will still be larger than in non-obese individuals
despite more rapid emptying. It is therefore sensible to
take all precautions against aspiration of gastric con-
tents. These include lowering gastric pH with H, recep-
tor antagonists and antacids, rapid-sequence induction
with cricoid pressure or even awake intubation.

Endocrine disorders

Insulin resistance and hyperinsulinaemia are consist-
ent features of obesity and are directly related to
body weight. Type 2 diabetes mellitus (non-insulin-
dependent diabetes mellitus) is present despite ele-
vated levels of insulin. This type of diabetes is
virtually non-existent in individuals with a BMI of
less than 22kgm™2. Long-standing diabetes leads to
peripheral sensory neuropathy and autonomic dys-
function with gastroparesis, instable heart rate and
silent myocardial infarctions. Autonomic dysfunction,
or dysautonomia, predisposes to cardiac dysrhythmias
and sudden death. Gonadal hormone levels are altered
in both men and women. Testosterone levels are
decreased in men, whereas androgen and/or oestro-
gen levels may be increased in obese females. Obesity
is associated with an earlier onset of menarche, irregu-
lar and anovulatory cycles and an earlier menopause.

Laparoscopic bariatric
operations

Two fundamentally different surgical approaches
have been used to help patients control their caloric
intake. One, referred to as restrictive, aims to restrict
the absolute amount of food the individual can eat
and the other, referred to as malabsorptive, aims at
limiting the number of calories that can be absorbed
from the ingested food. Each approach has its own
devoted champions, but they are both basically the
same with regard to anaesthesiological management.
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In the restrictive procedures, most of the stomach is
either resected or otherwise blocked off, leaving only a
small pouch of about 15-35ml. This restricts the
amount of food that a patient is able to ingest per unit
time. Purely restrictive procedures were formerly the
most commonly performed bariatric operations, making
up 95% of all cases. Weight loss after this type of oper-
ation required a high degree of patient compliance with
diet guidelines. The operations were not always success-
ful, particularly not in patients who were so addicted to
food that they ingested high caloric liquid foods or
sweets in order to satisfy their craving. These patients
can actually gain weight after a restrictive operation.

Malabsorptive procedures are designed to overcome
this shortcoming by limiting the amount of calories a

patient can absorb, no matter how much he or she
eats. This can be achieved by interfering with diges-
tion or by reducing the time available for nutrient
uptake, or by a combination of the two. In the latter,
small intestinal flow is divided into a biliary—
pancreatic conduit and a food conduit that rejoin near
the ileocoecal valve. The malabsorptive procedure
reduces the absorption of nutrients and calories from
the ingested food by reducing the time left for
complete digestion and uptake.

The current philosophy is to combine a restrictive
operation with a malabsorptive modification of the
small intestine to obtain the best and longest lasting
results. The individual procedures are listed in Table
8.7 and shown schematically in Figure 8.3.

Table 8.7 Types of bariatric surgery

Restrictive procedures
Malabsorptive procedures
Restrictive operations

Malabsorptive operations
Combined operations

Reduces the size of the stomach and limits the
amount of food that can be ingested per unit of time

Splits small intestinal flow and reduces the time
available for digestion and uptake

Horizontal gastroplasty

Vertical-banded gastroplasty (VBG)

SBG with or without adjustable cuff

Jejuno-ileal bypass

Gastric bypass with Roux-en-Y (RNY)

BPD with or without DS

SBG: silicone-banded gastroplasty; DS: duodenal switch. BPD: Biliopancreatic diversion.

SERRSY

Horizontal-banded VBG
gastroplasty

A
ﬁ
SBG

Jejuno-ileal
bypass

with RNY

Gastric bypass BPD BPD
(without duodenal switch) (with duodenal switch)

Restrictive

Malabsorptive

Combined

Figure 8.3 Schematic diagrams
of various bariatric operations.

(For abbreviations see Table 8.7.)
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Typical long-term complications of most of these
operations are protein malnutrition and vitamin, iron
and calcium deficiencies. The anaesthetist dealing
with patients who have undergone bariatric surgery
may be confronted with the sequelae. Complications
more specific for individual procedures are dumping
syndrome, gastric outlet obstruction, stoma margin
ulceration, slipped bands and band-related erosions.

Restrictive surgical procedures

Restrictive bariatric operations are the least invasive
of the weight reducing procedures and simply reduce
the holding capacity of the stomach. There are a
number of methods by which this goal can be
achieved, some of which are adjustable or even com-
pletely reversible.

Gastric banding

In the original silicone gastric banding (SGB) proce-
dure, a silicone band was placed around the stomach
dividing it into two portions: a small pouch adjacent
to the oesophagus and the rest of the stomach.'? The
size of the resulting orifice was determined during
surgery and it regulated how fast ingested food could
leave the pouch. Once the band had been positioned
there was no way to change the connecting passage-
way other than with a second operation.

In a modification of the SGB operation an adjustable
portion was added to the silicone band to permit
correction of the stomal diameter. This portion is
connected to a subcutaneously positioned injection
reservoir through which it can be inflated or deflated
to narrow or widen the stoma.>10%1%3

The main complications of gastric banding proced-
ures are slippage or malposition of the band requir-
ing repositioning, and gastric erosion and perforation
under the band.!"*

Horizontal-banded gastroplasty

This was the original restrictive operation that
became possible after the introduction of the surgical
stapler. Three staples were removed from the staple
cartridge that was used to partition off the stomach
just distal to the oesophageal—gastric junction. This
left a small opening through which food was able to
pass only slowly. This operation is no longer popular.

Vertical-banded gastroplasty

The vertical-banded gastroplasty (VBG) was at one
time the most popular and most commonly performed

weight reducing operation, but its limitations have
caused the enthusiasm for it to wane. In this oper-
ation, a circular window is made through both walls of
the stomach about 10cm below the oesophageal—
gastric junction. From this hole, a vertical row of sur-
gical staples is applied up to the His’ angle to create
small pouch. A polypropylene mesh band is placed
through the window around the outlet of the pouch
and adjusted to control the size of the outlet and to
prevent it from stretching.'%

Malabsorptive surgical procedures
Jejuno-ileal bypass

In the jejuno-ileal bypass procedure, a short length of
jejunum is anastomosed to the terminal ileum a short
distance from the ileocoecal valve, either as an end-to-
side or end-to-end enteroenterostomy.'’® The malab-
sorption caused by bypassing such a long stretch of
small intestine does indeed induce significant weight
loss and remission of co-morbidities such as diabetes
mellitus. But the procedure has a number of side
effects that ranged from the subjectively unpleasant,
such as abdominal bloating and arthralgia, to the life
threatening. Protein malnutrition is frequent and for
unknown reasons 5-10% of the patients develop liver
cirrhosis.106-108

Combined surgical procedures
Gastric bypass with Roux-en-Y

The concept of combining a reduction of the gastric
holding capacity with a diversion of the chymus past
the duodenum with the purpose of inducing weight
loss was introduced by Mason and Ito.'”” Various
modifications of the original technique aimed at
reducing the complication rate and improving the
efficacy led to the bariatric procedure currently most
commonly performed in the US. This is the gastric
bypass with Roux-en-Y (RNY), which accounts for
approximately 75% of all operations. In this oper-
ation, a small (ca. 25ml) pouch is formed from the
stomach at the entrance of the oesophagus. This
blocks off the larger portion of the fundus and the
antrum. The small intestine is transected and the dis-
tal end is attached to the newly formed gastric pouch
with a narrow (0.7-1.2cm) gastroenterostomy to
form the food conduit. The proximal end of the tran-
sected small intestine that carries the biliary and pan-
creatic secretions is then reconnected to the food
conduit with an enteroenterostomy.

Dumping syndrome is the typical complication of gas-
tric bypass procedures, and occurs in two phases.
Early dumping is a group of abdominal and vasomotor
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symptoms arising shortly after food ingestion that are
triggered by osmotically induced fluid shifts into the
intestinal lumen and by the release of vasoactive hor-
mones. These symptoms include nausea, vomiting,
diarrhoea, abdominal cramps, flushing and palpita-
tions. Late dumping is caused by reactive hypogly-
caemia following rapid insulin release. Anaemia is very
common in patients with gastric bypass of this type,
since the absorption of iron and vitamin By, is poor.
Poor absorption of calcium may also occur. These
nutrients will have to be supplemented in the diet or
given parenterally if necessary. Surgical complications
include anastomotic leak, deep vein thrombosis,
pulmonary embolism and respiratory failure.

Biliopancreatic diversion

The biliopancreatic diversion (BPD) resembles the
jejuno-ileal bypass in that it limits the time and intes-
tinal surface area available for the absorption of nutri-
ents, but it avoids a number of complications, such as
hepatic damage, by not defunctionalizing a section of
the small intestine. BPD also resembles the RNY pro-
cedure in that food and biliopancreatic secretions are
initially conducted through separate channels and then
recombined through an enteroenterostomy. The bil-
iopancreatic division procedure differs from the latter
procedure in that the antrum and part of the fundus
are not simply sealed off, but are actually removed.
In the BPD, a limited gastrectomy is performed that
removes the antrum and pylorus and closes the proxi-
mal end of the duodenum. The resulting small gastric
pouch significantly limits food intake, creating the
restrictive component of the procedure. The ileum is
transected approximately 250 cm from the ileocoecal
valve and the distal portion of the ileum is anasto-
mosed to the gastric pouch to form the food conduit.
An enteroenterostomy connects the distal end of the
remaining small intestine to the distal ileum about
100 cm from the ileocoecal valve. The short remaining
common alimentary channel creates the malabsorp-
tive component of the procedure.''’ Although some
complications are avoided, others such as dumping
syndrome, marginal ulcers, stoma closures and block-
ages still occur. Removing the antrum and part of the
fundus and diverting the chymus away from the duo-
denum and jejunum also predisposes the patient
to protein malnutrition and to vitamin By, iron and
calcium deficiencies.

In a modification of the BPD known as the duodenal
switch,!'"»12 the antrum and pylorus are not
removed, but instead stomach volume is reduced by a
parietal gastrectomy along the greater curvature,
which maintains normal digestive function and leaves

the antro-pyloroduodenal pump intact. The duode-
num is stapled shut and chymus is diverted from its
proximal end through an approximately 250 cm long
stretch of terminal ileum. The biliopancreatic divert-
ing limb of the small intestine is anastomosed to the
ileal food conduit ¢a. 100cm proximal to the ileo-
coecal valve. Proteins have already been largely
digested by gastric secretions; so that the short com-
mon alimentary channel interferes primarily with the
digestion and uptake of fats. This technique essen-
tially eliminates dumping syndrome and stomal
ulceration and reduces the severity of protein malnu-
trition and micronutrient deficiencies.

Positioning the patient for bariatric surgery

Bariatric surgery requires special operating room
(OR) equipment. The gurneys and operating tables
must be designed to tolerate a load of at least 400 kg
and should be wider than standard OR equipment to
accommodate the added width of the supine, obese
patient. Electrically or hydraulically adjustable tables
are preferable to manually operated ones for manoeuv-
ring the patient into the required position. Obese
patients have the tendency to slip off the operating
table when it is sharply tilted, and should therefore
be securely strapped on. Pressure sores and nerve
injuries are common in these patients, especially in
diabetics, and the danger spots should be carefully
padded. Soft pads filled with tiny beads are available
that mould themselves to the patient’s body. Applying
an external vacuum to the bag fixes it in the adapted
shape. Gel pads are also available for padding critical
pressure points, such as elbows, shoulder blades, heels,
back of the head, sacrum, hips, buttocks, etc. Ulnar
neuropathy occurs more frequently in morbidly obese
patients that in the non-obese.!’® Sciatic nerve and
brachial plexus palsies can also occur and are usually
caused by keeping the patient in a tilted position,
either sideways or Trendelenburg, for longer periods.
Nerve injury may still occur in these patients despite
all efforts at careful positioning and padding. This
must be pointed out and discussed with the patient
during the preoperative visit.

For bariatric surgery, the patient is positioned as for
most other upper abdominal laparoscopic procedures.
The patient lies supine, thighs fully abducted and
slightly flexed in the hips. The surgeon stands
between the patient’s legs with one assistant on each
side of the patient and the scrub nurse to the sur-
geon’s left. The laparoscopy tower is positioned near
the patient’s right shoulder (for a right-handed sur-
geon) so that the patient’s right arm lies alongside his
or her body. The left arm usually remains abducted
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and is accessible to the anaesthetist. However, it may
be adducted and covered according to the custom of
the hospital or the surgeon’s preference. Venous lines
will then have to be extended and fitted with three-
way stopcocks to allow drug administration.

During the phase in which the surgeon is manipulat-
ing the stomach, the table will be tilted into a more or
less steep reversed Trendelburg position. If the pro-
cedure requires access to the small intestine, the
patient will then be brought into a Trendelenburg
position to give easier exposure of the operation site.

Anaesthesia

Preoperative considerations

For a comprehensive overview on obesity in anaesthe-
sia see the excellent reviews of Adams and Murphy>’
or Ogunnaike et al.'™*

History and examination

A meticulous and exhaustive history of patients pre-
senting for bariatric surgery is necessary in order to cor-
rectly assess the perioperative risk profile of these
patients and to determine the invasiveness of monitor-
ing required for optimal management. These patients
tend to limit their own mobility and even sleep upright
and will therefore not report episodes of exertional dys-
pnoea or angina, paroxysmal nocturnal dyspnoea or
even orthopnoea. Direct questioning is required to
obtain this information. The patient should be carefully
evaluated for symptoms of significant involvement of
the cardiorespiratory system with particular emphasis
on systemic and pulmonary hypertension, signs of left
and/or right ventricular strain or failure, ischaemic
heart disease, gastro-oesophageal reflux, diabetic neur-
opathy or OSAS. The patient should be asked to walk
the length of the ward and to lie supine in order to
detect reduced exercise tolerance or orthopnoea.

Auscultatory signs of heart failure such as crepitant
rales and additional heart sounds, jugular venous
engorgement, hepatomegaly and peripheral oedema
may be difficult to detect due to the large amount of
subcutaneous tissue. Clinical symptoms of left or right
ventricular failure such as exertional dyspnoea and
fatigue indicate further evaluation by a cardiologist.
Echocardiography, although frequently difficult in
these patients, can yield important information such as
the tricuspid regurgitation indicative of significant pul-
monary hypertension, the eccentric left ventricular
hypertrophy indicating incipient failure even though
ventricular function might appear normal, or regional
wall hypokinesia that might indicate ischaemic disease.

The mandatory preoperative electrocardiogram
(ECG) can show the relatively tall R-wave in V,
(R = S), right axis deviation, and the ST segment
depression and T-wave inversion in the right to mid-
precordial leads characteristic of right ventricular
hypertension, or the tall R-waves in Vs or Vg, the deep
S-waves in V; together with the ST segment depres-
sion and T-wave inversion in left precordial leads that
point to left ventricular strain. On the other hand, the
thickness of the intervening tissue may cause low
voltage in the precordial leads and thus mask the
severity of existing ventricular hypertrophy.

Venous status and arterial access sites should be evalu-
ated during the preoperative visit, and the probabil-
ity of central venous and arterial cannulation
discussed with the patient. Peripheral veins may be
very difficult to find in obese patients and central
venous catheterization, preferably the internal jugular
vein, is recommended. This will allow a more efficient
treatment of intraoperative complications as well as
ensure better postoperative venous access and avoid
repeated venipuncture. Patients with serious cardio-
vascular co-morbidity might profit from the place-
ment and use of a pulmonary artery thermodilution

What to look for and ask about in obese patients

® Systemic and pulmonary hypertension: Exertional
dyspnoea, additional heart sounds on auscultation,
signs of strain or axis deviation in the ECG, echo-
cardiography, have patient walk the ward or climb
stairs

® [schaemic heart disease: History of angina pectoris
(may be negative), chronic medication, ST changes
in the ECG, heart wall akinesia or hypokinesia in
ultrasound

® Congestive heart failure: Exertional dyspnoea, parox-
ysmal nocturnal dyspnoea, orthopnoea, pulmonary
rales on auscultation, reduced ejection fraction in
echocardiography, have patient walk the ward or
climb stairs, and lie flat in bed

® Gastro-oesophageal reflux: History of heart burn, typ-
ical self-medication, patient sleeps elevated

® Diabetic neuropathy, including autonomic dysfunction:
History, laboratory and medication will reveal
diabetes, finding neuropathy is more difficult. Valsalva
manoeuvre can give evidence of dysautonomia

® Other pre-existing sensory or motor impairment:
History, physical examination

® Sleep apnoea: Likely to be present, often not diag-
nosed, clinical suspicion warranted

® Possible difficult intubation: Evaluate for Mallampati
score

® Difficult venous access: Check vascular status includ-
ing neck and feet
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catheter. This should be discussed with the patient
during the preoperative work-up.

Classical risk predictors of difficult intubation, such as
the Mallampati score!!® should be noted. One should
discuss the possibility with the patient that tracheal
intubation might be difficult and that alternative
methods, such as fibre-optic awake intubation,
although somewhat more unpleasant, might provide a
greater degree of safety. These should be explained to
the patient in detail.

The laboratory work-up will probably reveal signs of
hepatic dysfunction, which are usually of no conse-
quence. Cholesterol and triglyceride levels are usually
elevated, and dyslipidaemia is frequently present. Blood
glucose concentrations are likely to be increased in
the presence of diabetes mellitus. Extremely high glu-
cose concentrations indicating poor metabolic control
could indicate postponing the operation until the dia-
betes is adequately treated.

One should discuss with the patient the typical risks
and possible complications as well as the planned pre-
ventive or therapeutic measures on this occasion and
this should be documented.

What risks and measures should be discussed with
the patient

® Difficult intubation: Aspiration of gastric contents
with all its consequences, possible dental injuries,
possible necessity of awake nasal intubation

® Respiratory problems: Atelectasis, pneumonia, postop-
erative respiratory support with endotracheal tube or
nasal continuous positive airway pressure (CPAP)

® Cardiovascular problems: Central venous catheter, pul-
monary artery catheter, risk of postoperative myocar-
dial infarction, cardiac decompensation, death

® Deep vein thrombosis: Risk of fatal pulmonary
embolism, early mobilization mandatory

® Pressure sores and nerve damage: Sometimes unavoid-
able despite all precautions

Concurrent medication

There is still some controversy over whether a
patient’s chronic medication should be discontinued
or not. In our institution, all medications with few
exceptions are continued until the time of surgery.
We withhold oral hypoglycaemics on the day of sur-
gery and infuse glucose to avoid hypoglycaemia
resulting from residual effects. Biguanides are dis-
continued 2-3 days before surgery. Patients under
treatment with insulin are given one-third of their
usual morning insulin dose as regular insulin together

with an infusion of 5% glucose running at a rate of
125mlh~".

Oral benzodiazepines in anxiolytic but not hypnotic
doses (e.g. 7.5-10 mg midazolam or 5-10 mg diazepam)
are acceptable for premedication. Absorption is unreli-
able after intramuscular or subcutaneous injections, and
these routes of administration should be avoided.
Midazolam can be titrated intravenously during the
immediate preoperative period to achieve the desired
level of anxiolysis. Oral Hy-antagonists (e.g. ranitidine
or effervescent cimetidine), proton pump inhibitors
(e.g. omeprazole), propulsives (e.g. metoclopramide,
domperidone) and water soluble antacids (e.g. sodium
citrate) can be given to reduce gastric volume and acid-
ity, thus reducing the risk of aspiration pneumonitis
and minimizing its severity should it occur (see below).

Preparing the patient for anaesthesia

Venous cannulae are best placed in the left arm or in
an external jugular vein, since the right arm is pos-
itioned at the patient’s side and covered by the surgical
drapes. It is usually very difficult to find accessible
veins in obese patients, and one should consider
inserting an intravenous catheter into the brachial or
internal jugular vein after induction of anaesthesia and
to leave it in place for use in the postoperative period, to
draw blood and administer intravenous drugs, and to
avoid the need of repeated venipuncture.

The patient’s arms, legs, back and head must be care-
fully positioned and padded to avoid pressure damage
during surgery. Well-padded shoulder supports are
required in procedures during which the patient will
be brought into the Trendelenburg position. They
must not be too near the neck in order to avoid brachial
plexus damage. The shoulders and head are positioned
on towels or other supports in order to bring the
patient’s chin anterior to the chest (see below).

Choice of anaesthetic regimen and
anaesthetic drugs

General anaesthesia with endotracheal intubation is
the standard anaesthetic procedure for bariatric sur-
gery. Mechanical ventilation is absolutely indicated
since the combined effects of obesity and pneumoperi-
toneum will otherwise lead to hypoventilation and
hypoxaemia in the spontaneously breathing obese
patient. This will increase pulmonary vascular resist-
ance and put an additional load on the right ventricle
and should thus be avoided. Some authors advocate the
use of a thoracic epidural catheter to supplement the
general anaesthetic and to provide postoperative anal-
gesia.!!® This is definitely an option for open bariatric
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Table 8.8 Standard anaesthetic for morbidly obese patients in the University Hospital, Gottingen

Preparation

Induction

Intubation

Trendelenburg position

Maintenance
2-2.5ugml~" if using a TCl pump
Or

in the chapter on anaesthesia.
Emergence

Pain therapy

Premedication with midazolam 7.5-10 mg per os (orally) or diazepam 10 mg per os
Rofecoxib (50 mg) or valdecoxib (40 mg) can be given orally for pre-emptive postoperative analgesia

Induction with propofol (2mgkg ™" total body weight) after a bolus dose of remifentanil
(1 pg kg™ LBM) (alfentanil (20 ug kg™") or sufentanil (0.3 g kg™') are used occasionally)
Diclofenac (100 mg supplement) if rofecoxib or valdecoxib has not been given

Relaxation with rocuronium (0.6 mgkg™' LBM)
Orotracheal intubation with armoured endotracheal tube
Endotracheal tube is fixed securely and bilateral breath sounds are rechecked after patient is in

Propofol infused at a rate of 5-6mgkg~"'h~" total body weight or target plasma concentration of

Desflurane 3-4% end tidal or isoflurane 0.7-1.0% end tidal
Remifentanil is infused at an initial rate of 0.2-0.5 pg kg ™' min~—":
® [f alfentanil is used, the initial rate is 30-40 ugkg~'h~!

o |f sufentanil is used, the initial rate is 0.3-0.5 ugkg~'h™'

In all cases, the infusion rate of the opioid is increased or decreased as necessary, and as described

Extubation when patient is fully awake and in semi-recumbent position
O, by mask or nasal prongs until no further risk of hypoxaemia
Consider nasal CPAP on third to fifth postoperative night

Rofecoxib (50 mg) or valdecoxib (40 mg) given orally with the premedication, or

Diclofenac suppository (100 mg) given after induction of anaesthesia

Intravenous paracetamol (1000 mg) infused 15 min before the end of surgery. Repeated every 6 h
Bolus injections of morphine (2 mg bolus) if requested by the patient

procedures that, likely any upper abdominal operation,
have a high potential for severe postoperative pain
and respiratory impairment.!” However, an epidural
catheter is probably rarely indicated in minimally inva-
sive laparoscopic procedures, since there is much less
interference with postoperative pulmonary function,
atelectasis is less extensive, arterial oxygenation is bet-
ter, and there is less pain compared to the same opera-
tion, gastric bypass with RNY, performed in the
conventional, open fashion.!

A balanced anaesthetic is the method of choice for gen-
eral anaesthesia in the morbidly obese. The hypnotics,
analgesics and muscle relaxants used for the anaes-
thetic should be chosen on the basis of their pharmaco-
kinetics, particularly the context-sensitive half-time
(see Chapter 5), as well as metabolism and elimination.

Remifentanil is the obvious choice for the analgesic
component, due to its unique pharmacokinetics and
lack of cumulation. Remifentanil in a dose of 1 pgkg ™!
is as effective as 1 pgkg ™! fentanyl or 10 wgkg ™! alfen-
tanil in suppressing cardiovascular responses to intu-
bation in morbidly obese patients.'!® It is dosed
according to lean body weight.

The hypnotic component of the balanced anaesthetic
can be either propofol or a volatile anaesthetic with

low lipid solubility, such as desflurane, isoflurane or
sevoflurane (‘Table 8.8). Propofol is distributed exten-
sively in the body, and the pharmacokinetics of
propofol used as a component of total intravenous
anaesthesia in the morbidly obese do not differ from
those in lean patients.> However, there was no sign of
cumulation, even when the drug was dosed according
to total body weight. This makes propofol a suitable
choice for the hypnotic component of a balanced
anaesthetic. A direct comparison of a total intra-
venous technique using propofol with inhalational
anaesthesia with sevoflurane (end-tidal concentration
1-2%) showed both methods to be similar with
regard to haemodynamic stability and recovery char-
acteristics.”? One can avoid overdosing propofol by
using a target-controlled infusion (TCI) pump, ide-
ally with neuromonitoring of the depth of anaesthe-
sia. There are no studies that show that obese patients
differ from the non-obese with regard to the plasma
concentration of propofol required to produce loss of
consciousness and intraoperative awareness, and a
targeted concentration of 2.0-2.5pgml™! will be
adequate for the vast majority of the patients.

Of the volatile anaesthetics, desflurane is probably the
agent of choice for use in laparoscopic bariatric
surgery due to its physicochemical properties and its
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consistently rapid recovery profile.”?! Recovery is
slightly more rapid after 2h of anaesthesia with
remifentanil-desflurane than after remifentanil—
sevoflurane for laparoscopic gastroplasty. The times
to extubation and orientation were 5.9 and 6.6 min,
respectively, in the desflurane group, and 7.9 and
9.0 min, respectively, in the sevoflurane group.!??

Emergence and recovery times were slightly shorter
after a monoanaesthetic with sevoflurane than after
isoflurane in morbidly obese patients.!>»!>* The time
to extubation was 6 min in morbidly obese patients
undergoing gastric banding with sevoflurane anaes-
thesia as compared to 10 min in patients given isoflu-
rane.'”® Wash-in times are somewhat faster for
sevoflurane than for isoflurane, and the F,/F;] ratio
was higher in the patients given sevoflurane during
the first 30 min.'?® This is of no great import, since
the required alveolar concentration can be achieved
just as rapidly with isoflurane by simply increasing
the inspiratory concentration. Wash-out of sevoflu-
rane was significantly faster than that of isoflurane
during the first 60s after discontinuation of the
inhalational agent. On the other hand, isoflurane
maintains splanchnic blood flow better than does
sevoflurane, and this might be a more important
aspect in laparoscopic surgery than a gain of a few
minutes after several hours of surgery. Halothane
should probably be avoided altogether because of its
high lipid solubility with slow recovery, and also
because obesity is possibly a risk factor for halothane-
induced hepatic injury.'2%

The choice of the muscle relaxant is not critical, and
nearly all currently available drugs with a short to

Anaesthesia for bariatric surgery: basic considerations

® General anaesthesia with endotracheal intubation and
mechanical ventilation
— Calculate minute ventilation on basis of lean body
weight
— Avoid extreme tidal volumes
— Add slight PEEP to improve oxygenation
® Balanced anaesthetic with propofol or desflurane and
remifentanil
— Propofol dosed according to total body weight
— lIsoflurane or sevoflurane acceptable alternatives
— Remifentanil dosed according to IBW or LBM
— Alfentanil or sufentanil possible alternatives to
remifentanil
® Choice of muscle relaxant not critical (except for long-
acting agents)
— Relaxants cumulate in same manner in obese and
lean patients
— Effects can be reversed

medium duration of action can be used to advantage.
We prefer rocuronium for its very rapid onset of
action that allows rapid intubation, but atracurium,
cisatracurium, vecuronium oOr even mivacurium
are suitable. Pancuronium, pipecuronium or even
tubocurarine would not be optimal choices, but if
nothing else is available they can be used. Residual
effects of the muscle relaxant should be reversed at
the end of surgery. Succinylcholine should be given to
facilitate intubation if a muscle relaxant with a slower
onset is used.

Induction of anaesthesia

Anaesthesia should be induced with an intravenous
hypnotic and not by inhalation, since there is a higher
incidence of gastro-oesophageal reflux in obese
patients, and this is a risk factor for regurgitation and
aspiration of gastric contents. In fact, one should con-
sider using a rapid-sequence induction regimen in
obese patients. Some authors, reluctant to abandon
their tried ways, recommend inhalational induction
with sevoflurane with the patient in a lateral decubitus
position in order to avoid aspiration of gastric content
should he or she regurgitate or vomit.'”® While this
method is obviously possible, mechanics argues against
it: positioning awake, obese patients on their sides on a
narrow operating table is no mean feat, while repos-
itioning them on their back again once anaesthesia has
been induced is positively daunting.

Intubation

There is still controversy over the question of whether
the incidence of difficult tracheal intubation is higher
in obese patients,'?*"13! but although there does not
seem to be a direct correlation between body weight or
BMI and grade of difficulty, it does appear that diffi-
cult intubation is more common in patients with mod-
erate to morbid obesity.”?>!3! In studies correlating
classical risk predictors for difficult intubation, such as
the Mallampati score,'"” thryomental distance, mobil-
ity of head and neck, interincisor gap and mandibular
recession with difficult visualization of the larynx'%
and difficult intubation, the single independent risk
factor that could be found was a Mallampati score of 3
or higher.'?*"13! The positive predictive value of 66.7%
with a sensitivity of 88.9-100% was higher in obese
patients than in the general population.”®! In one
study, neck circumference was also found to be an
independent risk factor for difficult laryngoscopy; a
Cormack-Lehane class III or higher was found in 5%
of patients with a neck circumference of 40 cm while
the incidence increased to 35% in patients with a
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neck circumference of 60cm.® A barrel-chest or
voluminous breasts are occasional extrathoracic
impediments to intubation that can be circumvented
by proper positioning of the patient or by the use of a
short-handled laryngoscope.

A number of authors have advocated awake intubation
in all morbidly obese patients. This is an unpleasant
procedure for the patient, and as studies have shown,
only truly indicated in a minority of all cases. A prag-
matic approach is to apply topical anaesthesia to phar-
ynx, supralaryngeal area and tongue and to take an
“awake look”. If the epiglottis and dorsal larynx can-
not be visualized using gentle pressure of the laryn-
goscope, one should resort to awake, fibre-optic
nasotracheal intubation. This is performed in the
usual manner using only the barest minimum of
sedative and analgesic drugs; preferably propofol and
remifentanil or alfentanil.

In order to facilitate intubation, the obese patient
should be positioned with pads or towels under the
shoulders with the head elevated and the neck
extended in order to bring the chin anterior to the
chest (Figure 8.4). The patient should breathe 100%
O, through a tight-fitting face mask for a minimum of
3 min or until the end-expiratory O, concentration is
85% or above. Obese patients tolerate hypoventilation
and apnoea much worse and O, saturation tends to
fall more rapidly after cessation of respiration than in
the non-obese. This is likely to be a consequence of
their reduced FRC.% During apnoea after a period of
pre-oxygenation that brought the end-tidal O, con-
centration to 95% or higher, arterial O, saturation
dropped below 90% more than twice as fast in mor-
bidly obese patients than in lean individuals (163 vs.
364s).133

A rapid-sequence induction using succinylcholine for
muscle relaxation is recommended to minimize the
risk of aspiration pneumonitis. This will also permit
one to await the return of spontaneous respiration
should all attempts at intubation fail. Some authors
recommend inserting a laryngeal mask airway as a
temporary ventilatory device when initial attempts at
intubation have failed.’®* In the reported series,
placement of the airway was successful in all cases,
but tracheal intubation ultimately failed in 3% of the
patients. In these patients, surgery was carried out
uneventfully using the laryngeal mask airway. A sec-
ond option is to use an intubating laryngeal mask
airway as a ventilatory device through which the
endotracheal tube can be inserted with less risk of
hypoxemic episodes.'’® In any case, care must be
taken to position the tip of the endotracheal tube cor-
rectly in relation to the carina, and to detect and, if

(b)

Figure 8.4 Obese patient position for intubation. This
patient is 175 cm tall with a BMI of 51. With the patient in
the normal supine Jackson position (a) the chin is lower
than the chest, and one will probably encounter difficulties
in inserting the laryngoscope. Slightly elevating the upper
body and reclining the head (b) brings the chin higher than
the chest and facilitates mouth opening and insertion of the
laryngoscope.

Intubation of obese patients

® |[ntubation frequently more difficult than in lean
patients
— None of the commonly used indicators of difficult
intubation are very specific or selective
— Mallampati score most closely associated with dif-
ficult intubation
® Neck should be extended and chin anterior to chest:
— Voluminous breasts or barrel-chest can interfere
with the introduction of the laryngoscope
® Effective pre-oxygenation, rapid intubation:
— O, saturation falls rapidly in obese patients
® Laryngeal mask airway as temporary device if intub-
ation fails
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necessary, to amend any changes. The tip of the endo-
tracheal tube was found to descend in 50% of mor-
bidly obese patients undergoing laparoscopic gastric
banding and to enter the right bronchus in one-third
of these patients.!%

Intraoperative considerations

Faced with a patient presenting with such current and
potential problems, one would intuitively tend to
opt for maximum monitoring and postoperative care.
This may not always be necessary as a study comparing
the outcome after gastric reduction surgery demon-
strated.'3” Thirty-six patients were treated in hospital
A with high intensity intraoperative monitoring and
routine postoperative ventilation on an intensive care
unit. The patients were equipped with an arterial line,
two intravenous lines and a urinary catheter. The
anaesthetic was with 0.7 MAC isoflurane, 53% nitrous
oxide, pancuronium (13.2mg, reversed in only five
patients) and sometimes fentanyl (only 26 of the
patients, and only a moderate dose of 0.7 mg). On aver-
age, the patients had a 46.5-h stay in the intensive care
unit and a 9.7-day postoperative stay in the hospital.
The 50 patients in hospital B, on the other hand, were
equipped only with one intravenous line, no arterial
line, no urinary catheter, and postoperative ventilation
was not planned. The anaesthetic was with nitrous
oxide (64%), fentanyl (1.3mg) and pancuronium
(9.7mg). Isoflurane was only given to 14 patients, and
then in a low dose of 0.3 MAC. Respiratory depression
and muscle relaxation were routinely reversed with
naloxone and pyridostigmine allowing extubation in
the operating theatre. The patients spent 1.7h in the
recovery room and 9.6 postoperative days in the hospi-
tal. The outcome was the same in both hospitals, but
the costs differed significantly.

The data are interesting and thought provoking, but we
believe, nonetheless, that state-of-the-art anaesthetic
management of morbidly obese patients frequently
requires invasive intraoperative monitoring and inten-
sive postoperative respiratory care. Cardiovascular and
respiratory co-morbidity is so frequent, and the func-
tional reserves of these patients so slim that lack of
attention to perioperative care can have catastrophic
consequences.

Maintenance of anaesthesia

Anaesthesia is maintained as a balanced technique with
remifentanil infused at a rate adequate to suppress
autonomic responses to noxious stimuli. This is usually
between 0.2 and 0.5 pgkg 'min~! based on LBM.

Unconsciousness is maintained with propofol, desflu-
rane or isoflurane. Propofol is infused at a rate of
5-6mgkg 'h™! based on total body weight. Alterna-
tively, a TCI system can be used with the propofol
plasma concentration set at 2.0-2.5pgml . The
volatile anaesthetic is given at an end-tidal concentra-
tion of 0.5 MAC. Complete muscle relaxation is crucial
during all laparoscopic surgery, but this is particularly
the case for bariatric procedures in order to maintain
an adequate intra-abdominal working space with the
preset inflation pressure. Relaxometry is desirable, but
not always possible in the obese patient. A reduction of
the space in the pneumoperitoneum should be taken as
a clinical sign that the effects of the muscle relaxant are
waning. For further details refer to the chapter on
anaesthesia.

Monitoring

Intraoperative monitoring for bariatric surgery should
include continuous ECG, preferably with continuous
ST evaluation, continuous or intermittent blood pres-
sure measurement, pulse oximetry, capnometry and
relaxometry. Patients with severe cardiopulmonary
disease might benefit from CO and pulmonary artery
pressure monitoring.

Except for all but minor procedures and in otherwise
healthy obese patients, blood pressure should be moni-
tored invasively through an intra-arterial catheter.
Most of these patients have one or several cardiovascu-
lar risk factors. Laparoscopic procedures compromise
CO and blood pressure should be closely monitored.
Non-invasive pressure measurements are difficult to
obtain due to the poor fit of blood pressure cuffs on the
conical shape of the upper arms. If one decides to use
non-invasive blood pressure measurements, one must
be certain that the bladder in the cuff is long enough to
encircle at least 75% of the circumference of the arm.
Blood pressure measurements with a constant, pre-
dictable bias can be obtained from the wrist, and this
method could be an acceptable alternative. !

Technical assistance

The anaesthetist is frequently requested to place a
bougie, nasogastric tube or intragastric balloon dur-
ing surgery that the surgeon will use to size the gas-
tric pouch or to calibrate the diameter of the stoma.
The anaesthetist might also be asked to help perform
the leak test by injecting air, methylene blue, etc.
into the gastric tube to assess anastomotic integrity.
This must be done carefully in order not to disrupt the
staple line. Care must be taken to prevent introduction
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of methylene blue into the patient’s lungs. All endo-
gastric tubes must be removed completely before gas-
troplasty or gastric diversion is performed to avoid
stapling or transecting these objects. Once the pouch
has been formed, great care must be exercised when
reintroducing the nasogastric tube.

Postoperative considerations
Extubation

The trachea should be extubated postoperatively
only when the patient is fully awake and in a semi-
recumbent position. Supplemental O, should be admin-
istered and pulse oximetric monitoring continued
until it is certain that there is no longer a risk of alve-
olar hypoxia and hypoxaemia that would increase pul-
monary vascular resistance. A course of nasal CPAP
might be beneficial, particularly during the third to
fifth night when rapid eye movement (REM) sleep
rebound and sleep apnoea phases reach a maximum
even when opioids are avoided.'?’

Postoperative analgesia

It is important to provide not only adequate pain relief
at rest, but also to allow deep breathing and coughing.
This is of particular importance in the obese patient
due to the higher likelihood of alveolar collapse and
atelectasis. The pain potential of laparoscopic oper-
ations is much lower than that of their conventional
open counterparts. Regimens for postoperative pain
therapy will have to take this into account and rely
more on minor analgesics than on opiates.

We take a multimodal approach to postoperative pain
therapy. Our first line analgesic is a more or less spe-
cific cyclo-oxygenase (Cox) 2 inhibitor. This can be
diclofenac, naproxen, rofecoxib, valdecoxib or some-
thing similar. Ibuprofen is more specific for Cox-1, as
is acetylsalicylic acid, and will inhibit thrombocyte
function to a greater degree and cause more bleeding.
Our initial analgesic is diclofenac 100 mg given as a
suppository after induction of anaesthesia, or rofe-
coxib 50 mg or valdecoxib 40 mg given orally together
with the premedication. The latter alternative is easier
to comply with, less likely to be forgotten and thus
preferable. The effect of the first agent is augmented
postoperatively with intravenous paracetamol (acet-
aminophen). This combination is frequently sufficient
to reduce the postoperative pain to a tolerable level
and to make the patient comfortable. If not, the
residual pain is treated by intravenous bolus injec-
tions of morphine (2 mg) as requested by the patient.
Subcutaneous injections should be avoided, since
absorption is extremely unreliable.

Continuous epidural analgesia is sometimes con-
sidered to be better than conventional pain therapy
with intravenous opioids, involving less impairment
of gastrointestinal function or sensorial obtundation.
However, a study comparing epidural analgesia with
bupivacaine and fentanyl to patient-controlled anal-
gesia (PCA) with intravenous morphine after gastric
bypass surgery was unable to confirm this.'*’ There
was no difference between the groups with regard to
pain control, time to ambulation, time to first flatus,
occurrence of nausea or pruritus, and length of hos-
pital stay. Wound infection was 85% in the epidural
group, but only 38% in the PCA group (P < 0.01).
Epidural analgesia is not warranted in laparoscopic
bariatric surgery, since there is only little pain and the
procedures are designed to be minimally invasive and
permit earliest possible ambulation.

Thromboprophylaxis

Morbid obesity is a major independent risk factor for
death from postoperative pulmonary embolism on the
basis of deep vein thrombosis.'*! Subcutaneously
administered heparin (5000IU every 12h) reduces
the incidence of thrombosis. Low molecular weight
heparins are as effective as non-fractionated heparin
in reducing postoperative deep vein thrombosis but
more cost effective and with fewer side effects.*? Both
enoxaparin and nadroparin were effective in random-
ized studies.!** A recent survey of the preferred
method used to prevent thromboembolism in a large
association for bariatric surgery showed that 50% used
subcutaneous unfractionated heparin, 5000 IU every
8-12h, 33% used pneumatic compression stockings
and 13% used low molecular weight heparin.!*
Although the main responsibility of thromboprophy-
laxis rests with the surgeon, the anaesthetist can con-
tribute to the efforts by giving an anaesthetic that
allows earliest possible mobilization of the patient.
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MINIMALLY INVASIVE THORACIC SURGERY

Minimally invasive endoscopic surgery of thoracic
organs can be performed by bronchoscopy, medi-
astinoscopy or thoracoscopy and usually involves the
lungs, the pericardium, the oesophagus, the thymus,
the thoracic part of the sympathetic nervous system and
occasionally the thoracic spine. The following, non-
inclusive list gives an idea of the scope of present indi-
cations for endoscopic thoracic surgery (Table 9.1).

Bronchoscopy

Bronchoscopy is possibly the oldest endoscopic pro-
cedure used in the diagnosis and treatment of intratho-
racic disease processes. In 1897, Gustav Killian used a
Mikulicz-Rosenheim oesophagoscope to extract a bone
lodged in the right main bronchus of a 63-year-old
man.! Chevalier Jackson and Victor Negus were instru-
mental in the introduction of the technique in the US
and the UK. Innovations in fibre-optics led to the
development of a flexible bronchoscope and its intro-
duction into clinical practice by Shijeto Ikeda in 1968.
The rise of the field of interventional pneumonology
is directly related to improvements of bronchoscopic
instruments. There is considerable overlap of the
departments of otorhinolaryngology and interventional

Table 9.1 Techniques and indications in endoscopic
thoracic surgery

Bronchoscopy

Rigid

® Removal of foreign bodies, stent placement, resec-
tion of airway tumours, diagnosis and treatment of
haemoptysis, removal of granulations

Flexible
® Diagnostic, bronchial alveolar lavage, removal of
secretions in intensive care patients

Mediastinoscopy

® Diagnostic biopsies (e.g. lung malignancies,
lymphomas), treatment of retrosternal masses (e.g.
thymus, thyroid gland)

Thoracoscopy

® Diagnostic, lung resection, (segment, lobe), peri-
cardectomy, thoracic sympathectomy, oesophagus
resection, resection of masses in lower mediastinum,
spinal surgery

pneumonology in the treatment of airway tumours

(see Chapter 10).

The modern rigid bronchoscope is a metal tube,
available in various sizes, with a bevelled, slightly
flared distal end, and a proximal end with a side-arm
for attaching the anaesthetic breathing system (Figure
9.1). The open proximal end can be occluded with an
eyepiece or a port, which allows the introduction of
the rod telescope and permits simultaneous bron-
choscopy and ventilation. Since the bronchoscope
does not have a snug fit in the trachea there is always a
gas leak of variable magnitude. Some bronchoscopes
incorporate a channel to allow Venturi jet ventilation.
Rigid bronchoscopy causes significant surgical stimu-
lation and requires hyperextension of the neck, and is
therefore routinely performed in general anaesthesia.
The rigid bronchoscope in combination with a rod
telescope gives a very detailed view and permits
extensive endobronchial instrumentation, such as
removal of foreign bodies, placement of stents and
resection of airway tumours. Lasers are frequently used

Figure 9.1 Rigid bronchoscopes in various sizes for patients
ranging from the neonate to the adult. The instrument for
the adult patient is equipped with a fibre-optic cable to the
light source and has an attachment for connecting it to the
anaesthesia machine. The end piece with a slider containing
a closed glass observation port, an open aperture for insert-
ing instruments and a self-sealing port for inserting the rod
telescope is seen below the adult instrument.
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for the latter indication (see Chapter 10). The rigid
bronchoscope is the instrument of choice in small
children and in patients with massive endobronchial
bleeding. Rigid bronchoscopy was displaced by flex-
ible bronchoscopy in the 1970s and early 1980s, but
the work of Jean-Francois Dumon in France brought
about a renaissance of the technique in Europe.

The flexible bronchoscope consists of a long, tubular
structure, available in various diameters, with a tip
that can be moved up and down in one plane. Bundles
of glass fibres are incorporated into this structure
which conduct light from a cold-light source for illu-
minating the field under observation, and transmit
the picture to the eyepiece. Larger instruments have a
suction channel, which can also be used to introduce
instruments, apply drugs or remove secretions. The
view obtained with the flexible bronchoscope is not
as defined as that of the telescopes used in rigid
bronchoscopy, and the thinner the bronchoscope the
poorer the view. One is also limited in the manipula-
tions that are possible through the instrument chan-
nel. On the other hand, flexible bronchoscopy can be
performed on the awake patient under topical anaes-
thesia. Flexible bronchoscopy is typically performed
as an initial measure to inspect the airways and to
obtain specimens for further assessment when airway
pathology is suspected. It has a number of indications
in the intensive care unit, such as removal of retained
secretions from the bronchi of intubated and venti-
lated patients, confirmation of correct endotracheal
tube position, and protected collection of specimens
for the diagnosis of ventilator-associated infections.>

Preparing the patient for bronchoscopy

Children are commonly referred for bronchoscopy for
removal of foreign bodies from the airway, diagnosis
of airway stenosis (e.g. tracheomalacia) or for surgical
treatment of tracheal papillomatosis. These patients
are usually otherwise healthy. Adult patients presenting

Figure 9.2 Flexible broncho-
scopes for adult and paediatric
patients. The thumb lever for
manipulating the bronchoscope
tip is seen at the lower edge of
the headpiece adjacent to the
eyepiece. The port for the instru-
ment channel is visible on the
upper distal edge of the head-
piece. The larger instrument has
a separate side-port for attach-
ing and activating suction.

for bronchoscopy other than for removal of a foreign
body frequently have a long history of cigarette smoking,
and consequently a hyper-reactive bronchial system,
impaired pulmonary function and probably concomi-
tant cardiovascular disease.

The preoperative assessment of these patients should
be aimed at determining the severity of their cardiopul-
monary impairment, and whether it can be improved.
The routine preoperative investigation includes a
standard laboratory work-up, 12-lead electrocardio-
gram (ECG) and chest radiograph. The latter may
reveal atelectatic or consolidated areas, pneumothorax,
pleural effusions, or a localized hyperinflated area
indicative of a foreign body obstructing a bronchus in
a ball-valve fashion (Figure 9.5(b)). Pulmonary func-
tion testing and a preoperative blood gas analysis are
frequently indicated.

Rigid bronchoscopy requires hyperextension of the
neck and the preoperative examination should include
an assessment of the mobility of the cervical spine.
Patients with cervical ankylosis, or micro- or retrog-
nathism may not be suited for rigid bronchoscopy.
Cervical involvement of chronic polyarthritis predis-
poses to luxation of the first and second cervical verte-
brae with the risk of damage to the cervical spinal cord.

Premedication for bronchoscopy might include a short-
acting benzodiazepine such as midazolam to relieve
anxiety, but heavy sedation should be avoided in patients

Characteristics of patients presenting for
bronchoscopy

® Foreign body removal
— Usually children, usually healthy, atelectasis possible

® Pulmonary or bronchial pathology
— Chronic obstructive lung disease (COLD), ischaemic
heart disease, arterial hypertension, atelectasis,
pleural effusions, pneumothorax, bronchus occlu-
sion, hyper-reactive airways
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with suspected airway obstruction. An anticholinergic
drug, such as glycopyrrolate or atropine, is frequently
given in the endeavour to reduce bronchial secretions
and aid visualization.” But studies have shown that
they are possibly ineffective in this respect,® and might
increase the incidence of hypertension and cardiac
dysrhythmias.’ Patients should be given their regular
antihypertensive, antidysrhythmic and bronchodila-
tory medication.

Cardiopulmonary complications are common during
both flexible and rigid bronchoscopy'®!® and moni-
toring should take this into account. Monitoring should
include continuous ECG and pulse oximetry, non-
invasive blood pressure measurement and capnometry
during general anaesthesia. Measuring end-tidal carbon
dioxide (CO,) concentrations is difficult during rigid
bronchoscopy due to the air leak around the instru-
ment. Transcutaneous measurement of arterial
carbon dioxide tension, as mentioned in Chapter 4,
would be a suitable alternative during lengthy pro-
cedures. Airway pressure (Pay) and expiratory gas
flow should be monitored closely, since the bronchial
irritation associated with the procedure can provoke
bronchospasm.

Anaesthesia for bronchoscopy
Flexible bronchoscopy

Flexible bronchoscopy is commonly performed as an
outpatient procedure on the awake, spontaneously
breathing patient. General anaesthesia is reserved for
patients unable to co-operate or otherwise unable to
tolerate the procedure. The bronchoscope can be
introduced through the mouth or the nose. If the lat-
ter is chosen, the nasal mucosa is anaesthetized with a
topically applied local anaesthetic combined with a
vasoconstrictor as a decongestant. The pharynx and
hypopharynx can be anaesthetized by direct applica-
tion of a local anaesthetic spray. The local anaesthetic
can be applied to the larynx and lower airways by trans-
cricothyroid injection, nebulization or application
under direct vision through the instrument channel
of the bronchoscope.'* Considerable amounts of local
anaesthetic are required for adequate anaesthesia, and
plasma concentrations can reach toxic, and occasionally
lethal levels.'>!® One must be aware of this and observe
the patient for signs of local anaesthetic toxicity.

If required, sedation can be provided by the intravenous
application of midazolam or propofol. Propofol is more

Figure 9.3 Flexible bronchoscopy through the endotracheal tube. The right picture shows the bronchoscope in the self-sealing
adapter that allows simultaneous bronchoscopy and ventilation. The carina is visible on the video screen in the background.
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expensive than midazolam but allows better control
over the depth of sedation.'”!3 An opioid may be added
to provide better analgesia and suppress the cough
reflex to a certain degree, but one must keep the syn-
ergistic depressive effects on respiration in mind.

During general anaesthesia, the bronchoscope can be
inserted through a self-sealing port in the angle piece
connected to the endotracheal tube allowing ventila-
tion to continue (Figure 9.3). The largest possible
endotracheal tube must be used, since the broncho-
scope significantly reduces the open cross section.
Resistance to gas flow is increased in the endotracheal
tube and the ventilatory pattern must be adapted
accordingly with prolongation of the expiratory phase.
Neuromuscular relaxation is not mandatory, but if
desired, a short-acting agent should be used. Flexible
bronchoscopy can also be performed through a laryn-
geal mask airway. The stem of the mask airway nor-
mally has a larger diameter than the endotracheal tube,
and the increase in gas flow resistance caused by the
bronchoscope will be less. Spontaneous respiration
might be a feasible alternative in this case. Another
alternative is to insert the bronchoscope through the
aperture of a suitably modified face mask, such as the
Patil mask (Figure 9.4).! There is no obstruction of
airway tubing and little impairment of spontaneous
respiration.

Rigid bronchoscopy

Rigid bronchoscopy is performed under general
anaesthesia, usually with controlled ventilation. The
patient is positioned with the upper body slightly
elevated and the neck strongly retroflexed to give
straight access to the larynx (Figure 9.5). Any general
anaesthetic regimen is possible, but intravenous tech-
niques are preferred, since the gas leak around the
bronchoscope leads to a high level of workspace air
pollution when volatile anaesthetics are used. A total
intravenous technique with propofol and an opioid,
such as remifentanil or alfentanil as described in
Chapter 5, gives optimal control of the depth of
anaesthesia. The plane of anaesthesia must be suffi-
ciently deep to prevent airway responses such as bron-
chospasm, laryngospasm, or bucking and coughing.
Neuromuscular relaxation is not mandatory, but with
its judicious use the amount of anaesthetic can be
reduced considerably. For short procedures lasting not
longer than 10-15min, intermittent bolus doses of
propofol, methohexital or etomidate can be given.
There is a certain risk of intraoperative awareness with
this method when signs of awakening are used to guide
the administration of the anaesthetic. Propofol admin-
istered by continuous infusion prevents awareness more

reliably, and should be used for all longer proce-
dures. Muscle relaxation can be provided during very
short procedures with the repetitive administration
of succinylcholine, but a longer acting agent, such as
mivacurium, atracurium, vecuronium or rocuronium,
should be used if a duration of more than 10—15min
is anticipated in order to avoid prolonged competitive
block from succinylcholine metabolites.?”

Anaesthesia for rigid bronchoscopy of short
duration

® Oral (or intravenous) premedication with short-
acting benzodiazepine

® Alfentanil (20 wgkg™") or other suitable opioid. Wait
for effect to set in (905s)

® Induction with propofol, methohexital or etomidate
(thiopental gives slower recovery)

® Relaxation with succinylcholine (1.5mgkg™") after
low-dose precurarization, if desired

® Maintenance with repeated doses of hypnotic and
succinylcholine as required

Rigid bronchoscopy can be performed under inhala-
tional anaesthesia on the spontaneously breathing
patient, and this is still the method of choice in some
centres. A deep plane of anaesthesia is required to
abolish airway reflexes, and the line between excessive
depth with hypoventilation on the one hand, and
bronchospasm or laryngospasm due to inadequate
anaesthesia, on the other, is narrow. Sevoflurane is
superior to halothane with regard to incidence of
complications and to recovery time.?!

There are number of ways to manage ventilation during
rigid bronchoscopy, among which are apnoeic oxy-
genation, use of the ventilating bronchoscope, and
various methods of jet ventilation. The apnoeic tech-
nique and jet ventilation are described in detail in
Chapter 10. The ventilating bronchoscope can be
compared to an unblocked endotracheal tube with an
undefined and changing volume of gas leakage around
the distal end. Large leaks can be reduced by packing
the posterior pharynx, mouth and nose with gauze.
The proximal end of the bronchoscope has a cap with
a slide that can occlude the opening with an eyepiece
or allow introduction of the telescope through a self-
sealing port (see Figure 9.1). The slide also has an
opening through which instruments can be introduced
for suctioning or removing material. The efficacy of
ventilation with the ventilating bronchoscope is difficult
to assess, since end-tidal gas contains an unknown
amount of dead-space air and capnometry consistently
yields values that are too low. There is thus a high
risk of hypoventilation and hypercapnia, which is
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compounded by the interruption of ventilation that
occurs whenever the slide is opened.

The pharynx should be inspected at the end of the
procedures performed under general anaesthesia to
remove secretions and blood. Neuromuscular block is
reversed if necessary, the bronchoscope is removed
and the airway is managed with a face mask and
oropharyngeal tube. A laryngeal mask airway or endo-
tracheal tube may also be inserted to maintain airway

Figure 9.4 Flexible bron-
choscopy through the self-sealing
membrane in a face mask. The
anaesthetist controls the airway
and ventilation while the endo-
scopist performs the bron-
choscopy. Both can follow the
procedure on the video screen.
The bronchoscope can be
inserted either orally or through
the nasal passage. A bite guard
is used if the instrument is
inserted through the mouth.
(Photograph courtesy of Dr Arnd
Timmermann, Department of
Anaesthesiology, Emergency and
Intensive Care Medicine, Univer-
sity of Gottingen.)

patency. Patients with persisting haemorrhage or
purulent infection in one lung should be positioned
on their sides with the affected lung down in order to
prevent contamination of the healthy lung.

Complications of bronchoscopy

The rigid bronchoscope can cause structural damage to
the tracheobronchial system resulting in haemorrhage,
oedema or mucosal perforation with subsequent
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Figure 9.5 Rigid bronchoscopy. (a) Patient undergoing rigid bronchoscopy to remove foreign object. The bronchoscope is
in place and the surgeon is inspecting the right bronchus with a rod telescope inserted through the bronchoscope. The flex-
ible connection of the anaesthesia machine with the rigid bronchoscope is readily visible. (b) Foreign object visible in projec-
tion on the right main bronchus. The right upper lobe appears hyperinflated, which would be the case if the foreign object
obstructed the right upper lobe bronchus. (c) Dental bridge removed from the right main bronchus of the patient. (Chest
X-ray and photograph of bridge courtesy of Dr Ralph Rédel, Department of Otorhinolaryngology, University of Gottingen.)
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Table 9.2 Complications of bronchoscopy

Mechanical effects

® Damage to teeth, larynx or vocal cords on insertion,
bronchial or tracheal perforation, pneumothorax,
subcutaneous emphysema, barotrauma, haemor-
rhage, airway obstruction

Physiological reactions

® Subglottic oedema, bronchospasm, laryngospasm,
hypoxaemia, arterial hypertension, cardiac dysrhyth-
mias, tachycardia

Foreign substances
® |ocal anaesthetic toxicity, loss of swabs or other
material

subcutaneous emphysema or pneumothorax. Incor-
rectly applied jet ventilation can cause pulmonary
barotrauma and pneumothorax (see Chapter 10).

Significant cardiovascular reactions with considerable
increases of heart rate and arterial pressure and signs
of myocardial ischaemia can occur during rigid bron-
choscopy.?»** The magnitude and severity of the
response is reduced when propofol is employed instead
of thiopental. One might consider the intravenous
administration of a beta-adrenergic antagonist, such
as esmolol, atenolol or metoprolol, to improve cardio-
vascular stability. Cardiac dysrhythmias are common
during rigid and flexible bronchoscopy. The intense
vagal stimulation can induce bradycardia which occa-
sionally requires treatment with atropine or glycopy-
rrolate. Other dysrhythmias are caused by sympathetic
stimulation, and can be aggravated by hypoventilation
with hypoxia and hypercapnia.’%?® This should be
corrected before pharmacological therapy is instituted.

Airway obstruction due to laryngeal oedema or laryn-
gospasm can occur after completion of rigid bron-
choscopy. Relaxation and reintubation of the trachea
may be required in severe cases.

Mediastinoscopy

Carlens introduced cervical mediastinoscopy in 1959
as a method to obtain biopsy material from the super-
ior mediastinum posterior to the great vessels without
having to perform a thoracotomy.?® In this procedure,
a small transverse incision is made cephalad to the
jugulum through which the mediastinoscope (Figure
9.6) is inserted behind the manubrium into the medi-
astinum. In the less common approach known as the
Chamberlain procedure, or anterior mediastinoscopy,
the instrument is inserted through a transverse

Figure 9.6 Mediastinoscopes of different sizes. The coiled
flexible lightguide is connected to the fibre-optic light con-
ductor integrated into the inner wall of the instrument.

parasternal incision in the second intercostal inter-
space, usually on the left side. This approach gives
access to the lower mediastinum on the side of the
incision. During cervical mediastinoscopy the instru-
ment is in direct contact with the great vessels of the
upper thorax, with the oesophagus, the trachea and
the recurrent laryngeal nerve (Figure 9.7).

Mediastinoscopy is primarily a procedure used to
obtain tissue for the histological diagnosis of a medi-
astinal mass. This is crucial for planning therapy, since
lymphomas, metastatic lung malignancies, sarcoido-
sis, thymomas or tuberculosis — to list the most com-
monly detected diseases — will each require a different
therapeutic management. Improved resolution of mag-
netic resonance imaging and computed tomography
has reduced the need for mediastinoscopy in many cases.

Mediastinoscopy is a relatively safe procedure with an
incidence of major complications of approximately
0.5%?7 and an operative mortality of 0.1% in a series
of more than 6000 patients.”® There is little postoper-
ative discomfort,”” and the procedure is commonly
performed on an outpatient basis. The unscheduled
postoperative hospital admission rate is between 1%
and 4%.%-%? Mediastinoscopy is contraindicated as a
repeat procedure since the plane of dissection is oblit-
erated by scarring. Superior vena cava syndrome, severe
tracheal deviation and thoracic aortic aneurysm are
relative contraindications to the procedure.

Preparing the patient for mediastinoscopy

Patients scheduled for mediastinoscopy can present
with a wide variety of clinical symptoms. They can
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Figure 9.7 Topographical anatomy of upper mediastinum
during mediastinoscopy. The mediastinoscope is in direct
contact with the innominate artery, aorta and trachea. The
innominate artery can be completely occluded by pressure
with the instrument, which will cause loss of radial artery
pulse in the right arm and right-sided cerebral ischaemia.
(Adapted from Ref [26].)

range from the totally asymptomatic patient with a
mediastinal mass discovered on a routine chest X-ray,
to the dyspoeic, cyanotic patient with superior vena
cava obstruction. Numerous diseases requiring a
mediastinoscopy for ultimate diagnostic clarification
are associated with clinically relevant, and typical,
co-morbidities. Patients with small-cell lung cancer
can suffer from a paraneoplastic syndrome with
symptoms including hypercalcaemia, hyponatraemia,
hypercortisolaemia, acromegaly, encephalitis, para- or
quadriplegia secondary to necrotizing myelitis and
Lambert—Eaton myasthenic syndrome. Thymoma is
a common cause of an anterior mediastinal mass,
and is frequently associated with myasthenia gravis.
Approximately 5% of patients with sarcoidosis have
significant cardiac dysfunction, with dysrhythmias,
conduction disturbances, pericarditis, and congestive
heart failure. The anaesthetist must be aware of the

Figure 9.8 Patient position for mediastinoscopy. (lllustra-
tions by courtesy of Dr Hilmar Dorge, Department of
Cardiothoracic Surgery, University of Gottingen.) (a) The
upper body is elevated and the neck is extended to give
direct access to the manubrium and jugulum. (b) The sur-
geon makes a small transverse incision and inserts the medi-
astinoscope after blunt digital dissection of the correct plane.

possibility of these co-existing diseases and actively
search for signs or symptoms. Figure 9.8a illustrates
the positioning of patient for mediastinoscopy.

Co-existing diseases in patients presenting for
mediastinoscopy

® lung cancer: paraneoplastic syndromes, dyspnoea,
atelectasis, tracheal infiltration

® Thymoma: myasthenia gravis

® Sarcoidosis: myocardial dysfunction, cardiac dys-
rhythmias, congestive heart failure, pulmonary
fibrosis

Mediastinoscopy carries a definite risk of haemor-
rhage, and at least two units of blood should be typed
and cross-matched before the operation.
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Anaesthetic management

An oral benzodiazepine can be given as premedica-
tion, but caution is advised in the patient with respira-
tory impairment or with myasthenia gravis. Two
large-bore venous cannulae are inserted, one in the
upper and one in the lower extremity. Blood pressure
monitoring should be on the right arm, in order to
detect compression of the innominate artery (see
below). Some authors recommend measuring blood
pressure on the left arm and monitoring blood flow in
the right arm by radial artery cannulation, continuous
palpation of the radial pulse, or pulse oximetry on a
finger of the right hand. This will make it easier to
differentiate between a spurious decrease in blood
pressure due to vascular compression and hypoten-
sion resulting from blood loss, while still allowing
early detection of innominate artery compression.

Mediastinoscopy has been performed under local
anaesthesia®® (not recommended) but general anaes-
thesia with endotracheal intubation and controlled
ventilation is preferable; surgery can proceed with
fewer interruptions, and the risk of pulmonary air
embolism is reduced. In patients without respiratory
obstruction, anaesthesia is induced with propofol,
etomidate or a short-acting barbiturate after adequate
pre-oxygenation and administration of an opioid.
Tracheal intubation is facilitated by the administra-
tion of a neuromuscular blocking agent. The effect
and duration of action of these agents is enhanced in
patients with myasthenia. The dose must be reduced
in these patients and neuromuscular transmission
must be monitored. Fibre-optic awake intubation or
inhalation induction and tracheal intubation in deep
anaesthesia should be considered in patients with sig-
nificant airway obstruction.

A balanced anaesthetic technique with a combination
of an opioid and propofol or a volatile anaesthetic,
such as isoflurane, desflurane or sevoflurane, is used
for maintenance. Nitrous oxide should be avoided due
to the potential risk of pulmonary air embolism (see
Chapter 6).

Complications

Although the incidence of complications of medi-
astinoscopy is fairly low, those that do occur can be
sudden, severe and life threatening.”®** Massive haem-
orrhage from an injured or transected large, intratho-
racic vessel is the most serious acute complication.
Access to the vessels through the mediastinoscope is
difficult at best, and transected ends tend to retract
out of reach. The initial treatment is therefore to pack
the mediastinum with a gauze tamponade, which can

be left in place at least overnight. If this does not stop
the bleeding and vital signs begin to deteriorate, a
thoracotomy is necessary. The posterolateral approach
is most commonly used, but a median sternotomy is
sometimes required.’® The role of the anaesthetist is
to replace blood losses, preferably with blood, ensure
adequate perfusion pressure pharmacologically, treat
cardiac dysrhythmias, and, if required, induce delib-
erate hypotension to reduce blood loss. It is not advis-
able to lose precious time in replacing the initially
inserted endotracheal tube with a double-lumen tube.
Transpleural surgical access can be facilitated by tem-
porarily disconnecting the anaesthesia machine, and
compressing and retracting the lung before resuming
ventilation. Fluids and blood should be infused through
the venous cannula in the lower extremity, since it
might simply drain from the injured vessel into the
mediastinum before reaching the right atrium if infused
into an arm vein.

Pneumothorax is the second most common major
complication of mediastinoscopy. It is usually not
detected until the postoperative period, and rarely
requires decompression,”® but all patients should
have a postoperative chest X-ray. Tension pneum-
othorax, occasionally even bilateral, can occur intraop-
eratively, causing an increase in Py, hypotension,
arterial desaturation and reduced breath sounds on
the affected side. This complication requires immedi-
ate treatment with a chest tube.

Compression of the innominate artery can critically
reduce blood flow in the right carotid artery leading to
cerebral ischaemia with cerebral oedema and transient
or even permanent hemiparesis. Since compression of
the innominate artery also causes loss of the right radial
pulse, this complication can be detected by continuous
blood pressure measurement in the right arm.’

In a series of over 2000 patients undergoing medi-
astinoscopy, Puhakka found three cases of tracheal
rupture and two cases of pericardial damage.?” Pyy
must be monitored closely, since compression of the
trachea can impair ventilation. Pressure on the aorta
can induce reflex bradycardia. Recurrent laryngeal
nerve paralysis, if it occurs, is permanent in about
50% of the cases.”® Pulmonary air embolism can
occur if intrathoracic veins are opened, and the inci-
dence of this complication is likely to be higher in the
spontaneously breathing patient.

Thoracoscopy

As at the inception of laparoscopy, a cystoscope was
used to perform the first recorded thoracoscopy.
In 1910, Hans Christian Jacobeus, a Swedish internist
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Table 9.4 Selected operations in thoracoscopic surgery

Table 9.3 Complications of mediastinoscopy?®3*

® Haemorrhage, occasionally exsanguinating

® Pneumothorax

® Recurrent laryngeal nerve paralysis

® |nfection

® Phrenic nerve injury

® |eft hemiparesis following compression of the
innominate artery

® Reflex bradycardia due to pressure on aorta

® Oesophageal injury

® Chylothorax

® Pulmonary air embolism

® Tracheal rupture, tracheal compression

® Pericardial injuries

working in a tuberculosis sanatorium, performed a
thoracoscopic lysis of pleural adhesions as prepar-
ation for lung collapse therapy.® In the following years,
he gathered considerable experience in the use of tho-
racoscopy in the diagnosis of intrathoracic tumours.*’
Thoracoscopy was commonly used early on to avoid
the risks of general anaesthesia and thoracotomy in
patients with severe co-morbidity. The procedures were
very short and were performed on the spontaneously
breathing patient under local anaesthesia, perhaps with
the instillation of local anaesthetic into the pleural
cavity. The reader is referred to Braimbridge* for an
intimate account of the early history of the technique.

Although not the sole indication, treatment of pul-
monary tuberculosis was the primary indication for
thoracoscopy, and the technique was largely aban-
doned following the advent of tuberculostatic drugs.
It was resurrected in Europe in the following decades
as an elegant, minimally invasive procedure for the
diagnosis of pleural tumours and treatment of pleural
effusions and later adopted in the US.*1-#

The development of video-assisted thoracoscopic
surgery (VATS) and the introduction of laser surgery
led to an explosive diversification of the indications for
thoracoscopic surgery in the past 10-15 years, which
now include procedures lasting several hours and
making great demands on the physiological reserves
of the patient and the skill of the anaesthetist. The
first reports of a video-assisted thoracoscopic lobec-
tomy by Kirby in 1993* were followed shortly after
by the report of a thoracoscopic pneumonectomy by
Walker.¥ VATS has been used for operations ranging
from the treatment of recurrent pneumothorax and
bullous lung disease, to oesophageal resection and aorto-
coronary bypass surgery, thoracic sympathectomy,
invasive assessment and therapy of thoracic injuries
in trauma patients to operations on the thoracic
spine*®>! (Table 9.4).

Lungs and pleura

® Wedge resection, segmental resection, atypical
resections

® Excision of bullae

® |obectomy

® Pneumonectomy

® Removal of pulmonary metastases

® Diagnosis and treatment of pleural diseases

Heart

® Pericardectomy, pericardiocentesis
® Coronary artery surgery

® Implantation of AICD devices

Oesophagus
® Oesophagectomy
® Suture of oesophageal perforations

Mediastinum
® Removal of mediastinal masses

Thoracic spine
® Disc herniation
® |nstrumentation and correction of spinal deformities

Miscellaneous
® Thoracic sympathectomy for hyperhidrosis
® Vagotomy

AICD: automatic implantable cardioverter defibrillator.

Physiology of the lateral decubitus position
and open chest

Thoracoscopic operations are performed with the
patient in the lateral decubitus position, and the lung
on the affected side is allowed to collapse to optimize
surgical access. This combination has considerable
adverse effects on respiratory physiology, and dealing
with it in a competent manner is one of the primary
anaesthesiological concerns during thoracoscopic
surgery.

The lateral decubitus position itself has little effect
on the ventilation—perfusion ratio or on oxygenation
in the spontaneously breathing patient with a closed
chest. The effects of gravity dictate that blood flow is
greater in the dependent lung, while ventilation of the
dependent lung is also greater as a result of the cepha-
lad shift of the dependent hemidiaphragm, which
shifts the respiratory mechanics of the dependent
hemithorax onto the steep slope of the pulmonary
pressure—volume curve (Figure 9.9(a)). Both blood
flow and perfusion are reduced in the non-dependent
lung, and the ventilation—perfusion ratio is approxi-
mately unity in both lungs. Negative pressure in the
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Figure 9.9 Schematic illustration of the changes in the ventilation—perfusion and pressure-volume relationships in a patient
with closed or open thorax and spontaneous breathing or mechanical ventilation in the lateral decubitus position. (Modified

from Ref [52].)

non-dependent pleura prevents a downward shift of
the mediastinum.

Induction of anaesthesia and institution of mechan-
ical ventilation in the patient in the lateral decubitus
position does not alter the distribution of the pul-
monary blood flow in the dependent and non-
dependent lungs. The distribution of ventilation, on
the other hand, changes radically. The reduction in
functional residual capacity (FRC) that occurs after
induction of anaesthesia causes each lung to move to a
different position on the pressure—volume curve. The
dependent lung moves down from the efficient, steep
part of the curve onto the flat, non-compliant part,
while the non-dependent lung shifts to a more com-
pliant volume (Figure 9.9(a)). This increases the venous
admixture in the dependent lung and the dead-space
ventilation (Vp/ V) in the non-dependent lung.

Opening the non-dependent hemithorax removes
the negative intrathoracic pressure and causes the
mediastinum to shift downward in the spontaneously
breathing patient under the influence of gravity and
the negative intrapleural pressure in the dependent
hemithorax. Descent of the hemidiaphragm during

active inspiration increases the negative pressure in
the dependent hemithorax causing a further downward
shift of the mediastinum. Tidal volume is reduced
by the amount of the mediastinal shift. This can not
only impair ventilation, but also venous return to the
right heart. Loss of negative intrathoracic pressure
allows the non-dependent lung to collapse under the
influence of its unopposed elastic recoil. During spon-
taneous breathing with an open chest, gas is essen-
tially sucked from the non-dependent lung during
inspiration causing it to collapse still further. During
expiration, air exiting the dependent lung enters the
non-dependent lung inducing a slight re-inflation of
the latter. This reversal of normal lung movement is
referred to as “paradoxical respiration” (Figure 9.10).
The ventilation—perfusion ratio falls below unity in
both lungs with a subsequent increase in shunt perfu-
sion and venous admixture (Figure 9.9(b)).

Positive pressure ventilation of the patient with an
open chest in the lateral decubitus position can allevi-
ate some of the problems arising in the spontaneously
breathing patient. Mediastinal shift and paradoxical
respiration are reduced, but the patient may still have
a considerable ventilation—perfusion mismatch with
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Figure 9.10 Schematic illustration of paradoxical lung
movement in a patient with an open chest breathing spon-
taneously in the lateral decubitus position. (Adapted from
Ref [53].) (a) During inspiration, the non-dependent, col-
lapsed lung in the open hemithorax collapses further as air
moves from it into the dependent lung. (b) During expira-
tion, the collapsed lung expands as exhaled air enters it
from the dependent lung.

clinically relevant venous admixture and hypoxia.
Perfusion remains higher in the dependent lung, but
ventilation is now greater in the non-dependent lung.
The ventilation—perfusion ratio changes to shunt per-
fusion in the dependent and Vp/Vp in the non-
dependent lung (Figure 9.9(b)). The impairment of
surgical access and progress of the operation caused
by the inflated non-dependent lung can be avoided by
allowing this lung to collapse and ventilating only the
dependent lung, a technique known as one-lung ven-
tilation (OLV). Attempts have occasionally been made
to improve visibility even more by insufflating the
pleural cavity with CO,, but this has been shown to
cause significant haemodynamic compromise in ani-
mal studies’* as well as in patients® (Table 9.5).

Table 9.5 Cardiovascular effects of artificial
pneumothorax with CO,>>

Inflation pressure Effects (%)

5 mmHg

Cl —36
N —34
LVSWI —49
15 mmHg

MAP —64
Cl —81
LVSWiI -95

Cl: cardiac index; SV: stoke volume; MAP: mean arterial
pressure; LVSWI: left ventricular stroke work index.

One-lung ventilation

Although thoracoscopy was originally only considered
a relative indication for OLV, the ventilatory technique
has now become a virtual standard for all intratho-
racic procedures, including thoracoscopic surgery. It
is not absolutely indicated — thoracoscopy can be per-
formed with two-lung ventilation in a pinch — but it
has a very high priority.

Lung separation

OLV requires separation of the right and left lungs,
and the standard method for achieving this is the
double-lumen endotracheal tube. Bronchial blockers
can be used in certain situations, and endobronchial
intubation with a suitably long, single-lumen tube
can be used to selectively ventilate one lung if other
methods are not available.

A double-lumen endotracheal tube is essentially two
tubes connected side by side, each with its own inflat-
able cuff and its own connector for the anaesthesia
machine (Figure 9.11). One tube is intended to enter
a bronchus, while the other is considerably shorter and
ends in the trachea. Double-lumen endotracheal tubes
are available as right- or left-sided models, depending
on which main bronchus the tip is intended to enter.
Both models permit separate inflation of each lung,
but the left-sided tube is usually preferred. The pecu-
liar anatomy of the bronchial tree makes it difficult to
avoid occluding the right upper lobe bronchus when
a right-sided tube is used. The right-sided tube has
a separate opening at the tip (“Murphy eye”) and a
modification of the cuff designed to prevent obstruc-
tion of the right upper lobe bronchus.

The correct position is initially determined by ausculta-
tion of the chest while selectively ventilating each lung.
This alone is not sufficient, and the proper position



MINIMALLY INVASIVE THORACIC SURGERY 133

must be confirmed by fibre-optic bronchoscopy, since
studies have shown the tube to be malpositioned in up
to almost half of the cases even though clinical signs had
been positive.” If not confirmed by bronchoscopy and
corrected if necessary, troubles with intraoperative sep-
aration of the lungs and selective ventilation can arise in
up to 25% of the patients.’’ The correct position is ver-
ified after intubation in the supine patient and then
reaffirmed after the patient has been brought into the
lateral decubitus position. The bronchoscope must
remain available during surgery, since dislocation of the
endobronchial tip is not infrequent, particularly during
surgical manipulation of intrathoracic organs.

Figure 9.11 Double-lumen
endotracheal tubes. The devia-
tion of the tips of the endo-
bronchial portion is readily
visible. The right-sided tube is
at the top and the left-sided
tube below. The inset shows
the “Murphy eye”, an opening
at the tip of the endobronchial
catheter with a modification
of the cuff of the right-sided
double-lumen endotracheal
tube. This is to prevent occlu-
sion of the right upper lobe
bronchus when the tip is in
position.

Figure 9.12 Endotracheal tube
with integrated endobronchial
blocker. This is positioned in the
bronchus to be blocked under
direct vision through a flexible
bronchoscope and the cuff
inflated to occlude the bronchus.
The blocking catheter has an
internal lumen through which
the lung can be deflated, secre-
tions can be removed and CPAP
applied.

Lung separation can be achieved in small patients, for
whom the smallest double-lumen tube is too large,
with a bronchial blocker, an implement that is not
essentially different from a Fogarty catheter. In fact,
Fogarty catheters are still frequently used for this
purpose. The bronchial blocker is introduced into
the trachea alongside the endotracheal tube and is
advanced into the desired position under direct vision
through a fibre-optic bronchoscope. Endotracheal
tubes have been developed with a separate channel in
their wall through which the bronchial blocker can be
passed’® (Figure 9.12). Bronchial blockade with a sim-
ple catheter has a number of disadvantages compared
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with the double-lumen endotracheal tube for lung
separation, among which are incomplete collapse of
the non-dependent lung, and no way to effectively
suction or independently ventilate the non-depend-
ent lung. Modern blocking catheters have an internal
lumen that allows suctioning and application of con-
tinuous positive airway pressure (CPAP) to the non-
ventilated lung. In a recent study no difference was
seen in effectiveness of lung collapse, or oxygen (O,)
saturation and fraction of inspired O, between a dou-
ble-lumen endotracheal tube and a bronchial blocker
for minimally invasive coronary artery surgery.>

Physiology of OLV

After collapse of the non-dependent lung, there is an
obligatory transpulmonary right-to-left shunt of blood
past non-ventilated alveoli that increases venous admix-
ture and lowers arterial O, tension. The alveolar—
arterial O, tension difference (P, O, — P,0,) is larger
during OLV than when both lungs are ventilated. But
there are a number of factors that prevent arterial
oxygen tension from decreasing to dangerous levels as
precipitously as one would expect based on calcula-
tions of blood flow and ventilation.®’ The most impor-
tant of these is the increase in vascular resistance in
the non-ventilated lung known as hypoxic pulmonary
vasoconstriction (HPV), which was first described by
von Euler and Liljestrand.®! This autoregulatory mech-
anism acts to divert blood flow away from non-ventilated
areas to the ventilated lung, thereby preserving ade-
quate arterial oxygen tension despite pulmonary
atelectasis. The effects of HPV are enhanced by the
influence of gravity in the lateral decubitus position.
Cross-clamping the vessels of the non-ventilated lung
will completely abolish shunt perfusion and increase
arterial oxygen tension.

Most volatile anaesthetics have been shown to impair
HPYV and to cause arterial desaturation in an experi-
mental setting.%?~% In an elegant study using perfusion
scans and separate lung ventilation with a double-
lumen endotracheal tube, Bjertnas showed that
halothane inhibited HPV in humans in clinically rele-
vant concentrations.® This effect is difficult to demon-
strate in patients undergoing thoracic surgery due to
the confounding effects of the anaesthetic on the cir-
culation, but studies seem to indicate that isoflurane
has less effect on arterial oxygenation and HPV than
other volatiles.®”% Propofol and opioids have no effect
on HPV or oxygenation,”7? in fact, propofol might
even enhance HPV.”® Yet, strangely enough, many
authors still recommend inhalational anaesthesia as
the anaesthetic of choice for thoracoscopic surgery,

even though all volatile anaesthetics have a detrimen-
tal effects on arterial oxygenation during one-lung
anaesthesia. Volatile anaesthetics do have the theore-
tical advantage over intravenous agents of inducing
bronchodilatation, a desired effect in patients with
COLD. However, airway narrowing and closure in the
typical COLD patient presenting for thoracoscopic
surgery is more likely to be due to inflammation and
loss of elasticity than to increased bronchomotor
tone, and the theoretical benefit of the volatiles would
be unlikely to outweigh the impaired oxygenation.

Practical management of OLV

OLV induces an obligatory right-to-left shunt of
varying magnitude through the non-ventilated lung
with a consequent fall in arterial O, saturation (S,0,).
The primary goal of optimal management of OLV is
to maintain S,0, at a safe level above 90%. Further,
secondary, goals are to ensure adequate elimination of
CO; and, finally, to provide good operating condi-
tions for the surgeon, in that order. If S,0, is too low,
the first measure is to confirm the correct position of
the endobronchial tip, and to increase the inspiratory
O, fraction, even to 1.0, if necessary. Faced with sig-
nificant shunt perfusion, the latter measure will often
not be sufficient to solve the problem, since blood flow-
ing through the ventilated lung will not be able to
take up enough O, to compensate for the venous
admixture in the non-ventilated lung. However, the
benefits of even a slight increase in P,0, will out-
weigh the theoretical adverse effects of inspiring
100% O,, such as O, toxicity. The dependent lung is
ventilated with a tidal volume of about 10mlkg™!
body weight and with a respiratory rate sufficient to
maintain partial pressure of arterial CO, (P,CO,)
near 40 mmHg.

If hypoxia persists, the next step is to apply
5-10cmH,0O of CPAP to the non-ventilated lung.
This is the single, most effective measure to improve
arterial oxygenation and can substantially increase
arterial oxygen tension.’”* Continuous pressure main-
tains airway patency in the non-ventilated lung, coun-
teracts the development of atelectasis to a certain extent,
and allows a degree of apnoeic oxygenation of the
blood still perfusing this lung. Clinical studies have
shown that this does not interfere with the progress of
surgery.

The FRC is also decreased in the dependent lung
during OLV in the lateral decubitus position, and a
certain amount of venous blood will flow around non-
ventilated alveoli and add to the total amount of
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venous admixture in the pulmonary veins. One can
attempt to increase FRC over closing capacity by
applying positive end-expiratory pressure (PEEP) to
the ventilated lung. When doing this, however, one
must remember that PEEP can compress peri-alveolar
vessels, increasing pulmonary vascular resistance and
thus diverting blood flow from the ventilated to the
non-ventilated lung. The positive effects of PEEP
ventilation of the dependent lung in increasing FRC
might thus be offset by the diversion of blood flow to
the non-ventilated lung with a net increase in total
shunt perfusion. If fact, this can be observed clinically:
adding PEEP to the dependent lung can increase or
decrease arterial oxygen tension, or have absolutely
no effect at all.

The pragmatic way to proceed is to apply a CPAP of
5-10cmH,0O with 100% O, to the non-ventilated
lung. If that is not effective in bringing S,0, over
90%, a PEEP of 5-10cmH,0 is added to the venti-
lated lung. If S,0; is still below 90%, then CPAP is
increased in the non-ventilated lung to 10-15 cmH,O0.
A further increase in PEEP to between 10 and
15ecmH,0 is the final step in the endeavour to raise
S,0, from potentially hazardous low levels.

If none of these measures succeed in bringing the S,0,
to around 90%, one must remember that the fastest
and most successful way to improve oxygenation is to
resume two-lung ventilation. One should not hesitate
to remove the cross-clamp and ventilate the non-
dependent lung if the patient is threatened by severe
hypoxaemia.

Practical management of OLV

® Insert double-lumen endotracheal tube and verify
correct position by auscultation and flexible
bronchoscopy

® Cross-clamp correct connector and disconnect from
endotracheal tube to allow the lung to collapse.
Arterial saturation will fall

® |f arterial saturation falls below 90%, increase inspira-
tory O; fraction to 1.0

® |f saturation remains under 90%, add static positive
pressure of 5-10cmH,O to non-ventilated lung
(CPAP)

® |f saturation is still lower than 90%, add PEEP of
5-10cmH,0 to ventilated lung. Saturation may fall
after PEEP ventilation is started

® |f saturation remains under 90%, sequentially increase
CPAP and PEEP by 5-10 cmH,0O

® |f none of these measures are successful in raising
arterial saturation to at least 85-90%, reinstate two-
lung ventilation

Preparing the patient for thoracoscopy

The approach to the patient presenting for thoraco-
scopic surgery depends on the nature of the under-
lying disease, the planned intervention and the patient’s
general clinical condition. Determining the status of
the cardiovascular and respiratory systems is the
anaesthetists’ primary concern, since many thoraco-
scopic procedures are performed with the aim of
evaluating and treating diseases of the lungs. The wide
variety of thoracoscopic procedures means that there
will not be a “typical” patient profile. A young adult
scheduled for treatment of recurrent pneumothorax
or a patient with hyperhidrosis scheduled for thoraco-
scopic sympathectomy will probably be otherwise
healthy and require a different preoperative work-up
than an older patient with a long history of smoking
scheduled for thoracoscopic lobectomy. The young
patient presenting for thoracoscopic correction of
kyphoscoliosis, on the other hand, might have chronic
cor pulmonale with severe pulmonary hypertension
and a right ventricle on the verge of decompensation.

Preoperative evaluation includes a meticulous history,
physical examination, 12-lead ECG, chest X-ray,
standard laboratory tests and pulmonary function
testing. The latter might include peak flow measure-
ments before and after administering a bronchodilator.
The medical history focuses on smoking, occupational
exposure to pulmonary irritants, exercise tolerance,
episodes of angina pectoris, paroxysmal episodes of
dyspnoea, muscular weakness, and current and previ-
ous medication. The physical examination might reveal
rhonchi and wheezing, prolonged expiration, engorged
jugular veins, cutaneous signs of emphysema or
cyanosis. The ECG is useful to detect signs of
ischaemic or hypertensive heart disease, pre-existing
dysrhythmias or intracardial conduction defects,
while the chest radiogram could reveal pulmonary
infiltrates, pleural effusions, atelectatic areas, pneumo-
thorax, radiolucent areas indicating hyperinflation or
signs of congestive heart disease.

Conditions to look for in patients presenting for
thoracoscopy

® Coronary artery disease: history, ECG, echocardio-
graphy

® Obstructive lung disease: history, examination, pul-
monary function, X-ray

® Restrictive lung disease: history, examination, pul-
monary function, X-ray

® Pulmonary hypertension: auscultation, ECG, echocar-
diography

® Paraneoplastic syndrome: history, physical examination
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Anaesthesia

Positioning the patient

For thoracoscopy, the patient is in the lateral decubi-
tus position with the affected side uppermost. The
arm on the affected side is flexed at the elbow and
abducted to about the level of the ear. The arm of the
dependent side is either fixed alongside the patient’s
body or brought forward in the sagittal plane until it
points directly away from the body (see Chapter 3).
The patient is often not positioned in the classic lat-
eral decubitus position, but only tilted about 45°,
depending on the location of the surgical site — anterior
or posterior thorax (Figure 9.13).

Figure 9.13 Positioning the
patient for thoracoscopy. The
amount of tilt of the upper body
depends on the intrathoracic
location of the surgical site.
(a) Patient being prepared
for thoracoscopic treatment of
recurrent pneumothorax. Note
the double-lumen endotracheal
tube, the position of the
arms and the venous cannulae.
(b) Surgery in the anterior medi-
astinum. (c) Surgery of the
thoracic spine, oesophagus,
posterior mediastinum, hilus,
etc. (Schematic illustrations by
courtesy of Dr Hilmar Dorge,
Department of Cardiothoracic
Surgery, University of Gottingen.)

Monitoring

S,0, is the single most important parameter during
OLYV, and pulse oximetry is therefore mandatory. Five-
lead ECG, preferably with automated ST segment
analysis, capnometry and arterial cannulation for
invasive blood pressure monitoring and serial blood
gas sampling are standard. Depth of relaxation moni-
toring is useful if continuous neuromuscular block is
required. Transoesophageal echocardiography (TEE)
might be useful to monitor cardiac function and sur-
gical progress involving the pericardium. If the radial
artery is to be cannulated, this should be done in the
elevated arm, since it is usually more easily accessible,
and there is less risk of arterial compression. A large-bore
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venous cannula is inserted into a vein of the elevated
arm. A central venous catheter can be introduced
through the brachiocephalic vein of either arm or the
jugular vein on the non-dependent side.

Essential monitoring for thoracoscopic surgery

® Pulse oximetry, perhaps with additional serial blood
gas analyses

® Five-lead ECG, preferably with automated ST seg-
ment analysis

® Continuous blood pressure measurement (non-
invasive or radial artery cannulation)

® Capnometry

Useful additional monitoring

® Relaxometry
® Temperature
® TEE

Induction and maintenance of anaesthesia

Brief diagnostic thoracoscopic procedures can be per-
formed safely under local anaesthesia in the awake,
spontaneously breathing patient.”” The port insertion
sites in the chest wall and the parietal pleura can be
simply infiltrated with local anaesthetic, but inter-
costal nerve blocks or thoracic epidural anaesthesia
provide more complete analgesia. The cough reflex,
which is triggered by manipulations of the hilum, can
be suppressed by an ipsilateral stellate ganglion block.
Supplementary O, should be administered via face
mask or nasal prongs to prevent hypoxia consequent
to collapse of the non-dependent lung and paradoxial
respiration in the spontaneously breathing patient.

However, general anaesthesia (preferably a total intra-
venous technique) and mechanical ventilation is the
method of choice for all more complicated or length-
ier procedures, since the positive intrapulmonary
pressure counteracts the changes associated with lung
collapse and mediastinal shift, and helps minimize
pulmonary shunt perfusion. One study has shown
that the combination of thoracic epidural analgesia
with general anaesthesia reduces pulmonary shunt
perfusion and yields better arterial oxygenation.”
Lung separation with a double-lumen endotracheal
tube and OLV is required, since it is not possible to
retract the lung as during thoracotomy. Except for
certain exceptions a left-sided double-lumen tube is
used. The tip is placed in the left main bronchus
and the correct position is verified by flexible bron-
choscopy (see above). The position is confirmed again
after the patient has been brought into the lateral
decubitus position.

Anaesthesia is induced with a short-acting barbit-
urate, propofol or etomidate after an initial injection of
an opioid (for details see Chapter 5). Neuromuscular
relaxation is achieved with a non-depolarizing agent
of suitable duration. Anaesthesia is maintained with
an infusion of propofol, since this does not interfere
with HPV (see above), and continuing administration
of the opioid. The non-dependent lung is allowed to
collapse after introduction of the trocars and instru-
ments into the pleural cavity. This is done by cross-
clamping the tube the connecting the ventilator to the
lumen of the double-lumen endotracheal tube sup-
plying the non-dependent lung and disconnecting it
altogether (Figure 9.14).

Excellent postoperative pain relief can be achieved
with intercostal blocks in addition to intravenous opi-
oids. If a thoracic epidural catheter was inserted for
anaesthesia, it can be used to great advantage in the
postoperative period to reduce intraoperative opioid
requirements and provide postoperative analgesia.

Anaesthetic management of thoracoscopic surgery

® Anxiolytic  premedication  with
benzodiazepine

® Large-bore venous cannula in arm of affected side
(this arm remains accessible). Occasionally advisable:
radial artery cannulation, central venous catheter
(jugular vein)

® |nduction with intravenous hypnotic agent

® |Intubate with double-lumen endotracheal tube
(confirm position with flexible bronchoscope, check
again when patient in lateral decubitus position)

® Total intravenous anaesthesia with propofol and suit-
able opioid (see Chapter 5 for details)

® OLV. FO, = 1.0. Add CPAP to collapsed lung and
PEEP to ventilated lung if P,O; is too low

short-acting

Complications of thoracoscopic surgery

Hypoxia is a common occurrence during thoraco-
SCOplC surgery as described above. Treatment consists
in mmlmlzmg intrapulmonary shunt perfusion, opti-
mizing ventilation—perfusion ratios by differential lung
ventilation (see above), increasing inspiratory O, con-
centration, or, ultimately, resuming two-lung ventilation.

Haemorrhage is not common durmg thoracoscopy,
but can be profuse and severely impair visualization
of the surgical site, as well as lead to circulatory col-
lapse. Large-bore venous cannulae should be inserted
as part of patient preparation, and blood should be
typed and cross-matched.
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Intraoperative hypotension during thoracoscopy not
secondary to exsanguinating haemorrhage is usually
due to cardiac manipulations impairing atrial filling,
or cardiac dysrhythmias. The incidence and severity of
the latter can be increased by hypoxia. Blood pressure
improves rapidly when the surgeon eases compression
on the heart. Positive intrathoracic pressure can also
severely compromise cardiovascular function®® and
should be relieved immediately, if present.

In a humorous, but nonetheless deadly serious tone,
Braimbridge lists kebab lung syndrome, -clotted
haemothorax, artificial lunchothorax and aorto-
pleuro-cutaneous fistula as major surgical complica-
tions of thoracoscopy.*’ All of these involve damage to
internal organs — lung, liver, stomach, and heart or
aorta, respectively — with the trocar, the thoracoscope
or the surgical instruments.

Minimally invasive cardiac
surgery

Conventional cardiac surgery involves a median ster-
notomy to access an ischaemic heart in cardioplegic
stillstand on cardiopulmonary bypass (CPB), all of
which are principal determinants of perioperative
morbidity and mortality that contribute directly to
the enormous costs of cardiac surgery. Sternotomy is
associated with rib fractures, sternal dehiscence, chest
wall instability, wound infections and brachial plexus
injuries, and a prolonged rehabilitation period to

Figure 9.14 Disconnecting the
lung from the ventilator to pro-
vide one-lung anaesthesia. This
illustration shows a left-sided
double-lumen endotracheal tube
cross-clamped and disconnected
to ventilate the left lung (lumen
marked “bronchial”) and allow
the right lung (lumen marked
“tracheal”) to collapse.

Table 9.6 Advantages of various methods of minimally
invasive coronary artery bypass surgery

OPCAB No CPB, median sternotomy, complete
coronary re-vascularization possible

PACAP CPB via femoral artery and vein, no
sternotomy, coronary artery and valve
procedures possible

MIDCAB No CPB, no sternotomy, reserved for

single-vessel disease (left anterior

descending artery, right coronary artery)

regain use of the arms. CPB induces a large-scale sys-
temic inflammatory response syndrome (SIRS) with
its associated complications and is a primary factor in
the occurrence of perioperative stroke, myocardial
infarction and mental dysfunction. Avoiding these
factors amounts to a major reduction in the invasive-
ness of cardiac surgery.

For once, economic pressure to reduce the cost of
treatment and medical efforts to improve patient out-
come worked in the same direction, and a number of
minimally invasive procedures have been developed
that avoid median sternotomy, CPB or both. The best
established methods are off-pump coronary artery
bypass (OPCAB), port-access coronary artery bypass
(PACAB or PortCAB) and minimally invasive direct
coronary artery bypass (MIDCAB). Each of these
methods has its advantages and limitations (see Table
9.6). A 1999 study in the US found that OPCAB and
MIDCAB were both less expensive than conventional
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coronary bypass surgery: the total costs of OPCAP and
MIDCAB were lower by 21% and 11%, respectively.”’
Although studies have documented the advantages of
minimally invasive cardiac surgery, these procedures
are not standard, at present, and are only performed in
specialized centres. Of the 70,000 coronary bypass
operations performed annually in Germany, only 4-5%
were done with minimally invasive methods in 2001.78
The statistics in other countries will be similar.

As Cooley points out in his contribution to the dis-
cussion of the pros and cons of minimally invasive
surgery, coronary artery bypass grafting without CPB
is not a new technique, but one that was used before
the general acceptance of cardioplegic stillstand.”
The technique was essentially re-introduced as OPCAB
surgery in the 1970s. With this method, the heart and
the coronary arteries are approached through a
median sternotomy, and the target artery is occluded
and stabilized mechanically to facilitate suturing the
anastomosis. The first report of larger series of treated
patients was published in 1975.8° A later report gives a
mortality rate of 2.5% in a series of nearly 1300
patients with an incidence of neurological complica-
tions and cardiac dysrhythmias lower than for the
conventional procedure.’! This was also the case for
patients at high risk of adverse outcome due to
advanced age or impaired left ventricular function.®?
OPCAB has been shown to be superior to conven-
tional coronary artery surgery with regard to duration
of ventilation (6 vs. 10 h), length of hospital stay (6 vs.
9 days) and incidence of postoperative neurological
deficits (0% vs. 7.5%).%3

MIDCAB, first described in 19943 is performed
through a small incision directly over the target
artery. This technique met with initial enthusiasm,
but as with all new techniques that have been
employed beyond the range of their usefulness, there
has been a certain rollback and a wave of scepticism.
Access to the heart is limited, and the technique is
now accepted as a standard for one-vessel bypass,
occasionally in combination with interventional
cardiology for angioplasty and stenting of other coro-
naries. The left anterior descending artery is
approached through a left parasternal minithoraco-
tomy for re-vascularization with the left internal
mammary artery, and the right coronary artery is
accessed through a xiphoidal incision and grafted to
the gastroepiploic artery.

PACAB is performed with full CPB, but without
median sternotomy. The femoral vein and femoral
artery are cannulated for CPB and a ballon-tipped
catheter is placed in the aorta for aortic occlusion and
delivery of cardioplegia solution.

Monitoring

Standard monitoring during minimally invasive car-
diac surgery should include direct arterial and central
venous pressure recordings, ECG with ST segment
analysis, pulse oximetry, body temperature and relax-
ometry. TEE is desirable to detect regional wall
motion abnormalities during coronary occlusion in
procedures without CPB. Some method for deter-
mining cardiac output (CO) is useful in patients with
borderline myocardial function. Monitoring myocar-
dial function can be difficult during OPCAB procedures
when the heart is rotated to access the circumflex
artery.

Anaesthesia for minimally invasive cardiac
surgery

Anaesthesia for minimally invasive cardiac surgery
requires a radical departure from the standard man-
agement of conventional cardiosurgery. The demands
on intraoperative haemodynamic stability remain
unaltered, but postoperative management focuses on
early extubation (fast-track anaesthesia). General
anaesthesia is preferred, but off-pump cardiac sur-
gery has been successfully performed on the spontan-
eously breathing patient with high thoracic epidural
anaesthesia.®>®® A combination of general anaesthesia
with thoracic epidural anaesthesia can provide intra-
operative haemodynamic stability and facilitate effect-
ive postoperative analgesia.”®

Patients are premedicated with an oral benzodi-
azepine. Anaesthesia is induced in the usual manner
with an opioid and propofol, a short-acting barbitur-
ate or etomidate. We prefer etomidate, or propofol
administered with a target-controlled infusion pump
to avoid high peak plasma concentrations with
peripheral vasodilatation and a phase of profound
hypotension. Remifentanil is given as a slow bolus
injection for induction (2 ugkg™!) and a continuous
infusion (0.5 wgkg™'min~!) for maintenance as the
opioid component of a totally intravenous technique
combined with a propofol infusion. It reduces
myocardial O, uptake by 42%, which should provide
a degree of ischaemia protection during coronary
occlusion.®” Recovery after this regimen is shorter
and more predictable than when alfentanil is used.®

Tracheal intubation is facilitated with a non-
depolarizing muscle relaxant. A double-lumen endo-
tracheal tube is required if the procedure is to assisted
by thoracoscopy. Off-pump coronary surgery, as well
as MIDCAB and PACAB procedures that do not
intentionally breach the pleura only require a single-
lumen endotracheal tube.
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Coronary artery bypass grafting without CPB requires
an alternative method to stabilize the target artery and
minimize movement during the anastomosis. Surgical
retractor systems have been developed for this purpose,
which render the formerly used pharmacological
induction of bradycardia with beta-adrenergic or cal-
cium channel blockers, adenosine or cholinesterase
inhibitors less of a concern. Anastomosis also requires
occlusion of the target artery to prevent anterograde
and retrograde flow. The regional ischaemia that occurs
during the occlusion period can have severe effects
on myocardial function, such as hypotension, reduced
CO, pulmonary congestion with elevated pulmonary
capillary wedge pressure, or ECG signs of ischaemia.
Occlusion of the right coronary artery can induce atrial
dysrhythmias or bradycardia, while occlusion of the left
anterior descending artery can precipitate acute left
ventricular failure requiring resuscitation and an intra-
aortic balloon pump. A trial occlusion phase is fre-
quently performed prior to grafting to detect and deal
with any adverse effects. Some regard this period itself
as therapeutic in the sense that it might contribute to
ischaemic preconditioning.* Other authors have not
been able to demonstrate a beneficial effect of a 5-min
preconditioning period on the occurrence of segmental
wall motion abnormalities.”’ Institution of CPB or con-
version to the conventional procedure may be necessary
if the haemodynamic derangements are severe and
prolonged.

PACAB surgery requires a pulmonary artery catheter
to vent the left ventricle and a coronary sinus catheter
for retrograde cardioplegia if the aortic occlusion
catheter does not have a lumen for anterograde car-
dioplegia. The aortic occlusion balloon can migrate
into the aortic arch during surgery and block the
innominate artery and stop blood flow in the right
carotid artery. Continuous pressure recordings in the
right radial artery will help detect this complication.

Pain therapy

The severity of pain following minimally invasive car-
diac surgery have not been quantified in a systematic
manner. One study suggests that the standard
MIDCAB is not less painful than conventional coro-
nary artery bypass surgery. There is no median ster-
notomy, but trauma to the costal cartilage and the rib
segment resection are probably potent stimuli, since
MIDCAB with endoscopic artery dissection is less
painful.”! Thoracic epidural anaesthesia is effective
for analgesia, but other methods, such as continuous
paravertebral block, continuous intrapleural local
anaesthetic infusion or intercostal blocks are as effec-
tive, and have fewer complications.””** An effective
postoperative pain control regimen will incorporate

local anaesthetic techniques, intravenous opioids and
non-opiate analgesics in a rational combination.
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LASER SURGERY OF THE UPPER

AERODIGESTIVE TRACT

The upper aerodigestive tract is a collective term des-
ignating the region from the nasal passages to the
level of the bronchi. It encompasses the oropharynx
and hypopharynx, the tongue, epiglottis and glottis,
the larynx and trachea, the oral cavity and the nasal
passages. Any and all of these structures can be
approached by laser surgery, but the most common
localization of pathological processes is the larynx.

Lasers were introduced into the treatment of laryn-
geal lesions in the early 1970s by Jako and Strong.!
Surgeons such as Burian in Austria, Freche in France,
and Oswal and Howard in the UK helped to establish
the technique in Europe. Pioneers such as Wolfgang
Steiner in Germany were instrumental in taking the
technique to new frontiers so that nowadays nearly
every pharyngolaryngological operation, including
curative and palliative resection of bulky tumours,
can be performed transorally with the laser. Manage-
ment of anaesthesia for these procedures has been
a challenge since their very introduction. The inter-
dependence between anaesthesia and surgery for the
development of the field is illustrated by the fact that
studies on the best methods of anaesthesia coincided
with the surgical reports and were even co-authored
by surgeons.”* Further research helped to optimize
working conditions for the surgeon while providing
the patient with a greater degree of perioperative safety
and comfort.

The use of lasers as a surgical cutting instrument pro-
vides an elegant and minimally invasive approach to
surgery. With the laser beam one can operate in nearly
inaccessible areas with a precision not possible with
other surgical instruments. From major resections of
gross tumourous growths to pinpoint removal of vocal
cord papillomas, the entire palette of upper and lower
airway procedures is possible with this technique. The
indications for laryngeal and tracheal laser surgery are
usually neoplasms — malignant or benign — such as
carcinomas, papillomas, nodules or cysts. Laryngeal
webs, tracheal stenosis or even a Zenker’s diverticu-
lum are fair game for the laser. Laser surgery of laryn-
geal cancer avoids or at least postpones the otherwise
unavoidable tracheotomy with its social stigmatization —
an enormous improvement of the quality of life for the
patients. Surgical procedures above the level of the

10

larynx include tonsillectomy, removal of epiglottal,
glossal, buccal or retropharyngeal tumours, opening of
choanal atresia, surgery of hyperplastic nasal turbinates,
etc. For an excellent survey of the field, see the text-
books by Steiner and Ambrosch® or Davis.®

Laser surgery causes minimal bleeding and oedema,
and little collateral tissue destruction thus preserving
surrounding anatomical structures. This leads to
reduced pain and more rapid healing. But this tech-
nique also confronts the anaesthetist with a number
of unexpected problems that arise from the competi-
tion with the surgeon for control of the airway and
also from the properties of the laser beam itself.

Laser physics

The word “laser” is an acronym that stands for /ight
amplification by stimulated emission of radiation. The
light from a laser behaves the same as light from a
normal light bulb, and can be reflected by mirrors,
focussed with lenses or be diffracted. But in certain
crucial characteristics it is completely different. A
beam of laser light is highly monochromatic and con-
tains a very narrow band of wavelengths. The light
waves are coherent, or in identical phase, and show
little dispersion since they are narrowly collimated.

A laser device consists of an energy source used to
excite (or pump) atoms in a so-called lasing medium.
The applied energy raises electrons in the atoms of
the medium from a low-energy orbital to a higher-
energy orbital by a process called stimulated absorption
(Figure 10.1(a)). An electron can spontaneously drop
from the higher- to the lower-energy level emitting a
photon with an energy exactly equal to the difference
in the energy between the two orbitals. This is called
spontaneous emission (Figure 10.1(b)).

The frequency of the emitted light is directly propor-
tional to the energy of the emitted photon:

E
T=5%

where fis the frequency in hertz, E is the energy dif-
ference between the two orbitals in joules and / is the
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Planck’s constant, 6.626 X 1073*]Js. The wavelength
A of the emitted light:

A=Z

f

can be calculated from the frequency (f) and the
speed of light (¢).

Light with a wavelength between 400 and 800 nm is
visible to humans (1nm = 10~?m). Ultraviolet light
has a shorter wavelength, while infrared light has a
longer wavelength.

If a photon with a particular energy (wavelength) col-
lides with an atom containing an electron in a higher-
energy orbital that is posed to emit a photon with the
same energy by spontaneous emission, the collision
will stimulate immediate emission. The colliding pho-
ton and the emitted photon leave the atom together
with identical wavelength, phase and direction. The
external energy source ensures that many electrons
will be in a “pumped up” state, waiting for an emitted
photon to trigger a chain reaction of stimulated emis-
sion (Figure 10.1(c)). Parallel mirrors at each end of

Stimulated absorption

hv
(@
Spontaneous emission
hv
(b)
Stimulated emission
hv 2hv
©

Figure 10.1 Electron orbitals in stimulated emission of
light. (a) A photon with sufficient energy can raise an elec-
tron from a low-energy orbital to a higher-energy orbital
(pumping). (b) The excited electron can spontaneously drop
from the higher-energy level, emitting a photon with an
energy exactly equal to the energy difference between the
two orbitals. (c) If a photon with exactly this energy (wave-
length) collides with an excited atom, it will stimulate the
emission of a photon. The colliding photon and the emitted
photon leave the atom together with identical wavelength,
phase and direction.

the medium, one of which is semi-transparent, reflect
the emitted light back and forth through the medium,
stimulating more atoms to emit photons with every
passage, thereby amplifying the original stimulus. One
of the mirrors is semi-transparent and the light beam,
whose light waves are now in phase, will eventually
exit the medium through this mirror. It follows from
the equation for the energy of a photon, that although
a laser beam can be extremely powerful, the laser does
not increase the energy of the individual photon but
only increases the number of photons per unit of area
and time.

The lasers used in surgery employ a variety of laser
media and energy sources. The laser most commonly
used for surgery of the upper aerodigestive tract is the
carbon dioxide (CO,) laser, while an argon laser is fre-
quently employed in ophthalmologic surgery. Both of
these use a gaseous medium that is “pumped” by an
electric discharge through the gas-filled tube. Their
beams can be either continuous or pulsed. The lasing
medium can also be a rod of laser-passive material
doped with ionic impurities. A monocrystal of the
synthetic gem yttrium—aluminium-garnet (YAQG) is
commonly used as the laser-passive host matrix and is
doped with neodymium (Nd) or holmium. The
Nd-YAG laser is “pumped” with high-energy light
from xenon flash lamps and only emits a pulsed laser
beam. The conversion of electrical energy into light is
very inefficient: a laser with an energy output of 10 W
requires more than 1kW input.

The CO, laser emits light in the far infrared with a
wavelength of 10,600 nm, whereas the Nd—YAG laser
emits light in the near-infrared spectrum with a
wavelength of 1060 nm and the argon laser emits vis-
ible blue—green light with a wavelength of approxi-
mately 500 nm. The emitted laser beam can be passed
through a frequency doubler that converts its light to
a different wavelength. A beam of laser light passed
through a crystal of potassium-titanium—phosphate
(K'TP) will emerge as a mixture of light with the ori-
ginal wavelength and light with half the wavelength
(equivalent to double the original frequency). This is
referred to as the K'TP laser and is most commonly
used in a medical setting with the Nd—YAG laser.
Excimer (excited dimer) lasers use a noble gas hal-
ide such as argon fluoride (ArF) or xenon chloride
(XeCl) as lasing medium and emit high-energy pho-
tons in the ultraviolet spectrum. The wavelength of
the ArF laser is 193 nm. The common laser pointer
uses a laser diode that emits a beam with a wavelength
of 650nm. For normal surgery of the upper aero-
digestive tract the power of the CO, laser beam is set
between 5 and 25 W. For comparison, the beam of a
laser pointer has a maximum power of 5 mW.
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The wavelength of the emitted light determines both
how the beam can be conducted from the source to the
surgical field and also what effects it has on the target
tissue. Visible and near-infrared light can be sent from
the source to the tissue through flexible plastic or glass
fibre conduits. The long-wave infrared light from the
CO; laser cannot be guided in this manner but must be
reflected with front-surface mirrors along articulated
tubes (Figure 10.2). Once the beam is near the surgical
field the light can either be sharply focussed in an oper-
ating microscope, applied directly to the surgical site
with the waveguide bundle or diffused through a con-
tact probe onto the tissue to be destroyed.

CO, laser

/ Metal tubes
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articulations

~

Mirror—*

Laser beam

Figure 10.2 Waveguide used for the beam from CO;, lasers.

Laser surgery of the upper aerodigestive tract is usu-
ally performed with the beam of a CO, laser applied
through an operating microscope. A confocal, low-
power, visible laser beam from a helium-neon laser
that is sent through the waveguide and the microscope
together with the CO, laser is used to aim the invisible
surgical beam. The beam can be sharply focussed to a
spot of only 0.03 cm in diameter corresponding to an
area of about 0.001cm? A 10W laser beam with an
original cross section of 1 cm? would have a power den-
sity of approximately 10,000 W cm ™2 when focussed
on such a tiny spot. This power density would deliver
2500cals™! to the target, causing it to heat up at a
rate of up to several thousand degrees per second
depending on the degree of light absorption.

The wavelength of the CO, laser is readily absorbed
by water (Figure 10.3), of which human tissue is
largely made up. The beam penetrates only to a depth
of about 0.0l mm, but since its energy is almost
entirely absorbed in this short distance, the beam heats
the water almost instantaneously, denaturing the pro-
teins and causing almost explosive vaporization of the
tissue. The heat transmitted to the immediately sur-
rounding tissue cauterizes the capillaries and prevents
bleeding. For example, this property along with the
ability to focus the beam to a precisely defined point
allows minute papillomas to be removed from the deli-
cate vocal cords while causing nearly no damage to the
surrounding tissue.

The shorter wavelength light from the Nd—YAG laser
is less strongly absorbed by water and penetrates
deeper into the tissue (Figure 10.4). Its energy is dis-
tributed to a volume of tissue which is at least two
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Figure 10.3 Absorption spectrum of water. Light of longer wavelength is more readily absorbed than visible light.



148 ANAESTHESIA FOR MINIMALLY INVASIVE SURGERY

orders of magnitude larger than that affected by the
CO, laser and causes much less vaporization and more
thermal coagulation. This effect is sometimes not
apparent until much later with shrinking and scarring
of the treated tissue. For example, the Nd—YAG laser
is used for reduction of hypertrophied nasal turbinates.
These are irradiated under topical anaesthesia and
shrink due to subsequent scarring and sloughing. The
coagulating properties of the Nd-YAG laser can be
used to treat bleeding vascular malformations such as
in Morbus Osler.

Tissue factors Laser factors

Absorption Power density
Scatter Duration
Thermal Wavelength
conductivity

Local

circulation

Figure 10.4 The effects of different types of laser beams on
tissue.

The argon laser with its light in the blue—green visible
spectrum is not commonly used in otorhinological
surgery. The light is absorbed poorly by water and
can therefore penetrate tissue to a greater depth than
the beams from CO, or Nd-YAG lasers. However,
it is strongly absorbed by haemoglobin and melanin
and can thus be used to coagulate or obliterate
blood vessels without destroying the overlying tissue
(Figure 10.4). For an overview of the surgical use of
lasers the reader is referred to monographs on the
subject.®’

Diode or semiconductor lasers have been recently
introduced into routine clinical use. They are no longer
restricted to low-power applications but can deliver up
to 50 W of continuous power. Diode lasers have the
advantage of being smaller and less expensive than the
Nd-YAG or argon lasers, which they are slowly replac-
ing. Most diode lasers are based on gallium—arsenide,
and the wavelength of the light emitted by the diode
depends on its exact composition and construction.
The most commonly used wavelengths are 810, 940 and
980 nm. The shorter wavelength is absorbed by water to
an extent between that of the Nd—YAG and the argon
laser and has a wide variety of uses from ophthalmology
to dermatology. The 810 nm wavelength light is optimal
for pumping an Nd—YAG laser instead of xenon lamps.
After passing the beam through a K'TP frequency doub-
ler, the resulting light with a wavelength of 534 nm can
replace the argon laser in ophthalmological surgery.
The light from the longer wavelength lasers more
closely resembles that of the Nd—YAG laser, which they
are now replacing. Table 10.1 gives a summary of com-
monly used lasers and their characteristics.

Table 10.1 Characteristics of laser beams used in surgery

Laser type

Wavelength (nm)

Comments

co,

Nd-YAG

Argon

Gallium-arsenide diodes

KTP frequency doubler

10,600

1060

488/515

810, 940, 980

Far infrared; beam invisible; strongly absorbed by water and PVC;
superficial tissue penetration (10 wm); carbonizes and vaporizes
tissue, cutting laser

Near infrared; beam invisible; absorbed less well by water;
absorbed by haemoglobin (penetration 200 wm); tissue
penetration depends on blood flow; PVC is transparent at this
wavelength; beam can be applied through flexible waveguide

Visible light; poorly absorbed by water (penetrates 12 m!);
strongly absorbed by haemoglobin (penetrates 30 um); tissue
penetration depends on blood flow; passes through cornea and
vitreous humour but coagulates retina

Red to infrared light; poorly absorbed by water; absorbed by
haemoglobin

Effects depend on the resulting wavelengths
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Technical aspects of the
procedures

The large majority of these laser operations are per-
formed by microlaryngoscopy with the surgeon view-
ing the operating site through a binocular microscope,
guiding the laser beam with a micromanipulator,
which is basically a joystick, with his right hand

(@)

and grasping the tissue with long forceps held in
the left hand (Figure 10.5). During laser surgery of
the upper aerodigestive tract, the patient’s head is
maximally reflected and the operation site is visual-
ized using either a closed laryngoscope (Kleinsasser
laryngoscope) or a distending laryngopharyngoscope
(Figure 10.6). After the instrument has been intro-
duced it is attached to a chest support and fixed in the

Figure 10.5 Picture of surgeon
performing laser surgery of the
pharynx. One sees the laryngo-
scope attached to the support
resting on the platform above the
patient’s chest. The laser wave
guide is visible leading down and
attached to the microscope. The
surgeon sits with his arms sup-
ported on wide armrests while he
manipulates the tissues with
instruments held in his left hand,
while guiding the laser beam with
his right.

(b)

Figure 10.6 Laryngoscopes used for laser surgery of the oropharynx and larynx. Closed or distendable models are avail-
able. A suction channel is integrated into the body of the laryngoscope for removing the smoke plume from the operation
site. (a) Distendable (right) and closed (left) laryngoscopes. The suction connectors are clearly visible. (b) View into the distal
opening of the laryngoscopes showing the openings of the suction channels.
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(a

(b)

©

Figure 10.7 Patient with laryngoscope and chest support.

position giving the best visualization of the operating
site (Figure 10.7).

When the CO, laser is being used, the laser beam
is guided by mirrors in an articulated metal tube that
is attached to the operating microscope where the
invisible beam from the CO; laser is focussed together
with the visible pilot beam from the helium—neon
laser. The light of the Nd—YAG laser is applied with a
flexible waveguide that can be introduced through a
specially designed rhinoscope or bronchoscope.

Technical complications

The properties that make the laser beam a useful tool
in surgery are those that also make it a risk for patient

Figure 10.8 Safety goggles must either reflect or absorb
the wavelength of the laser light in use.

and operating room (OR) personnel alike. The risks are
so great that they are regulated by national agencies
such as the British Standards Institute (BS IEC 60825-
8:1999) or the American National Standards Institute
(ANSI Z136.3-1988). These institutions have pub-
lished guidelines that must be observed whenever sur-
gical lasers are used.®’ Most other countries will have
similar regulations. Not only the direct beam is dan-
gerous but also stray rays reflected from metal surfaces.
Even these can cause serious eye injuries, and all OR
personnel must wear safety goggles with lenses that
absorb light at the wavelength of the laser beam
(Figure 10.8). Any glass or plastic lens, but not contact
lenses, will absorb the far-infrared light of the CO,
laser beam. The green-tinted lenses required for the
Nd-YAG laser and the amber-orange lenses for use with
the argon laser alter colour perception and make visual
detection of cyanosis difficult. But there are special
clear lenses available with a coating that absorbs the
near-infrared wavelength of the Nd—YAG laser beam.
The patient’s eye must be taped shut and the eyelids
protected by moistened gauze pads. Wet cloth should
be applied to the exposed portions of the patient’s face
to prevent burns from reflected beams.

Direct hits with the laser beam can ignite flammable
material and vaporize non-flammable material.
How this affects the choice of endotracheal tube is
described in detail below.

The beam of the CO, laser vaporizes tissue and pro-
duces a plume of smoke and fine particles. This
plume has a disagreeable odour and can induce
unpleasant subjective symptoms in sensitive individ-
uals. The particles are in the size range of
0.1-0.8um'” and can thus be transported and
deposited in the alveoli. Smoke from the plume was
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Safety guidelines for laser surgery

® Equip operating theatre personnel with protective
eye gear

® Cover patient’s face and eyes with wet towels

® Always keep a 10 ml syringe filled with saline imme-
diately available to extinguish fires

® When ventilating through endotracheal tube, keep
inspiratory oxygen (O,) concentration at 28% or
below (SpO, allowing)

® Avoid nitrous oxide (N,O) (anaesthesia machine
must be able to mix O, and air)

® Protect endotracheal tube from laser beam (includ-
ing metal tubes)

® Maintain positive end-expiratory pressure (PEEP)

® Laser warning signs should be placed in the OR and
an illuminated “Laser in Use” sign should be
installed above all doors leading into the OR

found to reduce mucociliary clearance and cause
severe inflammation.!! The condensate in the laser
plume from the vaporization of 1g of tissue has a
mutagenic potential comparable with that of smoking
three to six cigarettes.?

Although there is a theoretical possibility that the laser
plume might act as a vector for viral infection, there
is currently no consensus whether the smoke plume
from vaporized papilloma tissue contains infectious
virus particles or not."*"1> There is also some evidence
showing that bacteria can be spread in the plume.'®!’
Lacking firm evidence that the plume is innocuous,
one should treat it as infectious and take measures to
protect both patient and personnel. Removal of
the fumes from the operation site with an effective
exhaust system is the best way to prevent contamin-
ation of the workspace air."® OR personnel can be fur-
ther protected with special face masks that filter out
virus-sized particles.

Managing the airway

Airway management is the main concern in laser sur-
gery of the upper aerodigestive tract, particularly for
surgery of the larynx. It is even more critical for sur-
gery in the trachea itself. The undisputed, hands-
down winner for best protection of the airway against
aspiration and best control of ventilation is endotra-
cheal intubation with a cuffed tube. However, the
method does have the drawback of occupying the
same space as that in which the surgeon intends to
operate (Figure 10.9). Some have tried to avoid this
problem by using inhalational anaesthesia in a sponta-
neously breathing patient. There is no foreign object

(a)

(b)

Figure 10.9 Pictures of endotracheal tube in position with
wet swabs protecting cuff.

in the way, but the airway is unprotected, the surgeon
is exposed to appreciable concentrations of the anaes-
thetic and, in addition, has to work on a moving target.
Other approaches that avoid the use of an endotra-
cheal tube are to operate in apnoea or to use a jet ven-
tilation technique. In the following sections we shall
present each technique and describe in detail their
advantages and disadvantages.

Apnoeic techniques

The technically least sophisticated method of resolv-
ing the competition between anaesthetist and surgeon
for airway supremacy during laser surgery is to use the
apnoea technique. In this technique, ventilation is
interrupted periodically to give the surgeon access to
the surgical site. The method is particularly useful in
children and for subglottic or tracheal operations.'*?
The anaesthetic of choice is a total intravenous regi-
men. Anaesthesia is induced and the patient’s lungs
are ventilated by bag and mask. When the plane of
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anaesthesia and the degree of neuromuscular relax-
ation are sufficiently deep, the surgeon exposes the
vocal cords with the operating laryngoscope and intro-
duces an endotracheal tube through its lumen into the
trachea under direct vision. One should use the largest
possible tube since obstruction of surgical vision is not
an issue. The lungs are ventilated until end-tidal CO,
is in the range of 35-40mmHg. The inspiratory O,
fraction is increased to obtain an O, saturation of
100%. This is not always possible in the patient popu-
lation presenting for laser surgery of the laryngeal
cancer, with their usual history of excessive smoking
and chronic obstructive lung disease (COLD). How-
ever, even in these patients it is nearly always possible
to bring the pulse oximetric O, saturation up to at least
97%. There is a theoretical risk that even moist tissue
can ignite in a 100% O, atmosphere if it dries out and
chars, but even if minute fragments do catch fire there
is no risk of sustained combustion.

When the anaesthetist is satisfied that the ventilatory
preparations of the patient are adequate, the surgeon
removes the endotracheal tube and commences sur-
gery. Apnoea can be maintained for up to 4 or 5min
before O, saturation begins to fall from a baseline of
100%. During this period arterial CO, will increase by
about 10-20 mmHg. The permissible apnoea period is,
of course, shorter in patients with relevant pulmonary
pathology, diminished functional residual capacity
(FRC) and baseline O, saturation under 100%. Apnoea
should be terminated as soon as O, saturation begins to
fall, or at an O, saturation of 90-95% at the lowest,
since the drop will continue for a while even after ven-
tilation is resumed. At the end of apnoea, the surgeon
reinserts the endotracheal tube and the anaesthetist
ventilates the lungs to remove the accumulated CO,.
This will take a few minutes, and O, saturation will
usually have returned to baseline values long before
end-tidal CO, has been brought down below
40mmHg.

Endotracheal intubation

Endotracheal intubation is indubitably the best
method for protecting the airway from the laser plume
as well as from foreign material such as blood, secre-
tions and bits of resected tissue. This is our method of
choice as shall be described in more detail in the sec-
tion on anaesthetic management. The method does
have its drawback, though. One of these is that the
endotracheal tube can impair access to the surgical site.
This problem can be minimized by using a small cali-
bre tube. A second drawback is that the endotracheal
tube can be set on fire by a carelessly fired laser beam
with catastrophic consequences (Figure 10.10).

Figure 10.10 Picture of “blow-torch” flame from tube.

Older surveys give an incidence of this complication
of 0.14-1.5% of all cases.”' >3 A 1984 survey of laser-
related complications showed that endotracheal tube
fires accounted for 41% of all perioperative complica-
tions.”* In a study during the 2-year period from
1989 to 1990, only 14% of the 21 complications
reported to the US Food and Drug Administration
(FDA) were due to airway fires.”> This may have been
due to a change in the choice of endotracheal tube
material or to greater care being taken to prevent
the laser beam from hitting and igniting the tubes.
Although there is great potential for serious conse-
quences of endotracheal tube fires,’>?” correct han-
dling of the complication can avert major harm from
the patient.?>%0

The risk of an airway fire depends to a large extent on
the material of the endotracheal tube and on modifi-
cations to its surface. Since there is no material that is
truly flame resistant in a laser beam, what matters is
how long it takes for the tube material to ignite, what
minimum O, concentration is necessary for sustained
combustion, how fast the material will burn and if the
combustion products are noxious or toxic. These
questions have been the subject of a large number of
studies.

Polyvinyl chloride (PVC) has largely replaced red
rubber as the material of most modern endotracheal
tubes. Unfortunately, PVC strongly absorbs long-
wave infrared light and is easily ignited by the far-
infrared beams of the CO, laser.?® It is much more
susceptible to ignition by the laser than the red rub-
ber of older endotracheal tubes.? On burning, PVC
produces toxic fumes such as hydrochloric acid and
vinyl chloride as well as carbonaceous deposits that
can cause severe pulmonary damage. Ignition of
intraluminal (“blow-torch”) fires in unprotected PVC
tubing occurs within less than 3 s of irradiation with a
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Table 10.2 Characteristics of typical tube materials
PVC Red rubber Silicone
Flammability index in O, (minimum O, 26.3% 17.6% 18.9%
concentration for sustained combustion)
Flammability index in N,O (minimum N,O 45.6% 37.4% 41.4%
concentration for sustained combustion)
Typical ignition times with CO, laser (at 15W)  3s 25s 20s
Combustion residue Hydrochloric acid, Carbonaceous ash  Silica ash
Vinyl chloride,
Carbonaceous ash

perpendicular, continuous narrow beam of CO, laser
light at 15 W.** Under the same conditions, conven-
tional red rubber tubing starts to burn on the surface
after approximately 12 s of exposure, but a blow-torch
flame does not occur until after 25 .3’ Untreated sili-
cone ignites more readily than red rubber.’!

Clear PVC is transparent to visible and near-infrared
light and is therefore little affected by Nd-YAG,
argon or diode lasers iz vitro as long as the lettering or
barium stripe is not hit.*> However, even a thin film of
mucus or blood on the outer surface of the tube
changes the absorption characteristics dramatically,
rendering the material easily ignited by the Nd-YAG
laser beam.’ Controlled studies of the effects of
the near-infrared light from the Nd—YAG laser on
common endotracheal tube material have shown
that all materials are vulnerable, although there are
differences in the energy and duration of exposure
required for combustion.*? In a comparative study in
dogs, PVC tubing was the first to ignite, causing
extensive bronchial deposits of soot with significant
mucosal ulceration and bronchial inflammation.
Red rubber tubing was ignited less readily and the
combustion products were less noxious than were
those of PVC. Silicone tubing was slightly more
resistant to ignition but produced large amounts of
white silica ash.’*

The composition of the respiratory gas mixture, par-
ticularly the O, content, greatly affects the com-
bustibility of the tubing material. The index of
flammability is the minimum inspired O, concentra-
tion necessary to maintain combustion of the mate-
rial. This index is actually the highest for PVC, which
requires an O, concentration of at least 26% for sus-
tained combustion as opposed to 19% for silicone and
17% for red rubber. Table 10.2 gives a summary of
the most common materials used in the manufacture
of endotracheal tubes and their characteristics.

These materials also burn in N,O without O,; the
flammability index for N,O is 46% for PVC and
about 40% for silicone and red rubber.*® For this rea-
son, N,O is not recommended in laser surgery, since
its addition to the respiratory gas mixture is just as
hazardous as increasing the O, concentration. This
implies that anaesthesia machines that can add only
N,O and not air to the inspiratory gas mixture are not
suitable for use in laser surgery of the upper aerodi-
gestive tract. The use of PEEP may reduce the risk of
blow-torch flames in endotracheal tubes.*

Some studies recommend substituting helium for
nitrogen in the respiratory gas mixture, showing that
it delays the ignition of the endotracheal tube in the
laser beam at low beam intensities.’*® They also
recommend helium for patients with impaired pul-
monary ventilation due to its lower viscosity and thus
better flow characteristics.** However, at energies of
more than 10 W, ignition is delayed by only a few sec-
onds and the O, flammability index is improved by
only 1-2%." The appreciably higher costs and logis-
tic difficulties far outweigh the slight advantages that
helium might offer.

Note Keep inspiratory O, concentration under 25%

Modern volatile anaesthetics do not burn at the con-
centrations used for maintenance of anaesthesia, but
they could be ignited at concentrations seen during
mask induction. Isoflurane burns at 7.0%, enflurane
at 5.75% and halothane at 4.75%.% In fact, 2%
halothane was shown to reduce the time to ignition of
PVC tubes in 40% O, by almost 40%.%” Even in nor-
mal concentrations, volatile anaesthetics might be
broken down by the intense heat of the laser beam
into potentially toxic pyrolysis products.
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Protecting against endotracheal tube fires
Modifying standard endotracheal tubes

Some anaesthetists recommend wrapping the endo-
tracheal tube with metal taping to reduce the risk of
ignition by the laser beam.?>? This measure can sig-
nificantly prolong the time that the tube can be sub-
jected to a direct hit with the laser beam before it
ignites. When wrapping the tube one must take great
care to ensure that the tape lies flat on the tube and
that there are no wrinkles. The tape must be wrapped
with the edges overlapping to avoid any gaps though
which the tube material would be vulnerable to igni-
tion. Before using a tube modified in this manner, one
would have to subject a prepared sample to the laser
beam, since the degree of protection conferred by
the wrapping is largely dependent on the type of
tape used.®

Although wrapping with a suitable metal tape can pro-
tect the tube, the procedure has a number of draw-
backs and we do not recommend it. The layer of tape
increases the diameter of the tube by up to 2mm,
increases its stiffness, reducing its usefulness for
endolaryngeal surgery, and the sharp edges of the tape
increase the likelihood of mucosal damage. The shiny
tape carries the risk of reflective damage.* The foil

may unwrap during surgery either as a result of being
hit by the laser beam or simply because the adhesive
was faulty and this can cause airway obstruction or
difficult extubation.* Most manufacturers of metal
tape discourage the use of their products for medical
purposes. In a number of countries, altering an endo-
tracheal tube in such a manner will invalidate the
licence leaving the anaesthetist solely responsible for
complications and with little defence against litigation
for laryngotracheal injuries.

Special purpose endotracheal tubes
Endotracheal tube manufacturers have marketed a
number of tubes designed to confer a degree of resist-
ance to laser-ignited airway fire. Nearly all of these
tubes have flammable components that can ignite if
the tubes are not used according to the manufactur-
ers’ guidelines and if specific warnings and precau-
tions are not followed. The individual models are
described below while Table 10.3 gives an overview of
their properties. A major drawback is that these spe-
cial purpose endotracheal tubes are at least 10 times
more expensive than normal tubes.

The obvious solution to the problem of flammability is
to manufacture the endotracheal tubes from metal.

Table 10.3 Special endotracheal tubes for laser surgery

Trade name Manufacturer Tube material Inside diameter (mm)  Remarks

Laser-Flex with Mallinckrodt Flexible stainless 4.5;,5.0; 5.5; 6.0 For CO, and KTP lasers;

double cuff (Nellcor) steel, cuff is PVC 3.0; 3.5; 4.0 can be ignited

uncuffed

Lasertubus Risch Latex coated with 4.0-6.0 in For CO,, Nd-YAG and
Merocel® (PVA) 1 mm increments argon lasers; two
foam on silver foil separate cuffs, one

inside the other

Laser Trach Kendall Copper wrapped For CO, and KTP lasers
red rubber

Fome-Cuf Bivona Medical Silicone 3.0-7.0in 1 mm For CO, laser

(now Smith-Portex increments
Group)

Laser-Shield Il Medtronic-Xomed Reflective aluminium  4.0-8.5 in 0.5 mm For CO, and KTP lasers;
wrap with smooth increments dry methylene blue in
teflon overwrap cuff dyes inflation fluid

Laser-Shield Medtronic-Xomed Silicone with No longer manufactured
aluminium-filled
outer layer

Norton Tube Stainless steel No longer manufactured,

but since reusable some
may still be in use
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The first flexible metal endotracheal tube was
described by Norton.* This tube was constructed of a
metal spiral, and although it was not airtight, it did
have the advantage of being non-flammable. Lacking a
cuff] a tracheal seal could be obtained by packing with
wet surgical swabs. This tube is no longer on the mar-
ket, but since it was reusable some specimens might
still be in service. Its heir on the market is the Laser-
Flex® tube (Mallinckrodt-Nellcor), which is an air-
tight corrugated spiral of matte-finished stainless steel
with a PVC Murphy eye tip. It is designed for use with
the CO, or KTP lasers,*” but not with Nd-YAG
lasers. The larger sizes have a double cuff and there is
an uncuffed version for use in small children. In the
double cuff model, the proximal cuff protects the
distal cuff, which can maintain the tracheal seal, even
if the proximal cuff is punctured. The tube can be
ignited, and blood on the outer surface greatly
increases the risk of combustion.”® Metal tubes are
thick walled and take up more room than standard
endotracheal tubes of the same internal diameter. This
can be a problem for surgery of the vocal cords or the
subglottic region. Metal tubes, even when they do
not ignite, can be heated by the laser beam and cause
conductive thermal damage to adjacent tissue.

There are commercially available endotracheal tubes
with a flame-retardant coating. These do not give total
protection against laser-ignited airway fires but some
do reduce the risk of immediate ignition by a short
accidental hit with the laser beam. The Laser-Shield®
(Medtronic-Xomed) was a silicone tube with an
aluminium-filled silicone outer layer licensed for use
with the CO, laser. It gave a slight but inconsistent
protection against direct hits,”3 and it has since been
replaced by the Laser-Shield II® which is a silicone
tube wrapped with aluminium and coated with teflon.
This model is intended for use with CO, and KTP
lasers. This is essentially a commercial version of the
homemade tape wrapped endotracheal tube with the
advantages of a smooth, atraumatic outer coating and
official stamp of approval. It retards the occurrence of
blow-torch flames, even when coated with blood,*® but
does not completely prevent them, since the silicone
inner material will ignite once the metal wrapping is
breached by the laser beam. Ignition of the teflon sur-
face itself can yield toxic fluorinated pyrolysis prod-
ucts while the aluminium wrapping can possibly
become dislodged and cause airway occlusion.

The Laser Trach® tube (Kendall-Sheridan) is another
commercially available, tape wrapped tube. It is manu-
factured from red rubber with a copper foil wrapping
covered with an overwrap of fabric, and is meant to be
used with CO, and K'TP lasers. The outer wrap of fab-
ric is soaked with water or saline prior to and during

use and the pledgets supplied with the tube can be
soaked in water or saline and placed around the cuff
to give additional protection. This tube properly pre-
pared can withstand a continuous 40W CO, laser
beam for more than 1min without igniting, and the
time to ignition by continuous contact irradiation at
40 W with an Nd—YAG laser was increased threefold to
185.* The Lasertubus® (Riisch), intended for use with
CO,, argon or Nd-YAG lasers, takes a different
approach to protecting the endotracheal tube from
ignition. It is made of white rubber with two cuffs, one
within the other, so that when the outer one is hit, the
inner cuff can still maintain a tight tracheal seal. The
surface of the tube is covered with a sponge-like
polyvinyl alcohol coating (Merocel®) over a metal foil
base. The coating can be soaked with saline or water to
prevent ignition. This coating material is non-reflective
which prevents beam deflection with subsequent
damage to other structures.

The Fome-Cuf® (Bivona Medical Technologies) is an
endotracheal tube that was designed with not so
much flame resistance as cuff deflation and airway
leakage after cuff puncture in mind. This is an import-
ant consideration, since cuff deflation will permit
O,-rich gas to circulate in the operative site and
increase the risk of sustained combustion. The Fome-
Cuf® consists of an aluminium wrapped silicone tube
with a foam-filled cuff and is intended for use with
CO; lasers. The cuff is self-inflating much like a mod-
ern ground pad for hikers and retains its size even if
the cuff shell is penetrated. Since the cuff must be
actively evacuated in order to properly remove the
tube, damage to the shell can render this almost
impossible. The cuff will then have to be drawn
through the larynx in the “inflated” state. The outer
surface of the tube shaft is flaimmable but a study
showed that no blow-torch flame occurred.”

Jet ventilation
Basics

A number of anaesthetists advocate the use of jet venti-
lation for laser surgery of the larynx and lower airways.
They see its advantages in the minimal obstruction of
surgical access due to airway instrumentation and lack
of flammable material within range of the laser beam.
Proponents of the technique also like to stress the
point that mean intrapulmonary pressure is lower with
jet ventilation than with intermittent positive-pressure
ventilation,’! thus placing less strain on anastomoses or
fistulae. The claim that there is less circulatory impair-
ment, however, is probably unfounded.*?

In jet ventilation, a narrow, high-velocity “jet” of gas is
injected into the trachea to inflate the lungs. The basic



156 ANAESTHESIA FOR MINIMALLY INVASIVE SURGERY

technique was introduced in the 1960s, yet the term
itself was not used in the literature until 1974.%° The
method gained popularity during the 1970s and was
propagated as a “tubeless” method of ventilation for
surgery of the larynx, trachea or bronchi in which a
blocked endotracheal tube might impede or completely
obstruct access to the operation site.”*° This is particu-
larly the case for endotracheal or endobronchial sur-
gery.”’ 0! Paediatric laryngeal and tracheal surgery is
an important domain for jet ventilation due to the
small calibre of the airways.” % The indication for its
use in laryngeal surgery in adults, on the other hand, is
less compelling.

The gas jet is applied through a narrow cannula whose
tip can be placed either above the vocal cords (supra-
glottic) or below them (infraglottic). The supraglottic
cannula is frequently incorporated into the laryngo-
scope. A transtracheal approach can also be employed
using a curved cannula inserted through the cricothy-
roid membrane into the trachea® (Figure 10.11).
Transtracheal jet ventilation has been advocated as a
measure of last resort when confronted with a “cannot
intubate, cannot ventilate” situation.®’ The basic prin-
ciples are the same for each approach .

In the initial technique, the jet was applied at a
low frequency under manual or mechanical control and
ventilation was monitored by observing chest excur-
sions.?>” Although this technique is still employed,’"”2
it was largely supplanted by high-frequency jet
ventilation (HFJV) in the late 1970s.”3 The respira-
tory frequency in HFJV is typically between 60 and
150 per min (1-2.5Hz), with frequencies up to
600 per min (10Hz) occasionally being used. The
driving pressure used in HFJV is much higher than
that used in conventional intermittent pressure venti-
lation and is in the range of 80—450kPa (0.8—4.5 bar).
The typical jetted tidal volume in HFJV is around
2-3mlkg~!. Since this is no larger than anatomical
dead space, mechanisms other than mass gas flow
must act to effect CO, elimination. One of these is the
Venturi effect in which a high-velocity stream of air
entrains ambient air into its flow, so that the actual
volume of moving gas is higher than that passing
through the cannula.”* This is caused both by the
lower pressure surrounding the jet (Bernoulli’s law)
and also by the friction of the jet passing through the
surrounding air. Just how effective the Venturi effect
is, depends to a large extent on where the tip of the jet
cannula is located and on the jet velocity.”*7® By
applying a constant so-called bias flow past the jet
opening, one can control the composition of the gas
entering the bronchi. The actual amount of entrained
gas reaching the alveoli depends on the magnitude of
backflow or bypass.”®”” This latter factor is important

if one intends to give inhalational anaesthesia through
a bias flow attachment.

A number of problems and difficulties are associated
with the use of jet ventilation, and these might be
partly responsible for its still remaining a technique

(@

(b)

©

Figure 10.11 Various methods of applying jet ventilation.
(a) Supraglottic jet integrated into the laryngoscope. (b)
Infraglottic placement of the tip of the cannula.
(o) Transtracheal introduction of jet cannula. (Modified from
Ref [68].)
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for enthusiasts. Some of these are of a technical
nature. The gas stream is cold and dry and can damage
the bronchial epithelium,”® but some jet ventilators
are equipped to moisten and heat the air jet, alleviating
this problem. The narrow jet is itself capable of caus-
ing appreciable tissue damage if it impinges directly
on the mucosa; a problem arising with infraglottic
placement of the tip of the cannula. Excessive end-
expiratory intrapulmonary pressure can build up since
it is difficult to measure true airway pressures (Pay).
Modern jet ventilators have provisions for pressure
monitoring and cut-off features designed to protect
against barotrauma (see below), but sensor placement
is crucial. Pressure recordings will be too low if the
sensor is positioned too close to the jet orifice.

One main difficulty with jet ventilation is inefficient
CO, elimination.”™”” The patients most prone to this
problem are male, overweight and those with pre-
existing chronic obstructive or restrictive pulmonary
pathologies.’*#? This almost perfectly describes the
clientele presenting for laser surgery of tumours of the
upper aerodigestive tract. Complicating the fact that
CO; elimination is impaired is the difficulty encoun-
tered in monitoring arterial CO, tension. In a refine-
ment of HFJV, two frequencies are combined, one
around 600 per min and a lower one of ca. 15-20 per
min.® This is believed to counteract the problems
with CO, elimination inherent in HFJV and to reduce
the incidence and severity of O, desaturation.?*

Technical aspects

There are a large number of commercially available
jet ventilators, many of which are used predominantly
in intensive care. Development is still in flux and
models appear and disappear again with a certain regu-
larity.®> An HFJV presently in use in Europe is the
Monsoon® (Acutronic Medical Systems, Switzerland)
that replaces its predecessor, the AMS1000. This ven-
tilator complies with regulations for medical equip-
ment and is approved for clinical use (FDA approved).
One can set ventilatory frequency, inspiratory time,
driving pressure, inspired O, concentration, P,y
limits (peak inspiratory and end-expiratory) and humid-
ification. P sy is monitored through a separate line and
gas flow is automatically shut down if pressure limits

Plastic spacing loops .
Cross-section

are exceeded. These are features that any ventilator
intended for use in laser surgery should have.

In an emergency situation, low-frequency jet ventila-
tion can essentially be performed with a manually
controlled injector connected to an appropriate
cannula, either translaryngeal or transtracheal, and
transtracheal cannulae for emergency jet ventilation
are commercially available. Ventilation is monitored
visually by observing thorax excursions. This method
has a high-risk potential and should only be used
when endotracheal intubation is not an option and an
approved ventilator is not available.

As mentioned above, the tip of the jet cannula can be
placed either below or above the level of the vocal
cords. Although the supraglottic position gives better
oxygenation and visualization, it leaves the airway
completely unprotected. Its use is recommended only
for diagnostic laryngoscopy, for the removal of foreign
material from the trachea and bronchi and perhaps
for laser vaporization of minute vocal cord and vocal
fold processes. Cannulae for supraglottic jetting can
either be integrated into the laryngoscope or can be
attached to it by clamps.

Laser surgery of any extent should be performed with
infraglottic jet position to avoid aspiration (see below).
A frequently used, commercially available tube for
infraglottic jetting is the Hunsaker Mon-Jet®
(Medtronic-Xomed) (Figure 10.12). This tube has
distal spacing vanes to prevent mucosal damage by
centring the tip. It has an integrated second lumen for
monitoring Py and CO,. The Hi-Lo® jet tube
(Mallinckrodt-Nellcor) is essentially only a normal,
unblocked endotracheal tube with separate lines for
jetting and monitoring integrated into the wall.

Initial ventilator settings would be 100% O, with a
driving pressure of 150-200kPa (1.5-2.0bar) at a fre-
quency of 100-150 cyclesmin~! and an inspiratory
time of 50%. The peak inspiratory pressure limit
would be set to 40 mbar and maximum end-expiratory
pressure to 15mbar. In a patient with normal pul-
monary compliance, these settings would give a jetted
gas volume of 20 1min ™! and a tidal volume of approxi-
mately 135 ml with a peak pressure under 25 mbar and
an end-expiratory pressure under 6 mbar. For slender

Figure 10.12 Diagram of
Hunsaker Mon-Jet tube.
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Table 10.4 Effects of ventilator settings on blood gases

Parameter P.O; P,CO,
Increase F,O, 00 No change
Increase driving pressure M (A
Increase ventilatory frequency T T

Increase inspiration time No change

T indicates increase; | indicates decrease.

patients and children one would reduce the driving
pressure to 60—140kPa (0.6—1.4 bar), while one would
increase it to 350kPa (3.5bar) for obese patients or
those with chronic obstructive pulmonary disease, if
one actually intended to use HFJV in the latter. To
avoid the risk of fire, the inspired O, concentration is
reduced as low as possible to maintain pulse oximetric
saturation between 97% and 99%.

Changing the ventilator settings will alter both
oxygenation and CO, elimination (Table 10.4).
Increasing F;O, in the jetted gas as well as in the bias
flow will increase arterial O, tension but have no
effect on arterial CO,. Increasing driving pressure or
ventilatory frequency will increase partial pressure of
O, in arterial blood (P,0,) and usually decrease par-
tial pressure of CO; in arterial blood (P,CO,), but
CO, elimination is impaired when the higher pres-
sures and frequencies cause dynamic hyperinflation
(intrinsic PEEP) 3036

Paw depends on the rate of gas entrainment and the
cross section of the expiratory pathway.”%” At a con-
stant insufflation rate, any reduction of the cross sec-
tion of the exhaust route, whether due to secretions,
surgical instruments or laryngospasm, will cause an
immediate rise in Py With older equipment
lacking P s monitoring and automatic over-pressure
gas cut-off, this can cause barotrauma (see below).

Severe impairment of airflow and a reduction of air-
way cross section by more than 80% are considered
absolute contraindications for jet ventilation.”!
Obstructive and restrictive lung disorders are relative
contraindications.’!

For further details on the use of jet ventilation the reader
is referred to journal reviews (e.g. Refs [68,92] or to the
European Society of Jet Ventilation (www.esjv.org)).

Anaesthetic management for jet ventilation

Careful patient selection is important for jet ventila-
tion. Contraindications must be observed and cannula
position should be decided on in collaboration with

Table 10.5 Suggested anaesthetic for microlaryngo-
scopic laser surgery

TIVA with propofol and remifentanil

Propofol Infusion rate 5-6 mgkg~'h™'

or targeted effect-site concentration
2.0-2.5pgml™ !

Remifentanil 1 pgkg™' slow bolus injection,

then 0.2-0.3 pgkg "min~!
1 wg kg™ bolus at signs of insufficient
analgesia

Balanced anaesthesia with isoflurane or desflurane
with remifentanil
Volatile 0.5 MAC end-expiratory concentration
Remifentanil 1 wgkg ! slow bolus injection
then 0.2-0.3 pgkg "min~!

1 wgkg™ ! bolus at signs of

insufficient analgesia

the surgeon. Atropine or glycopyrrolate should be
given preoperatively to reduce salivation and to blunt
vagal reflexes.

Total intravenous anaesthesia (TIVA) is the method
of choice for jet ventilation. For laser surgery we use a
combination of propofol and remifentanil (see Table
10.5), although other combinations have been
described in the past.>%-%> Adequate neuromuscular
relaxation guided by relaxometry is required, particu-
larly when the jet is located infraglottically, since
glottic motion or laryngospasm can interfere with
surgery and can lead to excessive intrathoracic pressure
with its associated complications.”® A neuromuscular
blocker with a short recovery time such as mivac-
urium is recommended even for longer operations.
Repetitive doses of 0.1mgkg ! mivacurium every
8—10min usually give sufficient relaxation while still
allowing rapid recovery.

Pulse oximetry and arterial CO, monitoring are
mandatory during jet ventilation since arterial O,
desaturation can occur despite an outward appear-
ance of adequate ventilation, and CO, elimination
can change rapidly.*>*7*® Capnometry can be greatly
inaccurate and usually underestimates the true value.
This problem can be avoided by using transcutaneous
or continuous intra-arterial CO, monitoring (see
Chapter 4). One can also obtain fairly accurate end-
tidal CO, values by periodically interrupting the jet to
allow complete expiration of alveolar air.

Emergence from anaesthesia is managed by gradually
reducing jet support of ventilation and allowing the
patient to breathe spontaneously. The jet is shut off and
the cannula removed when respiration is adequate.
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Alternatively, one can remove the cannula and ventilate
by mask and bag until the patient resumes breathing.

Risks and complications of jet ventilation

Even enthusiasts recognize that transtracheal jet ven-
tilation is an unsafe technique in inexperienced hands.
Jet ventilation for laser surgery has a higher incidence
of complications than endotracheal intubation. In a
study of 15,701 patients, the incidence of ventilation-
related complications in jet-ventilated patients was
0.58%, and three-fourths of these were life threaten-
ing. Patients ventilated with an endotracheal tube had
a 0.36% incidence of ventilation-related complica-
tions, only one-half of which were serious.?®

Barotrauma is a complication of jet ventilation that
can cause various degrees of airway rupture resulting
in pneumothorax, pneumomediastinum, subcuta-
neous emphysema or pneumopericardium %102
Contributing factors for barotrauma are infraglottic
position of the jet, either transtracheal or translaryn-
geal, and concurrent obstruction of airflow from the
bronchial tree, for example due to laryngospasm.®%
In a study in 643 patients with transtracheal HFJV,
arterial desaturation was not uncommon, subcuta-
neous emphysema occurred with an incidence of
8.4% (of which 30% also developed pneumomedi-
astinum), and seven patients suffered a pneumo-
thorax.?” Other complications such as hypoventilation,
hypoxaemia, abdominal distension and stomach rup-
ture’”1% are more typical for a supraglottic jet catheter
with an incorrectly directed cannula.

Contrary to what one would expect, aspiration is not
frequent in jet ventilation, at least not when the tip of
the jet cannula is in an infraglottic position, either via
a transtracheal or a translaryngeal approach and when
the ventilatory frequency is high enough to induce a
constant backflow.!%1% With the jet cannula in a
supraglottic position, however, aspiration is probably
inevitable since the airways are open and the high-
velocity air stream will entrain loose foreign matter
and fluids as well as vaporized material in the laser
plume.

Airway fires also occur during jet ventilation!” and

these can sometimes have bizarre manifestations.
In one memorable case, all required precautions
including covering the patient’s face with wet towels
had been taken, yet the patient’s moustache was set
ablaze by a flame emanating from the surgeon’s
burning glove, passing through the O,-rich atmos-
phere in the pharynx, then through the nasal pas-
sages, and causing second degree burns to the upper
lip and nostrils.!%®

Bronchoscope

Figure 10.13 Diagram of bronchoscope being inserted
through laryngeal mask airway.

Other methods of airway management
Laryngeal mask airway

The laryngeal mask and laser surgery of the airway
might seem mutually exclusive concepts, since the
former completely blocks the view of the latter.
However, the laryngeal mask can be quite useful in
conjunction with an Nd-YAG laser guided by a flexi-
ble bronchoscope for treatment of subglottic, tracheal
or bronchial lesions.!”1'" Central tumourous airway
obstruction is a typical indication for Nd—YAG sur-
gery of the trachea or carina. The laryngeal mask
allows laser treatment to proceed without having to
interrupt ventilation. The laryngeal mask has the
additional advantage that its connecting tube has a
larger diameter than the standard endotracheal tube,
leaving more space for the bronchoscope.

After the intubating laryngeal mask is introduced and
positioned in the usual manner, a flexible broncho-
scope is inserted through a ported connecting piece
and advanced until the operation site is reached
(Figure 10.13). The laser waveguide is then inserted
through the biopsy channel and used to apply the
laser beam.

Any laser plume will be forced into distal lung seg-
ment during inspiration, but this is not a risk unique
to the laryngeal mask. There is also the risk that
during resection of tracheal or bronchial tumours,
fragments of the lesion will become dislodged and be
carried into lower parts of the bronchial tree.
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But then again, this is not a risk unique to the laryn-
geal mask. One must keep in mind that the surgical
treatment of obstructive lesions of the central airways
are usually desperate measures undertaken to prevent
the patient from suffocating, and that the risk of laser
plumes and tissue fragments are negligible in com-
parison. The use of the laryngeal mask certainly
deserves careful consideration in these cases.

Cuirass ventilation

Cuirass ventilation works on essentially the same
principle as the iron lung used in the times of polio
epidemics.''? In the modern version used for patients
with various forms of respiratory failure,!'>1!% the
patient is no longer placed into a large iron tank but
wears a plastic or metal cuirass resembling a knight’s
breastplate. It functions by applying negative pres-
sure to the outside of the chest covered by the cuirass
with a suction pump. This is then transmitted
through the thorax and induces negative intrathoracic
pressure as in normal inspiration.

Cuirass ventilation requires no endotracheal tube and
is thus an obvious candidate for laser surgery of the
larynx. Its main risk is that the airway is unprotected
and open to the laser plume and foreign material. There
is, however, no risk of barotrauma as in jet ventilation.

The reports on the use of cuirass ventilation for laser
surgery have been encouraging,''%'” but since the
method requires equipment not routinely at the dis-
posal of the anaesthetist, it remains the domain of
specialists. The reader is refereed to the literature for
further information.

Patients and preoperative
assessment

The indications for laser surgery of the upper aerodi-
gestive tract being so heterogeneous, ranging from
resection of subglottic stenosis in the premature
neonate or ablation of vocal fold nodules in singers
to protracted hypopharyngeal resections in elderly
patients with extensive co-morbidity, no universally
applicable guidelines can be given for preoperative
assessment and perioperative management.

Healthy patients presenting for resection of cysts,
minor papillomas, tracheal webs, etc. can be treated
as outpatients. However, the indication for a large
percentage of the laser surgery of the upper aerodi-
gestive tract is malignant disease, mainly squamous
cell carcinomas. One must bear in mind that most of
these carcinomas are closely associated with a history

of smoking and alcohol abuse,''®12 both of which
influence anaesthetic management as well as the prob-
ability and the nature of postoperative complica-
tions.”2I"12* Patients with tumours of the larynx or
hypopharynx are or were serious smokers looking back
on a large number of pack-years. These patients will
typically have COLD with wheezing and/or rhonchi
and a productive cough. Due to the minimally invasive
nature of the surgery, one would not be as strict in the
preoperative optimization of the condition as one
would be prior to abdominal surgery, but one must
reckon with perioperative problems of ventilation and
oxygenation. Heavy smokers develop tolerance to the
analgesic effects of opioids and will require higher
doses both for their anaesthetic as well as for postoper-
ative analgesia.'>>1%7

The patients are usually also more than just social
drinkers and a glance at the red blood cell indices will
probably reveal an erythrocyte morphology indicative
of chronic alcohol consumption. Mean cell haemo-
globin (MCH) and mean cell volume (MCV) will be
in the high normal range or more likely pathologically
elevated as a sign of alcohol-induced folic acid
deficiency. Liver enzymes may also be elevated.
Depending on the stage of the disease, chronic alco-
hol intake can induce tolerance to hypnotics,'?®!?? or
can increase central nervous system (CNS) sensitivity
to their effects’®!3! and this must be taken into
account. The direction and the magnitude of the
change is difficult to determine beforehand, but clin-
ical and laboratory evidence of more severe liver dam-
age such as low serum albumin, coagulation defects,
low plasma cholinesterase and ascites are usually signs
of a patient with normal to lower anaesthetic require-
ments. Such patients can be exquisitely sensitive to
the depressant effects of benzodiazepines and these
should be avoided in the premedication.

Points to remember when evaluating patients with
ear, nose and throat (ENT) tumours

® Airway can be compromised by tumour, visualiza-
tion of glottis can be impaired, friable tumours bleed
easily if touched. Refer to ENT records for descrip-
tion of extent and localization of tumour.

® laryngoscopy and intubation may be impossible
after prior radiation therapy. Check by palpating
submental and neck tissues. If these are indurated
consider awake fibre-optic intubation or preopera-
tive tracheotomy in local anaesthesia.

® Probable history of alcohol abuse with altered
response to hypnotics.

® Probable history of heavy smoking. Altered response to
opioids, perioperative pulmonary complications likely.
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Anaesthetic management

Laryngoscopy is one of the most stressful phases
during anaesthesia, more so even than skin incision or
intra-abdominal dissection. Since the surgeon’s
approach to the operation site for laser surgery of the
upper aerodigestive tract is essentially unremitting
laryngoscopy with a straight bladed laryngoscope, it is
not hard to imagine that the patient will require a
fairly deep plane of anaesthesia to tolerate it. On the
other hand, when the surgeon has fired his final laser
shot, he will pull out the laryngoscope and demand
the next patient ready for surgery in 15 min at the lat-
est. The choice of the anaesthetic must accommodate
both of these constraining factors.

Anaesthetic

With modern anaesthetic drugs there are a number of
ways to give deep anaesthesia with rapid recovery. In
our experience, the optimal anaesthetic for laser sur-
gery of the upper aerodigestive tract is a balanced
technique combining a short-acting opioid with an
intravenous hypnotic such as propofol or an inhala-
tional agent such as isoflurane, sevoflurane or desflu-
rane. We prefer remifentanil for the opioid, since its
on—off kinetics more closely match the actual course
of events in laser surgery than the alternatives alfen-
tanil or sufentanil, particularly for prolonged opera-
tions such as resections for larynx cancer that can last
for hours. The end of even such long procedures
can come much more abruptly than in other types of
minimally invasive surgery (Table 10.5).

For the routine patient, who has received an oral pre-
medication with 7.5mg midazolam or a similar
drug before arriving in the OR, induction of anaes-
thesia is started with a bolus dose of remifentanil
(1 ngkg™!) followed by the induction dose of propo-
fol (1.5-2mgkg™!) and starting the propo-
fol infusion at an initial rate of 6-8mgkg 'h™!
(100-133 pgkg 'min~!). The remifentanil infusion
is started at an initial rate of 0.2ugkg 'min!.
After about 5-10min the infusion rate of
propofol is reduced to about 5-6mgkg 'h™!
(83— 100 pgkg "min~!). This combination is usu-
ally adequate for the entire operation and the time
from stopping the infusions of propofol and remifen-
tanil until extubation is seldom longer than 5min. If
the patient shows signs of response to the surgical
stimulation then one should give an additional injec-
tion of 0.5-1 wgkg ! remifentanil and increase the
infusion rate by 0.1ugkg 'min~!. Rarely does a
patient require a rate of more than 0.3 pgkg 'min~1.
We try to keep the propofol infusion rate as low as
possible while still assuring adequate hypnosis and

treat somatic and autonomous responses with incre-
mental doses of remifentanil, since propofol has a
longer context-sensitive half time than remifentanil
and increasing the dose of propofol will increase the
time to extubation.

When using a target-controlled infusion (see Chapter 5)
we set the targeted propofol plasma concentration at
4-5 wgml~ ! for about 2-3 min for induction and then
reduce it to 2 pgml ™~ ! for maintenance. Studies in our
institution with bispectral index (BIS) monitoring of
depth of anaesthesia have shown that this is sufficient
to provide an adequate level of hypnosis in the vast
majority of patients. The infusion rate corresponding
to this plasma concentration is initially about
6mgkg 'h™ ! (100 pgkg 'min~ ') and decreases over
time to about 4.5mgkg 'h™ . Signs of sympathetic
stimulation unresponsive to bolus injections of
remifentanil are, of course, treated by increasing the
target plasma concentration of propofol.

Contrary to theoretical considerations, maximal neu-
romuscular relaxation is usually only required for
intubating the trachea and for the correct placement
of the operating laryngoscope. Anaesthesia as
described above is normally sufficient to prevent
vocal cord motion, but additional relaxation is occa-
sionally required. In our experience, a neuromuscular
blocker such as rocuronium or cisatracurium at a dose
of twice EDys provides sufficient relaxation for most
surgical procedures lasting from 60 to 90 min without
leaving residual relaxation requiring reversal at the
end. For shorter procedures we prefer mivacurium or
even succinylcholine, depending on how long the
operation is to last. For example, for removal of a soli-
tary vocal cord cyst, a procedure of only a few min-
utes, we would induce anaesthesia when the surgical
team is completely prepared and ready to go using
succinylcholine with self-taming!*>!% for intubation
and immobilization of the vocal cords. Not all con-
sider self-taming an effective way to prevent postop-
erative muscle pain after succinylcholine,'** but the
alternative of using a pre-curarizing dose of a non-
depolarizing relaxant would leave the patient with
residual relaxation after such a short operation.

Ventilation

Our institution has been on the leading edge of major
laser surgery of the upper airways for many years® and
we have tried and tested virtually every method of air-
way management in an endeavour to find the optimal
compromise between access for the surgeon and
safety for the patient. We have finally opted for a
stiff endotracheal tube made of PVC (MLT®,
Mallinckrodt-Nellcor) with an inside diameter (ID)
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of 5mm for the majority of adult patients. In selected
cases, we use the apnoeic technique described above.

The choice of an endotracheal tube manufactured
from the material most likely to catch fire if hit by the
laser beam needs a bit of justification. The basis for
the choice was essentially the external tube diameter
and the fact that even metal tubes ignite if not prop-
erly protected. The outside diameter of the MLT®
5mm ID tube is 6.9 mm as opposed to 7.5mm for
the Laser-Flex® tube, 8.0mm for the Laser-Shield
II® tube and 9.5mm for the Riisch Lasertubus with
the same internal diameters. Reducing the ID expo-
nentially increases the problems in maintaining ade-
quate ventilation (see below), while a tube with a
larger outside diameter will impair access to the sub-
glottic space and the posterior larynx to a greater
degree.

We insert the tube as far as possible into the trachea
while maintaining equal bilateral breath sounds. In
this position, the cuff is sometimes still visible in the
depths of the trachea and thus vulnerable to being hit
with the laser beam. The cuff is inflated with saline to
prevent ignition, should it be hit despite all precau-
tions'®® but we omit colouring the inflating fluid as
recommended by some. The surgeon layers wet cot-
ton pledgets over the cuff and the portion of the shaft
of the tube that is visible beyond or adjacent to the
laser target (Figure 10.9). This is also effective in pre-
venting tube or cuff ignition, but the material must be
remoistened frequently.'3® By far the best way to
avoid laser-ignited airway fires is for the surgeon to
exercise utmost care in the use of the laser. Shooting
first and looking later is as out of place in laser surgery
as in any other situation. However, there are reports
of an endotracheal tube being ignited by sparks flying
from the target tissue.'¥” The inspired O, concentra-
tion must be kept at 25% or below to prevent cata-
strophic fires should the endotracheal tube be ignited
despite all precautions.’® In the past 15 years with
several thousand patients, we have had only two inci-
dences of airway fire, both of which were resolved
with no residual damage to the patients. The manage-
ment of airway fires is described in the section on
Complications.

Solving the Hagen-Poisseuile equation for the driving
pressure required to maintain constant flow

AP = —SQZL
Tr

when changing the diameter of the tube, we find that
the resistance to gas flow in the 5 mm ID endotracheal
tube is more than five times that with the normally
used 7.5mm ID tube. Ventilatory management must

therefore be changed considerably to accommodate
this more than 400% increase in airway resistance.
Inspiratory tidal volume can be maintained fairly easily
by increasing the maximum pressure setting on the
ventilator. The ventilatory mode is changed from vol-
ume-controlled to pressure-controlled ventilation
(PCV) and tidal volume is regulated by raising or low-
ering the maximum inspiratory pressure. One must
keep in mind that during the short inspiration phase
the pressure reading shown by the anaesthesia machine
only reflects the pressure in the respiratory circuit
and not that in the lungs. There is pressure gradient
along the endotracheal tube and the pressure in the
tube itself is considerably lower (Bernoulli effect).
Expiration is passive, driven solely by the steadily
decreasing gradient between intrapulmonary and
breathing circuit pressures (external PEEP can be
removed in order to maximize this gradient). Since the
driving pressure during expiration is lower than that
during inspiration, it will take longer for the inspira-
tory tidal volume to return through the endotracheal
tube. This fact should be accommodated by increasing
the inspiratory—expiratory ratio from the normal value
of 1:1.5 to a ratio of 1:2.5 or even 1:3. At this L:E ratio,
a respiratory rate of 10 per min should allow enough
time for almost complete expiration. Monitoring expira-
tory flow is the best way to determine the appropriate
respirator settings. Non-zero flow at the end of expira-
tion indicates air trapping with positive end-expiratory
intrapulmonary pressure (intrinsic PEEP). This can be
beneficial if not excessive and makes external PEEP
unnecessary. Spontaneous respiration through an
endotracheal tube of this calibre is very strenuous and
the patient should not be required to do so any longer
than necessary.

Recovery and postoperative therapy

Recovery time from termination of the drug infusions
to extubation is typically 5-10min with the anaes-
thetic regimen described above. Emergence is smooth
and bucking on the tube is rare. An audit of several
hundred patients undergoing laser surgery of the
upper aerodigestive tract in our institution showed
that postoperative pain levels were only low to moder-
ate. Our routine basic analgesic regimen sufficed for
the majority of patients. We give either a diclofenac
suppository (100mg for adults or 1.5mgkg™! in
patients under 50kg) after induction of anaesthesia,
or intravenous paracetamol (1000 mg in patients over
50kg or otherwise 15mgkg~!) shortly before the end
of surgery. Other non-opioid analgesics will probably
work just as well if given early enough. Only 15%
of the patients required additional analgesia with an
opioid. More details are given in Chapter 7.
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Some patients appear to have increased salivation
postoperatively that may be a mucosal reaction to sur-
gery but can also be simply due to difficulties in swal-
lowing. There is no specific therapy. The early
recovery period is otherwise usually uneventful and the
patient can be discharged from the post-anaesthetic
care unit to the ward within 30—60 min. Outpatients
are usually fit for discharge home after approximately
60-90 min.

After extensive surgery of the larynx, hypopharynx or
tongue, there is a risk of postoperative oedema and
haemorrhage, and the surgeon might wish to leave the
endotracheal tube in place and keep the patient
sedated for the night. In this case, the narrow gauge
laser tube should be replaced with a normal-sized
nasotracheal or orotracheal tube to facilitate spontan-
eous breathing. Coughing or bucking on the tube
must be avoided as this can cause bleeding or can
force air through areas of the cricothyroid membrane
penetrated by extensive laser resection causing sub-
cutaneous emphysema (see below).

Typical laser surgical operations of the upper aerodi-
gestive tract and their management are described in
the following section.

Selected laser surgical
operations

Benign lesions of the larynx

Typical congenital laryngeal lesions frequently requir-
ing laser surgery are congenital laryngomalacia, cysts,
laryngocele, haemangioma or stenosis. Acquired
lesions are more common, and include vocal cord
nodules, polyps or granulomas, papillomas, haeman-
giomas, keratosis, leucoplakia, laryngeal webs and
stenoses, bilateral recurrent nerve palsy and Reinke’s
oedema. The CO, laser is used for the surgical treat-
ment of these processes. Most of these operations are
not very painful and a non-opioid analgesic adminis-
tered early enough will usually suffice. Our standard
drugs are either rectal diclofenac (1.5mgkg ™!, max-
imum single dose 100 mg, t.i.d.) or intravenous para-
cetamol (1.5mgkg ™!, maximum single dose 1000 mg
every 6h). Rectal diclofenac must be administered at
least 45-60 min before the end of surgery while intra-
venous paracetamol can be given on emergence.

Vocal cord nodules, polyps, cysts, laryngoceles

The treatment of vocal cord nodules requires utmost
care to avoid damaging healthy tissue, particularly the
vocal ligament at the base of the lesion. The laser

beam is focussed to a diameter of only 0.3—0.8 mm
and moved by merely tenths of a millimetre to shave
off the lesion. Obviously, the vocal cords must remain
absolutely immobile. This is only possible using endo-
tracheal intubation or with the apnoea technique.
Supraglottic jetting is usually ruled out in any case by
the moist gauze packed under the vocal folds to pro-
tect the trachea from the laser beam.

The trachea is intubated with a narrow (5mm) stiff
endotracheal tube that is carefully covered with wet
swabs. Anaesthesia is performed as described above,
using succinylcholine or mivacurium as the muscle
relaxant of choice since this is a very short operation.
The procedure for polyps, laryngoceles and cysts is
essentially the same and as a rule there are no special
perioperative risks to watch out for. Some patients
present with polyps that are so large as to obstruct the
view of the glottis. Symptoms such as severe dyspho-
nia or dyspnoea, as well as the preoperative laryngo-
scopic findings will alert the anaesthetist. Intubation
is usually not unduly difficult. The polyp is mobile
and one can use a longer intubating stylet to push
it aside and locate the glottis before inserting the
endotracheal tube.

Reinke’s oedema

Reinke’s oedema is a bilateral condition caused by
chronic inflammation due to smoking and voice
abuse. Anaesthetic management is as described for
vocal cord nodules, taking into consideration the fact
that the prevalence of chronic obstructive pulmonary
disease is usually higher in these patients. Glottic clos-
ure is impaired postoperatively due to the large
amount of excess tissue that is resected. The patients
are temporarily dysphonic, but this is a typical sequel
to the operation and not intubation damage.

Chronic hyperplastic laryngitis

Chronic hyperplastic laryngitis is another smoking-
related condition of the larynx that can also occur
with occupational exposure to inhaled irritants. It is
usually benign but can harbour precancerous areas
and even microinvasive carcinoma. It affects the true
and false vocal cords and epiglottis and is character-
ized by oedema, an increase in submucosal connective
tissue and hyperplastic epithelial lining. Treatment
consists in completely peeling-off the mucosa of the
affected areas, literally stripping the endolarynx.

The trachea is intubated with a stiff endotracheal
tube and anaesthesia is managed as described above.
The tube is carefully covered with wet swabs to avoid
it being hit by the laser beam. The operation lasts
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Figure 10.14 Pictures of larynx with massive papillo-
matosis. (a) glottic, (b) subglottic.

longer than, for example, the removal of vocal cord
nodules and using a longer acting neuromuscular
blocker such as vecuronium, atracurium or rocuro-
nium for intubation will give adequate relaxation for
the duration of the procedure. The endotracheal tube
can be removed at the end of surgery without risk of
airway occlusion due to oedema.

Laryngeal papillomatosis

Papillomas affect every age group from under 1 year
to the elderly. Recurrent papillomatosis is an infec-
tious viral disease caused by the human papilloma
virus. Massive infestation can occlude the larynx or
trachea and cause severe dyspnoea (Figure 10.14).
There is no causal treatment, and repeated microsur-
gical ablation to maintain airway patency and improve
vocal quality is the therapeutic mainstay.

Anaesthetic management is as described above with
endotracheal intubation, even in children. The proced-
ures are usually lengthy and the choice of neuromus-
cular blocker is left to the discretion of the
anaesthetist. One chooses the size of endotracheal
tube that allows optimal visualization and surgical
access with a tolerable degree of ventilatory impair-
ment. For adults this is usually a 5mm stiff tube,

but we occasionally use one with a 4mm ID. Except
in cases with severe laryngeal obstruction, children
can usually be intubated with the size normally used,
although it is often better to choose one size smaller.
The tube should be cuffed and the cuff should be
inflated to seal the airway. The tube material must
not be too pliable in order to prevent its being com-
pressed by the laryngoscope; armoured tubes are a
good choice. Infraglottic jet ventilation would be a
possible alternative from a technical standpoint, but
there is a risk that bits of infectious tissue or active
virus in the laser plume might find their way into
more distal parts of the airways. On the other hand,
the endotracheal tube itself can transport infectious
material and cause distal seeding.

Immediate extubation is always possible even after
extensive operations. A single dose of a corticosteroid
(e.g. 3mgkg ™! prednisolone) might help to prevent
mucosal oedema.

Capillary haemangiomas in infants

This lesion is usually localized in the posterior sub-
glottis, usually unilaterally, but bilateral haemangiomas
occur. The former is removed in a single session,
while the latter are removed one side at a time with
several weeks between operations to prevent post-
operative stenosis from scarring and adhesion. The
low power, precisely focussed laser beam coagulates
the capillaries and there is little bleeding. Surgical
access is sometimes obstructed by the endotracheal
tube so that resection is performed in apnoea or
with infraglottic jet ventilation: we prefer the apnoea
method.

The standard anaesthetic regimen for laser surgery
has to be modified for very young patients. For infants
above the age of 3 months we use either TIVA with
propofol and remifentanil, or a balanced technique
with sevoflurane and remifentanil or alfentanil, while
we only use the balanced technique in younger
patients. Anaesthesia is induced either intravenously
or by inhalation, the muscle relaxant is given and the
patient is ventilated with bag and mask until it has
taken full effect. The surgeon then inspects the
trachea and main bronchi with a thin telescope. After
further manual ventilation the surgeon exposes the
larynx with the operating laryngoscope and inserts an
endotracheal tube through the laryngoscope into the
trachea. If surgical visualization is sufficient the oper-
ation is performed with the endotracheal tube in
place. If the posterior subglottic area cannot be suffi-
ciently exposed with the tube in place, the tube is
removed and the operation carried out using the
apnoea technique described above. The duration of
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each apnoea phase is, of course, much shorter than in
adults. In very small children (newborns), the endo-
tracheal tube is left in place for 1-2 days and intra-
venous corticosteroids are given.

Cavernous haemangiomas in adults

Anaesthetic management for the operation is very
straightforward as described above with mandatory
endotracheal intubation due to risk of bleeding. The
only special feature of this operation is the propensity
for haemorrhage from the large vessels. This can
occur intraoperatively but also during the postopera-
tive period. The patient should remain intubated
until the following day and observed carefully for
indications of secondary haemorrhage.

Bilateral recurrent nerve palsy

Bilateral recurrent nerve palsy causes dyspnoea that is
occasionally so severe as to require tracheotomy.
Operative enlargement of the glottis can alleviate the
dyspnoea and allow the tracheostoma to be closed.
Usually the posterior part of the vocal cords is
resected (posterior cordectomy). The aim is to open
the airway enough to give unobstructed breathing
even under exertion, while keeping voice impairment
to a minimum.

The anaesthetic management is as described above
using mivacurium as the muscle relaxant of choice.
The procedure is performed with endotracheal intu-
bation. This is not difficult, even though the glottis is
closed. However, the closed glottis precludes the use
of jet ventilation. The endotracheal tube is protected
from the laser beam by simply moving it ventrally out
of the way and covering it with wet swabs. A prophy-
lactic dose of prednisolone (3—5mgkg ™) is given to
prevent swelling and adhesions. Excessive formation
of fibrin and granulation tissue in the resected slot can
cause postoperative dyspnoea and require a second
operation.

Stenosis of the larynx

There is a multitude of conditions causing stenosis of
the larynx. One can be born with a congenital mem-
branous stenosis of the anterior glottis (glottic web)
(Figure 10.15). Intubation, even of short duration, can
induce glottic or subglottic stenoses (Figures 10.16
and 10.17). Partial laryngectomy or radiation therapy
for treatment of larynx cancer can cause glottic and
supraglottic stenoses. Proliferative diseases, ingestion
of caustic substances and burns are other causes, and
that is not the end of the list.

Figure 10.15 Glottic web.

Figure 10.16 Stenosis after horizontal laryngectomy.

Figure 10.17 Stenosis after 40 min intubation.

Anaesthetic management can be complicated by the
stenosis itself. If the lumen is wide enough, a slender
endotracheal tube can be introduced into the trachea
and the patient’s lungs ventilated in the usual fashion.
Frequently, however, the stenosis is so narrow that an
endotracheal tube with the required internal diameter
cannot be passed. In these cases we resort to a slight
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Figure 10.18 Picture of tracheal webs.

modification of the apnoea technique. In this method,
the surgeon exposes the larynx with the operating
laryngoscope and gently wedges the tip of a stiff
endotracheal tube into the space above the stenosis
and holds it in place. This is usually sufficient to give
a good seal and to allow ventilation. The tube is then
removed at intervals for surgery and replaced for
further ventilation.

Infraglottic jetting could be an alternative method for
ventilation if the jet tube does not fully occlude the
remaining glottic lumen. The cross section of the
expiratory airway is a main determinant of intrapul-
monary pressure with jet ventilation, and is continu-
ously changing during the operation. P,y will have
to be monitored carefully and driving pressure and
expiration phase adapted to avoid barotrauma or
hypoventilation.

Benign processes of the trachea

Typical tracheal processes are papillomatosis, fibro-
mas, tracheal webs or granulation tissue and stenoses
following long-term intubation. Many of these are
amenable to laser surgery with CO,, Nd-YAG or
argon lasers (Figure 10.18).

We use the apnoea technique, but infraglottic jetting
with the tip of the cannula distal to the operation site
is an option if the tracheal lumen is wide enough to
allow egress of insufflated air around the tube. For jet
ventilation the O, concentration in the jetted air is
limited to 30% or less.

Anaesthesia is induced as described and neuromuscu-
lar relaxation achieved using a relaxant with a duration
of action appropriate for the length of the operation.
The patient’s lungs are ventilated by bag and mask
until the muscles are completely relaxed and control of
the airway then given to the surgeon. The surgeon
often begins the procedure with endoscopy of trachea,

bronchi and oesophagus to assess the extent of the dis-
ease process. During tracheobronchoscopy the lungs
can be ventilated by hand through the rigid broncho-
scope. The surgeon then exposes the larynx and inserts
the endotracheal tube into the trachea through the
laryngoscope under direct vision. There are no restric-
tions on the type of tube that can be used since it is
removed while the laser is being used. It is best to use
the largest size that fits through the laryngoscope and
into the trachea. This allows a large respiratory minute
volume for rapid elimination of the CO, accumulating
during the period of apnoea. The patient’s lungs are
ventilated with 100% O, for several minutes and the
tube is then removed for surgery. Depending on the
FRC of the patient’s lungs, the apnoea period can last
for 4-5min. The tube is replaced when O, saturation
begins to fall or at a SpO, of 90-95% at the latest. The
lungs are ventilated for several minutes in order to
eliminate the CO, that accumulated during apnoea.
This is repeated until the operation is completed.

If jet ventilation is used, the jet tube can be inserted
immediately after the surgeon has completed the tra-
cheobronchoscopy. Ventilator settings will have to be
adapted to give sufficient ventilation with acceptable
Paw. The O, concentration in the jet is set at 30%
or less.

Benign processes of the nasal passages and
the nasopharynx

Typical benign processes of this region treated by
laser surgery are hypertrophied turbinates, septal
spurs, polyps, cysts, papillomas, vascular lesions such
as haemangiomas and choanal atresia. Most of these
operations can be performed in local or topical anaes-
thesia on an outpatient basis. Those that require gen-
eral anaesthesia can be handled in a normal fashion
since there is little risk of damaging the orotracheal
tube with the laser.

Opening of choanal atresia is another matter. The
patients are newborns, perhaps even premature, and
the condition has to be corrected rapidly, since new-
borns have trouble breathing through their mouths.
Inhalational anaesthesia is used with an orotracheal
tube. No special anaesthetic precautions related to the
laser surgery need to be taken. The most serious risk
is injury to the internal carotid artery if the surgeon
works too far laterally.

Malignant diseases of the larynx and
hypopharynx

Advances in laser surgery and in anaesthesia have
made it possible to aim for curative surgical treatment
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of even extensive tumours of this region and to offer
palliative surgery to the patient with inoperable dis-
ease that leaves the larynx and restores an unob-
structed airway. Although the distinction between
carcinoma of the larynx and hypopharynx is import-
ant from a surgical standpoint, anaesthetic manage-
ment of the two does not differ greatly. The primary
difference is that a standard-armoured endotracheal
tube can be used for most pharyngeal tumours and
that there is little risk of laser damage to the tube.
Larynx carcinoma can range from a small cancerous
lesion on the vocal cords to a bulky tumour causing
dyspnoea. Surgical treatment of the former is hardly
more invasive than for benign disorders of the vocal
cords, and anaesthetic management is just as straight-
forward, with one caveat: due to its aetiology, patients
presenting with cancer of the larynx frequently have
concomitant pulmonary and cardiac disease. Larger
tumours can make tracheal intubation difficult, due to
both their size and their friability. Telltale signs of
tumours of this size are inspiratory stridor, more than
usual hoarseness or dysphagia. If at all possible, one
should consult the rhinolaryngological report, which
will include the findings of the preoperative laryngo-
scopic examination, perhaps even with photographic
documentation. Very large tumours can completely
block the view of the glottis and they can bleed pro-
fusely when touched (Figure 10.19). Or, they can
narrow the glottis to such an extent that it is difficult
to pass even the narrow laser tube. If the larynx is
too obstructed or the risk of bleeding too great, the
surgeon might elect to perform a preoperative
tracheotomy in local anaesthesia. Hypopharyngeal
carcinoma arises by definition outside the larynx but
it can infiltrate laryngeal structures in advanced
stages. One difference is the higher risk of severe
intraoperative haemorrhage in laser surgery of
hypopharyngeal tumours, particularly those involving
the lateral wall of the piriform sinus.

Patients with prior radiotherapy of their tumour can
be extremely difficult or even impossible to intubate.
Radiation can indurate the soft tissues of the neck to
such an extent that they are immobile and it is impos-
sible to visualize the glottis. If the patient has a his-
tory of radiotherapy, one should actively search for
induration by palpation and inspection, and discuss
the possibility of awake fibre-optic intubation with
the patient. Laser surgery itself sometimes proves
impossible in these patients, since neuromuscular
blockers do not relax the indurated tissues that
prevent the surgeon from achieving the necessary
exposure of the glottis.

The preoperative work-up of the patient presenting
for laser surgery of the larynx or hypopharynx should

(@)

(b)

Figure 10.19 Pictures of larynx with gross carcinoma.

include a careful history with emphasis on cardiovas-
cular and respiratory disease, particularly ischaemic
heart disease, as well as drinking habits. Clinical and
laboratory signs of alcohol abuse and hepatic insuffi-
ciency should be looked for. In patients with dys-
pnoea or even cyanosis, a preoperative lung function
test and arterial blood gases will help to assess and
manage the postoperative recovery period. Hypo-
pharyngeal tumours can cause dysphagia and conse-
quently malnutrition and dehydration.

The patients are usually given a total intravenous
anaesthetic  with remifentanil and propofol.
Isoflurane is used as a hypnotic in place of propofol in
patients with impaired liver function, particularly
those with cirrhosis, since it maintains hepatic perfu-
sion and does not impose a metabolic load on the
organ. The propofol dose required for adequate hyp-
nosis can be higher in these patients since alcohol
induces cross tolerance. Patients with dysphagia have
latent hypovolaemia and tend to develop relevant
arterial hypotension after induction with normal
doses of propofol. In these patients, the initial propo-
fol dose is about 0.8 mgkg ™! with additional injec-
tions. This is usually sufficient to induce loss of
consciousness but not for adequate hypnosis.
Additional doses of 0.5mgkg™! are then given at



168 ANAESTHESIA FOR MINIMALLY INVASIVE SURGERY

2-min intervals until the desired depth of hypnosis is
achieved. When using target-controlled infusion the
initial target concentration is set at 2.5-3.0 pgml L.
It takes approximately 5 min before an adequate level
of sleep is reached but the incidence of hypotension is
greatly reduced. Hypotension at induction is treated
by infusing standard electrolyte solution, but blood
pressure should be supported with vasoactive drugs
to maintain coronary circulation until vascular filling
is sufficient.

Rocuronium or cisatracurium are used for myorelax-
ation, but any similar agent is suitable. Patients with
impaired liver function are at risk for prolonged
action of mivacurium if they have reduced plasma
cholinesterase activity. The patient’s trachea is intub-
ated with a 5mm ID stiff endotracheal tube that is
carefully protected from the laser beam with wet
gauze. The settings on the ventilator must be altered
as described above to accommodate the prolonged
expiratory phase through the narrow tube.

Routine intraoperative monitoring consists of a con-
tinuous five-lead electrocardiogram (ECG), prefer-
ably with ST-segment analysis, non-invasive blood
pressure measurements, pulse oximetric O, satur-
ation and capnometry. A large bore peripheral venous
catheter is sufficient for the operation itself, but

(@)

arterial and central venous catheters might be war-
ranted by pre-existing cardiovascular disease.

The recovery period is normally uneventful with no
stridor or dyspnoea. Occasionally, after extensive
resections, the surgeon might wish to leave the
patient intubated, sedated and ventilated overnight if
there is a risk of postoperative bleeding or airway
obstruction. In this case, the narrow laser tube is
replaced with the orotracheal tube normally used in
the intensive care unit. Extubation of the spontan-
eously breathing only lightly sedated patient is then
performed in the OR. If there is a risk of airway
obstruction, extubation is performed in tracheotomy
standby. A tube exchanger with an adapter for the
ventilator can be passed through the endotracheal
tube and left in the trachea as a guide, and as a means
of insufflating O,, in case bleeding necessitates rein-
tubation (Figure 10.20).

Carcinomas of oral cavity and oropharynx

This region encompasses the lips, floor of mouth,
buccal surfaces, palate, uvula posterior wall of
oropharynx, tonsils and tongue. Surgery is straight-
forward, with the main risk being bleeding, particu-
larly from large vessels adjacent to the lateral

(b)

Figure 10.20 Use of the tube exchanger. The laser tube has already been removed over the exchanger and the

larger armoured tube is being inserted.
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Figure 10.21 Large vessels in the vicinity of the lateral
oropharynx. The internal carotid artery is occasionally
directly adjacent to the tonsils and is easily injured.

oropharynx (Figure 10.21). There is no competition
for the airway during laser surgery of this region, and
the requirements for the endotracheal tube are
relaxed. A standard diameter, armoured orotracheal
or nasotracheal tube can be employed depending on
the site of resection. Difficulties can arise if the
tumour has infiltrated the cheek or the region around
the temporomandibular joint causing trismus.

Nicotine and alcohol abuse are risk factors for these
cancers as well, and the patient is likely to have con-
comitant cardiovascular and respiratory disease.
Advanced malignancy impairs chewing and swallow-
ing and the patient is likely to be malnourished and
dehydrated. Anaesthetic management and precau-
tions are the same as for laser surgery of tumours of
the larynx and hypopharynx.

Complications

Fires

Laser beams can ignite nearly everything if they have
enough power and impinge on the target for a suffi-
ciently long time. The most susceptible materials in
the OR are the surgical drapes, personnel clothing
and plastic objects. These fires can endanger everyone
including the patient. All personnel working in a laser

surgery OR should be aware of the potential danger
and have been instructed in what to do should a fire
breaks out. Fires of this type occur more often during
laser surgery in ophthalmology and dermatology.

A laser-induced fire more typical for laser surgery of
the upper aerodigestive tract occurs when combustible
material is ignited in the patient’s airways. The objects
usually in the path of the laser beam are the endotra-
cheal tube, surgical swabs and the surgeon’s gloves.
The airway tissue itself does not burn unless it has
been dried and charred. The extent of the damage
depends on the location and composition of the burn-
ing material and on the O, concentration in the ambi-
ent air. How seriously the patient is ultimately injured
depends to a great extent on how rapidly the OR
personnel responds and how the fire is managed.

Fire prevention is the most important single factor.
This entails using flame-retardant materials wherever
feasible, keeping the ambient O, concentration below
the level required for sustained combustion and exert-
ing utmost care when using the laser. The measures
that can be taken to prevent endotracheal tube fires are
described in detail above in the section on endotracheal
intubation.

Should an airway fire occur despite all precautions,
the primary objective is to keep the damage to the
patient to a minimum: everything else is secondary to
that goal. Quick, decisive action is important. Most
fires are initially located on the outer surface of the
endotracheal tube and cause local thermal destruc-
tion that is fairly limited in extent. However, if the fire
is not extinguished immediately it will burn through
the wall of the endotracheal tube, and the O,-enriched
gas mixture combined with the gas flow in the tube
will give a blow-torch like flame blowing heat and
toxic combustion products into the alveoli.

The airway fire protocol gives the sequence of actions
to be taken. The surgeon, who will probably be the
first to discover the flames, should immediately
inform the anaesthetist while removing the burning
material from the patient. The anaesthetist will dis-
continue ventilation and shut off the gas supply. The
surgeon should remove the laryngoscope and any
instruments and ready the patient for mask ventila-
tion with 100% O,. Direct laryngoscopy and rigid
bronchoscopy is carried out to survey the extent of
the damage and to remove any debris or foreign mat-
ter. Once the burning material has been removed, the
airway secured and ventilation guaranteed the next
steps can be instituted. The trachea should be reintu-
bated and if damage is severe, a low tracheotomy
might be indicated. Surgery should be brought to an
end as rapidly as the operation permits. The patient
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should be closely monitored for at least 24 h with par-
ticular attention given to changes in oxygenation and
ventilation.

Corticosteroids are frequently recommended as a
measure to prevent or attenuate pulmonary dam-
age.!® Controlled studies in animals and a serendip-
itous clinical investigation in humans have shown,
however, that they are of no benefit and that those
with mineralocorticoid effects such as hydrocortisone
may even increase mortality.3 1% The so-called
lazaroids (21-aminosteroids) have been shown to have
a beneficial effect in the smoke inhalation injury
model."*! Tirilazar is a lazaroid that is on the market
in some countries.

Subcutaneous emphysema

The cricothyroid membrane can be breached by
the laser beam during surgery on the anterior portion
of the larynx and the subglottis. Excessive Pay
will force air through the defect into extraluminal tis-
sues and cause subcutaneous emphysema that can
extend to the face and chest. The smaller the opening,
the greater the risk of subcutaneous oedema, since
the air forced into the tissues is trapped. Coughing
and bucking on the tube are risk factors for this
complication and the anaesthetist can be instru-
mental in preventing it. If the surgeon thinks that
the patient might be at risk of subcutaneous emphy-
sema, the ventral aspect of the throat should be com-
pressed manually during extubation and effective
antitussive measures should be instituted. A com-
pression bandage is also sometimes applied by the
surgeon.

In our experience, subcutaneous emphysema has never
compromised respiration and has never required
treatment.

Postoperative airway obstruction

As a rule, airway patency is better postoperatively
than before surgery, since the obstructing tissue
masses have been removed. Occasionally, however,
postoperative oedema of the tongue or larynx can
cause airway obstruction. The surgeon should alert
the anaesthetist to this possibility and discuss the
necessity of leaving the endotracheal tube in place
postoperatively. Corticoids given early enough can
sometimes prevent oedema. If postoperative stridor
and dyspnoea are not too severe an initial thera-
peutic attempt can be made with nebulized epineph-
rine. Persisting or worsening dyspnoea and stridor
should be evaluated by the surgeon and usually requires
reintubation.

AIRWAY FIRE PROTOCOL

Immediate measures
® Anaesthetist:
- Stop all gas flow
® Surgeon:
— Remove burning material (endotracheal tube,
pledgets, swabs, etc.)
— Remove laryngoscope
® Extinguish fire with water or saline if still burning
® Ventilate with face mask (100% O, only if fire is
extinguished)

Urgent measures

® Examine damaged endotracheal tube to determine if
still intact. If not, search airways and oral cavity care-
fully for missing pieces

® Perform laryngoscopy and bronchoscopy to assess
and document extent of damage and to remove for-
eign material if necessary

® Reintubate

® Consider bronchial lavage through flexible broncho-
scope for tracheal involvement

® Terminate surgery as soon as feasible

Postoperative measures

® Chest X-ray

® Admit to intensive care unit for observation and
treatment

® Provide respiratory therapy with supplementary O,,
mask continuous positive airway pressure (CPAP),
nebulized epinephrine and other measures as
deemed necessary

® |ntubate and provide ventilatory support if required

® Antibiotics only for confirmed or suspected infection —
not antibiotic prophylaxis

® Reassess tracheal damage at intervals by flexible
bronchoscopy

® Corticoids not proven effective — administration
discretionary

Arterial haemorrhage

The laser beam cannot seal blood vessels with a diam-
eter of more than 0.5mm. These will bleed and
require ligation, clips or coagulation with the electro-
cauter. The tonsils and the lateral pharynx are in close
proximity to the large vessels of the neck including the
internal carotid artery (Figure 10.21). These can be
perforated, slit or severed during laser surgery in this
region. Injury to the carotid artery can cause severe
bleeding requiring the concerted efforts of all attend-
ing personnel. The anaesthetist can assist the efforts of
the surgeon by lowering the blood pressure and main-
taining vascular filling with infusions. In intubated
patients and with less severe haemorrhage, the bleed-
ing is largely a surgical problem. However, in patients
with jet ventilation or breathing spontaneously, enoral



LASER SURGERY OF THE UPPER AERODIGESTIVE TRACT 171

haemorrhage carries a high risk, if not certainty, of
aspiration. Immediate efforts must be undertaken to
secure the airway with an endotracheal tube.
Occasionally, the bleeding cannot be staunched from
enorally and the damaged vessel has to be approached
through an external incision. Excessive pressure to the
lateral pharynx to stop the bleeding during this period
can actually compress the carotid artery to an extent
that cerebral perfusion is compromised. In these cases,
it is not advisable to lower the blood pressure, but
instead to maintain or even increase it in order to
preserve collateral perfusion.

Pneumothorax, pneumomediastinum,
pneumopericardium

These conditions are not so much complications of
laser surgery as of jet ventilation. One must be alert to
the possibility of their occurring. Tension pneumo-
thorax can occur bilaterally and requires immediate
thoracocentesis. Pneumomediastinum does not usu-
ally cause acute symptoms.

Pneumopericardium can be life threatening and diffi-
cult to diagnose since the combination of symptoms —
hypotension, tachycardia, elevated central venous
pressure (CVP) — can be caused by more common
complications such as pneumothorax and pulmonary
embolism. Transthoracic or transoesophageal ultra-
sound will help in the diagnosis. Treatment of
pneumopericardium requires some experience but is
nevertheless relatively straightforward once the diag-
nosis is confirmed.

Venous gas embolism

The contact probe of the Nd—YAG laser uses a stream
of gas to cool the sapphire probe tip. This has caused
venous gas embolization in a number of cases of uter-
ine surgery.'* This complication has also be reported
for Nd-YAG laser surgery of the trachea.!*»!* The
complication is rare but potentially lethal and the
anaesthetist must include it in the differential diagno-
sis of cardiovascular collapse during endotracheal
surgery with a gas-cooled Nd—YAG laser.

Complications of laser surgery of the upper
aerodigestive tract

Subcutaneous emphysema
Pneumothorax

Pneumomediastinum

Glottic oedema

Arterial haemorrhage (e.g. carotid artery)
Venous gas embolism
Tracheo-oesophageal fistulae
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MINIMALLY INVASIVE NEUROSURGERY

Minimally invasive neurosurgery has seen a resurgence
in popularity in recent years. Some of this enthusiasm
is a semantic phenomenon, since a wide variety of min-
imally invasive operations, both intracranial and spinal,
have been routine for years, if not decades. In fact,
there is substantial evidence that minimally invasive
neurosurgery has been performed on an outpatient
basis for many centuries (Figure 11.1). One of the most
frequently performed minimally invasive neurosurgi-
cal operations was introduced into clinical practice
over a century ago by the Swiss physician Gottlieb
Burkhardt. First used to alleviate the severe symptoms
of schizophrenia, it became popular in the 1930s after
the Portuguese neuropsychiatrist, Antonio Egas Moniz

(awarded the 1949 Nobel prize for his work) described

his success in the treatment of patients with emotional
disorders. In this procedure, a slender wire knife is
inserted through small burr holes in the skull to sever
the pathways connecting the frontal and prefrontal
cortex to the thalamus. It gained notoriety through the
efforts of Freeman and Watts, who performed the pro-
cedure indiscriminately on individuals with undesir-
able behaviour on an outpatient basis in their office. In
its most ghastly form, known as the “ice-pick lobot-
omy”, an ice-pick was driven through the roof of the
orbits with a mallet under local anaesthesia, and flicked
back and forth to sever the fibres.

Neurosurgical endoscopy is a technique that was intro-
duced in the early 20th century, when open brain

Figure 11.1 Patient being
trepaned to remove the pre-
sumed cause of a behavioural
abnormality. Details from “The
Cure of Folly” or “The Stone
Operation” by  Hieronymus
Bosch, 16th century. (Prado
Museum, Madrid.)
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surgery was associated with high mortality rates. As was
the case in other surgical specialties, it was a urologist,
Lespinasse, who performed the first endoscopic oper-
ation in neurosurgery. In 1910, he treated two children
suffering from hydrocephalus, using a cystoscope to
access and fulgurate the choroid plexus. One child died
during the procedure while the other survived another
5 years. Dandy also used a cystoscope, renaming it
“ventriculoscope”, in the treatment of hydrocephalus.
The method lost favour with the advent of the ventricu-
loperitoneal shunt, but the technique itself has profited
greatly in recent years from innovations in optical
instrumentation and video imaging technology. It now
permits intraventricular operations, which would other-
wise be impossible altogether or have an inacceptable
mortality rate. Structures of the frontobasal brain can
now be accessed through the sphenoid sinus, and no
longer require a temporal or frontal craniotomy.

Microscopic lumbar disc surgery, in which the affected
intervertebral space is approached through a small
skin incision and a narrow channel opened with a specu-
lum, has long since replaced the conventional operation
that was associated with extensive tissue destruction. In
other techniques, the spine is approached through the
thorax, the peritoneum or through the retroperitoneum.

An exciting interdisciplinary development that has
gained momentum during the past three decades has
taken the patient out of the neurosurgical operating
theatre and placed him under the fluoroscope in the
radiology suite. Interventional neuroradiology using
endovascular techniques and instrumentation for
procedures ranging from superselective functional
diagnosis to definitive treatment of arteriovenous mal-
formations, cerebral aneurysms, carotid artery steno-
sis, occlusive cerebrovascular disease, and others that
were previously only amenable to surgical therapy.

Transsphenoidal pituitary
surgery

The anatomical localization and the physiological
functions of the pituitary are the determinants of the
difficulties associated with surgery on this tiny organ.
The pituitary is located in close proximity to crucial
neural and vascular structures. It lies in the hypophy-
seal fossa of the sphenoid bone, commonly referred to
as the sella turcica, covered by the diaphragma sellae,
and is connected to the hypothalamus by the pituitary
stalk. The optic chasm lies superiorly and anteriorly
to the pituitary stalk. The pituitary is surrounded lat-
erally by the cavernous sinuses, which extend poster-
iorly into the petrosal sinus. The carotid arteries, and
the oculomotor, trochlear, abducens and parts of the

trigeminal nerves pass through the cavernous sinuses
on each side of the sella.

The pituitary gland is composed of an anterior part, the
adenohypophysis, which accounts for most of its vol-
ume, and a posterior part, the neurohypophysis. The
adenohypophysis is a plurihormonal endocrine organ
made up of a variety of cell types. Somatotropes, which
secrete growth hormone (GH), account for about half
of the cell population of the adenohypophysis, and
adrenocorticotropin hormone (ACTH) secreting corti-
cotropes constitute another 20%. The latter also secrete
B-endorphin. Of the remaining cells, prolactin (PRL)
secreting lactotropes represent the largest fraction with
about 20% of the gland, while gonadotropic-hormone
(follicle stimulating harmone (FSH)/leutinizing har-
mone (LLH)) and thyroid-stimulating hormone (TSH)
producing cells make up the rest. Vasopressin (antidiur-
etic hormone (ADH)) is the primary hormone of the
neurohypophysis. Tumours of the pituitary or of sur-
rounding structures can either enhance or suppress the
secretion of these hormones, and the patient can pre-
sent with isolated or multiple hormonal abnormalities.

Tumours of the pituitary are nearly always benign aden-
omas that can arise from any of the cell types described
above. Microadenomas with a diameter of less than
10mm are quite frequent (20% of the population on
autopsy), while macroadenomas (diameter >10mm)
are rare. The tumours are currently classified according
to their secretory product (if any). The most common
are prolactinomas and inactive null-cell adenomas,
which each account for approximately 25%. ACTH-
cell and GH-cell adenomas each represent about 15%
of the pituitary tumours. Slightly more than half of the
ACTH-cell tumours are endocrinologically active.
Another 15% of all tumours secrete multiple hor-
mones. Inactive adenomas can induce varying amounts
of hypopituitarism by compression of the remaining
gland or by interfering with the blood supply leading to
infarction. Excessive hormone secretion causes typical
clinical syndromes that can significantly influence
anaesthetic management (Table 11.1).

Craniopharyngiomas are benign epithelial tumours
commonly occurring in children. They are endocrino-
logically inactive and cause symptoms by local destruc-
tion or compression. The most common localization
is the suprasellar cistern, but intrasellar tumours are
also seen. Large lesions frequently erode the sella
and contain calcifications either in or above the sella

(Figure 11.2).
Approaching the patient with a pituitary
tumour

The patient with a pituitary or hypothalamic lesion
must have a careful preoperative endocrine evaluation
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Table 11.1 Pituitary hormones and their effects rele-
vant to anaesthesia and surgery

ACTH
Hypersecretion ~ Cushing syndrome, DM, immune
suppression, hypertension, sodium
retention, hypokalemia

Addison’s disease, stress intolerance,

cardiovascular instability

Deficiency

GH
Hypersecretion ~ Acromegaly (gigantism, if in
children), cardiomegaly, cardio-
myopathy, hypertension, DM,
macroglossia, prognathism,
enlargement of the mandible

TSH
Hypersecretion Hyperthyroidism
Deficiency Myxoedema, cardiac conduction

defects, cardiomyopathy

Vasopressin (ADH)

Hypersecretion Syndrome of inappropriate ADH
secretion (SIADH)

Deficiency DI

PRL, FSH/LH Little relevance for anaesthesia

DM: diabetes mellitus; DI: diabetes insipidus.

Figure 11.2 This magnetic resonance imaging (MRI)
shows a large space-occupying lesion that has already
destroyed the posterior part of the sella. This was a recur-
rent craniopharygeoma in a 49-year old female patient.

to recognize and minimize the potential for periopera-
tive problems related to inadequate or excessive hor-
mone secretion. Cortisol and thyroxin are the two most
important hormones in this respect. Hypersecretion of
these hormones is usually readily recognized by the

clinical signs and symptoms of Cushing disease or
hyperthyroidism. Pre-existing hypocortisolism or hypo-
thyroidism are not apparent unless severe and long
lasting, but can exacerbate acutely in the perioperative
period with potentially catastrophic results. Fatigue,
weakness, anorexia and hypotension in a patient with a
sellar or suprasellar tumour should alert the anaes-
thetist to the possibility of these conditions, and
prompt further evaluation, and possibly postponing
surgery and instituting hormonal substitution therapy.

Patients with Cushing’s disease may require antihyper-
tensive medication, and diuretics (possibly in combin-
ation with aldosterone antagonists) to reduce sodium
retention and alleviate hypokalemia. The DM of
Cushing disease is due to the metabolic effects of corti-
sol and is not insulin dependent, and ketoacidosis is
thus not a prime concern. Patients with hyperthy-
roidism due to excessive TSH secretion are not likely
to develop a thyrotoxic crisis without the presence of
autonomic thyroid adenomas. Severe symptoms of ele-
vated levels of thyroid hormones may require preoper-
ative thyrostatic treatment.

Over-secretion of GH causes arterial hypertension
with cardiomyopathy that can cause perioperative cir-
culatory problems. Macroglossia, prognathism and
mandibular enlargement can interfere with endotra-
cheal intubation.

Surgical complications include visual loss, vascular
injuries, cranial nerve palsy, nasal bleeding, cerebro-
spinal fluid (CSF) leak and transient psychosis.

Anaesthetic management

The standard approach to the sella is currently via the
transsphenoidal route (Figure 11.3). With this tech-
nique, first described by the Austrian rhinologist,
Schloffer in 1907,' the surgeon accesses the sella
through a submucous dissection of the nasal septum.
The patient lies supine and the surgeon views the site
through an operating microscope (Figure 11.4(a)
and (b)).

Transsphenoidal operations are associated with min-
imal tissue destruction and a short period of wound
closure. The anaesthetic technique for these proced-
ures must take this into account, and allow for rapid
emergence. Minimal invasiveness not withstanding,
there is always the risk of major vascular damage in the
vicinity of the sella, particularly with tumours with
great lateral or vertical extent, and a large bore venous
cannula should be inserted. The surgeon may request
the anaesthetist to perform a Valsalva manoeuvre dur-
ing the operation to cause suprasellar portions of the
tumour to herniate through the diaphragma sellae.
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Sphenoid sinus

Tumor in sella

Dura of
sella

Tumor

Dura

Capsule of tumor

Glucocorticoids are routinely administered to
patients undergoing pituitary surgery to either treat
pre-existing or prevent postoperative hypocortiso-
laemia. The corticoid hormone chosen for substitu-
tion therapy should replace both glucocorticoid and
mineralocorticoid effects. Hydrocortisone is a logical
choice, since it combines both. A standard therapeutic
regimen that tends to over-substitute is to infuse
100 mg of hydrocortisone perioperatively and a fur-
ther 100 mg during the first 24 postoperative hours.
Further treatment is with an oral preparation. Some
recommend methylprednisolone (40 mg IV) or dex-
amethasone (10 mg I'V). These substances have purely
glucocorticoid effects.

DI is a typical perioperative complication of pituitary
surgery. Transient DI occurs in up to 20% of the
patients, while permanent DI is less common with an
incidence of around 2%. DI is manifested by large

Soft palate
Optic
chiasm
Remnant of
pituitary gland

Figure 11.3 Diagram of the
route by which the sella and its
contents are accessed by the
transsphenoidal approach.

volumes of urine with low specific gravity. Care must
be taken to replace fluid and electrolyte losses, partic-
ularly potassium. Severe polyuria should be treated
with intravenous vasopressin or desmopressin.

Note Corticoid substitution with hydrocortisone

® 100 mg IV intraoperatively
® 100 mg IV during the first 24 h postoperatively

Neurosurgical endoscopy

After its slow start for the treatment of hydrocephalus
early in the 20th century, endoscopic neurosurgery is
now an established technique with a list of specific
operations. Hydrocephalus is the most common indi-
cation, particularly that arising from aquaeductal
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(@

(b)

Figure 11.4 For microsurgical endoscopic pituitary surgery, the patient is supine with the head slightly reclined. This is the
classical approach described by Cushing. The surgeon dissects a submucous path along the nasal septum and accesses the

pituitary through the sphenoid sinus.

stenosis, or multiloculated hydrocephalus following
infection. In the latter condition, CSF accumulates
in non-communicating compartments separated by
membranes. Among other standard indications are
ventricular tumours including pineal tumours, and
CSF drainage. Anaesthetic management for most
minimally invasive neurosurgical procedures does not
differ fundamentally from that for the conventional
operations.

Endoscopic procedures in neurosurgery

CSF diversion Non-communicating hydrocephalus,

multiloculated hydrocephalus
Cyst removal Arachnoid cysts, colloid cysts

Intraventricular
tumours

Pinealomas, ependymomas, cranio
pharygiomas, etc.
Stereotactic biopsy, excision

CSF diversion operations

Non-communicating hydrocephalus requires fluid
diversion from the third ventricle. This is commonly
done by implanting a ventricular shunt that drains into
the peritoneum or the right atrium. Complications and
the need for repeated operations increase the morbidity

of the patients. Relief is also possible in select patients
by creating an opening in the floor of the third ven-
tricle, which allows CSF to drain into the basal cisterns.
This operation, known as third ventriculostomy, was
first performed in 1923 by Mixter,’ shortly after the
first attempts to treat hydrocephalus by fulgurating the
choroid plexus.

The patient is positioned supine and a coronal burr
hole is placed to allow access to the frontal horn of the
lateral ventricle (Figure 11.5(a)). The endoscope is
inserted and advanced to the third ventricle. The sur-
geon creates an opening in the floor of the ventricle
distal to the mamillary bodies using the endoscope
itself, a blunt instrument or a laser. The opening is
dilated with a Fogarty catheter to stop venous bleeding.
Acute increase of intracranial pressure can occur intra-
operatively due to the infusion of irrigation fluid.
Cardiovascular control centres are in immediate prox-
imity to the third ventricle and acute complications,
such as cardiac dysrhythmias, blood pressure swings,
bradycardia and cardiac arrest, can occur when they
are irritated.* The bradycardia that arises at the
moment of perforation ceases when the surgeon either
retracts the instrument or completes the perforation.’
Postoperative complications include headache, high
fever, short-term memory loss, inappropriate secretion
of ADH (DI or water retention), cranial nerve palsy
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Figure 11.5 The rigid endoscope
is introduced into the ventricle
through a small skin incision and
burr hole in the skull (a). The sur-
geon and the assistant follow the
progress of the operation on the
video monitor. A vascularized mem-
brane is clearly visible on the screen
in the picture (b).
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Figure 11.6 Computed tomography of an infant with a multiloculated hydrocephalus. Membranes are visible in both
views. A venticuloperitoneal shunt operation had already been performed, but was ineffective, since the individual fluid-filled

compartments did not communicate.

and transient confusion. Venous bleeding is usually
easily controlled, but arterial haemorrhage may force
abortion of the procedure and placement of an external
ventricular drain.

Surgery for non-communicating hydrocephalus, fre-
quently observed following intracranial infections, is
aimed at opening connections in the membranes
partitioning the fluid space and causing the multi-
loculated CSF accumulation (Figure 11.6). These
membranes can be torn with grasping forceps
inserted through the endoscope, or perforated using a
laser. Holmium—yttrium—aluminium—garnet (YAG)
lasers have been developed which have a wavelength
highly absorbed by both water and haemoglobin and
tissue. This wavelength reduces the risk of the laser
beam injuring brain tissue after having penetrated the
membrane. Acute increase of intracranial pressure
can occur during these operations, but the cardiovas-
cular derangement is less likely, since the walls of the
third ventricle are not involved (Table 11.2).

Anaesthesia

Patients with hydrocephalus must be evaluated for
hypovolaemia and electrolyte imbalance in the pres-
ence of vomiting and fluid restriction. Infants under
6 months of age usually do not require preoperative
medication. A fully alert paediatric patient can be
given an oral or rectal premedication with midazolam
(0.5mgkg " up to a maximum of 15 mg). Patients with
increased intracerebral pressure or altered mental
status should not have sedating medication.

Inhalational induction is an option for patients without
increased intracranial pressure or vomiting. Intravenous
induction should be preferred in all others. Induction

Table 11.2 Characteristic features and risks of specific
neuroendoscopic procedures relevant to anaesthesia

Procedure Features relevant to anaesthesia

CSF diversion Increased ICP, obtunded sensorium,
vomiting, haemorrhage, damage to
basilar artery, damage to midbrain
structures, cardiac dysrhythmias,
cardiovascular instability with sudden
changes in heart rate and blood
pressure, disturbed ADH secretion
with DI, ventriculitis, postoperative
fever, temperature changes (use
warmed irrigation fluid)

Intracranial Similar to above if intracranial pressure
cysts is elevated due to obstructed
cerebrovascular fluid drainage

Biopsy, tumour Damage to midbrain structures

removal with cardiac dysrhythmias, abrupt
intraoperative brady/tachycardia, hypo/
hypertension, altered ADH secretion,
haemorrhage from biopsy site

with propofol or barbiturate can decrease blood pres-
sure, if given injudiciously, with possible impairment
of cerebral perfusion pressure. Etomidate might be
considered as alternative in the patient with circulatory
compromise. Anaesthetic maintenance should not
influence cerebral blood flow or intracranial pressure,
and should give rapid awakening. Total intravenous
anaesthesia (TIVA) with propofol and remifentanil, or
a balanced technique with isoflurane, sevoflurane or
desflurane are recommended, despite the somewhat
higher costs for the drugs. Children require higher
doses of anaesthetic drugs than adults. The infusion
rate for propofol has to be increased by 50-100% above
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that for adults.*’ In our experience, remifentanil has to
be given at a rate of at least 0.3-0.5 ugkg ™ 'min~!, and
propofol at a rate of at least S~10mgkg ™ 'h~!. The age
dependence of the MAC of volatile anaesthetics is a
well-known fact. The use of propofol in children is
considered controversial or even contraindicated by
some.>’ The literature seems to show that there might
be a slightly increased risk for children with severe bac-
terial infections and sepsis, or after prolonged infu-
sions in an intensive care setting.!’ In our opinion and
in our own experience, propofol can be safely used for
anaesthesia in children observing the manufacturer’s
age restrictions. Deep relaxation is recommended to
prevent even slightest movement.

Blood pressure and electrocardiogram (ECG) moni-
toring are crucial during endoscopic neurosurgical
procedures due to the acute cardiovascular complica-
tions that can arise. Non-invasive blood pressure meas-
urements can be difficult in small children, and direct
arterial cannulation with invasive measurements can be
indicated. This will also allow intermittent sampling
for partial pressure of carbon dioxide in arterial blood
(P,CO,) and haemoglobin determinations. Capnometry
is essential to maintain a physiological arterial carbon
dioxide (CO,) tension; hypoventilation can cause hyper-
capnia with increased intracranial pressure, while hyper-
ventilation directly reduces cerebral blood flow.

Interventional neuroradiology

The embolization of a cerebral arteriovenous
malformation described by Luessenhop and Spence
in 1960 was essentially the birth of interventional

neuroradiology.!! While they were initially performed
without anaesthesiological assistance, they have
become more and more complex, and anaesthetists
are now present at most of them. The contribution of
the anaesthetist to the success of the procedure
ranges from simply aiding the patient to tolerate lying
immobile for up to hours on end, to crucial blood
pressure and blood gas manipulations, as well as man-
aging arising complications. The interventions are
inherently dangerous and the rate or major complica-
tions and death is around 1-2%.'? Table 11.3 gives a
short overview of common neuroradiological inter-
ventions with their particular demands on the anaes-
thetist and their inherent risks.

During the standard neuroradiological intervention, a
7.5F introducer sheath is inserted into the femoral
artery. A 7.0F coaxial catheter is passed through the
introducer sheath and positioned under fluoroscopic
control in the carotid artery or vertebral artery. A thin,
superselective catheter (1.5-2.5F) is then advanced
through this catheter into the cerebral arteries.
Through this are passed the metal coils or balloons for
obliterating aneurysms or the glue for closing arteri-
ovenous malformations.

Simple procedures, such as percutaneous transluminal
angioplasty and stenting of an occluded carotid artery
can be performed in the spontaneously breathing
patient under local anaesthesia, oral premedication and
light supplemental intravenous sedation. Conscious
sedation was the anaesthetic management of choice for
nearly all neuroradiological interventions proposed
by Young and Pile Spellman in their excellent 1994
review,'” since it allows continuous neurological

(Adapted from Ref [12].)

Table 11.3 Interventional neuroradiological procedures and their risks and requirements relevant to anaesthesia

Procedure

Features relevant to anaesthesia

Superselective anaesthesia functional
examination (SAFE)

Therapeutic embolization
Cerebral aneurysms
Intracranial arteriovenous malformations
Extracranial arteriovenous malformations

Angioplasty and stenting of occluded
carotids or other cerebral arteries

Angioplasty of cerebral vasospasm
following subarachnoid haemorrhage

Intra-arterial chemotherapy

Performed prior to embolization to determine if catheter tip is not
positioned too proximal, and if functional brain areas might be
damaged

Rupture, deliberate hypo- or hypertension
Deliberate hypotension, post-procedure NPPB
Deliberate hypercapnia, post-procedure NPPB

Cerebral ischaemia, deliberate hypertension concomitant
ischaemic heart disease likely

Cerebral ischaemia, deliberate hypo- or hypertension

Airway swelling, intracranial hypertension

NPPB: oedema or haemorrhage in area, in which perfusion increases after the procedure “normal perfusion pressure breakthrough”.
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assessment of the patient. More recently, however, gen-
eral anaesthesia with endotracheal intubation, deep
relaxation and mechanical ventilation has gained
favour during embolization of cerebral aneurysms or
arteriovenous malformations.’® The patient can remain
immobile for longer periods, and manipulations such
as deliberate hypotension or deliberate hypercapnia
will not cause patient discomfort or induce vomit-
ing."»1> Small children will nearly all require general
anaesthesia. The choice of the general anaesthetic must
be adapted to the patients’ underlying and accompany-
ing pathology. Patients with occlusive cerebrovascular
disease are likely to have concomitant coronary artery
disease and arterial hypertension, while those who have
suffered subarachnoid bleeding from a ruptured
intracranial aneurysm, might have an obtunded senso-
rium, elevated intracranial pressure and possibly vascu-
lar spasms with impaired cerebral perfusion. Mean
arterial pressure (MAP) must be closely controlled and
all measures that might increase intracranial pressure
must be avoided. Recovery from general anaesthesia
should be rapid in order to allow early postoperative
neurological evaluation of the patient.

During preoperative assessment, the anaesthetist
should make note of a history of coagulation disorders,
protamine allergy, reactions to contrast medium, air-
way patency in the supine patient (important for con-
scious sedation), and the patient’s ability to lie supine
for several hours. Pre-existing arterial hypertension
should be well controlled. Premedication usually con-
sists of an anxiolytic such as midazolam. If deliberate
hypotension is intended during the procedure, an oral
beta-blocker such as atenolol or metoprolol might be
given.

Neuroradiological interventions are not performed in
the operation theatre, and the rooms are frequently not
equipped with anaesthesia in mind. The anaesthetist
must ensure that the minimum required equipment is
immediately available in the room itself. This includes
the anaesthesia machine with ventilator, a reliable
oxygen (O,) supply, suction, laryngoscopes, endotra-
cheal tubes and everything else required for securing
and maintaining the airway, syringe pumps, all neces-
sary drugs, power lines with emergency circuits, defib-
rillator, etc.

Monitoring for intracerebral endovascular procedures
consists of standard 5-lead ECG (preferably with ST
segment analysis), two venous lines, pulse oximetry
and capnometry. Blood pressure can be measured non-
invasively in procedures unlikely to cause circulatory
derangement or those not requiring deliberate hypo-
or hypertension, but invasive monitoring is required
in all other interventions. Patients with conscious

sedation should be well protected against temperature
loss, since shivering can interfere with imaging.
Supplemental O, is administered to the spontaneously
breathing patient through nasal prongs. End-tidal CO,
partial pressure can be measured by inserting the col-
lecting tube of an off-line capnometer alongside the
nasal cannula. The capnometer reading will be lower
than the actual arterial PCO,, and for lengthy proced-
ures an occasional blood gas sample should be drawn
to assess the magnitude of the bias. One should con-
sider inserting a urinary catheter for prolonged proced-
ures, since the contrast medium acts as an osmotic
diuretic. Central nervous system monitoring, such as
processed electroencephalogram (EEG), somatosen-
sory or acoustic evoked potentials, is implemented
occasionally. In any event, the anaesthetist should be
prepared to provide appropriate management and car-
diovascular support in the event of potentially fatal
ischaemic or haemorrhagic complications, which can
occur in 1-8% of interventions.

Anaesthetic management
Conscious sedation

The goal of conscious sedation is to prevent anxiety,
pain and discomfort, and to ensure the patient’s immo-
bility, while not appreciably interfering with respir-
ation, airway patency, cardiovascular stability or with
neurological assessment. A suitable technique combines
the analgesic properties of a long-acting opioid such as
fentanyl or sufentanil with a short-acting, easily titrat-
able hypnotic such as propofol. The opioid is given after
placing the venous cannula. There are some data that
suggest that sufentanil might increase intracranial pres-
sure (ICP) and lower cerebral perfusion pressure in
patients with head injuries,'®!” but other studies have
contradicted these findings.'®! Sedation is induced by
a small dose of propofol (0.5 wgkg™!) and maintained
by the continuous infusion of propofol at an initial rate
of 10-20 pg kg min~!. The level of sedation is adjusted
by increasing or decreasing the infusion rate. Other
regimens are, of course, possible, and the anaesthetist
should choose that with which he feels most competent.

Conscious sedation

® Oral premedication with midazolam (7.5 mg)
® Fentanyl (2 ngkg ") or sufentanil (0.2 ugkg™")
® Bolus dose of propofol (0.5 mgkg™")

Then

® Continuous propofol infusion (10-20 wgkg "min~");
adjust as necessary

® Supplemental O, (2— 4Imin~") via nasal prongs

® Pulse oximetric monitoring
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General anaesthesia

TIVA with propofol and a suitable opioid maintains
stable haemodynamics and has little effect on cerebral
perfusion or intracranial pressure. Balanced anaesthesia
with isoflurane or desflurane as the volatile component
is equally suitable, if high end-expiratory concentra-
tions are avoided. Suitable techniques are described in
Chapter 5. Orotracheal intubation should be preferred
over the nasotracheal route, since the complete antico-
agulation required by most procedures could lead to
significant bleeding from injured nasal mucosa.

General anaesthesia for interventional neuroradiology

® Oral premedication with midazolam (7.5 mg)

® TIVA with propofol and remifentanil or sufentanil
(Chapter 5)

® Consider neuromuscular blockers to ensure an immo-
bile patient

Blood pressure manipulations

Deliberate hypotension is primarily employed during
neuroradiological interventions to reduce the blood flow
through an arteriovenous malformation before injecting
the glue to give it time to set. It need not be of long
duration. The technique is not advisable during con-
scious sedation, since it may induce nausea and vomit-
ing that can endanger the procedure and the patient.

A short-acting beta-adrenergic blocker (such as
esmolol) or a combined alpha- and beta-blocker (such
as labetolol) are good choices, since they do not affect
cerebral perfusion as do nitroglycerine or sodium nitro-
prusside,”” although these have been suggested for use
during neuroradiological procedures.”’’ Esmolol is
given as an initial bolus injection of 1 mgkg ™! followed
by an infusion at an initial rate of 0.5mgkg ™ 'min".
Labetolol can be added in small incremental injections
if blood pressure is not reduced to the desired level, or if
the infusion rate of esmolol is too high. Urapadil (10 mg
increments) can be used if labetolol is not available.

Deliberate hypertension is occasionally required to
provide collateral perfusion to ischaemic areas via the
Willisan channels or through leptomeningeal path-
ways. Another indication is to maintain cerebral perfu-
sion in patients with vasospasm. Phenylephrine is a
first-line vasoconstrictor that is given in an initial dose
of about 1 pgkg™! followed by an infusion titrated to
increase blood pressure to about 30-50% above base-
line. If ICP monitoring is in place, one aims at an MAP
at least 60mmHg above ICP. Norepinephrine infu-
sions can also be given to provide the desired increase
in blood pressure. One must begin carefully with a

starting dose of 3-5 g and then titrate the infusion
to effect.

Blood pressure management during interventional
neuroradiology

® Deliberate hypotension:
— Consider premedication with beta-blocker
— Induce hypotension with esmolol bolus injection
(1 mgkg "), followed by esmolol infusion starting
at 0.5 mgkg~'min~" and increased as needed
® [f esmolol infusion is insufficient for adequate
hypotension, or infusion rate too high add: labetolol
(20mg increments), if available; urapadil (10 mg
increments) as alternative
— Nitroglycerine and sodium nitroprusside increase
cerebral blood flow
® Deliberate hypertension:
— Phenylephrine bolus injection (0.5-1 wgkg™") fol-
lowed by infusion starting at 20 p.g min~"
— Norepinephrine: bolus injection (5 ng) followed by
infusion titrated to effect (start at ca. 5 pgmin~")

Anticoagulation

The catheter and other introduced thrombogenic
material can induce thrombus formation with distal
thromboembolism and clot propagation. Some centres
aim at preventing this by systemic anticoagulation
with heparin, while others argue that anticoagulation
increases the risk of intracranial haemorrhage. This is
thus an issue that is at the discretion of the neuroradi-
ologists. If heparin is used, protamine is frequently
given at the end of the procedure to reverse the effects.
The anaesthetist must be aware of the pulmonary and
circulatory effects of protamine, as well as of its poten-
tial of causing allergic reactions.
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circulation 7-12
cisatracurium 59, 60, 104
bariatric surgery 112
upper aerodigestive tract laser
surgery 161, 168
closing capacity 18
co-induction of anaesthesia 58, 59
colorectal surgery, patient positioning
41
complications of minimally invasive
surgery 75-86
haemorrhage 82
operations 84-6
see also gas embolism;
subcutaneous emphysema
compression stockings 701, 84
pneumatic 115
Conn syndrome 85
continuous positive airway pressure
(CPAP) 134
extubation in bariatric surgery 115
one-lung ventilation 135
subcutaneous emphysema 80
contraindications for laparoscopy

867
coronary artery, right, occlusion
140
coronary artery bypass 138—40
graft 140

coronary artery occlusion 78

coronary sinus catheter 140

coronary surgery, minimal access 4

corticosteroids 170

cortisol 23, 24, 25,179

cough reflex suppression 124, 137

cranial nerve palsy 181-3

craniopharyngiomas 178

C-reactive protein 25

criccoid pressure 105

cricothyroid membrane, upper
aerodigestive tract laser
surgery 170

crystalloids 71, 85

Cushing’s disease 179

cyclodextrine derivatives 60

cyclo-oxygenase 2 (COX-2)
inhibitors 95, 115

cyclo-oxygenase 3 (COX-3)
inhibitors 96

dead-space ventilation 18

deep vein thrombosis 84, 115

defibrillation, gas embolism therapy

78

desflurane 55
balanced anaesthesia 68
bariatric surgery 111-12, 114
endoscopic neurosurgery 183
interventional neuroradiology 186
remifentanil combination 68

upper aerodigestive tract laser
surgery 161

dexamethasone 70, 180
diabetes insipidus (DI) 180, 181
diabetes mellitus, type 2 105, 110
diaphragm

displacement 83—4

postoperative function 21
diazepam 110
diclofenac 96, 115, 162
dilation balloon 7
diode lasers 148
diuretics 71
Doppler monitoring 49, 50

gas embolism 78
double-burst stimulation (DBS) 50
drapes 35
drug distribution/disposition

obesity 103-5

volume of distribution 103-5
drugs, elimination 105
dumping syndrome 107-8
duodenal switch 108
dyslipidaemia in obesity 110

echocardiography
obesity 109
transoesophageal 49
electrocardiography (ECG) 48
bronchoscopy 122
endoscopic neurosurgery 183—4
gas embolism 77
interventional neuroradiology
185
minimally invasive cardiac surgery
139
preoperative 109
thoracoscopy 135
electrocautery
carbon monoxide production 45
intra-abdominal carbon monoxide
concentration 17
electrocoagulation, bipolar 82
electromyography 50-1
emphysema, subcutaneous 16
endobronchial instrumentation
121
endobronchial intubation 45, 46, 84
endocrine disorders in obesity 105
B-endorphins 23
endoscopic retrograde
cholangiopancreatography
(ERCP) 38
endoscopic surgery 1
endotracheal intubation
bariatric surgery 110, /77, 112-14
mediastinoscopy 129
one-lung ventilation 132-3
orotracheal 186
risk predictors 109
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endotracheal intubation (contd)
upper aerodigestive tract laser
surgery 152-5,162
see also intubation, awake
endotracheal tube
airway fire risk 152, 153, 154-5
bronchoscopy 124, 125
cervicofacial subcutaneous
emphysema 79-80
cuff deflation 155
double-lumen 43, 55, 132, 139
exchanger 168
intraoperative migration 45, 46,
85
laparoscopically assisted vaginal
hysterectomy 41
laser surgery 152-5
lower abdominal surgery 42
metal tape wrapping 154
minimally invasive cardiac surgery
139
polyvinyl chloride 152-3
position 35
subcutaneous emphysema 80
thoracoscopic surgery 43,55
upper aerodigestive tract laser
surgery 152-5,162
enflurane 82
enoxaparin 115
epidural anaesthesia 70
bariatric surgery 110-11
pain control in minimally invasive
cardiac surgery 140
thoracoscopy 137
epidural analgesia 115
thoracoscopy 137
epigastric arteries, damage 82
epinephrine 23, 24
nebulized 170
erythrocyte sedimentation rate 25
esmolol 127,186
ctomidate 58
bronchoscopy 124
endoscopic neurosurgery 183
minimally invasive cardiac surgery
139
thoracoscopy 137
expiratory gas flow 123
explosions, intra-abdominal 14, 84
extubation
bariatric surgery 115
upper aerodigestive tract laser
surgery 168
eye protection 35, 37, 84
laser surgery 1501

facial nerve stimulation 51
femoral neuropathy 83
fentanyl 56, 105

bariatric surgery 111

context-sensitive half-time 57
dosage 61
epidural analgesia 115

interventional neuroradiology 185

onset time 58
propofol synergistic effects 60
TIVA 57-8
Fick principle 50
fluid management 70-1
Fogarty catheter 133, 181
foramen ovale, patent 87
foreign bodies, bronchoscopy 121,
122,126
Frank—Starling mechanism 9
Freche 145
functional residual capacity (FRC)
18
lateral decubitus position 131
obesity 101, 102
one-lung ventilation 134-5
pneumoperitoneum /8, 19
postoperative 21, 22
upper aerodigestive tract laser
surgery 152
fundoplication, laparoscopic 85
furosemide 71

gall bladder surgery 1,2
see also cholecystectomy
gas bubble, subphrenic 94-5
gas embolism 75-9
cerebral 78
clinically apparent 76
detection 77-8
fatal 13, 14
N,O anaesthesia 69
paradoxical 78, 87
patent foramen ovale 87
patient positioning 78
prevention 75-6, 78-9
procedure termination 85-86
symptoms 77-8
therapy 78
venous 171
gas exchange 18-19
gas insufflation 3
adverse events 3
artificial cavity creation 7
body temperature 267
intraoperative 3—4
gastric banding 706, 107
gastric bypass with Roux-en-Y /706,
107-8
gastric contents aspiration 105,112
gastric emptying in obesity 105
gastric pH lowering 105
gastric reflux 105
gastric surgery, patient position 39
gastro-oesophageal reflux in obesity

112

gastroplasty, horizontal-/vertical-
banded 706, 107

general anaesthesia
bariatric surgery 110-12
controlled ventilation 55
interventional neuroradiology 186
mediastinoscopy 129
thoracoscopy 137

glucocorticoids 180

glucose, blood levels 23, 25

glycopyrrolate 56, 123

growth hormone (GH) 179

gynaecological surgery 41

H, receptor antagonists 105
haemodynamic monitoring 48-50
haemorrhage complications 82-3
Hagen—Poisseuile equation 162
halothane 56, 67

avoidance 112

balanced anaesthesia 68

bariatric surgery 112

bronchoscopy 124

ventricular ectopic beats 82
head

access 35, 36

covering 38

draping 41

position for bariatric surgery 110
heart disease, ischaemic 102
heart failure 109
heart sounds in obesity 109
helium

insufflation 12

characteristics 14
pregnancy 13

respiratory gas mixture 153
hemidiaphragm 130, 131
hemothorax opening 131
heparin 84,115

interventional neuroradiology 186
hepatic drug elimination 105
hepatic dysfunction in obesity 110
hepatic perfusion 13
hepatic surgery in patient position

hernioplasty
contraindications 87
inguinal 39-41
laparoscopic 36
postoperative diaphragm
function 21
urinary catheter 36-7
patient positioning 39-41
ventilation requirement 16
hiatus hernia 105
hod carrier’s palsy 83
holmium—yttrium—aluminium—garnet
(YAG) lasers 183
Howard 145
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5-HT; receptor antagonists 69
hydrocephalus 180-1
anaesthesia 183
non-communicating 183
treatment 178
hydrocortisone 180
hypercapnia 13, 17, 46, 84
subcutaneous emphysema 80
hyperinsulinaemia 105
hyperkalaemia 84
hyperpnoea 79
hypertension
deliberate 186
obesity 102
hyperthyroidism 179
hypnotic drugs 58-9
hypocapnia 46
hypocortisolaemia 180
hypopharynx
malignant disease 166-8
subcutaneous emphysema 79-81
hypotension
deliberate 186
intraoperative 70
thoracoscopic surgery 138
hypothermia 26-7, 84
hypovolaemia 70
hypoxaemia, postoperative 20, 21
hypoxia
one-lung ventilation (OLV) 134-5
thoracoscopic surgery 137
hypoxic pulmonary vasoconstriction
67,134
hysterectomy, laparoscopically
assisted vaginal 41

ibuprofen 115
ideal body weight (IBW) 99
immunological system 23, 24, 25-6
immunosuppression, laparoscopy
effect 26
impedance 9-10
infants
capillary haemangiomas 164-5
pneumoperitoneum 19
inferior vena cava 9
infusion lines 35, 62, 63
infusion pumps 62
target-controlled 111
inhalational anaesthetics 67
balanced anaesthesia 68
bariatric surgery 111
bronchoscopy 124
endoscopic neurosurgery 183
upper aerodigestive tract laser
surgery 161
innominate artery compression
129
inotropes, gas embolism therapy 78
inspiratory—expiratory ratio 162

insufflation devices, automatic 1-2
insufflation gas 13-15
diffusibility 14
humidification 27, 84
solubility 14
warming 84
see also carbon dioxide; nitrous
oxide; pneumoperitoneum
insufflation needle 1
abdominal vessel injury 82
gas embolism 75
internal organ injury 82,83
subcutaneous emphysema 79
insulin 110
resistance 105
intercostal blocks 140
interleukin-6 23, 24, 25-6
internal organ injury 82, 83
intestinal mucosal perfusion 12
intra-abdominal pressure (IAP) 3
endocrine stress reaction 26
increased 7, 8, 12
blood flow interference 12
carbon dioxide uptake 16
intracranial pressure 23
obesity 102
renal function 13
Trendelenburg position 9
intra-aortic balloon pump 140
intracranial pressure 23
intraoperative intermittent
pneumatic compression 84
intraperitoneal cooling 13
intrapleural local anaesthetic infusion
140
intravenous anaesthesia, total (TIVA)
56-62
context-sensitive half-time of
drugs 57
dosage 60-1
drug application systems 61-2
endoscopic neurosurgery 183
hypnotics 58-9
interventional neuroradiology 186
jet ventilation 158
management 63
neuromuscular blocking agents
59-60
N,O 61
opioids 57-8
protocols 62-7
rigid bronchoscopy 124
intubation, awake 105, 113, 129
isoflurane 55
alfentanil combination 68
balanced anaesthesia 68
bariatric surgery 111,112, 114
endoscopic neurosurgery 183
interventional neuroradiology 186
remifentanil combination 68

upper aerodigestive tract laser
surgery 161

Jacobaeus HC 1, 129-30

Jako GJ 145

jejuno-ileal bypass 106, 107

jetting
infraglottic 166
infra-/supra-glottic 157

jugular vein, external, cannulation 35

KalkH 1
Kelling, Georg 1
ketamine 58
ketorolac 95

labetolol 186
Lambert—Eaton myasthenic
syndrome 128
laparoscopic surgery 1-2
contraindications 3
mortality 4
operations 2-3
technical aspects 3-5
laparoscopically assisted vaginal
hysterectomy (LAVH) 41
laparoscopy 1-2
myocardial dysfunction 9
laryngeal airway 55, 166-8
laryngeal mask airway 113
bronchoscopy 124, 125
upper aerodigestive tract laser
surgery 159-60
laryngeal papillomatosis 164
laryngeal web 163
laryngitis, chronic hyperplastic
1634
laryngopharyngoscope 149
laryngoscope 149
larynx
benign lesions 163-6
malignant disease 166—8
stenosis 165—6
laser device 145
laser surgery
bronchoscopic 121-2
carbon monoxide production 45
hydrocephalus 183
intra-abdominal carbon monoxide
concentration 17
upper aerodigestive tract 4-5, 145,
149-51
airway fire risk 152, 153, 154,
169-70
airway management 151-60
anaesthesia 151-2, 160, 161-3
apnoeic techniques 151-2
complications 169-71
cuirass ventilation 160
endotracheal intubation 152-5



194 INDEX

laser surgery (contd)
endotracheal tube 152-5, 162
guidelines 154
jet ventilation 155-9
laryngeal mask airway 159-60
operations 163-9
postoperative therapy 162-3
preoperative assessment 160
procedures 149-50
recovery 162-3
technical complications 150-1
ventilation 161-2
lasers
physics 145-8
types 148
wavelength 147-8
lateral decubitus position 38
anaesthesia induction 131
gas embolism therapy 78
physiology 130-2
lazaroids 170
lean body mass 103—4
left ventricular end-diastolic pressure
103
left ventricular failure
minimally invasive cardiac surgery
140
obesity 109
left ventricular filling pressure
gas embolism 77
monitoring 49
left ventricular hypertrophy 102-3
leucocytes 25, 26
lidocaine, abdominal instillation 95
Lindemann HJ 2, 14
lithotomy position 41
peripheral neuropathy risk 82-3
local anaesthesia 70
mediastinoscopy 129
minimally invasive cardiac surgery
140
thoracoscopy 137
local anaesthesic instillation for
analgesia 95, 96
lorazepam 56, 60
lower abdominal operations, patient
position 39-42
Luessenhop A] 184
lumbar disc surgery, microscopic 178
lung cancer, small-cell 128
lung compliance, total 18, 20
lung function 18-20, 22
intraoperative 20
postoperative 20-1, 23
lungs
patient position for surgery 43
separation 1324, 137
West I areas 46, 77
see also chronic obstructive lung
disease (COLD); pulmonary
entries

Mallampati score 109, 112
mean arterial pressure (MAP) 7
carbon dioxide
pneumoperitoneum 11
interventional neuroradiology 184
vasopressin 25
mean pulmonary artery pressure
(MPAP) 76
mediastinal shift 131
mediastinal surgery, patient position
43
mediastinoscopy 127-9, 130
anaesthesia 129
complications 127,129, /130
contraindications 127
haemorrhage risk 128, 129
premedication 129
preparing the patient 127-8
menarche 105
menopause 105
menstrual cycle in obesity 105
metamizol 96
methaemoglobin 45, 46
methaemoglobin reductase deficiency
45
methaemoglobinaemia 45
methohexital 58, 59
bronchoscopy 124
methylprednisolone 180
metoclopramide 69
metoprolol 127
midazolam 56, 59, 60
anxiolytic 110
bronchoscopy 122, 1234
upper aerodigestive tract laser
surgery 161
mill-wheel murmur 78
minimal access surgery 4
minimally invasive direct coronary
artery bypass (MIDCAB)
138-40
mivacurium 55, 59, 60
bariatric surgery 112
bronchoscopy 124
upper aerodigestive tract laser
surgery 161
Moniz, Antionio Egas 177
morphine 96, 115
Mouret, Philippe 2
muscle relaxants
bariatric surgery 112,113,114
bronchoscopy 124
minimally invasive cardiac surgery
139
thoracoscopy 137
upper aerodigestive tract laser
surgery 169
muscle relaxation 59, 61
myocardial dysfunction, laparoscopy 9
myocardial ischaemia 48
myocardial oxygen consumption 11

nadroparin 115
naproxen 115
nasal passages, benign processes 166
nasopharynx, benign processes 166
nausea see postoperative nausea and
vomiting (PONV)
Nd-YAG lasers 146
laryngeal mask airway 159
polyvinyl chloride endotracheal
tubes 152-3
procedure 149
venous gas embolism 171
wavelength 147-8; 148
neonates, ventilation monitoring 47
nephrectomy, laparoscopic 42
neuroendocrine system 23, 24, 25-6
neuromuscular blocking agents 59-60
neuromuscular monitoring 501
neuroradiology, interventional 184—6
anaesthetic management 185-6
monitoring 185
preoperative assessment 185
neurosurgery, endoscopic 4, 5,
177-86, 180-6
anaesthesia 183
CSF diversion operations 181,
182,183
nicotine abuse
oral cavity/oropharyngeal cancers
169
see also cigarette smoking
nitroglycerine 45, 85
nitrous oxide 7
anaesthesia 56, 67, 68-9
contraindication for laser
surgery 153
TIVA 61
flammability index 153
gas embolism risk 76-7, 79
insufflation 10
characteristics 14
intra-abdominal explosions 14, 84
pneumoperitoneum 10-11, /8
risks 14, 84
ventricular ectopic beats 82
non-steroidal anti-inflammatory
drugs (NSAIDs) 95-6
norepinephrine 10, 23, 24, 25, 186

obesity 3, 86
anaesthesia 109-15
co-morbidity 100, 101
disease predisposition 100
drug distribution/disposition

103-5

endocrine disorders 105
gastric emptying 105
gastro-oesophageal reflux 112
lung function 20
morbid 99
physiology 101-5
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prevalence 100-1
surgery indications 100
obstructive sleep apnoea syndrome
(OSAS) 100, 102
obturator neuropathy 83
oesophageal surgery, patient position
43
oestrogens 105
off-pump coronary artery bypass
(OPCAB) 138-40
operations, duration 2, 55
muscle relaxation 59
opioids 56, 57-8
analgesic 95, 96
balanced technique for anaesthesia
67-8
biliary system 58
bronchoscopy 124
dosage 60
heavy smokers 160
interventional neuroradiology
185, 186
minimally invasive cardiac surgery
139, 140
propofol combinations 627
thoracoscopic surgery 134
thoracoscopy 137
upper aerodigestive tract laser
surgery 161
oral cavity/oropharynx carcinoma
168-9
Oswal 145
oxycodone 96
oxygen
alveolar—arteriolar difference 45
obesity 101
one-lung ventilation (OLV) 134
arterial desaturation 18, 21,
45, 46
arterial saturation 45, 134, 135
consumption in obesity 101
hyperbaric therapy 78
partial pressure /8
obesity 102
one-lung ventilation (OLV) 134
saturation 152
oxygen tension
arterial 19
monitoring 43
urine 13
oxygenation monitoring 45

pain, post-laparoscopy 93-6
bariatric surgery 115
localized 93—4
minimal access cardiac surgery
140
relief 95-6
pancuronium 56
bariatric surgery 112
paracetamol see acetaminophen

paraneoplastic syndrome 128
paravertebral block, minimally
invasive cardiac surgery 140
patient population 2
patient-controlled analgesia 96,
115
Patil mask 124, 125
percutaneous transluminal
angioplasty 184
peripheral neuropathy, perioperative
peripheral vascular resistance 10
monitoring 49
peritoneal irritation, vegetative
reactions 10
pharynx, subcutaneous emphysema
79-81
phenylephrine 186
photon emission 145-6
Pickwickian syndrome 102
pipecuronium 112
piritramide 96
pituitary gland
function 178
hormones 178, 179
transsphenoidal surgery 178-80
pituitary tumours 178-9
anaesthetic management 179-80
preoperative evaluation 178-9
pneumomediastinum 81,171
fundoplication 85
pneumonia 21, 23
aspiration 105, 113
incidence 84
pneumopericardium 171
pneumoperitoneum 3, 8,9
CO, 10-11
cardiovascular changes 10
catecholamine secretion 25
infants 19
laparoscopic cholecystectomy 86
lung function 18-19
N,O 10-11
obesity 102
postoperative pain 94
see also insufflation gas
pneumothorax 81
bronchoscopy 127
fundoplication 85
mediastinoscopy 129
procedure termination 86
risk 23
upper aerodigestive tract laser
surgery 171

polyvinyl chloride endotracheal tubes

152-3
port-access coronary artery bypass
(PACAB) 138-40
positioning the patient 7, 3843
bariatric surgery 108-9
intubation 113

CSF diversion operations 181
gas embolism 78
obesity 102
peripheral neuropathy risk §2-3
thoracoscopy 136
positive end-expiratory pressure
(PEEP)
lower abdominal surgery 42
obesity 102
one-lung ventilation (OLV) 135
upper aerodigestive tract laser
surgery 162
postoperative nausea and vomiting
(PONV) 69-70, 84
potassium—titanium—phosphate
(KTP) laser 146
pregnancy
carbon dioxide pneumoperitoneum
13
contraindication for laparoscopy
87
He insufflation 13
premedication 56, 60
bronchoscopy 122-3
co-induction 56, 59
minimally invasive cardiac surgery
139
upper aerodigestive tract laser
surgery 161
preparing the patient 35-8
bariatric surgery 110
bronchoscopy 122-3
mediastinoscopy 127-8
thoracoscopy 135
prilocaine 45
prolactin 23
propofol 55,56, 58, 59
alfentanil combination 66—7
bariatric surgery 111, 114
bronchoscopy 123-4, 127
children 183
dosage 60-1, 65, 68
endoscopic neurosurgery 183
hypnotic threshold plasma
concentration 60
interventional neuroradiology
185, 186
minimally invasive cardiac surgery
139
opioid combinations 62-7
remifentanil combination 64-5
sufentanil combination 65, 66
synergistic effects 60
thoracoscopic surgery 134
thoracoscopy 137
upper aerodigestive tract laser
surgery 161
volume of distribution in obesity
104
prostatectomy, patient position 42
protamine 186
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protein binding 105
protein malnutrition 107, 108
pulmonary artery catheter 49, 140
thermodilution 109
pulmonary artery pressure 103
pulmonary capillary occlusion
pressure 103
pulmonary capillary wedge pressure
(PCWP) 7
pulmonary disease 86—7
pulmonary embolism 115
pulmonary failure, secondary 78
pulmonary function, intraoperative
20
pulmonary gas embolism see gas
embolism
pulmonary infiltrates 21
pulmonary oedema, interstitial 103
pulmonary perfusion, gas embolism
77
pulmonary pressure—volume curve
130-1
pulmonary shunt perfusion
monitoring 43
thoracoscopy 137
volatile anaesthetics 67
pulmonary vasoconstriction, hypoxic
67
pulse oximetry 45, 46
jet ventilation 158

radial nerve damage 83
recurrent nerve palsy, bilateral 165
regional anaesthesia 70
Reinke’s oedema 163
relaxometry 51
bariatric surgery 114
remifentanil 55, 56
adverse effect 58
balance anaesthesia 68
bariatric surgery 111,112,114
bronchoscopy 124
context-sensitive half-time 57
desflurane combination 68
dosage 61, 64-5
endoscopic neurosurgery 183
isoflurane combination 68
minimally invasive cardiac surgery
139
onset time 58
propofol
combination 64-5
synergistic effects 60
recovery rate 58
TIVA 57
upper aerodigestive tract laser
surgery 161
volume of distribution in obesity
105
renal cortical perfusion 13

renal function 13
renin, plasma 25
renin—angiotensin system 10
respiration 18-21, 22, 23
paradoxical 131, /32
respiratory acidosis 15
respiratory monitoring 45-50
respiratory system
obesity 101-2, 109
thoracoscopy 135
right atrial pressure (RAP) 7, 8
right ventricular decompensation 78
right ventricular dilation 77
right ventricular failure in obesity
109
right ventricular filling pressure 49
rocuronium 59, 60
bariatric surgery 112
bronchoscopy 124
upper aerodigestive tract laser
surgery 161, 168
rofecoxib 115
room air 13, 14
rucksack palsy 83

salivation management 56, 163

sarcoidosis 128

sciatic nerve damage 83

scopolamine 69-70

scrub nurse 39, 4/

sedation, conscious 184, 185

semiconductor lasers 148

Semm, Karl 2, 14, 40

sevoflurane
bariatric surgery 111,112
bronchoscopy 124
endoscopic neurosurgery 183
upper aerodigestive tract laser

surgery 161

shoulder pain 94

shoulder supports 35, 40-1
bariatric surgery 110
peripheral neuropathy risk 83

shunt perfusion 18

smoke inhalation injury 170

sodium nitroprusside 45

Spence WT 184

spinal anaesthesia 70

splanchnic vascular bed 67

ST segment, automated analysis 48

Starling resistor concept 8

stent placement in bronchoscopy 121

stimulated emission 145, 146

stomal ulceration 108

stroke volume 9
obesity 102

Strong MS 145

subcutaneous emphysema 79-81
bronchoscopy 127
cervicofacial 79-80

upper aerodigestive tract laser
surgery 170
succinylcholine 59, 104
bariatric surgery 112,113
bronchoscopy 124
upper aerodigestive tract laser
surgery 161
sufentanil 57, 60
dosage 61, 65, 66
interventional neuroradiology 185
onset time 58
propofol combination 65, 66
volume of distribution in obesity
105
supine head-up position 38
surgeon position
cholecystectomy 38, 39
gastric surgery 39
hepatic surgery 39
laparoscopically assisted vaginal
hysterectomy 41
retroperitoneal laparoscopy 42
thoracoscopic surgery 43
surgical assistant
position 39, 41
retroperitoneal laparoscopy
position 42
sympathectomy, thoracoscopic 43
syndrome of inappropriate
antidiuretic hormone
(STADH) 181
syringe pumps 35, 62
systemic arterial pressure, gas
embolism 77
systemic vascular resistance (SVR)
7,10
carbon dioxide
pneumoperitoneum 11
increased during
pneumoperitoneum 9
monitoring 49

tachydysrhythmia 77, 82
target-controlled infusion (T'CI)
schedule 62, 63
temazepam 56, 60
temperature
loss 26-7
monitoring 51
tension pneumothorax 85
procedure termination 86
upper aerodigestive tract laser
surgery 171
testosterone 105
thermocautery 17
carbon monoxide production 45
intra-abdominal carbon monoxide
concentration 17
thermodilution 49, 50
thiopental 56, 127
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thoracic surgery, minimally invasive
bronchoscopy 121-5, 126, 127
cardiac 13840
mediastinoscopy 127-9, 7130
thoracoscopy 129-35
thoracoscopic surgery 4
complications 137-8
endotracheal tube 55
patient position 43
video-assisted 130
thoracoscopy 129-35
anaesthesia 136-8
induction 137
maintenance 137
monitoring of patient 136-7
one-lung ventilation 132-5
patient preparation 135
positioning the patient 136
preoperative evaluation 135
thromboprophylaxis
bariatric surgery 115
interventional neuroradiology 186
thymoma 128
thyroid-stimulating hormone (T'SH)
179
thyroxin 179
tidal volume 131
upper aerodigestive tract laser
surgery 162
tirilazar 170
tissue trauma indicators 25
TIVA see intravenous anaesthesia,
total (TTVA)
trachea
benign processes 166
papillomatosis 122
train-of-four (T'OF) stimulation 50,
61
transoesophageal echocardiography
(TEE) 49, 50,77
minimally invasive cardiac surgery
139
thoracoscopy 136
Trendelenburg position 7, 8,9, 12,
36
blood flow 49
complications 35
increased IAP 9, 10
indications 37
obesity 102, 108
peripheral neuropathy risk 82
prostatectomy 42
retroperitoneal adrenalectomy 42

reverse
blood flow 49, 84
laparoscopic cholecystectomy
86
obesity 102, 109
risks 55
trepanning /77
tricuspid regurgitation, gas embolism
77
triglyceride levels in obesity 110
trocar
abdominal vessel injury 82
insertion site pain 94, 96
intraoperative insufflation 3-4
subcutaneous emphysema 79
tube exchanger 168
tuberculosis, pulmonary 130
tubocurarine in bariatric surgery 112

ulnar nerve—adductor pollicis muscle
unit 50-1

ulnar neuropathy 108

upper abdominal operations 38-9

upper abdominal pain 94, 95

urapadil 186

urinary catheter 36-7

urine O, tension 13

urological surgery, patient position
41-2

uterine blood flow 13

valdecoxib 115
vasopressin 10, 23, 24, 25
vasopressors, gas embolism therapy 78
vecuronium 59, 60
bariatric surgery 112
bronchoscopy 124
venous access site 35
venous pooling prevention 70-1
ventilation
assisted in subcutaneous
emphysema 80
controlled 55
cuirass 160
jet 155-9
anaesthetic management 158-9
complications 159
high-frequency 156, 157
risks 159
upper aerodigestive tract laser
surgery 166
laparoscopic surgery 16,17
monitoring 45-7

mechanical 19
thoracoscopy 137
mediastinoscopy 129
neonatal monitoring 47
obesity 102
one-lung 132-5, 137
management 134-5
monitoring patient 136
physiology 134
positive pressure 131-2
pressure-controlled 162
rigid bronchoscopy 124-5
thoracoscopic surgery 43
upper aerodigestive tract laser
surgery 152, 161-2
volume-controlled 162
ventilation—perfusion mismatch
131-2
ventilation—perfusion ratio 46, 47,
131,132
ventilation—perfusion relationship
18-19, 46
ventilatory minute volume 20-1
ventricles (cardiac)
ectopic beats 82
see also right ventricular and left
ventricular entries
ventricular regional wall motion
monitoring 49
Veress, Janos 1
Veress needle 1,3
abdominal vessel injury 82
gas embolism 76
internal organ injury 82, 83
video monitor 37, 39
position 35,37
visual analogue scale (VAS),
pain 93
vital capacity (VC) 20, 21
vocal cord benign lesions 163
volatile anaesthetics 56, 67
balanced anaesthesia 67-8
bariatric surgery 111-12
endoscopic neurosurgery 184
hypoxic pulmonary
vasoconstriction 134
laser surgery 153
volume of distribution of drugs in
obesity 103—4, 105
vomiting see postoperative nausea
and vomiting (PONYV)

weight reduction surgery 99



