IntechOpen

Current Topics in
Anesthesiology

Edited by Riza Hakan Erbay







CURRENT TOPICS IN
ANESTHESIOLOGY

Edited by Riza Hakan Erbay



Current Topics in Anesthesiology
http://dx.doi.org/10.5772/63140
Edited by Riza Hakan Erbay

Contributors

Zeki Tuncel Tekgdil, Burcu Ozalp Horsanali, Mustafa Ozan Horsanali, Jesse Musokota Mumba, Freddy Kasandji
Kabambi, Christian Tshebeletso Ngaka, Ayse Belin Ozer, Sibel Ozcan, Takashi Kawano, Fabricio Locatelli, ismail
Demirel, Esef Bolat, Aysun Yildiz Altun, Yusuke Asakura, Maho Kinoshita, Yusuke Kasuya, Makoto Ozaki, Yuta

Matsunaga, Masahiko Tsuchiya

© The Editor(s) and the Author(s) 2017

The moral rights of the and the author(s) have been asserted.

All rights to the book as a whole are reserved by INTECH. The book as a whole (compilation) cannot be reproduced,
distributed or used for commercial or non-commercial purposes without INTECH's written permission.

Enquiries concerning the use of the book should be directed to INTECH rights and permissions department
(permissions@intechopen.com).

Violations are liable to prosecution under the governing Copyright Law.

D)o

Individual chapters of this publication are distributed under the terms of the Creative Commons Attribution 3.0
Unported License which permits commercial use, distribution and reproduction of the individual chapters, provided
the original author(s) and source publication are appropriately acknowledged. If so indicated, certain images may not
be included under the Creative Commons license. In such cases users will need to obtain permission from the license
holder to reproduce the material. More details and guidelines concerning content reuse and adaptation can be
foundat http://www.intechopen.com/copyright-policy.html.

Notice

Statements and opinions expressed in the chapters are these of the individual contributors and not necessarily those
of the editors or publisher. No responsibility is accepted for the accuracy of information contained in the published
chapters. The publisher assumes no responsibility for any damage or injury to persons or property arising out of the
use of any materials, instructions, methods or ideas contained in the book.

First published in Croatia, 2017 by INTECH d.o.o.

eBook (PDF) Published by IN TECH d.o.o.

Place and year of publication of eBook (PDF): Rijeka, 2019.
IntechOpen is the global imprint of IN TECH d.o.o.

Printed in Croatia

Legal deposit, Croatia: National and University Library in Zagreb

Additional hard and PDF copies can be obtained from orders@intechopen.com

Current Topics in Anesthesiology
Edited by Riza Hakan Erbay

p.cm.

Print ISBN 978-953-51-2917-2

Online ISBN 978-953-51-2918-9
eBook (PDF) ISBN 978-953-51-7336-6



We are IntechOpen,
the world’s leading publisher of

Open Access books
Built by scientists, for scientists

37®®+ 115,000+ 119M+

ailable International authors and editors Downloads

Our authors are among the

151 Top 1% 12.2%

Countries deliv most cited s Contributors from top 500 un sities

Selection of our books indexed in the Book Citation Index
in Web of Science™ Core Collection (BKCI)

Interested in publishing with us?
Contact book.department@intechopen.com

Numbers displayed above are based on latest data collected.
For more information visit www.intechopen.com

Y






Meet the editor

Prof. Dr. Riza Hakan Erbay became an anesthesiologist
at the Pamukkale University in 1996. He obtained his
titles of assistant professor in 1997, associate professor
in 2005, and professor in 2011. He has mainly worked in
the field of orthopedic anesthesia, regional anesthesia,
and intensive care medicine. He worked as an education
coordinator in the Faculty of Medicine during 2007-
2009. He served as the vice president of Surgical Sciences Department of
Faculty of Medicine during 2009-2012. He obtained the title of intensivist
in 2013. He worked as a head of the Anesthesiology Clinic in Izmir Tep-
ecik Training and Research Hospital during 2013-2014. He is currently the
chairman of Department of Anesthesiology and Reanimation at the Faculty
of Medicine of the Pamukkale University.







Contents

Section 1

Chapter 1

Section 2

Chapter 2

Section 3

Chapter 3

Chapter 4

Section 4

Chapter 5

Preface XI

Local Anesthetics 1

Pharmacology of Local Anaesthetics and Commonly Used
Recipes in Clinical Practice 3

Jesse Musokota Mumba, Freddy Kasandji Kabambi and Christian
Tshebeletso Ngaka

A Novel Monitoring in Ultrasonography 23

Regional Anesthesia: Advantages of Combined Use with
General Anesthesia and Useful Tips for Improving Nerve Block
Technique with Ultrasound Technology 25

Masahiko Tsuchiya

Subspeciality in Anesthesiology 51

Anesthesia for Urological Surgery 53
Zeki Tuncel Tekgdil, Burcu Ozalp Horsanali and Mustafa Ozan
Horsanali

Obesity and Anesthesia Management 73
Ismail Demirel, Esef Bolat and Aysun Yildiz Altun

Complications in Anesthesiology 101

Anesthetic Neurotoxicity in Pediatric Patients 103
Ayse B. Ozer and Sibel Ozcan



X Contents

Chapter 6

Chapter 7

Preoperative Evaluation of Computed Tomography Perfusion:
Its Significance for the Risk Assessment of Cerebrovascular
Complications Perioperativelyl 119

Yusuke Asakura, Yuta Matsunaga, Maho Kinoshita, Yusuke Kasuya
and Makoto Ozaki

Postoperative Cognitive Dysfunction: Preclinical Highlights and
Perspectives on Preventive Strategies 129
Fabricio M. Locatelli and Takashi Kawano



Preface

Anesthesiology is a science that has progressively evolved due to viable technological im-
provements and thriving accumulation of knowledge within the very extensive and explora-
ble nature of itself. Consequently, the enhanced knowledge and technological availability
have played major parts in terms of upgrading and changing the clinical applications. The
more effective and reliable drugs are introduced in the practice of anesthesiology day by
day; also, the use of ultrasonography is rapidly advancing toward the routine. On the other
hand, although the healthcare policies of the nations have some restriction on healthcare re-
sources, the concepts of efficient resource utilization and healthcare quality standards also
provide some improvements in the practice. This book provides contemporary knowledge
about local anesthetics and their pharmacology and toxic effects of anesthetic drugs in chil-
dren. Also, this book includes some new technological developments in the use of ultraso-
nography in regional anesthesia as well as some contemporary topics in anesthesiology. I
am grateful to the authors for their contributions to this book, and I wish it will be helpful to
the readers.

Prof. Dr. Riza Hakan Erbay

Chairman of Department of Anesthesiology and Reanimation
Faculty of Medicine, Pamukkale University

Denizli, Turkey
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Chapter 1

Pharmacology of Local Anaesthetics and Commonly
Used Recipes in Clinical Practice

Jesse Musokota Mumba,
Freddy Kasandji Kabambi and
Christian Tshebeletso Ngaka

Additional information is available at the end of the chapter

http://dx.doi.org/10.5772/67048

Abstract

Local anaesthetics are commonly used drugs in clinical anaesthesia. The knowledge
of their pharmacology is paramount for safe and optimal use of this group of drugs.
This chapter consists of two sections. The first section will address the chemical and
physical properties, pharmacokinetics and pharmacodynamics of the local anaesthet-
ics. In the second section, examples of the commonly used doses and additives used
for various peripheral and regional anaesthetics will be discussed. We will also address
the treatment of toxicity as a result of inadvertent intravascular injection of the local
anaesthetics.

Keywords: local anaesthetics, lidocaine, bupivacaine, ropivacaine, cocaine

Summary points

1. Local anaesthetics block the transmission of pain from the nerve endings into the central
nervous system. Chemically, they are classified as esters and amides depending on the
intermediate chain between the lipophilic aromatic ring and the hydrophilic amine group.

2. The primary mode of action is blockade of the fast voltage-gated sodium channels. To
achieve this effect, the unionised fraction of the drug crosses the lipid bilayer of the axo-
plasm and blocks the channel intracellularly.

3. The duration and density of the block depend on both the volume and concentration of
the agent used.

I m EC H © 2017 The Author(s). Licensee InTech. This chapter is distributed under the terms of the Creative Commons
Attribution License (http://creativecommons.org/licenses/by/3.0), which permits unrestricted use,
open science | open minds distribution, and reproduction in any medium, provided the original work is properly cited. [(cc) g
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4. Factors that influence the efficacy of local anaesthetics are the pH, pKa, lipid solubility, pro-
tein binding and the length of the intermediate chain. Efficacy can be augmented by use of ad-
juncts such as adrenaline, opioids, alpha 2-adrenergic agonists (clonidine) and alkalinisation.

5. Toxicity is related to the site of injection, the vascularity of the site and the injected dose.
The use of vasoconstrictors may reduce toxicity due to reduction in systemic absorption.

6. From the local anaesthetics in clinical use, racemic bupivacaine has the highest affinity for
the sodium channels and is the most difficult to manage in the event of systemic toxicity.

1. The neuron and pharmacology of local anaesthetics

1.1. Introduction

Local anaesthetics are drugs that block conduction of electrical impulses in excitable tissues. These
tissues include the nerve cells and myocytes (both cardiac and skeletal muscles). Analgesia and
anaesthesia occur as a result of the blockage of electrical impulses. Other local anaesthetics like
lidocaine also possess Class I antiarrhythmic properties. Before a detailed venture into the physi-
cal-chemical properties and mechanism of action of this class of drugs, a brief overview of the
nerve anatomy is discussed. This will aid in the overall understanding of how these agents work
and how their efficacy and safety can be improved by the use of appropriate doses and adjuncts.

1.2. Nerve anatomy

Neurons are the primary cells in the nervous system. The nervous system is made up of the
central and peripheral nervous system. It can also be looked at in terms of parasympathetic
and sympathetic nervous system. A group of neurons bundled together make up peripheral
nerves. The basic structure of a neuron is illustrated in Figure 1.
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Figure 1. Structure of a neuron. Source: http://www.vce.bioninja.com.au/aos-2-detecting-and-respond/coordination--
regulation/nervous-system.html. Used with permission 05/11/2016.
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Peripheral nerves contain both afferent and efferent fibres, which are bundled into one or
more fascicles as illustrated in Figure 2. Individual nerve fibres within the fascicle are sur-
rounded by a layer of loose connective tissue called the endoneurium. The endoneurium
houses the glial cells, fibroblasts and blood vessel capillaries, all of which are integral to
the function of the nerve fibre. The fascicle is in turn surrounded by a dense layer of collag-
enous connective tissue called the perineurium. A cylindrical sheath called the epineurium
forms the outermost layer of a peripheral nerve. The main function of these layers is to pro-
tect the nerve fibres and also act as barriers to agents acting on the nerves including local
anaesthetics.
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Figure 2. Peripheral nerve. Source: https://www.studyblue.com/#flashcard/review/8819508.

1.3. Electrophysiology of nerve conduction

The resting membrane potential of a nerve cell is in the range of —60 to =70 mV. At rest,
neurons are more permeable to potassium ions due to the presence of potassium leak chan-
nels. This explains why the resting neuronal membrane potential is closer to the equilib-
rium potential of potassium of -80 mV. The ionic disequilibria acts as the energy needed
for propagation of action potentials on the cell surface [1]. The intracellular milieu of the
nerve cell is negatively charged relative to the extracellular. Upon excitation of the nerve
fibres, the electrical impulse propagates along the axon as a result of changes occurring in
the adjacent membrane alternating from negative to positive values of about +50 mV due
to rapid influx of sodium ions. At an electrical potential of +50 mV, there is rapid efflux
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of potassium ions in an attempt to maintain electrical neutrality of the cell. To restore the
resting membrane potential, the sodium/potassium ATPase pumps sodium extracellularly,
while the opposite happens to the potassium ions. The conduction of impulses along nerve
fibres occurs as small brief, localised spikes of depolarisation on the surface of the cell
membrane. Impulses travel in one direction as the axonal membrane that has just under-
gone depolarisation remains in the refractory state until the resting potential is restored
by the Sodium/Potassium ATPass pumps on [2]. Figure 3 illustrates the sequence of events
occurring during the propagation of the action potential.
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Figure 3. Sequence of events occurring during the propagation of the action potential. Source: http://www.vce.bioninja.
com.au/aos-2-detecting-and-respond/coordination--regulation/nervous-system.html. Used with permission 05/11/2016.

1.4. Pharmacology of local anaesthetics
1.4.1. Structure-activity relationship of local anaesthetics

Local anaesthetics consist of a hydrophilic amine and a lipophilic aromatic ring connected by
an intermediate chain. The structural bond in the intermediate chain determines whether the
local anaesthetic will be classified as an ester or an amide. Furthermore, the bond in the inter-
mediate chain determines the pathway of metabolism of the compound. Ester local anaesthet-
ics are metabolised by plasma pseudocholinesterases, whereas the amides are metabolised in
the liver by the cytochrome family of enzymes.

Figure 4 illustrates the structure of an ester and amide local anaesthetic showing clearly the
bonds in the intermediate chains.
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Figure 4. The structure of an ester and amide local anaesthetic showing clearly the bonds in the intermediate chains.
Source: Student's Manual, Department of Anaesthesia and Perioperative Medicine. University of Cape Town, South
Africa. Used with permission, 16/11/2016.

1.4.2. Mechanism of action of local anaesthetics

Local anaesthetic blocks the transmission of nerve impulses by reversibly blocking the fast volt-
age-gated sodium channels, thereby inducing analgesia and anaesthesia. Physicochemically,
local anaesthetics are weak bases that are formulated in an acidic milieu, hence containing a
larger proportion of the drug in the ionised state. However, it is the unionised fraction that is
able to cross the lipid bilayer neuronal membrane and block the voltage-gated sodium channels
from the inside of the axoplasm. This blockade renders the sodium channel inactive, and hence,
no further conduction of impulses occurs. Diagramatically this is well demonstrated by Figure 5.
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Figure 5. Mechanism of action of local anaesthetics. Source: http://www.esciencecentral.org/ebooks/minimally-invasive/
anesthesia-cosmetic-procedures.php. Used with permission 05/11/2016.
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1.4.3. Determinants of physiological activities of local anaesthetics

The activity of local anaesthetics is influenced by a number of factors. These include the pH of
the surrounding tissue, the lipid solubility of the local anaesthetic, pKa, the bond in the interme-
diate chain and its length and the protein binding of the particular local anaesthetic in question.
Details of how each of these factors influence the activity of local anaesthetics is discussed below:

1.

pKa: The pKa is the pH at which the number of ionised and unionised fractions of the
drug is in equilibrium. The lower the pKa, the more the unionised fraction is present for
any given pH and hence the faster the onset of action.

pH: The lower the pH, that is, acidic milieu, the less the potency because in acidic conditions
the ionised fraction predominates, there is less of the unionised fraction, and there is
less of the local anaesthetic available to cross the lipid bilayer and block the voltage-
gated sodium channels. This explains why local anaesthetic does not have much effi-
cacy in reducing pain in infected tissues like abscesses in which the pH of such tissues
is much lower than the physiological pH of 7.4.

Lipid solubility: The more lipid soluble the local anaesthetic is, the higher the potency,
the faster the onset of action and the longer the duration of action. This is because there
are more drug molecules able to cross the lipid bilayer of the neuronal membrane and
create a ‘depot’ of the drug from within the axoplasm.

Intermediate chain: The longer the intermediate chain, the more potent the local an-
aesthetic. Bupivacaine has a longer intermediate chain compared to lidocaine. Bupiv-
acaine is three to four times more potent than lidocaine.

Protein binding: Local anaesthetics with higher degrees of protein binding have long-
er duration of action.

Depending on the type of nerves and their fibres, the sequence of blockade of the nerve fibres
is illustrated in Table 1.

Fibre type Myelin Diameter  Function Conduction  Onset of
(um) velocity block
A-a Yes 12-20 Somatic motor and proprioception Fast Slow
A-p Yes 5-12 Light touch and pressure
A-y Yes 3-6 Muscle spindle (stretch)
A-d Yes 1-4 Firm touch, pain (fast-localising) and
temperature
B Yes 13 Preganglionic autonomic
C No 0.3-1.3 Pain (nonlocalising ache), Slow Fast

temperature, touch, postganglionic autonomic

Table 1. Classification of nerve fibres and sequence of blockade.
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1.5. Specific local anaesthetics

As discussed above, local anaesthetics are classified as ester and amides. Amethocaine also
known as tetracaine and cocaine is the ester of clinical importance.

Cocaine was first introduced into clinical practice in 1884. It was first used in ophthalmic surgery
and later in dental surgery. Currently, it is mainly used topically in ear, nose and throat (ENT)
surgeries at a concentration of 4-10%. The onset of action is fast and lasts 20-30 min. Due to its
ability to sensitise adrenergic receptors, it is relatively contraindicated in patients known with
hypertension and ischaemic heart diseases. Concurrent use of adrenaline is contraindicated
because cocaine is a potent vasoconstrictor.

Amethocaine (tetracaine) is another ester used widely in clinical practice. It was introduced in
1930 for ophthalmics/ophthalmology and as a cream for use to locally anaesthetise venepunc-
ture sites, especially in the paediatric population. The onset of action is relatively fast with a
long duration of action. A maximum dose of 1 mg/kg is recommended. It is the least metabo-
lised of ester local anaesthetics and hence possesses a higher risk of toxicity. Other ester local
anaesthetics in use include benzocaine, prilocaine and 2-chloroprocaine.

Some of the amide local anaesthetics exhibit isomerism. Previously, sold drugs were racemic
mixtures containing both the levo and dextro enantiomers. The levorotatory enantiomers of
local anaesthetics are typically less neural and cardiotoxic than dextrorotatory enantiomers.
For this reason, most clinicians had a preference/opted for pure enantiomers. With the intro-
duction of better monitoring and ultrasound-guided blocks, the racemic mixtures are making
their way back into clinical practice as they tend to have a longer duration of action [3].

Lidocaine was the first amid local anaesthetics to be introduced in 1948. It remains one of the
most widely used anaesthetics as it can be used intravenously, intrathecally and as a local
infiltration. It is also a Class 1b antiarrhythmic drug. It has a fast onset of action due to its pKa
of 7.8, which is closer to the physiological pH of 7.4, and is moderately water and lipid solu-
ble. It has a moderate duration of action and is the least toxic of all amides probably due to its
relatively low protein-binding capacity of 64%. The addition of adrenaline, a vasoconstrictor,
reduces its toxicity allowing for higher doses to be used for local tissue infiltrations. The rec-
ommended doses are 3 mg/kg without adrenaline and 7 mg/kg with adrenaline, respectively.
Concerns have been raised over neurotoxicity with lidocaine making it much less popular
in recent years for intrathecal usage. For localised procedures such as hand surgeries, 0.5%
lidocaine intravenously post-exsanguination of the limb is still a widely used technique intro-
duced by August Biers in 1908.

Mepivacaine is an intermediate duration of action compared to lidocaine and bupivacaine. It
was introduced in 1957. It has a pK_ of 7.6. It has similar pharmacokinetic and dynamic proper-
ties with lidocaine except for some concerns of it being neurotoxic in the neonate. However, its
properties of low rates of systemic toxicity, rapid onset and dense motor block make mepivacaine
attractive for procedures such as shoulder surgery.

Ropivacaine was introduced in 1976. It has a pK_ of 8.2. Its chemical structure is similar to both
mepivacaine and bupivacaine. Ropivacaine is available as a pure levorotatory stereoisomer
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only. It is a pure enantiomer and less cardiotoxic compared with racemic mixtures of other
local anaesthetics. With respect to its better safety profile, ropivacaine has become a preferred
long-acting local anaesthetic for peripheral nerve block anaesthesia for many providers. The
motor block sparing properties associated with ropivacaine spinal and epidural analgesia
may provide an advantage over bupivacaine. Despite its safety profile, all standard precau-
tions pertaining to use of local anaesthetics are encouraged as they have been incidences of
cardiovascular collapse reported with its use [4].

Bupivacaine exists as levo and dextro enantiomer. Its racemic form was introduced in 1963,
while levobupivacaine was introduced in 1995. It has a pK_ of 8.1 and a protein binding of
96%. The higher degree of protein binding makes bupivacaine the longest acting and most
cardiotoxic local anaesthetic if inadvertently administered intravenously. It has been used
successfully over the years since its introduction and has become the yardstick for all other
long-acting local anaesthetics. Interestingly, at low concentration, bupivacaine has the pro-
pensity for sensory blocks while mildly sparing the motor blocks (differential sensitivity).
This property allows for “walking epidural’ in labour analgesia. The maximum recommended
dose is 2 mg/kg with or without adrenaline as there is only a modest increase in the duration
of action when combined with a vasoconstrictor. It is three to four times more potent than
lidocaine, but the onset of action is much slower.

2. Local anaesthetic toxicity: what factors affect the presentation of
toxicity and management of toxicity

Local anaesthetic toxicity can be observed at local tissue level and systemically. The systemic
toxicity of local anaesthetic depends on plasma concentration which in itself is closely related
to the dose and the site of injection. We, the authors, will first discuss local tissue toxicity and
thereafter expand on the clinical manifestation of the systemic toxicity.

2.1. Local tissue toxicity
2.1.1. Local anaesthetic-induced neurotoxicity

Local anaesthetics exert a direct time and dose-dependant toxicity on neurons and myocytes. The
mere injection of local anaesthetics perineurally or intrathecally is a risk factor for perioperative
nerve injury. Local anaesthetic-induced nerve injury may occur at clinical concentration levels
when accidentally injected intrafascicularly. In an experimental model, axonal degeneration has
been noticed in such instances [5].

Some local anaesthetics are packaged in concentration much higher than used in clinical
practice. Care should be taken to prepare a safe dilution to reduce the risk of nerve toxic-
ity. The outer layer of connective tissue surrounding the nerve fibre, the perineurium, forms
the ‘blood-nerve barrier’ and protects the nerve from chemical injury. The correct dilution of
local anaesthetics will ensure that the concentration in the perineural and intraneural milieu is
within the therapeutic range, thereby avoiding neural damage. The use of adjuncts to increase
the viscosity of the solution also has been associated with increased incidence of nerve injury.
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The use of hyperbaric solution in continuous spinal anaesthesia cases leads to the pooling of
the solution in the caudal dural sac and prolongs the toxic effect on the nerve fibres (i.e. cauda
equina syndrome) [6]. Transient neurologic syndrome after a single bolus of lignocaine for
spinal anaesthesia has been reported as well, though with a good outcome in the short term [7].
Lignocaine seems more prone to cause local anaesthetic neurotoxicity than bupivacaine with
risk of 6.5 as high as bupivacaine probably due to the former's lower pKa, and hence, more
unionised drug crosses into the axoplasm [8].

2.1.2. Incidence and risk factors

The true incidence of local anaesthetic-induced neurotoxicity is difficult to account for as
there are many confounding risk factors in the perioperative period that can lead to nerve
injury. Large prospective studies have shown that the overall incidence of neurologic compli-
cation with peripheral nerve block technique is <3%. Most of these complications are transient
sensory deficits [9, 10]. The risk factors pertaining to neurotoxicity will further be grouped as
anaesthetic factors, surgical factors and patient factors.

1. Anaesthetic factors

(a) Peripheral nerve blocking is an independent risk factor for local anaesthetic neuro-
toxicity [11].

(b) The site of injection of local anaesthetics. More claims of neurotoxicity have been tabled after
brachial plexus block than other blocks, after intrafascicular than extrafascicular injection as
the earlier directly exposes the nerve fibre to high concentration of local anaesthetics [12, 13].

2. Surgical risk factors

The use of tourniquet to reduce blood loss and provide favourable operative field
causes compression of nerve fibre and tissue ischaemia which has synergetic effect
as far as local anaesthetic neurotoxicity is concerned. Furthermore, the vasa nervo-
rum is compressed by tourniquet use, and the washout of local anaesthetic is reduced,
thereby prolonging the exposure of nerve fibre to local anaesthesia.

3. Patient risk factors

(a) Pre-existing neuropathies: diabetic peripheral neuropathy, Guillain-Barre syndrome and
multiple sclerosis all put the nerve fibre at increased risk of local anaesthetic-induced
neurotoxicity.

(b) Peripheral vascular diseases: vasculitis, smoking and hypertension affect the microvascu-
lature and therefore may make nerves more vulnerable to ischaemia and increased risk of
neurotoxicity of local anaesthetics during the perioperative period.

2.1.3. Pathophysiology

The mechanism of this neurotoxicity at a cellular level is not well elucidated. The postulated
mechanisms involve the intrinsic caspase pathway, the phosphoinositide 3-kinase (PI3K)
pathway and the mitogen-activated protein kinase (MAPK) pathway, but there is no consen-
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sus on what the predominant pathway may be [14, 15]. The interaction of the local anaesthetic
and the voltage-gated sodium channel (VGSC) and G-coupled protein receptors is unlikely
to be the pathophysiological pathway through which local anaesthetics exert their neuro-
toxicity. A study using tetrodotoxin, another sodium channel blocker, does not support that
hypothesis [16].

2.1.4. Local anaesthetic-induced muscle toxicity

Local anaesthetics cause muscle damage after intramuscular injection. The effect is more pro-
nounced with potent and long-acting local anaesthetic like bupivacaine. These effects on skeletal
muscle are transient and with full recovery within 2 weeks.

The tissue toxicity may also be the result of preservative used to maintain stability of drug
molecules in solution. Sodium bisulphite and ethylene glycol tetra acetic acid are thought to
be the culprits for the neurotoxicity of chloroprocaine.

2.2, Systemic toxicity

Systemic toxicity from local anaesthetics is closely related to the systemic concentration
achieved either through excessive dose or inadvertent intravascular injection of local anaes-
thetics. The cardiovascular system and central nervous system are the most affected systems,
the latter being more sensitive than the former. This entails that the local anaesthetic blood
concentration required to produce the toxic sign and symptoms is lower for the CNS than for
the cardiovascular system (CVS). This translates in clinical practice as the appearance of signs
and symptoms of CNS toxicity first, followed by those of the CVS. However, caution needs
to be exercised here as when a patient is having a conscious sedation or a full general anaes-
thetic, the CNS toxicity may be masked and the cardiotoxicity in the form of cardiovascular
collapse may be the only manifestation of the local anaesthetic toxicity. The main risk factors
for developing systemic toxicity are:

¢ extremes of age (younger than 4 months or older than 79 years)
¢ pre-existing heart conduction abnormality

¢ ischaemic heart disease

* renal dysfunction

* hepatic dysfunction

® pregnant women

* injection at a highly vascular site (e.g. intercostal block).

2.2.1. Central nervous system toxicity

The signs and symptoms of central nervous system toxicity are generally classified into two
distinct phases, the excitatory phase and the depression phase, respectively.
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2.2.1.1. The excitatory phase

The earliest symptom is usually the metallic taste, followed by circumoral numbness, light-
headedness, dizziness, visual disturbances, disorientation, tinnitus and agitation. During this
period, signs of toxicity include shivering, muscular twitching, tremor and generalised tonic-
clonic convulsion. The generally accepted explanation for this sequence of events is that the
inhibitory neurons are the first to be blocked by local anaesthetics leaving the activity of the
excitatory neurons unopposed [17].

2.2.1.2. The depression phase

The muscle twitches and convulsion subsides, followed by respiratory depression and respira-
tory arrest. The respiratory depression will lead to hypoventilation and raised plasma pCO, and
a state of respiratory acidosis which will potentiate the CNS toxicity of local anaesthetics [18].
The explanation for this increased CNS toxicity relies on the fact that raised plasma CO, level
increases its diffusion into the cell, therefore decreasing the intracellular pH. The acidic intra-
cellular environment will favour the conversion of the unionised local anaesthetics to the
ionised form, which will be unable to diffuse out of the cell leading to a phenomenon known
as ion trapping. Decreased plasma binding of local anaesthetics [19] and increased cerebral
blood flow contribute to the increased delivery of local anaesthetics to the brain, and this too
increases the likelihood of CNS toxicity.

The clinician needs to be aware of these facts as they will influence the approach to manage-
ment of the CNS toxicity of local anaesthetics.

2.2.2. Cardiovascular system toxicity

The effect of local anaesthetics on the cardiovascular system is direct and indirect. They
affect the heart directly through the decrease in the rate of depolarisation of conducting
cell and cardiomyocytes secondary to the block of voltage-gated sodium channel. There is
a decrease in the duration of action potential and refractory period [20, 21]. Various local
anaesthetics have a different degree of disruption of the conduction of action potential
through the heart. Bupivacaine depresses the conduction to a greater degree than ligno-
caine. It produces cardiovascular toxicity at a lower concentration than that of lignocaine
and has a worse outcome after cardiac resuscitation. However, ropivacaine and levobupi-
vacaine, a pure S-enantiomer of bupivacaine, do not share this tendency for greater cardiac
toxicity [22].

A raised plasma level of local anaesthetics first prolongs the duration of conduction in the
atrium and ventricle noticed on an electrocardiogram as PR interval prolongation and QRS
complex widening. The spontaneous pacemaker activity is depressed at a higher plasma level
resulting in bradycardia and sinus arrest successively. Ventricular arrhythmia occurs more
often with bupivacaine than lignocaine, with an increased risk in pregnant patients. Apart
from conduction disturbance, local anaesthetics also have a negative inotropic activity [23] on
the heart through interference with sarcolemmal sodium and calcium channel activities [24].
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Low concentration of local anaesthetics causes vasoconstriction, and higher concentration
causes vasodilation with the exception of cocaine, which consistently produces vasoconstric-
tion regardless of the concentration [21].

2.2.3. Management of local anaesthetic toxicity

The management of cardiovascular toxicity is based on sound understanding and imple-
mentation of the basic principle of cardiopulmonary resuscitation [25]. The steps for effective
management of CNS toxicity of local anaesthetics include:

Stop injection or infusion of the agent.
Call for help and start basic life support.

Airway management: administer 100% O, to prevent hypoxaemia, ventilate the patient to
prevent hypercarbia, and acidosis which potentiate the CNS toxicity of local anaesthetics [20].
Ensure the patency of airway: if the patency of the airway is compromised or patient is un-
able to maintain the airway, securing the airway endotracheal tube and subsequent ventila-
tion is recommended.

Suppress seizures with the use of benzodiazepines or induction of a full general anaesthesia.

In case of a cardiovascular collapse, effective chest compression as per the advanced car-
diac life support (ACLS) guideline should commence. Clinicians need to be aware that CPR
in a setting of local anaesthetics cardiac toxicity will require prolonged effort and dosage
adjustment (limit epinephrine bolus doses to <1 mcg/kg which is far less than in a classic
CPR protocol).

Avoid vasopressin, calcium channel blockers, beta blockers or local anaesthetic in the man-
agement of cardiac arrhythmia.

Twenty per cent of intralipid should be used without delay along with the initial resuscita-
tive measures as per the practice guidelines of the American Society of Regional Anaesthe-
sia (ASRA) [25].

A bolus of 1.5 mL/kg IV for 1 min followed by an infusion of 0.25 mL/kg/min.
Repeat bolus once or twice for persistent cardiovascular collapse.

Double the infusion rate to 0.5 mL/kg/min if blood pressure remains low.
Continue infusion for at least 10 min after attaining circulatory stability.

Recommended upper limit: approximately 10 mL/kg lipid emulsion over the first 30 min.

2.3. Methaemoglobinemia

This is a complication associated with a specific local anaesthetic, namely prilocaine. Prilocaine

is metabolised in the liver, and o-toluidine is produced as a by-product of this metabolism.

O-toluidine is a strong oxidant that oxidises haemoglobin to methaemoglobin. Severe meth-
aemoglobinemia can be treated effectively with an infusion of methylene blue [21].
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3. Commonly used Adjuvants to local anaesthetics in clinical practice

Local anaesthetics added to the number of anaesthetic techniques to accommodate various
patient groups depending on the type of surgery and patient’s functional status. Amide local
anaesthetics (LA) are the most widely used in modern clinical anaesthetic practice. However,
Anaesthesiologists still awaits development of an ideal LA with longer duration of action, bet-
ter nerve fibre selectivity, a lesser degree of motor blockade and lower incidences of systemic
toxicity. In this quest, multiple adjuvants have been used in clinical practice with varying
results. This section aims to discuss the adjuvants to LA for nerve blocks, spinal anaesthesia,
caudals and epidural anaesthesia. The actual techniques and complications are beyond the
scope of this chapter.

3.1. Adjuvants to local anaesthetics (LA)

1. Opioids

The use of neuraxial opioids in human subjects dates back to 1979 [26, 27]. Since then, they
have been proven to provide effective and prolonged analgesia [28]. In addition, this synergy
allows for decreased LA doses with the hope to reduce the incidence of hypotension for simi-
lar pain relief. Combining LA with intrathecal morphine has been shown to prolong analgesic
effect after lower limb arthroplasty and spinal anaesthesia [29-31]. Epidural opioids also pro-
vide similar analgesic benefit although only limited to 6 h following joint arthroplasty [32].
These benefits have to be balanced against a high incidence of side effects including respira-
tory depression (which may be delayed up to several hours post-administration), nausea,
vomiting and urinary retention [33]. The evidence for analgesic benefit of using opioids in
brachial plexus blocks over systemic administration is scanty [34].

Fentanyl has a more rapid onset and shorter duration of action in comparison with more
hydrophilic opioids such as morphine when administered neuraxially. The recommended
intrathecal dose is 10-25 ug, and the epidural loading dose is 50-100 ug. It does not prolong
motor block thus allowing for early ambulation. The duration of action is 2—4 h, and the risk
of respiratory depression is very low and of short duration.

Morphine: a hydrophilic drug less readily absorbed in the spinal cord resulting in slower
onset but prolonged duration of analgesia, and as it moves cephalad via CSF, the analgesia
spreads over more dermatomes. However, this late cephalad spread increases the potential
for brainstem binding and delayed respiratory depression although very rare in clinical prac-
tice. The recommended dose is 50-300 g intrathecal and 2-5 mg epidural loading dose. The
risk of side effects increases exponentially with the increase in the dose.

Diamorphine: a diacetylated analogue of morphine with a potency of approximately 1.5-2
times that of morphine resulting in a faster onset and slightly shorter duration of action. The
intrathecal dose is 300-400 pg, and epidural loading dose is 2-3 mg.

Sufentanil: an intrathecal dose is 2.5-10 ug, and epidural loading dose is 10-50 pg. It is an
extremely potent opioid with a faster onset of action. Its use in clinical practice is limited by
its short duration of action and high side effect profile.
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2. Alpha-2 adrenoceptor agonists

Clonidine: intrathecal use of clonidine as an adjunct to local anaesthetics prolongs the dura-
tion of sensory blockade by approximately 1h [35]. However, the duration of motor block-
ade is increased, and the incidence of hypotension is also high. The recommended dose for
intrathecal use is in the range of 15-150 pg with the incidence of adverse effects (bradycardia,
sedation, hypotension) increasing with doses above 150 pg. In paediatric anaesthesia, the use
of clonidine (1 mg/kg) for caudal blocks doubles the duration of analgesia when compared
to LA alone, but causes sedation. Further research is needed to examine the benefits of using
clonidine for peripheral nerve and plexus blocks [36].

Dexmedetomidine is a highly selective alpha-2 adrenoceptor agonist. There is some evidence
to suggest a clinical benefit to use of dexmedetomidine with LA for intravenous regional
anaesthesia [37].

Adrenaline has direct and indirect actions as an adjuvant. It acts directly on a-2 adrenocep-
tors in the substantia gelatinosa of the dorsal horn of the spinal cord resulting in presynaptic
inhibition of transmitter release from C and Ad fibres. Indirectly, it causes local vasculature
constriction thus prolonging the duration of action of the LA. Adrenaline used as an adjunct
to thoracic epidural infusions improves the quality of analgesia [38, 39]. There are conflicting
reports regarding the use of adrenaline in lumbar epidurals.

3. N-methyl-d-aspartate receptor antagonists

Ketamine: preservative-free ketamine injected into the caudal epidural space for children at a
dose of 0.5 mg/kg has been shown to extend analgesia time by several hours. The opponents
of ketamine cite increased the risk of psychotomimetic side effects, but the use of benzodiaz-
epine premedication prior to block reduces the risk of these side effects.

Magnesium: intrathecal or epidural magnesium has been used with variable results. It may
prolong LA/opioid block in women in labour at a dose of 50 mg, but a very high dose of mag-
nesium has been reported to produce transient neurological toxicity.

4. Other adjuvants

Other adjuvants like midazolam and neostigmine have been suggested to improve the quality
of analgesia. However, the high incidence of significant side effects far outweighs the small
improvement in analgesia.

4. Commonly used recipes in clinical practice

1. Spinal anaesthesia (SA) for caesarean delivery

The ideal subarachnoid dose of local anaesthesia for caesarean delivery has been debated for a
long time. Most anaesthetists employ hyperbaric 0.5% bupivacaine in a dose of 7.5-15.0 mg. A
meta-analysis suggests any reduction in the bupivacaine dose during single-shot SA to less than
8 mg with opioid or 10 mg alone, resulting in a significantly increased requirement for analgesic
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supplementation and possibly conversion to general anaesthesia [40]. The practice at our insti-
tution is to use 10 mg of hyperbaric bupivacaine plus 10 ug fentanyl with satisfactory results.

2. Labour epidural analgesia

The current policy at our institution is to draw up a mixture of 5 mL of 0.5% bupivacaine, 4 mL
saline and 50 pg fentanyl, that is, a total of 10 mL of 0.25% bupivacaine with 5 ug/mL fentanyl,
and to administer two 4 mL boluses of this mixture 3 min apart, with the patient in the left lateral
position for the first bolus and the right lateral for the second. In early labour, an initial bolus of
8 mL of 0.125% bupivacaine may be given, followed by a repeat dose of a similar volume. The
aim is to obtain levels of T8-T10 bilaterally, and this can take up to 20 min. Analgesia is main-
tained with an infusion of 0.125% bupivacaine plus 2 pug/mL fentanyl at the rate of 8-14 mL/h.

Top-up of labour epidural for caesarean delivery step-by-step

* Draw up 17mL 2% lignocaine, plus 50 ug fentanyl, 1 mL 8.4% sodium bicarbonate and
1mL 1/10,000 adrenaline (i.e. 1 mL of an ampoule which has been diluted 10 times). This
makes a total of 20 mL, with approximately 1/200,000 adrenaline.

¢ Administer 5 mL boluses after a test dose.

* Unless the initial dose of epidural bupivacaine has been administered within the previous
hour, treat as though the patient has no block at all. Most patients will require between 16
and 22 mL for an effective block to T4.

* Conversion to spinal anaesthesia may result in a high block if there has been an unsuccess-
ful attempt at a top-up with a large volume of local anaesthetic.

* A poorly functioning epidural catheter is best re-sited, or spinal anaesthesia may be per-
formed using a reduced dose (unpredictable), or general anaesthesia may be preferred.

3. Local anaesthetics for regional intravenous anaesthesia

Regional intravenous anaesthesia is indicated for short operative procedures for extremities
and sometimes for pain therapy (e.g. treatment of complex regional pain syndromes). This is
a very basic technique, and it requires 12-15 mL of 2% lidocaine or 30—40 mL of 0.5% lidocaine
for upper extremity regional anaesthesia. Other local anaesthetics such as bupivacaine are
contraindicated for IV injection for reasons discussed in the toxicity section. Some evidence
exits supporting a better quality of the block by use if additives such as ketamine and alpha-2
agonists are added to local anaesthetics for peripheral nerve blocks [41, 42].

Equipment required includes:

¢ Lidocaine

* IV cannulae

* Double pneumatic tourniquet
* Esmarch bandage

¢ Syringes
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Technique:
* AnlV cannula is inserted in the extremity opposite the block side.
* A double pneumatic tourniquet is placed with proximal cuff high on the upper arm.

* A peripheral IV cannula is placed on the limbs on which surgery is to be done as distal as
feasible

¢ The block arm is elevated for 1-2 min to allow passive exsanguination, and then, Esmarch
bandage is wrapped around the arm to exsanguinate the extremity completely.

* The distal cuff is inflated to 50-100 mmHg above systolic BP after which the proximal cuff
is inflated followed by deflation the distal cuff.

* Inject preservative-free local anaesthetic (recommended maximum dose is 3 mg/kg).

¢ After injection IV cannula is removed from anaesthetised hand and pressure is quickly ap-
plied to puncture site.

¢ Anaesthesia onset is almost immediate.

* When the patient reports tourniquet pain inflate the distal cuff and deflate the proximal
cuff.

4. Local anaesthetics for peripheral nerve blocks

There are a wide variety of local anaesthetic agents available for peripheral nerve blocks.
Important points to consider when making the choice are onset and duration of action, dura-
tion of the surgical procedure and anticipated degree of pain. Caution is to be used if one
decided to use additives to local anaesthetics for peripheral nerve blocks to prolong their effect
as none of the additives discussed in this chapter have got the Food and Drug Administration
(FDA) approval for this purpose [43].

5. Topical anaesthetics

Topical anaesthetics are used for procedures such as vein cannulation, laceration repair to
avoid infiltrative local anaesthesia injections and associated pain. They are widely used in
the paediatric population. There are many dosage forms in clinical use, for example, gels,
sprays, creams, ointments, patches. Skin absorption is variable and accounts for the systemic
toxicity. This complication is rare provided the skin is intact with the exception of 5% EMLA
cream, a eutectic mixture of 2.5% lidocaine and 2.5% prilocaine. Commonly available forms
are Ametop (4% tetracaine) and EMLA, and more recently, a 4% lidocaine topical cream has
been introduced. It is better tolerated on the skin while having flexible application times.
Onset of action for Ametop is between 30 and 40 min and has a duration of action of about
4-5h. EMLA on the other hand has a slower onset of about 60 min with a short duration of
action of about 2 h. Toxicity is largely related to the age of the patients and possible damage
in the skin. It is recommended that in those below 3 months, duration of application should
not be more than 1h, while for age group between 3 and 12 months maximum duration of
application does not exceed 4 h [44].
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6. Neuraxial techniques in paediatrics

Caudal anaesthesia is a popular technique to provide analgesia in paediatric patients. The sin-
gle-shot technique is often adequate for most urological, lower extremity and lower abdomi-
nal procedures. An indwelling catheter can extend its use to upper abdomen and thoracic
procedures and offers the added benefit of continuous post-operative analgesia. The LA dose
depends on the operative site that ranges from 0.5 to 2 mL/kg of 0.25% bupivacaine, that is,
the level of the block is proportional to the dose.

Spinal and epidural anaesthesia are safe and effective ways to provide anaesthesia for infants
[45]. For spinal anaesthesia, bupivacaine 0.5% at a dose 0.5-1 mg/kg is commonly used with
the dose decreasing with increasing age.

Local anaesthetics add to the armament that is at the disposal of anaesthetists. Understanding
of their pharmacology increases the safety with which these drugs can be used. Early recog-
nition of toxicity is core to avoiding central nervous system and cardiorespiratory collapse.
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Abstract

Regional anesthesia is not always performed independently, but rather is frequently
employed as part of a general anesthesia technique. Thus, its procedures and usefulness
should be considered in settings where general anesthesia is used. In this chapter, new
perspectives regarding the interaction of regional and general anesthesia are presented,
as well as novel tips for improving nerve block techniques during the course of general
anesthesia, Regional anesthetics inhibit superoxide generation of neutrophils by inhibi-
tion of protein kinase C activity and also have potent antioxidant activities, while inhala-
tion general anesthetics have contrasting effects. Therefore, it is considered that regional
anesthetics are able to compensate for shortcomings of inhalation general anesthetics
by reducing surgical oxidative stress. In clinical settings, combined use of regional with
general anesthesia provides better intraoperative hemodynamics than general anesthe-
sia alone, particularly in high-risk patients affected by severe cardiovascular disease. To
further improve the analgesic potency and duration of regional anesthesia, especially in
cases in which a peripheral nerve block is performed, addition of low molecular weight
dextran as an adjuvant to the local anesthetic solution is quite effective. Furthermore,
recent advancements in ultrasound technology have made previously difficult regional
anesthesia techniques easier and safer to achieve. A typical example is use of a caudal
block in adults, which is quite difficult with a conventional method. Expanding its indi-
cation to adults is beneficial, especially for high-risk patients undergoing surgery in the
lower abdomen. Furthermore, proper in-line positioning of ultrasound images is key for
successful and easy completion of ultrasound-guided procedures, such as needle inser-
tion to the target. We have been able to establish such a positioning method by use of an
iPad and the VT-100 image transfer system (Scalar Co., Tokyo, Japan). Following consid-
eration of the present findings and related experience, it is evident that performance of
regional anesthesia under general anesthesia provides great advantages, including better
and safe anesthesia management.

I m EC H © 2017 The Author(s). Licensee InTech. This chapter is distributed under the terms of the Creative Commons
Attribution License (http://creativecommons.org/licenses/by/3.0), which permits unrestricted use,
open science | open minds distribution, and reproduction in any medium, provided the original work is properly cited. [{(cc) g
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1. Introduction

With recent advancements in ultrasound technology, nerve block procedures have become eas-
ier and their accuracy improved [1, 2]. As a result, many regional anesthetic methods and tech-
niques previously overlooked have been reevaluated, which has led to recent increased interest
among anesthesiologists, with large numbers of papers and textbooks concerning regional
anesthesia published during the past 10 years. However, the interrelationship between regional
and general anesthesia has not been well-elucidated. Regional anesthesia is not always per-
formed as an independent procedure in daily practice; rather it is frequently included as part
of a general anesthesia technique, thus a full understanding of its effects is important to evalu-
ate usefulness in settings where general anesthesia is employed. In the present chapter, new
perspectives regarding the interaction of regional anesthesia with general anesthesia as well
as the use of ultrasound technology are discussed based on findings obtained by our research
team. Discussions regarding the antioxidant activities of local anesthetics and their effects for
stabilizing the hemodynamics of patients under general anesthesia, the best adjuvants for local
anesthetics used for regional nerve block, a simple but important tip for improving the accu-
racy and easiness of ultrasound-guided procedures, and other related topics are included.

2. Oxidative stress associated with surgery and inhalation anesthetics

Although the possibility that surgery increases oxidative stress has been suggested for several
years [3, 4], how it develops remains unclear, especially during surgery. Analysis of intraoperative
changes in the ferric-reducing ability of plasma may lead to a breakthrough for elucidation of sur-
gical oxidative stress, as the reduction of ferric irons to ferrous irons in plasma is a simple but sen-
sitive indicator of the antioxidant potential of blood in clinical settings [5]. These changes can be
measured by use of a biological antioxidant power (BAP) test with an FRAS 4 analyzer (Wismerll
Co. Ltd. Tokyo, Japan), which is based on color changes of a solution containing a source of fer-
ric ions adequately bound to a special chromogenic substrate at 505 nm when the ferric ions are
reduced to ferrous ions according to antioxidant activity induced by addition of plasma.

Using this unique method, adult patients with ASA I-II who underwent an open colectomy
with sevoflurane anesthesia along with fentanyl and vecuronium were investigated. During
surgery, the ferric reducing ability was significantly lowered, indicating that the colectomy
procedure increased oxidative stress resulting in a reduction in the antioxidant ability of
blood (Figure 1). To the best of our knowledge, these are the first reported findings to clearly
demonstrate that surgery increases oxidative stress.
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Figure 1. Plasma ferric-reducing ability in 18 patients who underwent an open sigmoidectomy with sevoflurane anesthesia.
Lower values indicate increased oxidative stress; thus, our findings demonstrated that surgery increases oxidative stress.

Oxidative stress may also be a key factor to determine patient surgical stress [5], and we
investigated this issue in cases of cardiac surgery [6]. Preoperative oxidative stress was
determined by measuring plasma hydroperoxide values using a d-Rom test with an FRAS
4 analyzer, while the occurrence of major organ morbidity and mortality (MOMM) was
also assessed. MOMM included death, deep sternal infection, reoperation, stroke, renal fail-
ure requiring hemodialysis, and prolonged ventilation (>48 h). Our results showed that an
elevated preoperative hydroperoxide level in cardiac surgery patients is an independent
risk factor for severe postoperative complications, and its reliability to predict postopera-
tive complications appeared to be better as compared to preoperative BNP values and the
European system for cardiac operative risk evaluation (EuroSCORE). The optimal threshold
value of hydroperoxide concentration to differentiate between patients with and without
MOMM was found to be 450 UCarr (sensitivity, 87.0%; specificity, 81.9%). These findings
indicated that preoperative oxidative stress is an important risk factor for postoperative
complications. In addition, they suggested the therapeutic potential of antioxidant therapy
in surgical patients, as antioxidant control may reduce surgical stress, thereby improving
postoperative recovery.

On the other hand, the drug used for inhalation anesthesia also has an oxidant effect. We studied
the effects of inhalation anesthetics on protein kinase C (PKC) activity, which has been implicated
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in regulation of cell secretion, modulation of membrane conductance, release of neurotransmit-
ters, regulation of cytoplasmic Ca*, functional modification of receptors, and other components
of the signal transduction machinery [7-9]. As for neutrophils, the ability of PKC activators
such as TPA to trigger superoxide generation suggests a role for protein phosphorylation in
the mechanism of transmembrane signaling. In addition, purified PKC stimulates superoxide
generation by the particulate fraction of neutrophils. Thus, activation of PKC is involved in the
process of superoxide generation of neutrophils [10, 11]. Using partially purified PKC from rat
brains, we found that halothane, a typical inhalation anesthetic [12], activated this enzyme and
increased superoxide generation from neutrophils (Figure 2). Furthermore, other inhalation
anesthetics have been reported to activate PKC in a similar manner according to their anesthetic
potency (Figure 3) [7-9]. H-7, a specific inhibitor of PKC, totally inhibited halothane-induced
PKC activation (Figure 4) and superoxide generation of neutrophils (Figure 2), confirming that
the reaction developed via activation of PKC [9]. In addition to the findings in blood cells, it has
been reported that sevoflurane, another typical inhalation anesthetic, increases the generation
of reactive oxygen species (ROS) in isolated hearts [13]. Together, these findings strongly sug-
gest negative effects of inhalation general anesthetics including an increase in oxidative stress
in surgical patients.
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Figure 2. Effects of halothane and H-7 (I-(5-isoquinolinesulfonyl) methylpiperazine dihydrochloride) on superoxide
generation by neutrophils. Superoxide generation was spectrophotometrically analyzed by measuring the reduction
of cytochrome c at 550 nm with a reference wavelength of 540 nm. Neutrophils were obtained from a guinea pig using
a method previously described [10], then 2 x 10° cells'ml™ were incubated in KRP (Krebs-Ringer phosphate solution)
medium containing 1mM Ca*, 10mM glucose, 25 uM cytochrome ¢, and 0.1 mM NaN, at 37°C. The concentrations
of halothane, TPA (12-O-tetradecanoylphorbol-13-acetate), and H-7 were 0.59 mM, 0.4 nM, and 100 uM, respectively.
Halothane activated superoxide generation by neutrophils, whereas H-7, a specific inhibitor of protein kinase c, inhibited
that activation.
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Figure 3. Effects of inhalation anesthetics on PKC (protein kinase C) activity. Enzyme activity was assayed by determining
the incorporation of #P from [y-*P]ATP into calf thymus H1 histone (type III-S) at 30°C over a period of 3 min in the
presence of 1 uM Ca*, 1 mM EGTA, and 100 uM phospholipid (phosphatidylcholine (PC)/phosphatidylserine (PS) (4:1
molar ratio) with various concentrations of inhalation anesthetics (halothane, enflurane, isoflurane). PKC was obtained
from cerebral tissues of male Wistar/Slc rats and purified, using a previously described method [10]. Each of the
examined inhalation anesthetics increased PKC activity in a dose-dependent manner.
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Figure 4. Effects of H-7, specific inhibitor of PKC, on halothane-activated PKC activity in the presence of low (1 uM) and
high (0.3 mM) concentrations of Ca*. The concentration of halothane was 20 mM, whereas the other experimental conditions
were the same as described in Figure 3. H-7 inhibited halothane-activated PKC activity in a dose-dependent manner.
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3. Calming effect of local anesthetics on neutrophils

In contrast to general inhalation anesthetics, lidocaine has been found to inhibit protein kinase C
in a manner competitive with phosphatidylserine as well as phosphorylation of the 47-kDa neu-
trophil cytoplasmic protein [11, 14, 15]. Thus, various stimulation-coupled responses of neutro-
phils, such as superoxide generation (Figure 5), depolarization of membrane potential (Figure 6),
and transitional increase in intracellular Ca* (Figure 7), are suppressed by lidocaine. Other local
anesthetics have also been shown to inhibit protein kinase C activity [15] and induce the same
effects (Figure 8). These findings indicate that local anesthetics have unique calming effects on
neutrophils as compared with inhalation anesthetics, which may reduce oxidative stress.
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Figure 5. Effects of lidocaine on superoxide generation by neutrophils. Neutrophils were obtained from a guinea pig
and suspended (1x10° cellsml™) in KRP medium containing 10 mM glucose, 1.5 mM NaN,, 1 mM Ca*, and 25 pM
cytochrome c. After pre-incubation for 3 min at 37°C with various concentrations of lidocaine (0-20 mM), 100 nM FMLP
(formyl-methionyl-leucyl-phenylalanine) or 0.5 nM TPA (12-O-tetradecanoylphorbol-13-acetate) was added. Superoxide
generation by neutrophils was analyzed by determining the reduction of cytochrome c, which was measured at 550 nm
with a reference wavelength of 540 nm. Left panel: Time course of cytochrome c reduction induced by FMLP-stimulated
neutrophils. Right panel: Percent inhibition of reduction of cytochrome c¢ in FMLP or TPA-stimulated neutrophils by
lidocaine. These results indicated that lidocaine strongly inhibited superoxide generation in neutrophils stimulated by
treatment with TPA or FMLP in a dose-dependent manner.
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Figure 6. Effects of lidocaine on membrane potential in neutrophils. We used a cyanine dye method with diS-C3-(5).
Neutrophils (1x10° cellsml™) were obtained from a guinea pig and suspended in KRP medium containing 10 mM
glucose, 1 mM Ca*, and 5 uM diS-C3-(5) at 37°C. After pre-incubation for 3 min with various concentrations of lidocaine,
100 nM FMLP was added. Changes in the fluorescence intensity of diS-C3-(5) were monitored at 670 nm after the dye
had been exited at 622 nm. Downward deflections in the trace indicate uptake of diS-C3-(5) by the cells corresponding to
hyperpolarization of the membrane potential. The inserted curved line graph indicates percent inhibition of fluorescence
change by addition of lidocaine. Values were obtained by comparisons of peak values. These results indicated that
lidocaine inhibited the membrane depolarization of neutrophils induced by FMLP, which was accompanied by superoxide
generation.
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Figure 7. The effects of lidocaine on intracellular Ca* concentration. [Ca*], in neutrophils was analyzed by determining
the fluorescence intensity of Fura-2, a fluorescent indicator of intracellular calcium. Neutrophils were obtained from a
guinea pig and suspended (1 x 10° cells'ml-') in Ca*-free KRP medium, then Fura-2 was added. Neutrophils were pre-
incubated for 3 min with various concentrations of lidocaine at 37°C, then incubated with 1 mM Ca?* for 2 min before
addition of 50nM FMLP. [Ca*], was calculated based on the change in fluorescence intensity of Fura-2. A change in
intensity indicated that lidocaine inhibited the increase in intracellular Ca* during the course of neutrophil activation.
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Figure 8. Effects of lidocaine and other local anesthetics on PKC activity in rat brain. PKC was obtained from a rat brain
and purified using a method previously described [10]. Enzyme activity was assessed by measuring the incorporation
of #P from [y-**P]ATP into H1 histone (type IIIs) at 30°C for 3 min. The medium contained 20 mM Tris-HCI (pH 7.5),
10 mM magnesium acetate, 0.2 mg-ml* histone, and 1 uM Ca*. The amounts of phospholipid (phosphatidylserine (PS)/
dipalmitoylphosphatidylcholine (DPPC), 1:4 molar ratio), TPA, and local anesthetics used were 100 pM, 100 nM and
0.5mM, respectively. These results indicated that lidocaine and other local anesthetics inhibited PKC activity, with
dibucaine shown to be the most potent inhibitor.

4. Novel method for determining antioxidant activity of medical agents

We developed a phycoerythrin fluorescence-based assay to determine the antioxidant activ-
ity of various medical agents including local anesthetics [3, 16, 17]. This assay system consists
of B-phycoerythrin (B-PE) as a fluorescence molecule to show oxidative stress and 2,2"-azo-
bis (2-amidinopropane) dihydrochloride (AAPH) as a hydrophilic oxidative stress simulator,
which continuously generates peroxyl radicals at a constant rate, making it possible to easily
evaluate the antioxidant activities of various medical agents [18]. Since the system is based on
protein oxidation by peroxyl radicals, it is considered to be a model of in vivo ROS reactions.
The detailed reactions of B-PE with AAPH can be illustrated as follows.

R-N =N-R - Re+N,+eR - (I-e)R-R (1)
. 2eRe )

Re+0, —» RO,* (3)

RO, e +B-PE — stable products 4)
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RO, +A — stable products (5)

The structure of AAPH [HCleNH=C(NH,)-C(CH,),-N=N-C(CH,),-C(NH,)=NHeHCI] is
represented by “R-N=N-R”, where “e” represents the efficiency of free radical generation
and “A” is an antioxidant. AAPH undergoes thermal decomposition to yield free radi-
cals (reaction (2)), which rapidly react with oxygen molecules nearby to produce peroxyl
radicals (reaction (3)). With this assay, peroxyl radicals may attack B-PE, resulting in fluo-
rescence decay (reaction (4)), which, if successful, may be scavenged by an antioxidant
(reaction (5)).
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Figure 9. Left panel: Typical decay of fluorescence of B-PE (B-phycoerythrin) with AAPH (2,2"-azobis (2-amidinopropane)
dihydrochloride) in Tris-HCI buffer (pH 7.4) at 38°C in the absence and presence of Trolox. The amounts of B-PE,
AAPH, Trolox, and Tris-HCl buffer used were 1.78nM, 6.25mM, 4 uM, and 40 mM, respectively. The fluorescence
excitation and emission wavelength were 545 nm (3-nm slit) and 575 nm (5-nm slit), respectively. Exposure of B-PE to
peroxyl radicals generated by AAPH led to a decrease in B-PE fluorescence. This peroxidation process was efficiently
inhibited by addition of Trolox, which has potent antioxidant activity. The characteristic features of this assay offer
great advantages for determining the possible antioxidant activity of various compounds when added to the reaction
mixture. Right panel: Effects of lidocaine on B-PE fluorescence decay. Although lidocaine did not completely abrogate
the fluorescence decay of B-PE, it reduced the rate of decay in a dose-dependent manner. This finding indicated that
lidocaine has an antioxidant function, though its potency is not as strong as that of Trolox.

The rate of peroxyl radical generation, R, from AAPH at a constant temperature is shown by
Eq. (6) [19]:
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R = Kx[AAPH] (6)

where K is the rate constant for radical generation from AAPH and [AAPH] is the concentra-
tion of AAPH in M. The rate of radical generation is virtually constant during the first few
hours of this assay [20], since the half-life of AAPH is approximately 175 h in neutral pH water
at 37°C [19]. The rate of peroxyl radical generation at 38°C under the present assay conditions
was 1.56 x 10° x [AAPH] (M-s™) [3].

B-PE is a multisubunit protein extracted from the unicellular red alga, Porphyridium cruen-
tum [16, 20]. Since it is easily oxidized, which decreases its fluorescence, B-PE functions as a
reporting molecule of oxidative stress induced by peroxyl radicals from AAPH. In addition,
because of its very high extinction coefficient and fluorescence quantum yields, B-PE can be
readily detected by fluorescence spectroscopy at concentrations as low as 102 M [20].

For this assay, the fluorescence decay of B-PE by the AAPH-generated peroxyl radical was
spectrophotometrically monitored at an excitation of 545nm (3-nm slit) and emission of
575 nm (5-nm slit). The reaction mixture (2 ml) contained 1.78 nM B-PE and 6.25 mM AAPH
in 40 mM Tris-HCl buffer (pH 7.4) at 38°C. Since the system is not closed, oxygen for the reac-
tions is freely supplied from the atmosphere through the surface of the reaction mixture. As
shown in Figure 9, B-PE fluorescence was linearly decreased by exposure to AAPH, which
has a linear relationship with B-PE concentration. This peroxidative destruction of B-PE can
be temporarily stopped by addition of a typical radical scavenger, such as Trolox.

5. Antioxidant activity of local anesthetics

We analyzed the antioxidant activity of lidocaine using this analysis system and the results
showed that the rate of fluorescence decay was slowed in a concentration-dependent man-
ner (Figure 9). The effect was evaluated by determining the percent inhibition against B-PE
oxidation, an index used for the reactivity of peroxyl radicals, in which 100% inhibition indi-
cates the same level of fluorescence decay as that by Trolox and 0% inhibition indicates the
same decay as that in the absence of the antioxidant. The dose-dependent effects of lidocaine
are summarized in Figure 10, which indicates that lidocaine has potent antioxidant activity,
while other local anesthetics such as mepivacaine showed similar but slightly weaker effects.

Combined with the findings of neutrophils, local anesthetics have effects to counter oxidative
stress in a manner opposite of inhalation anesthetics, indicating that use of local anesthetics
can reverse the deleterious effects of inhalation anesthetics. Thus, from the standpoint of
oxidative stress management, anesthesia with a combination of local and general inhalation
anesthetics provides better anesthesia management. The advantage of local anesthetics in oxi-
dative stress management was also revealed in a study by Budic et al., who examined cases of
pediatric extremity surgery using pneumatic tourniquets [21]. They measured generation of
the oxidative products malondialdehyde and protein carbonyl groups in plasma and found
that peripheral nerve block anesthesia did not increase the levels after tourniquet release
as compared with general anesthesia with sevoflurane, which significantly increased those
levels. These findings indicate that regional anesthesia provides an antioxidant defense that is
superior to that of general inhalation anesthesia.
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Figure 10. Dose-dependent effects of lidocaine and mepivacaine on B-PE fluorescence decay in the antioxidant assay
system shown in Figure 9. These results indicated that both local anesthetics have a potent antioxidant activity.

6. Better intraoperative hemodynamic control by regional anesthesia

Regional anesthesia combined with general anesthesia provides not only better postopera-
tive analgesia, but may also result in better intraoperative hemodynamic control than general
anesthesia alone [22]. We demonstrated this advantage of regional anesthesia in an investiga-
tion of high-risk patients with severe cardiovascular disease classified as American Society of
Anesthesiologists (ASA) physical status 3.

Patients undergoing elective open abdominal surgery were randomized into those receiving
general anesthesia and a bilateral transversus abdominis plane block (TAPB) (Group T, n=33),
and those receiving general anesthesia alone (Group G, n=235). The bilateral TAPB was per-
formed after anesthesia induction using 40 ml of 0.3% ropivacaine, as shown in Figure 11. We
compared the groups for intraoperative hemodynamic stability, anesthesia emergence time,
amounts of anesthetics and opioids given, and frequency of emergency treatment with a car-
diovascular agent. A hemodynamically stable period was defined as the time when systolic
blood pressure and heart rate were 70-110% of their preanesthesia value. The ratio of hemody-
namically stable time to total operative time was used as an index of hemodynamic stability.

Hemodynamically stable time was greater in Group T than Group G (Figure 12), while sevo-
flurane concentration, amount of fentanyl given, and frequency of vasopressor use were lower,
and anesthesia emergence time was shorter in the Group T patients (Figure 13). These find-
ings indicate that the combination of TAPB with general anesthesia promotes intraoperative
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hemodynamic stability and early emergence from general anesthesia, while it also provides
good postoperative analgesia. Furthermore, the advantageous effects obtained with TAPB
may also be seen with use of other regional anesthetic protocols.
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Figure 11. Ultrasound image of abdominal wall during transversus abdominis plane block (TAPB).
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Figure 12. Box-plot for comparison of intraoperative hemodynamic stability between Group G (general anesthesia alone,
n=35) and Group T (general anesthesia plus TAPB, n=33). The period during the operation when both systolic blood
pressure and heart rate were within 70-110% of their pre-anesthesia value was defined as the hemodynamic stable time.
The ratio of hemodynamic stable time to total operative time was used as an indicator of hemodynamic stability. The
stability ratio was significantly higher in Group T (91%, range 50-100%) than in Group G (79, 40-91%), indicating greater
hemodynamic stability in Group T. Values are presented as the median and minimum-maximum range.
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Figure 13. Box-plot for comparison of anesthesia emergence time between Group G (general anesthesia alone, n =35) and
Group T (general anesthesia plus TAPB, n=33). Anesthesia emergence time was defined as the time from completion of
surgery to extubation. That time was significantly shorter in Group T (14 min, range 4-30 min) than in Group G (18 min,
9-52 min). Values are presented as the median and minimum-maximum range.

It is important for anesthesiologists to offer effective anesthesia management for high-risk
patients with severe cardiovascular disease [23], as they frequently require special treatment
with a variety of expensive drugs and increased medical staffing. This combined regional and
general anesthesia technique is si mple and easy to perform, and its advantages include relief
of the burden to the anesthesiologist and reduced medical costs for such high-risk cases, as
well as improved patient safety.

7. Interim summary

Combined use of regional with general anesthesia is advantageous to decrease oxidative stress
and also provides better intraoperative hemodynamics than general anesthesia alone. Namely,
it compensates for the shortcomings of inhalation anesthetics and improves anesthesia man-
agement quality. Importantly, the hemodynamic stabilizing effects of regional anesthesia in
high-risk patients provide a great advantage for the anesthesiologist to perform anesthesia
management, even when additional efforts to perform regional anesthesia are required.

8. Addition of low-molecular weight dextran to local anesthetics:
enhancement of analgesic effect and reduction of toxicity

Regional anesthesia, though useful, has some limitations. It is often performed as a single-shot
procedure with a large dose of a local anesthetic drug, except for cases of epidural anesthesia,
which is usually performed with insertion of a catheter for continuous administration. Therefore,
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prolonging analgesia without toxicity is clinically important for most regional anesthesia proce-
dures. Furthermore, when performed in combination with general anesthesia, a prolonged anal-
gesia duration is required, because the period of postoperative analgesia is shortened depending
on operation time. In light of these limitations and demands, studies aimed at improving the
effects of local anesthetics have been performed, some of which have provided evidence show-
ing that addition of low-molecular weight dextran (LMWD) to a local anesthetic and epinephrine
mixture when given as infiltration anesthesia [24], or to a local anesthetic alone when performing
a regional block [25] safely prolonged the effective action by reducing systemic absorption.

We demonstrated this favorable effect of LMWD as an adjuvant in patients being prepared
for laparoscopic colon surgery, who received anesthesia with a combination of TAPB and
rectus sheath block (RSB) using either 80 ml of 0.2% levobupivacaine in saline (control group,
n=27) or 80ml of 0.2% levobupivacaine in 8% LMWD (LMWD group, n=27). Following
anesthesia induction, the combined block was performed under a double-blind condition.
Levobupivacaine plasma concentration and postoperative analgesia were assessed using a
numerical rating scale (NRS).

In the LMWD group, the time to reach the maximum plasma concentration of levobupiva-
caine (T__ ) was longer (73 +25 vs. 51 + 30 min, P =0.006) and the maximum plasma concentra-
tion (C__ ) was lower (1141 +287 vs. 1410 £ 322 ng'ml”, P=0.004), as compared to the control
group (Figure 14). The area under the plasma concentration-time curve (AUC) from 0 to
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Figure 14. Changes in plasma concentration of levobupivacaine in patients receiving levobupivacaine at 160 mg (0.2%)
in saline (control group, n=27) or an 8% low-molecular weight dextran solution (LMWD group, n=27) following a
bilateral transversus abdominis block (TAPB) or rectus sheath block (RSB). Error bars show the SD and time 0 indicates
completion of the nerve block procedure. In the control group, the plasma concentration of levobupivacaine quickly rose
just after performing the nerve block. In the LMWD group, that rose in a more gradual manner with a lower maximum
concentration. Subsequently, the plasma concentration of levobupivacaine gradually decreased in both groups, though
a faster decline was seen in the control group. At 1200 min after performing the block, the plasma concentration of
levobupivacaine was significantly higher in the LMWD group as compared to the control group.
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240 min was also lower (172,484 + 50,502 vs. 229,124 + 87,254 ng min-ml™, P =0.007) in the
LMWD group, while their NRS scores up to 24 h after surgery were reduced (Figure 15).
Also, rescue treatment with IV flurbiprofen (50 mg) was utilized significantly less often
in the LMWD group. No typical adverse effects, such as wound infection, delayed wound
healing, tissue necrosis, or prolonged abnormal sensory disorder over the area of injec-
tion, were observed in either group. The lower C__ value was associated with reduced
risk of levobupivacaine toxicity, while lower AUC indicated that the addition of LMWD
reduced systemic absorption of levobupivacaine. Thus, those results indicated that addi-
tion of LMWD enhances analgesia for a longer duration along with decreased risk of local
anesthetic toxicity.

However, the efficacy of dextrans including LMWD remains controversial, as several sub-
sequent studies have reported an absence of any substantial difference in analgesic dura-
tion with their addition [26, 27]. These inconsistent findings related to the effects of dextrans
may be due to differences in regional anesthesia techniques. Recent advances in ultrasound
technology have greatly increased the accuracy of various types of nerve blocks, thus local
anesthetics can be precisely injected into the target compartment or very near the target with-
out complications in this modern era. Such improved accuracy may reveal the effects of dex-
trans not seen with classical techniques.
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Figure 15. Box-plots for comparing postoperative pain between the control and LMWD groups at rest and during
coughing using a numerical rating scale (NRS). Details of the nerve block procedures used in each group are described
in the legend to Figure 14. NRS scores at both rest and during coughing at all time points up to 24 h after surgery were
significantly lower in the LMWD group as compared to the control group.
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Nevertheless, use of LMWD as a local anesthetic adjuvant has nearly been forgotten in
recent years. We rediscovered its value with the aid of ultrasound technology and found
that use of LMWD with a local anesthetic mixture is a good option to further improve the
performance of TAPB or RSB, and likely other regional anesthesia procedures as well.
Extension of the analgesia period to the next day after surgery by a simple single-shot
approach is fully adequate for most surgery patients, making unnecessary the compli-
cated procedure of inserting a catheter for continuous administration and subsequent
management during the postoperative period. Thus, use of LMWD makes regional anes-
thesia more easily accessible to many anesthesiologists and may open a new horizon for
them.

9. Novel clinical application of older mature nerve block technique by
use of ultrasound technology: caudal block

Improvements in ultrasound technology have resulted in the return of some older mature
nerve block techniques to clinical importance, as also seen with LMWD. One of those is cau-
dal block. Since a high level of skill is required to safely perform an adequate caudal block in
older adults, because of anatomical deformity of the sacrum associated with aging, it is rarely
performed in elderly patients and generally believed to be a special nerve block technique
for use in pediatric cases. However, ultrasound technology has made it much easier to safely
perform a caudal block with high consistency in older patients [2].

We studied the clinical usefulness and availability of a caudal block for urinary cath-
eter-induced bladder discomfort in adult patients, which is common in those who have
undergone urinary catheterization during surgery. In some cases, the discomfort is
severe, causing restlessness and agitation after emergence from anesthesia, with post-
operative recovery sometimes disrupted due to the continual uneasiness. These adverse
effects are more pronounced in middle-aged and elderly male patients due to anatomic
considerations.

Muscarinic receptor antagonists, such as ketamine and gabapentin, have been shown to
be effective for relieving postoperative bladder discomfort caused by a catheter. However,
they may alter hemodynamics, leading to dry mouth or excessive sedation. In view of such
unwanted side effects, these agents may not be best for treatment of bladder discomfort in
all patients. Since caudal block anesthesia is used in the fields of urological and gyneco-
logical surgery, we speculated that ultrasound-guided single shot anesthesia by a caudal
block would be a reliable and safe method for relief of urinary catheter-induced bladder
discomfort.

We enrolled male patients (ASA I-II) older than 50 years who were scheduled for cervical spine
surgery, and allocated them to either the caudal block (Group CB, n=22) or non-block (Group
NB, n=22) group. Following induction of anesthesia, urinary catheterization was performed
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using a 16-F Foley catheter. In Group CB, an ultrasound-guided single shot caudal block was
additionally performed before the start of surgery using an 8-ml mixture of 0.3% ropivacaine
and 100 pg of fentanyl. Group NB did not undergo a caudal block or receive any other drugs.
Thereafter, spine surgery started. The severity of urinary catheter-related discomfort was
assessed at 0 (just after arrival in the post-anesthesia care unit), then 2, 10, and 18 h after the
operation.

Following are details of our method for ultrasound-guided caudal block. With the patient in a
proneposition, thelocationand structure of the sacral hiatus are confirmed onsonographictrans-
verse and longitudinal images. Next, a 23-gauge block needle is inserted in the direction of the
sacral canal throughthesacralhiatus whilemonitoringreal-timesonographicimages (Figure16),
then the tip of the block needle is inserted into the sacral canal at least 1 cm ahead. After nega-
tive aspiration, a mixture of ropivacaine and fentanyl is injected. Injection of that mixture into
epidural space is confirmed by ultrasound images showing that the block needle is properly
inserted in the direction of the sacral canal through the sacral hiatus, while a small fraction of
injection fluid in the depth of the sacral canal shows reverse spreading into the canal opening
portion near the sacral hiatus.

All caudal block procedures in this study were guided by ultrasound and successfully per-
formed without severe difficulties. Following surgery, the incidence rate of urinary cath-
eter-induced discomfort was significantly reduced in Group CB as compared to Group
NB (Figure 17). There were no complications related to caudal block anesthesia, including
bleeding or hematoma at the injection site. No motor block of the extremities was observed
and none of the patients required re-catheterization due to urinary retention after catheter
removal. These results showed that ultrasound-guided single shot caudal block anesthesia
can reduce the incidence and severity of postoperative urinary catheter-induced bladder
discomfort.

Our findings of reduced difficulties and improved reliability with use of ultrasound guid-
ance indicate that a caudal block can be used in adults for bladder discomfort treatment,
as well as various other procedures performed in the lower abdomen region, including
pelvic, bladder, perineal, genital, rectal, and anal surgery, namely, inguinal and femoral
herniorrhaphy, cystoscopy, urethral surgery, prostatectomy, hemorrhoidectomy, vaginal
hysterectomy, and other surgeries of the perineum, anus, and rectum. The effectiveness of
a caudal block for postoperative analgesia in patients undergoing such operations is also
promising.

We now consider that a caudal block can be accurately and safely performed in adults with
ultrasound guidance. In addition, its application in combination with general anesthesia is
expected to improve the quality of anesthesia, as shown with TAPB. In particular, a caudal block
may be more suitable for high-risk cases, as the technique is simple with minimum hemody-
namic effects.
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Sacral canal

Figure 16. Ultrasound probe positioning and ultrasound images obtained during performance of caudal block.
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Figure 17. Effects of caudal block to alleviate catheter-induced bladder discomfort. The patients in Group CB (n=22)
received a caudal block with 8 ml of 0.3% ropivacaine and 100 ug of fentanyl after anesthesia induction, while those in
Group NB (1 =22) did not receive a caudal block. The incidence rate of urinary catheter-induced bladder discomfort was
significantly lower in Group CB when compared to Group NB at 0, 2, and 6 h after surgery.

10. Importance of optimal in-line positioning of ultrasound image
monitor for accurate and quick nerve block

Although ultrasound guidance for providing regional anesthesia has great potential, as
described above, it is not easy to perform for novice practitioners. When using ultrasound,
the operator is required to mentally restructure two-dimensional images presented on a
display into the three-dimensional relationship of the target with the needle. This spatial
conversion represents a major hurdle for precise performance of an ultrasound-guided pro-
cedure. It has been shown that an ergonomic layout of the equipment utilized with the
patient that allows the operator's gaze to run in a straight line from the puncture site to the
ultrasound image display along the direction of needle insertion is important for accurate
and quick spatial recognition of the needle position [28]. However, since the operating room
can become crowded with numerous medical devices, the ultrasound machine is sometimes
positioned out of the line of sight of the puncture field, which disturbs spatial recognition
of the needle position for the operator, increasing the difficulty of the procedure. Based
on these considerations, we speculated that the position of the ultrasound image display
in relation to the operator is a vital factor for achieving success with ultrasound-guided
procedures.

Imaging technology has progressed significantly in recent years and modern devices are
widely used in the medical field. In particular, digital tablets, such as the iPad and iPad Mini
(Apple Japan LLC, Tokyo, Japan), are gaining use as viewers for X-ray and 3-dimensional
images during surgical procedures. These small lightweight displays can be easily placed
in nearly any position by the operator and may be ideal for use during ultrasound-guided
procedures.
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To verify the importance of image position in ultrasound guided procedures, we developed
a system for wireless real-time transfer of images vfrom an ultrasound image display consist-
ing of a wireless video transmitter (VT-100; Scalar Co., Tokyo, Japan) and an iPad Mini. The
VT-100, a battery-operated, ultra-compact, and lightweight portable transmitter (approxi-
mately 290 g, including batteries) can simultaneously send video images from a single iPad
Mini to other multiple iPads by Wi-Fi with a short delay of 0.067 s. However, the resolution of
transferred images is somewhat low at 320 x 240 dots per inch (dpi), with a frame rate of more
than 15 frames per second (fps). Thus, we have made fine adjustments to the image quality
to allow the VT-100 to be suitable for ultrasound image transmission. The modified VT-100 is
connected to an ultrasound machine (ProSound Alpha 7; Hitachi-Aloka Medical Ltd., Tokyo,
Japan) via a video cable and ultrasound images are transferred to a single iPad Mini via Wi-Fi
(Figure 18). Dedicated software (AirMicro; Scalar Co.) is installed on the iPad Mini for view-
ing images. Furthermore, the iPad Mini is attached to a special flexible arm with a holder for
easy positioning in the area around the operating table.

Figure 18. iPad Mini (Apple Japan LLC, Tokyo, Japan), VT-100 wireless video transmitter encircled in red (Scalar Co.,
Tokyo, Japan), and ProSound Alpha 7 ultrasound equipment (Hitachi-Aloka Medical Ltd., Tokyo, Japan). With our
method, ultrasound image signals from the ProSound Alpha 7 are transmitted by a conventional coaxial video cable to
the VT-100, then sent wirelessly to the iPad Mini by Wi-Fi without any image reproduction delay.

We investigated success rate and time required for ultrasound-guided radial artery cath-
eterization performed by novice residents when using this system in two image positions
(Figure 19). The operators were asked to insert a catheter into the radial artery using a short-
axis out-of-plane approach with a crossover method (Figure 20) with use of either the ultra-
sound machine placed at the head side of the patient across the targeted forearm (conventional
method, n=20) or the iPad ultrasound imaging transmission system (iPad Mini+ VT-100
method, n=20). When the latter was employed, the iPad was positioned so that the ultrasound
images were viewed above the forearm in alignment with the operator's eyes and direction of
needle puncture.
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Figure 19. Positional relationships with conventional method and iPad Mini with VT100 method. With the conventional
method, the ultrasound machine (ProSound Alpha 7) is placed at the head side of the patient and the puncture operator
stands on the caudal side, with the patient forearm between them. With the iPad Mini with VT100 method, the axis
running from the eye of the operator to the puncture needle and ultrasound image displayed on the iPad Mini are
aligned as closely as possible along a straight line.
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Figure 20. Representative series of four ultrasound images obtained during insertion of a radial artery catheter. A:before
catheter insersion, B and C :during catheter insertion, D:completion of catheter insertion

We found that the success rate was significantly higher (100 vs. 70%, p <0.02) and catheteriza-
tion time significantly shorter (28.5+7.5 vs. 68.2+14.3 s, p<0.001) with the iPad system (iPad
Mini + VT-100 method) as compared to the ultrasound machine alone (conventional method).
These results indicated that alignment of the visual axis of the operator, ultrasound images,
and direction of needle puncture increased success rate and also reduced procedure time
when performing ultrasound-guided catheterization (Figure 21).
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Figure 21. An ergonomic in-line arrangement of the image display, direction of needle insertion, and visual axis of the
operator is crucial for successful and quick completion of ultrasound-guided procedures.

The position of the ultrasound image display is sometimes overlooked. However, we have
found it to be a key point for successful and easy completion of ultrasound-guided proce-
dures, especially when performed by practitioners with a low level of experience. For this
purpose, our iPad system may be effective. In addition, it allows the ultrasound machine to be
placed behind the operator, with only the display in front of their face, thus enabling a nerve
block to be performed with overhand movements (Figure 22).

Figure 22. As shown in this representative image, the ultrasound machine is positioned behind the operator, who
performs a paravertebral nerve block procedure on a prone patient while observing ultrasound images on an iPad.
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11. Points of concern and disadvantages associated with performing
regional anesthesia with general anesthesia

When using epidural anesthesia in combination with general anesthesia, it is highly recom-
mended to insert the epidural catheter and then inject a test dose of the local anesthetic solu-
tion prior to the anesthesia induction, as this sequence allows for early recognition of severe
complications, such as intrathecal or intravascular injection of the local anesthetic agent, or
nerve injury caused by the epidural needle. In other recent cases when regional anesthesia
was used, some anesthesiologists employed an ultrasound technique following anesthesia
induction. With ultrasound imaging, the positions of the block needle, nerves, and blood ves-
sels, as well as spread of the local anesthetic solution when performing regional anesthesia are
clearly and accurately shown, thus ensuring the safety of the procedure even under an anes-
thetized condition in which the patient is unconscious. Nevertheless, there is no doubt that
accidental nerve injury, as well as intravascular or unintended injection of the local anesthetic
solution remain major threats for safety in all cases, which must be noted when performing
regional anesthesia.

In a review conducted by the Japanese Society of Anesthesiologists of cases treated at certi-
fied training hospitals in Japan between 1999 and 2001, a higher incidence of intraoperative
coronary ischemia was found in laparotomy patients anesthetized by inhalation general anes-
thesia in combination with regional anesthesia as compared to those who received general
anesthesia alone [29]. Those findings indicated the possibility that a combined regional and
general anesthesia technique might be unsuitable for patients with severe coronary diseases.
On the other hand, TAPB and RSB techniques for a laparotomy have only been widely uti-
lized in the most recent decade, thus it is reasonable to assume that cases of regional anes-
thesia included in that report were mainly epidural anesthesia. The combination of epidural
anesthesia with general anesthesia can sometimes induce severe hypotension, which might
have induced coronary ischemia in those patients. Furthermore, hypotensive effects might
be more critical in patients with low output syndrome. However, as shown in our study of
general anesthesia with TAPB, a peripheral nerve block does not usually induce hypoten-
sion, because it has a limited effect on the sympathetic nervous system as compared with
epidural anesthesia. Thus, as long as an appropriate regional anesthesia method is carefully
chosen, combined regional and general anesthesia should not be contraindicated in patients
with severe coronary disease or low ejection fraction, though special caution is required for
management of such high-risk patients.

12. Conclusion

Use of regional anesthesia in combination with general anesthesia provides important advan-
tages for management of oxidative stress as well as control of hemodynamics during surgery.
For improving the performance of regional anesthesia, addition of LMWD as an adjuvant
to the local anesthetic solution is quite effective. In addition, ultrasound technology is very
helpful to make regional anesthesia easier and safer to perform, while it is also valuable for
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reevaluation of caudal block treatment in adults. Utilization of a caudal block technique along
with ultrasound guidance may be effective for adult patients undergoing surgery in the lower
abdomen region, especially high-risk cases, as the technique is simple with minimum hemo-
dynamic effects. We have also found that placement of ultrasound images in a proper in-line
position by use of an iPad and the VT-100 image transfer system helps to facilitate accurate and
quick needle insertion to the target, especially for novice practitioners. When considering these
advantages of regional anesthesia and its advancement with the help of ultrasound technol-
ogy, it is expected that the combined use of regional and general anesthesia will become more
common for anesthetic management in the near future. Even though additional time is needed,
regional anesthesia in conjunction with general anesthesia should be considered in all cases
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Abstract

Because of the variable techniques and patients’” positions used in urological surgery,
anesthesia for urologic surgery requires advanced knowledge and special transactions.
In this matter, it is important to follow current approaches for anesthesiologists. Different
surgical procedures and complications due to different positions or anesthesia were eval-
uated separately to be more concise. We have researched recent literature and created
this chapter about new technologies in urological surgery and development in anesthesia
for urological surgery.

Keywords: urological anesthesia, anesthesia management, anesthesia complications,
urological surgery complications

1. Introduction

Anesthesia for urological surgery includes unique distinctive differences, as in all other
surgical departments. Therefore, anesthesia for urological surgery requires featured training
and experience.

To reduce the risk of complications in urological surgery, like all other kinds of surgery,
regional anesthesia techniques came to prominence with the help of technological develop-
ments. For many urological ventures, only neuraxial blockade application could be enough.
This also results in decreased complication risks. In surgeries that must be done with general
anesthesia, epidural anesthesia can be used for the maintenance of anesthesia or in the post-
operative period. In this way, the rate of intraoperative complications can be reduced and
patients’ comfort can be increased by providing postoperative pain control and also duration
of hospital stay can be reduced [1].

I m EC H © 2017 The Author(s). Licensee InTech. This chapter is distributed under the terms of the Creative Commons
Attribution License (http://creativecommons.org/licenses/by/3.0), which permits unrestricted use,
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During the urological surgery, different complications can develop depending on surgical
techniques used. For example, most of urological ventures require lots of irrigation fluids. In
this venture, use of unheated irrigation fluid can lead to complications such as hypothermia,
delayed recovery from anesthesia and tremor [2].

In addition to neuraxial blockade, the use of peripheral blockade has gained importance in uro-
logical surgery. For example, obturator blockade application for lateral wall localized bladder
cancer could reduce intraoperative complications and increased cancer-free survival [3, 4].

2. Anesthesia for kidney and upper urinary tract surgery

2.1. Oncological surgery of kidney and upper urinary tract

2.1.1. Radical and partial nephrectomy

Renal cell carcinoma (RCC) is the ninth common cancer in the USA. According to the SEER
database analysis, it is estimated that there will be 62,700 new cases and 14,240 people will die
because of this disease. The incidence of kidney and renal pelvis cancer was 15.6 per 100,000
in the USA between 2009 and 2013 [5]. All around the world, radical or partial nephrectomy is
accepted curative treatment for kidney tumors. Partial nephrectomy can be performed depend-
ing on the tumor size and localization of tumor. During the partial nephrectomy, localized solid
mass must be removed entirely with clear surgical margins [6]. The European Association of
Urology (EAU) Renal Cell Cancer Guidelines Panel recommends partial nephrectomy for the
tumors less than 4 cm [7].

The flank incision provides advantages in terms of access to the kidney directly, but in case of
vena cava involvement, it can be insufficient anatomically. If the tumor size is huge and abdo-
men exploration or contralateral retroperitoneal exploration is needed, subcostal incision may
supply advantages to the surgeon. Various factors including surgeon's experience, tumor size
and localization, patient's body habits and localization of affected kidney can affect the inci-
sion type [8].

2.1.2. Radical nephroureterectomy

Upper urothelial cell carcinoma is a rare tumor among genitourinary system tumors that con-
stitute approximately 5% [9]. Radical nephroureterectomy with bladder cuff resections is a
standard curative treatment for patients with non-metastatic upper urothelial cell carcinoma,
although advanced developments of minimal invasive surgery and surgical techniques for
radical surgery are present [10].

2.1.2.1. Preoperative considerations

Known risk factors for RCC include tobacco smoking and be over the age of 60. The peak inci-
dence of RCC is at the age of 60 years and male-female ratio is 2:1. Hence, these patients with
RCC generally have comorbidities such as coronary-after-disease and chronic obstructive
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pulmonary disease. Only small percent of patients (approximately 10%) have classic diag-
nostic triad of symptoms including flank pain, hematuria and palpable abdominal mass.
Paraneoplastic symptoms and impaired laboratory test including increased erythrocyte sedi-
mentation rate, eosinophilia and increased hormone levels of prolactin, renin and glucocorti-
coids [11]. The patient's health status is also optimized by management of anemia, glycemic
control and treatment for hypertension, as well as dietary, weight and smoking-cessation
advice before surgery. A consultant-led, multidisciplinary decision can be made as to which
procedure and approach are required for each patient [12]. Because these patients usually
have comorbid disease such as advanced age, hypertension, diabetes, chronic obstructive pul-
monary disease and congestive heart failure and they have had a long and major surgery, it
should be appropriate to prepare intensive care bed for these patients to stay in intensive care
unit for the critical postoperative period. Intensive care unit can be appropriate to follow up
and interfere with postoperative problems that must be treated quickly such as hypother-
mia, electrolyte imbalance, hemorrhage, infections, pulmonary disorders and requirement of
dialysis.

2.1.2.2. Intraoperative considerations

In thoraco-abdominal approach, since the pleural space is entered, using the noble-lumen
endotracheal tube may facilitate the surgery by deflating the ipsilateral lung. Postoperative
ventilation may be needed because of prolonged retraction of the lung that is causing con-
tusion. During the diaphragm dissection, the phrenic nerve may also be injured by both
thoraco-abdominal incision and flank incision. During operation, excessive blood loss may
occur at any stage of operation, which is the reason for the high vascularity of the tumor.
Bleeding can be caused by the surrenal gland. At last, adjacent abdominal organs including
colon, duodenum and liver may be injured. If the renal mass is on the left side, bleeding due
to splenic injury may occur with an incidence as high as 10% [13]. When extensive bleed-
ing is observed, wide-channel venous cannulation and central venous cannulation should be
obtained for monitoring both the central venous pressure and supply rapid blood transfusion.
Prolonged retraction of vena cava may result of transient hypotension. Hence, direct arterial
pressure monitoring may facilitate the control of blood pressure, especially in patients with
cardiac comorbidity. Moreover, these applications may be helpful for the patients who need
mechanic ventilation postoperatively. If the patient has caval obstruction due to naval throm-
bus, additional management may be needed. Embolization of the tumor fragment may occur
during the central venous catheter application, if the thrombus in vena cava extends into the
right atrium. When atrial thrombus is observed, a pulmonary artery catheter is contraindi-
cated. For this reason, many authors suggested that the use of intraoperative transesophageal
echocardiography in order to detect tumor extension in the inferior vena cava [14-16].

2.1.2.3. Choice of anesthesia

The anesthetic management of patients undergoing radical nephrectomy should include gen-
eral endotracheal anesthesia. Alternately, combined regional/general endotracheal anesthesia
advised to be employed. If the general and epidural anesthesia are combined, epidural cathe-
ter must be placed and test dose should be administered before the induction of general anes-
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thesia. To perform the induction of general anesthesia after evaluating the effect of the test
dose will be reduced the risk of unintended intrathecal and intravascular injection. Although
test dose is administered, it would be safer to administer the epidural dose partially and inter-
mittently. When neuraxial blockade performed, sensorial block level must be Th4. It has been
shown that intraoperative epidural infusion of local anesthetic suppresses the stress hormone
response and reduces opioid requirement when compared to straight general anesthesia in
open nephrectomy [13]. Also, it is advised to reduce pulmonary complications and be more
effective to control postoperative pain.

2.1.2.4. Complications

Patients with renal failure may be sensitive to benzodiazepines. Cisatracurium may be consid-
ered for muscle relaxation as it is metabolized via ester hydrolysis and Hofmann elimination.
Other pharmacologic considerations for the patient with renal failure include adjusted dosing
of antibiotics and avoidance of nonsteroidal anti-inflammatory agents. Patients with chronic
kidney failure have decreased platelet function and von Willebrand factor and reduced red
blood cell volume. So the anesthesiologist must transfuse appropriate blood product [17].

2.2. Nononcological surgery of kidney and upper urinary tract

Nononcological urological surgery of kidney and upper urinary tract includes such proce-
dures like simple nephrectomy, pyeloplasty, nephrolithotomy or pyelolithotomy, percuta-
neous nephrolithotomy (PNL), extracorporeal shockwave lithotripsy (ESWL), retrograde
intrarenal surgery (RIRS), percutaneous nephrostomy, ureterorenoscopy and ureteral stent
replacement. Open stone surgery (nephrolithotomy or pyelolithotomy) is now dramatically
reducing and the endoscopic and extracorporeal methods are increasing, overcoat ESWL
in those hospitals which has an own lithotripter. Open surgery is actually indicated for the
complex renal stone and the complicated ureteral stone [18]. Classically, PNL is done on the
patient first in the supine position for replacement of the ureteral catheter and then in a prone
position for accessing the caliceal system. Other procedures such as simple nephrectomy,
pyeloplasty, nephrolithotomy and pyelolithotomy are performed on the patients in the lateral
decubitus position.

2.2.1. Preoperative considerations

The anesthesiologist should evaluate not only patients” history and physical examination but
also existing urinary tract infection. If it exists, antibiotherapy must be given perioperatively.
All anticoagulation medications including aspirin and nonsteroidal anti-inflammatory drugs
(NSAIDs) are typically held for 5 days prior to surgery. Blood type and screening are recom-
mended for the patients who are at high risk of intraoperative bleeding.

2.2.2. Intraoperative considerations

Antegrade or retrograde ureteropyelography (RPG) is often used to demonstrate the
anatomical structure of urinary system or localized the level of urinary system obstruction.
Due to the radiographic-iodinated contrast media used in such PNL procedure, patients have
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predisposed factors for iodinated contrast media-related adverse reactions such as a previous
adverse reaction to iodinated contrast media, a history of asthma and atopy, dehydration,
acute or chronic renal diseases and advanced age, where iodinated contrast media-induced
adverse reactions may observed [19]. The prone position alone for PNL is associated with
a variety of position-related complications. To avoid cervical spine injury during position-
ing, the head should be held in a neutral position through the turn and positioning. Neck
extension or head rotation could also impede carotid and/or vertebral artery blood flow
and venous return. The etiology of peripheral nerve injury is usually multifactorial, requir-
ing both a direct pressure and a stretch component. The large volume of irrigation fluid
used during PCNL can decrease body temperature. Hence, monitoring core temperature
is routine [2, 20, 21].

2.2.3. Choice of anesthesia

Commonly, general anesthesia with an endotracheal intubation is preferred for simple
nephrectomy, pyeloplasty, nephrolithotomy, pyelolithotomy and PNL, although sedation
and neuraxial anesthesia for PNL have also been successful [22]. If neuraxial blockade is per-
formed, the sensorial block level must be Th4.

Recently, anesthetic management of routine ESWL treatments on adults covers effective seda-
tive and analgesic practice. Different applications could be used successfully such as meperi-
dine and promethazine, midazolam with alfentanil, fentanyl and ketamine. Substantial
research on the use of alfentanil by various routes reported that this drug is very effective
[23-25].

2.2.4. Complications

The major complications during nononcological urological surgery of kidney and upper
urinary system tract includes bleeding, bowel and collecting system injury, traumatic arte-
riovenous fistula or false aneurysm, sepsis, atelectasis, pneumothorax, pleural effusion and
hemothorax [26, 27]. As excessive amount of irrigation solution is used intraoperatively in
surgical procedures like PCNL, hypothermia is frequently observed. Tekgiil and colleagues
reported that effects of irrigation solutions, administered at either 21 or 37°C in percutaneous
nephrolithotomy (PCNL), on hypothermia and related postoperative complications such as
late emergence and late recovery from anesthesia, shivering, lactic acidosis and excess bleed-

ing [2].

3. Anesthesia for bladder and prostate

3.1. Oncological surgery of bladder and prostate

This part covers transurethral resection of bladder tumor (TUR BT), radical cystectomy and
radical prostatectomy operations as urological surgery. Bladder cancer is the fourth most
common cancer in the United States. Initial diagnosis and treatment of non-muscle invasive
bladder cancer is TUR BT. Radical cystectomy is the treatment of choice for invasive urinary
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bladders tumors. Prostate cancer is a major cause of morbidity and mortality and it is esti-
mated that there will be 240,890 new diagnoses of prostate cancer in 2011 and that prostate
cancer will be responsible for approximately 33,720 deaths in 2011 [28].

3.1.1. Preoperative considerations

Average blood loss associated with radical cystectomy has been reported from 560 to 3000
mL [29, 30] and blood loss associated with radical retropubic prostatectomy is commonly
reported between 550 and 800 mL, although higher estimates are infrequently reported [31,
32]. Blood transfusion for patients with high risk of bleeding has been recommended before
elective procedures.

In patients who underwent surgery, the major and most common causes of the nonsurgical
death are deep vein thrombosis (DVT) and related pulmonary thromboembolism. Especially,
patients who underwent radical surgery such as prostatectomy and cystectomy have major
risk factors for development of DVT due to malignancy, surgery, immobility and advanced
age. For good postoperative care of patients and to prevent the development of DVT, DVT
profilaxy is needed before the surgery in patients with high risk for DVT. The risk of devel-
opment DVT in patients undergoing open radical prostatectomy without DVT profilaxy is
estimated to be 32% [33].

3.1.2. Intraoperative considerations

Because of the possible excessive blood loss, wide-channel venous cannula is required. After
positioning the patient, arterial cannula should be placed for monitoring the patient. If there
is a risk for excessive blood loss, central venous catheter should be utilized for purpose of
transfusion. However, central venous pressure monitoring could not demonstrate cardiac
performance related to fluid infusion [34].

3.1.3. Choice of anesthesia

General endotracheal anesthesia is indicated; consideration should be given to a combined
general/neuraxial technique for postoperative analgesia [35]. The sensorial block level must
be Th10 for TUR BT and Thé for radical cystectomy or prostatectomy. Especially, obturator
nerve blockade should be added to neuraxial block to prevent the adductor jerk due to electri-
cal stimulation of cautery applied in lateral wall localized tumors of the bladder. Obturator
nerve block is performed following verification of the level of spinal anesthesia with the
patient in lithotomy position. A 21 gauge 100 mm stimulable needle is inserted perpendicu-
larly 2 cm inferior and 2 cm lateral point from the pubic tubercle. According to the “traditional
approach”, the needle was inserted from the skin through the inferior rami of the pubic bone,
redirected anterolaterally and contacting with the obturator nerve after advancing to a depth
of 2—4 cm. After the contraction of adductor muscle group was observed, 10 mL 0.25% levobu-
pivacaine was administered with current at 0.3-0.5 mA [3, 4].

3.1.4. Complications

The anesthesiologist should always consider that patients underwent radical cystectomy
and urinary diversion could produce bacteremia. If ileal conduit operation performed, ionic
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alterations may cause metabolic disturbances. This disorder usually emerges in the form of
hyperchloremic metabolic acidosis. When urine contact with intestinal segment, ammonium,
ammonia, hydrogen and chloride are reabsorbed from intestinal segment. Alkalizing agents
or drugs such as chlorpromazine or nicotinic acid that blockade the chloride transport can be
used successfully for the treatment of this disorder [35].

Hemorrhage is the most common observed complication of radical surgery in urological field.
For radical prostatectomy operations during the pelvic lymph node dissection hypogastric
veins can be injured and results in extensive blood loss. Similarly, the deep dorsal vein com-
plex can be injured during the transection of this vein complex and extensive blood loss may
also occur. Additionally, deep vein thrombosis and pulmonary thromboembolism are other
radical prostatectomy-related major complications [30].

3.2. Nononcological surgery of bladder and prostate

Nononcological urological surgery procedures of bladder and prostate include such as trans-
urethral resection of prostate, suprapubic transvesical prostatectomy and cystoscopy. Most
patients with bladder obstruction caused by benign prostatic hyperplasia are successfully
treated by transurethral resection of the prostate (TURP) or, if prostate size is over than 70 cc,
suprapubic transvesical prostatectomy could be performed [36]. Diagnostic examination of
the lower urinary tract is often performed using a cystoscope and initial diagnosis and treat-
ment of bladder cancer is conducted by transurethral resection of bladder.

3.2.1. Preoperative considerations

This procedure is often performed on older patients with impaired renal function, cardio-
vascular and respiratory problems. Thus, it is important to limit the block level to minimize
hemodynamic changes during the spinal anesthesia in such patients [37, 38].

3.2.2. Intraoperative considerations

During the resection of prostate, surgeon must take maximum care not to damage prostatic
capsule. In 2% of the patients who underwent resection of the prostate, capsule perforation
may occur. In these patients, symptoms such as restlessness, nausea, vomiting and abdominal
pain can be observed. If perforation occurred, the operation must be terminated immediately
[39]. Bleeding may occur during the TURP but can be controlled easily. Since the irrigation
fluids and blood mix during the TURP, it is difficult to determine the amount of bleeding.
According to the researches, estimated bleeding during the TURP operation is 2-4 mL/min of
resection time or 20-50 mL/g of resected prostatic tissue [40]. The need for transfusion due to
hemorrhage during TURP is in 2.5% of patients undergoing TURP [41].

The clinical presentation of TURP syndrome is multifactorial, initiated by excessive absorp-
tion of irrigating solution that affects central nerve system (CNS), cardiovascular, respira-
tory and metabolic homeostasis. Initial signs of TURP syndrome cover burning sensations
in the face and neck along with lethargy and apprehension. Additionally, headache and irri-
tability may be observed due to affected CNS. Finally, visual disturbances, confusion, sei-
zures and eventually coma may be observed. These CNS disturbances have been attributed
to hyponatremia, which occurs with the absorption of any type of irrigating solution and
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hyperglycinemia and/or hyperammonemia if glycine is used [42, 43]. The amount and rate
of fluid absorption depend on several factors such as hydrostatic pressure of the irrigation
fluids, bladder distention, the size of opened venous sinuses and the length of resection time
[44]. If there is a suspicion of TURP syndrome, operation must be terminated immediately
and blood samples including electrolytes, creatinine, glucose and arterial blood gases must be
sent for analyses and electrocardiogram should be obtained [45]. Treatment of hyponatremia
and excessive fluid loading should be adjusted according to the severity of the patient’s symp-
toms. When patient's symptoms are mild (serum sodium level is greater than 120 mEq/L),
only fluid restriction combined with loop diuretics can be enough to bring increased serum
sodium levels to normal levels. If the serum sodium levels are less than 120 mEq/L, intrave-
nous hypertonic saline administration is recommended for the patients with severe symp-
toms. The 3% sodium chloride solution 100 mL/h should be infused and the patient's serum
sodium levels should be corrected at a rate not greater than 0.5 mEq/L/h [46, 47].

3.2.3. Choice of anesthesia

Sedation and routine patient monitoring is enough for minor procedures. But other proce-
dures such as suprapubic transvesical prostatectomy and TURP or necessitate full distension
of the bladder, a neuraxial anesthesia should be used. The block level must be Th10.

3.2.4. Complications

Bleeding, transurethral resection syndrome (TUR), bladder perforation, hypothermia, intra-
operative and early postoperative occurrence of disseminated intravascular coagulation are
most common observed complications of TURP. Providing stable anesthesia is essential for
these patients to minimize hemodynamic changes. Under the general anesthesia, it could be
difficult to realize complications such as TUR syndrome and bladder perforation, so regional
anesthesia is recommended for TURP operations [48, 49]. Side effects of TUR BT is bladder
perforation that has a reported incidence of 0.9-5% and presents with the signs and symp-
toms of inability to distend the bladder, low return of irrigation solution, abdominal dis-
tension and tachycardia [50]. Rarely, intraperitoneal fluid extravasation related to bladder
perforation during the TUR BT can be identified as “TUR BT syndrome’. Similar clinic symp-
toms can be observed like TUR P syndrome, but in TUR BT syndrome, intravascular fluid
deficit that causes renal impairment is not observed. The mechanism of the possible causes
of intravascular hypovolemia is that sodium equilibrates with the intraperitoneal fluid [51].
If the tumoral mass localized near the obturator nerve in bladder wall, bladder perforation
may occur during the resection. The obturator nerve usually passes through the pelvis close
to the lateral bladder wall, bladder neck and prostatic urethra. During the resection of bladder
cancer, obturator nerve may stimulated by electrocautery that causes bladder perforation by
the forceful thigh contraction of adductor muscles. Recently, combined neuraxial and obtura-
tor nerve blockage is recommended to prevent this complication. This combined technique is
recommended to reduce the complications of general anesthesia in these patients which often
covers older patients with lots of comorbidities.



Anesthesia for Urological Surgery 61
http://dx.doi.org/10.5772/66196

4. Anesthesia for urethra and genital surgery

4.1. Oncological surgery of genital legion

In this section, the title of oncologic surgery of the genital region covers the operations of
radical orchiectomy and retroperitoneal lymph node dissection. Initial treatment of testicular
cancer is radical orchiectomy with inguinal incision. Retroperitoneal lymph node dissection
(RPLND) for the treatment of testicular cancer is a relatively rare and complex operation after
chemotherapy.

4.1.1. Preoperative consideration

The preoperative medical evaluation of cancer patients should include an assessment of nutri-
tional status, functional status and symptom control (particularly regarding cancer-related
pain) in addition to an assessment of general medical issues. The natural history of the cancer
and effects of any prior chemotherapy or radiation therapy should also be considered [52].

Pulmonary insufficiency may occur in patients who underwent retroperitoneal lymph node
dissection and have adjuvant bleomycin preoperatively. Oxygen toxicity and fluid overload
may also develop, too. Physicians must be careful in terms of developing acute respiratory
distress syndrome postoperatively for these patients.

4.1.2. Intraoperative consideration

Routine monitorization of the patient is enough. If bradycardia occurs, surgeon must be
warned to reduce the stretch of the spermatic cord and if it does not improve, 1 mg atropin
should be given.

4.1.3. Choice of anesthesia

Neuraxial anesthesia has been considered as the anesthetic technique of choice for radical
orchiectomy. Sensorial block level must be Th10, but minimized to psychiatric trauma, seda-
tion must be added to neuraxial blockade. For the RPLND procedure general anesthesia must
be chosen. If neuraxial blockade is chosen (if general anesthesia is contraindicated), high-level
sensorial block (Th4) with sedation must be performed.

4.1.4. Complications

Sometimes in this procedure, vagal reflex and bradycardia can occur during the operation
due to stretch of the spermatic cord and patient can feel pain.

4.2. Nononcological surgery of urethra and genital legion

This section covers urological procedures such as cystoscopy, urethrotomy interna, scrotal
orchiectomy, hydrocelectomy, varicocelectomy and penile prosthesis implantation.
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4.2.1. Preoperative consideration

These procedures generally do not require any particular anesthetic technique, depending
upon the procedure, the medical condition of the patient and patient's and/or surgeon's pref-
erence, one technique may be more appropriate.

4.2.2. Intraoperative consideration

Routine monitorization is advised. During the varicocelectomy, bradycardia can occur due to
stretch of the spermatic cord.

4.2.3. Choice of anesthesia

Many of these procedures are ambulatory, performed in cystoscopy suites with a rapid turn-
over of patients and the anesthetic choice must also consider these concerns. Evaluation of the
lower urinary system tract is often performed by the urologist with a flexible cystoscope. This
procedure generally performed by the urologist with local topical anesthesia applied to the
inside of the urethra as it does not require full bladder distention. If patient could not tolerate
pain, the procedure must be performed under monitored anesthesia care with sedation [53].
Neuraxial anesthesia has been long considered the anesthetic technique of choice for these
urological procedures. The sensorial block level must be Th10.

4.2.4. Complications

During the varicocelectomy, bradycardia can occur due to stretch of the spermatic cord.

5. Anesthesia for urological laparoscopic surgery

Laparoscopic procedures in urology cover both oncological surgery like nephrectomy,
prostatectomy, cystectomy and nononcological surgery like pyeloplasty. Laparoscopic
surgery has found wide applications in urological surgery with the developing technol-
ogy. After laparoscopic surgery, some complications due to pneumoperitoneum began to
occur more frequent.

5.1. Preoperative considerations

An anesthetic plan is developed based not only on the patient's physical status determined
by the assessment but on how the patient will tolerate pneumoperitoneum and body posi-
tion during the surgery. Some factors like obesity and Trendelenburg level may increase the
intraabdominal pressure during the laparoscopic operations. These factors should be con-
sidered, when anesthetic management is planned. Difficult airway, cardiopulmonary status,
allergies, medications and comorbid conditions are important issues for patients undergoing
laparoscopic surgery. Especially, decision of laparoscopic surgery should be considered care-
fully in patients with advanced respiratory disorder because of the high risk of anesthesia.
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5.2. Intraoperative considerations

Pneumoperitoneum and patient positioning impede normal respiratory mechanics. Placement
of an endotracheal tube allows the ventilator to supply the work necessary to breathe. Gastric
secretions are commonly seen in the oropharynx or on the face of patients at the end of sur-
gery. The placement of an arterial line may be indicated if the patient's medical condition war-
rants closer blood pressure monitoring nasogastric tube decompression of the stomach and
Foley catheter drainage of the bladder is the basic procedure for most urologic laparoscopic
surgeries. Hypothermia is common beginning with the disruption of thermal regulation due
to anesthesia.

5.3. Choice of anesthesia

Most common anesthetic plan is general anesthesia. General endotracheal anesthesia is cho-
sen to counter the adverse conditions created by the pneumoperitoneum, patient positioning
and surgical time. If general anesthesia is contraindicated, high level sensorial block (Th4) can
be performed.

5.4. Complications

Anesthetic complications are addressed through that prism: anesthetic strategies to mini-
mize hemodynamic changes due to pneumoperitoneum and patient position. Increasing
the intrathoracic blood volume improved hemodynamic function in all body positions with
pneumoperitoneum. Fluid management is the most important element for minimizing pneu-
moperitoneum side effects [54].

Most common observed complications of laparoscopic surgeries are swelling of the face, eye-
lids, conjunctivae and tongue along with a plethoric color of venous stasis in the head and
neck. Although facial edema is common, but laryngeal edema may prevent the extubation of
patient and can cause delay extubation in 5% of patients [55, 56].

6. Anesthesia for urologic emergency

Urologic emergencies requiring surgical intervention are relatively rare. This section reviews
both the common and rare urologic emergencies such as renal trauma, bladder trauma, ure-
thral trauma, scrotal trauma, testicular torsion and fournier gangrene.

Testicular torsion occurs due to rotation of spermatic cord around. This rotation blocks the
blood flow of testis and impairs venous drainage. As a result of this pathology, edema, isch-
emia and necrosis develop. Testicular torsion is common in the two periods of life. While first
peak is at age of 1-2 years, second peak is common in adolescence. Testicular torsion is rarely
observed after the age of 40 [57].
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6.1. Preoperative considerations

In patients with fournier gangrene, there is usually rapid development of severe toxemia
leading to sepsis and progressive organ dysfunction. The appropriate administration of intra-
venous fluid therapy to maintain an effective circulating volume and prevent and inadequate
tissue perfusion is a core element of the preoperative practice of the anesthesia [58].

6.2. Intraoperative considerations

Routine monitorization is advised for all patients with urological emergencies. The patient
with the risk of hypovolemia and hypotension, central venous catheterization must be per-
formed to monitor the central venous pressure and providing rapid fluid transfusion. Invasive
arterial blood pressure must be done to follow blood pressure in patients with the risk of
hypotension.

6.3. Choice of anesthesia

Most common anesthetic plan is general anesthesia in trauma patients, but neuraxial block-
ade can be chosen for testicular torsion. If effected area is localized in patients with fournier
gangrene or the patient is not septic, neuraxial blockade can be chosen, too. The sensorial
block level must be chosen according to the level of legion. Th10 sensorial block level can be
enough for testicular torsion.

7. Patient positioning for urological surgery

Nerve injuries comprise 22% of all anesthesia-related medico-legal claims in the United States
[59]. In an extensive study that reviewed 380,680 cases over 10 years in single center reported
that perioperative nerve injuries were observed in 112 cases. Urological procedures were 15%
of all cases and 13% of cases have peripheral nerve injuries [60].

Different ocular injuries can be observed. Although minor complications like corneal abra-
sion that can occur in any position are common, major complications like ischemic optic neu-
ropathy occur in prone or Trendelenburg positions [61]. Compartment syndrome has been
reported to occur in several positions after prolonged urologic surgery [62].

7.1. The supine position

The upper extremities should be properly secured to avoid pressure on the ulnar groove
or hyperextension. One or both arms may be adducted or abducted while supine. Padding
should be placed over the elbow and any sharp objects and the arms secured using the draw
sheet tucked underneath the patient rather than the mattress.

Ulnar neuropathy is the most frequent site (28%) of anesthesia-related nerve injury according
to the ASA Closed Claims Database [63]. The median nerve is susceptible to neuropathy due
to excessive stretching as it courses through the antecubital fossa. Careful attention should be
given to avoid hyperextension at the elbow [64].
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7.2. The prone position

It is most commonly used for percutaneous nephrolithotomy, adrenalectomy and pediatric
pyeloplasty via the dorsal lumbotomy approach. During positioning, attention should be
paid to avoid inadvertent extubation of the trachea and to maintain the neck in neutral posi-
tion, fixed relative to the thorax. All pressure points, including forehead, chin, elbows, knees,
shins and toes, must be properly padded.

A decrease in cardiac index (CI) can occur when turning patients from the supine to the prone
position ranging from 12.9 to 24% [20].

In contrast to the supine position, the prone position results in a minimal reduction in func-
tional residual capacity relative to the upright position [65].

Other rare complications related to the prone position are ophthalmic injury, upper airway
edema and venous air embolism.

7.3. The lithotomy position

The lithotomy position is most frequently used for transurethral cystoscopy procedures or for
open urologic procedures where access to the perineum and anus is necessary. Elevating the
legs into the lithotomy position translocates the blood volume of the lower extremities into
the central compartment, increasing venous return. Similar to the supine position, placing the
legs into lithotomy position will shift the abdominal viscera cephalad into the diaphragm,
decreasing lung capacities and compliance.

Neuropathy of the common peroneal nerve is the most common lower extremity neuropa-
thy seen in the lithotomy position, accounting for 78% of lower extremity nerve injuries
[66]. The obturator nerve, which supplies motor innervation to thigh adductors, may be
stretched when the patient's hips are flexed beyond 80-100° [67]. Posterior tibial nerve,
lateral femoral cutaneous nerve and saphaneus nerve can be injured during lithotomy
position.

7.4. The Trendelenburg position

The Trendelenburg position is obtained by tilting the patient in the supine position to head
down. According to the Trendelenburg position, abdominal organs move toward the dia-
phragm and facilitate the exploration of lower abdomen and pelvis by surgeons. The arms
should be abducted <90° in the neutral position preferably. Physicians should be careful
about the sliding down of the arms from the board when patient is tilted [68].

The Trendelenburg position may cause visual loss by impairing the venous drainage of the
head. If the patient's head below the level of the heart, increased intracranial and venous pres-
sure can intensify the pressure on optic nerve [69].

Edema can be observed in head or neck, due to the increased intracranial and venous pres-
sure caused by the prolonged Trendelenburg position. Swelling of the face, eyes, larynx and
tongue may occur and is essential for indication of fluid resuscitation.
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7.5. The lateral decubitus position

The lateral decubitus position generally is preferred to explore surreal gland, kidney or col-
lecting system without entering the peritoneal space. This position is suitable for simple
nephrectomy procedure, removing renal tones that required open surgery and ureter stones
localized in the upper urinary system.

Cardiac output while in the lateral decubitus position should remain unchanged unless
venous return is impeded. Ventilation is increased in the dependent lung and gas exchange
remains unchanged [70].
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Abstract

The prevalence of obesity is rapidly increasing throughout the world. Correspondingly,
anesthetic procedures in obese patients are also increasing due to both treatment of obe-
sity and other surgical problems of obese patients. Anesthesia-related complications are
also seen in obese patients than in normal-weighted population. The importance of anes-
thetic applications in obese patients originates from physiological and pharmacokinetic
alterations. Inhalation of these patients via mask or intubation during general anesthesia
may be difficult or even impossible. Determination of extubation time after awakening
from anesthesia is also a critical decision. Sleep apnea syndrome and postoperative atel-
ectasis are more common in obese patients than in normal-weighted population. Another
vital complication that should be emphasized is thromboembolism, whose incidence and
severity may be decreased by pharmacological and functional preventive modalities. This
patient population has elevated risk of perioperative mortality and morbidity. Prior to
any elective surgical procedure, an obese patient should be thoroughly evaluated to check
medical conditions that may increase perioperative mortality risk. Since anesthesiologists
will gradually encounter more obese patients, they need a better comprehending of the
difficulties of obesity during anesthetic procedures and taking more preventive measures
for their patients to avoid complications, or rendering them less traumatic, if any.

Keywords: obesity, airway management, drug dosages, perioperative management,
postoperative analgesia

1. Introduction

Though obesity is not a newly emerging problem with its epidemic character at both public
and individual levels, there has been recent increase in the number of successful surgical
interventions with low likelihood of serious morbidity. Body weight of more than 50% of
adults in the United States (US) is 20% more than the body weight regarded optimum for the
height. The percentage of such adults has increased from 30 to 50% just in 18 years [1].
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Overweight has been defined as an excess of total or expected “normal” body weight, includ-
ing all tissue components (muscle, bone, water, and fat) of body composition. In practice, the
terms obesity and overweight are often used interchangeably to refer to excess body fat, but
ideally an index of obesity should reflect only excess adipose tissue and be independent of
height, body fluids, and muscle, and skeletal mass.

Body mass index (BMI) is now the standard measure for describing different categories of
obesity. It must always be remembered that BMI is an indirect measure of obesity since it only
considers height and weight, irrespective of the source of any additional weight. BMI is cal-
culated by dividing patient weight (kilograms, kg) by the square of their height (meters, m);
BMI = kg/m?. An increased BMI can be present from any cause of excess weight (body build-
ing, ascites, and very large tumor) even in the absence of additional fat. The United States and
many countries classify obesity according to BMI, as shown in Table 1 [2].

BMI

<20 kg/m? Underweight
20-25 kg/m? Normal

26-29 kg/m?* Overweight

30-39 kg/m? Obese

240 kg/m? Morbid obese

250 kg/m? Super-obese

260 kg/m? Super-super obese

World Health Organization (WHO) classification: BMI

30-34.9 kg/m? Class I
35-39.9 kg/m?* Class I
>40 kg/m? Class III

Body mass index (BMI) = weight (kilograms, kg) divided by the square of height (meters, m); BMI = Wt (kg)/Ht (m?).

Table 1. Classification of obesity by body mass index (BMI).

While many obesity complications that pose threat to perioperative period (e.g., airway dif-
ficulties or joint problems) may be observed by physical inspection, other complications
such as sleep apnea, systemic and pulmonary hypertension, and diabetes mellitus should
be comprehensively assessed by careful anamnesis, physical examination, and laboratory
tests. Obesity itself, its complications and treatment, is also important for the anesthesiologist.
An individual who has 30% excessive weight has a 40% increased mortality risk due to heart
disease and a 50% increased mortality risk due to stroke. Hospital costs are also higher in
obesity, with increased risk of perioperative morbidity and mortality [3].

Preoperative assessments make perioperative period more efficient, decrease anxiety of both
healthcare providers and cared patients, and make patients have realistic expectations which
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increase satisfaction from pain management and entire perioperative experience. Obesity is a
health problem associated with many medical conditions (Table 2). Preoperative assessment
allows for detection of possible interindividual differences in terms of physiology of airways,
pulmonary system, cardiovascular system, metabolic system, and nervous system. Another
benefit is the important contribution of anesthesiologists to surgeons in terms of patient’s
psychological attitude and preparation [4].

Organ system

Respiratory Restrictive lung disease, asthma, obstructive sleep apnea
(OSA), obesity hyperventilation syndrome (OHS)

Cardiovascular Hypertension, cardiomyopathy, congestive heart failure,
coronary artery disease, peripheral vascular disease,
thromboembolism, sudden death

Endocrine/metabolic Type 2 diabetes mellitus, Cushing’s syndrome,
hypothyroidism, hyperlipidemia, vitamin deficiencies

Gastrointestinal Hiatal hernia, inguinal and umbilical hernia, fatty liver,
gallbladder stones

Musculoskeletal Osteoarthritis on weight-bearing joints, low-back pain

Malignancy Breast, prostate, cervix, uterus, colorectal

Psychiatric Depression, low self-esteem

Table 2. Obesity-related medical conditions.

2. Preoperative assessment

It is essential to provide a clinical setting that makes obese patients feel comfortable with
respect to physical conditions. Outpatient setting or room should be designed according to
overweight/obese patients. Primary physicians or surgeons of the patients should not believe
mistakenly that they have adequate knowledge about their patients’ medical situation.
Comorbidities or other accompanying diseases may not frequently be well-documented.
Preoperative assessment by anesthesiologist should include the presence of hyperglycemia
or type 2 diabetes mellitus, hyperlipidemia, hypertension, coronary artery disease, respira-
tory problems, liver disease, and obstructive sleep apnea (OSA). As per indicated surgical
procedure, impacts of osteoarthritis should be considered regarding positioning of patient
especially during elective surgery [5].

An often overlooked, albeit important issue is the evaluation of medical reasons for obesity.
Incidence of endocrine disease other than type 2 diabetes mellitus was reported as 47.4%
among morbidly obese patients considered for bariatric surgery. Prevalence of hypothyroid-
ism, pituitary diseases, and Cushing’s syndrome is shown to be 18.1, 1.9, and 16.3%, respec-
tively. Newly established endocrine diseases are present in 16.3% of all patients [6].
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Psychological tests of morbidly obese patients frequently revealed depression, social impairment,
and loss of interest in interindividual behaviors. Physicians should be aware of the likelihood of
the presence of psychosocial problems in obese patients during the perioperative period [7].

Routine laboratory tests indicated for obese patients are summarized in Table 3. If the obese
patient had history of bariatric surgery such as gastric bypass or other which represents a
potential for malabsorption, a significant protein, vitamin, iron, or calcium deficiency may be
present. Therefore, further additional tests are required in such patients to assess metabolic
alterations (Table 4) [8].

Anesthesiologist should question all current medication of the patient, including over-the-
counter and prescribed appetite-stimulating and weight-lowering drugs since most of these
agents are associated with serious heart and lung problems and important morbidity and
mortality (Table 5) [8].

Fasting plasma glucose

Lipid profile

Electrolytes including sodium, potassium, calcium, and phosphorus
Liver function tests including AST, ALT, total, and direct bilirubin
Renal function tests including creatinine level

Complete blood cell count

Ferritin

Vitamin B12

Thyroid stimulating hormone (TSH)

25-Hydroxy vitamin D level

Testosterone level

Electrocardiogram (ECG)

Especially in >55-year-old women and >45-year-old men who has established or suspected heart disease or at higher
risk for heart disease

P-A chest X-ray
Especially in >60-year-old patients with established or suspected lung or heart disease
Polysomnography

Other clinically indicated additional tests, such as echocardiography

Table 3. Routine preoperative tests for obese patients.

2.1. Assessment and optimization of airways and pulmonary system

Factors increasing perioperative risks in obese patients in terms of airways and pulmonary system
include airway anatomy, rapid desaturation developed during anesthesia induction secondary
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to reduced functional residual capacity (FRC), tendency to desaturation in supine position, need
for induction and recovery in vertical position, tendency to sleep apnea, chronic respiratory
insufficiency, pulmonary hypertension, predisposition to deep venous thrombosis and its conse-
quences, and need for active participation to encourage for postoperative mobilization [9].

Test Month 6 Month 12 Month 18 Month 24 Afterwards
N

Complete blood count
Biochemistry profile V
Iron v
Magnesium V

Albumin

2 2 2 2 2 2

Vitamin B12

Vitamin D

2 2 2 2 2 2 2 2
B e .

Other lipid soluble vitamins
Parathyroid hormone V V

Folate

2 2 2 2 2 2 2 2 2 2 2

Bone density
Lipid panel

Uric acid

2. 2 2 2 2

Vitamin K

Table 4. Preoperative laboratory tests recommended for patients with history of bariatric surgery.

Obesity is a common and important risk factor for obstructive sleep apnea (OSA). A near
two-unit increment in BMI raises the probability of OSA by fourfold. While the prevalence of
OSA in general population is 2 and 4% in women and men, respectively, it ranges from 3 to
25% and 40 to 78% in morbidly obese women and men, respectively. Sleep apnea in obese
patients has usually obstructive character and originated from airway stenosis secondary to
excessive amount of peripharyngeal adipose tissue and from reduction of upper airway mus-
cle tonus during rapid eye movement (REM) sleep. BMI, neck diameter, lung function tests
(LFT), arterial blood gas measurement during daytime room air, and sleep-related complaints
could not adequately predict the presence and severity of OSA in obese patients [10].

Definitive diagnosis of OSA is established by polysomnography, where following criteria should
be fulfilled: occurrence of 25 apneic events (10 s interruption of air flow despite attempting to
breath) or 215 hypopneic events (>50% reduction of air flow for 210 s) per hour during 7-h sleep
test. Apneic/hypopneic index (AHI) shows the total number of apneic and/or hypopneic events
per slept hour. The severity of OSA is directly correlated with the increase in AHI [11].

The determination of OSA in obese patients has two important implications. First, patients
with OSA are more prone to the suppressive effects of hypnotics and opioids on airway muscle
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tonus and respiration [12]. Postoperative parenteral or neuraxial opioid use may lead to respi-
ratory complications that may result in death or potentially fatal events [13, 14]. Second, OSA
complicates laryngoscopy and mask ventilation [15]. Moreover, oxygen stores are decreased
due to reduced expiratory reserve volume (ERV) in obese patients [16]. Combination of these
factors predispose to serious problems in airways.

Drug Implications for anesthetic procedures (reported adverse effects)

Diethylpropion Pulmonary hypertension and psychosis.

Dexfenfluramine Associated with pulmonary hypertension and cardiac valve disease.

Fenfluramine Associated with pulmonary hypertension and cardiac valve disease.

Fluoxetine Selective serotonin reuptake inhibitor. Associated with diarrhea, nausea, headache, and
dry mouth. Bradycardia, hemorrhage, convulsion, hyponatremia, hepatotoxicity, and
extrapyramidal effects were reported.

Mazindol Pulmonary hypertension, atrial fibrillation, and syncope episodes were reported.

Metformin No adverse effect was reported.

Orlistat Diarrhea and reduced levels of lipid-soluble vitamins were reported.

Phentermine Association with cardiopulmonary problems could not be excluded.

Phenylpropanolamine Increases risk of hemorrhagic stroke.

Sibutramine May lead to mild increases in blood pressure and heart rate. Associated with arrhythmia
and hypertension, which is likely to be related to cardiac arrest and stroke.

Diuretics Hypovolemia, hypokalemia.

Herbal products

Chitosan No adverse effect was reported.

Chromium No adverse effect was reported.

Ephedra Hypertension, psychiatric symptoms, autonomic dysfunction, gastrointestinal
symptoms.

Hydroxycitric acid No adverse effect was reported.

Pyruvate Death was reported in a patient with restrictive cardiomyopathy.

Table 5. Weight lowering drugs.

Anamnesis is the easiest way of evaluation of OSA in the preoperative period in patients who
did not undergo polysomnography before. Such useful data could be obtained from patient’s
roommate or sleep partner. Anamnestic data about snoring, interruption of breathing during
sleeping (a short-time attempt to inspire after apneic episodes and wheezy breathing or resus-
citative nasal breathing), decreased daytime performance, morning headache, and irritability
suggest sleep apnea. Systemic hypertension and increased neck diameter (>40-42 cm at cricoid
cartilage level) is consistent with probable OSA diagnosis [11, 17]. Other abnormalities of OSA
detected during physical examination include somnolence and mask airway and/or intubation
difficulties (e.g., Mallampati class III or IV hypognathia, short thyromental distance) [12, 14, 15].
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Some obese patients develop chronic daytime hypoventilation, called as obesity-hypoven-
tilation syndrome (OHS) [18]. These patients also have chronic daytime hypoxemia
(PO, < 656 mmHg), which could be easily detected by pulse oximetry at room air. Permanent
hypercapnia ((PCO, > 45 mmHg) in the absence of serious obstructive pulmonary disease is
pathognomonic for this syndrome in obese patients. These patients usually have advanced
obesity (BMI > 40 kg/m?) and risk of OHS is markedly increased with increasing BMI [19].
Majority of patients with OHS has also OSA; however OHS is not common in OSA patients.
Those patients being at the “severe” end of OHS spectrum with cor pulmonale signs and
symptoms are called “Pickwickian” [10, 18].

Careful determination of concomitance of obesity and OHS or COPD is important since this
combination often leads to chronic daytime hypoxemia, which in turn causes pulmonary
hypertension, right ventricular hypertrophy, and/or right ventricular failure. Perioperative
morbidity and mortality rates are high in these disorders (Pickwickian), where patients need
to undergo many tests to guide for perioperative medical optimization and postoperative
care [10, 12, 20].

In perioperative setting, oxygenation is further diminished by reduction in muscular tonus of
chest wall and diaphragm following general anesthesia induction and skeletal muscle relax-
ation. The net effect of this on obesity is the decrease of ERV and FRC by more than 50% and
consequent decrease in the number of alveoli making efficient gas exchange, compared to the
preinduction phase [21]. In addition, reduction in ERV and FRC increases predisposition to
postoperative atelectasis and may inhibit effective clearance of secretions.

Main source of oxygen reserve during apnea is ERV. Therefore, preoxygenation is less
effective in obese patients and the time required for hemoglobin desaturation to be reduced
to below 90% after apnea is shortened [22]. Obese patients in relaxed condition under anes-
thesia have increased likelihood of hypoxemic complication due to “reduction in apneic
oxygenation reserve” and difficulty of performing positive pressured mask ventilation
[15]. In patients considered for bariatric surgery, elective awake tracheal intubation may
be the safest approach if there are signs for difficult intubation (e.g., insufficient visualiza-
tion of posterior pharyngeal wall). Before the induction, after placing a cylinder under the
scapula and a support to the occipital region of the patient and asking for full extension at
atlanto-occipital joint from the patient may ease awake or conventional laryngoscopy and
intubation [23].

A study showed that laryngoscopy was more difficult to perform in obese patients (BMI > 30 kg/
m?) compared to patients with normal BMI [24]. However, authors in another study did not
observe any correlation between difficult intubation and BMI, though they found an associa-
tion between difficult intubation and increased neck diameter (>40-42 cm) or Mallampati
score of III or IV [25]. This may be explained by higher probability of incidence of both
increased neck diameter and increased Mallampati class in obese patients. Moreover, since
obese patients have elevated gastric secretion volume and acidity in the preoperative period,
premedication is applied by administration of cimetidine, ranitidine, citric acid, sodium
citrate, or metoclopramide. Some investigators suggest this as an indication for awake intu-
bation [26].
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2.2. Cardiac assessment
2.2.1. Assessment and prevention of venostasis and thromboembolism

Evaluation of venous system should be prioritized in cardiovascular assessment as implied by
mortality data. Venous emboli entered into pulmonary circulation are important causes of pul-
monary dysfunction with a 30-day mortality of 1-2%. Majority of 30-day perioperative mortal-
ity after bariatric surgery originates from pulmonary embolism (the number of mortality for
this reason is > 3 times more than the number of mortality due to anastomosis leakage and
consequent sepsis) [27]. Although several agents have been used to diminish the tendency to
thrombosis, no consensus has been established. Since low-molecular-weight heparin may limit
options for postoperative pain management, preoperative aspirin, and following warfarin (INR
2.0-3.0) may be considered as a reasonable choice. Use of warfarin, a vitamin K antagonist, may
elicit some problems during the postoperative period as many patients develop malabsorption
of lipids and lipid-soluble substances, including vitamin K after Roux-en-Y gastrojejunostomy
(RNYG). Optimizing warfarin dosage may become difficult due to this malabsorption, where
daily adjustments are required for at least a couple of weeks [28]. Preoperative exercise, pro-
phylaxis through antithrombotic agents and variceal socks, hematocrit count below the level of
polycythemia, increased cardiac output, and early ambulation decrease the risk in this patient
group. Therefore, evaluation and prophylaxis including exercise status, pharmacological treat-
ment, absence of symptoms and signs of venous disease and absence of evidence of venous
disease, optimal hydration as well as early ambulation should be targeted [29].

2.2.2. Cardiovascular assessment

Cardiac output is expected to increase by 0.01/min for every kilogram of adipose tissue.
Consequently, obese patients develop hypertension and associated cardiomegaly and left
ventricular failure. To measure blood pressure accurately, an appropriate-sized cuff should
be selected, which may not be as easy as it seems. Obesity not only leads to parenteral access
difficulty, but also complicates noninvasive blood pressure monitoring. Direct arterial moni-
toring may be needed for accurate and continuous tracing of blood pressure and frequent
arterial blood sampling, based on the extent of cardiopulmonary reserve [30].

Cardiac reserve may be limited in obese patients, where tolerance to hypotension, hyper-
tension, tachycardia, or volume loading-induced stress in preoperative period may be
diminished. Most of patients with Pickwickian syndrome also have right-sided heart fail-
ure. For this reason, routine preoperative assessment should also include electrocardio-
gram (ECG) in addition to anamnesis and physical examination featuring drug treatment
and cardiopulmonary problems (especially in terms of left or right ventricular hypertrophy,
ischemia, and conduction defects). In cases where biventricular failure is severe and not
compensated with >2 month lasting exercises, measurement of central vascular volume when
a large volume of blood loss is expected related to surgery or coagulation status. Physical
examination of peripheral venous line may also allow for planning of the possible need for
central venous catheter. Some physicians prefer transesophageal echocardiography to assess
central volume instead of central venous pressure (CVP) measurement [31]. There are six risk
factors to predict perioperative cardiovascular morbidity:
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(i) High-risk surgery (e.g., emergent, major thoracic, abdominal, and vascular surgery)
(ii) History of coronary artery disease

(iii) History of congestive heart failure

(iv) History of cerebrovascular disease

(v) Preoperative insulin treatment

(vi) Preoperative plasma creatinine level >2 mg/dL

No additional cardiac tests are required for the elective surgery of patients where these risk
factors are absent [32].

2.3. Metabolic assessment

2.3.1. Diabetes mellitus

Although 15% of patients with type I diabetes mellitus has also other comorbid autoim-
mune diseases such as Graves’ disease, Hashimoto’s thyroiditis, Addison’s disease, and
myasthenia gravis, no such an association has been reported in terms of obesity-related
diabetes [33].

Current treatment of type II diabetics is initiated with exercise and dietary changes usually.
A 5-10 kg weight loss, achieved by a 20% decrease in caloric intake and elevation of daily
physical activity to 30 min for a total of 8 weeks often normalize fasting blood glucose lev-
els. Nevertheless, this step is very difficult to achieve for most of patients, and patients will
eventually switch to oral hypoglycemic agents, which stimulate secretion of insulin from pan-
creatic 3-cells and improve insulin response of tissues by reversing postbinding defect [34].
Frequently used oral agents include tolazamide, tolbutamide, glyburide, and glipizide, the
two latter being sulfonylurea class. Sulfonylureas have more long-lasting glucose-lowering
effects (>24 h) and lower drug-drug interaction potential [35].

By accelerating nonenzymatic glycosylation reactions, higher glucose concentrations lead to
the formation of abnormal proteins which decrease flexibility and stretching resistance in
wound healing, thereby causing toxic effects. Diminished flexibility may result in stiff joint
syndrome and atlanto-occipital joint fixation which could hamper intubation [36].

Anastomosis-related infections are responsible for two-thirds of postoperative complications
and about 20% of perioperative mortality in patients undergoing bariatric surgery and consti-
tute number one risk in this patient group. Experimental data show that multiple factors may
increase predisposition to infection in patients with glucose intolerance. Many alterations
observed in leukocyte functions of hyperglycemic diabetic patients include decreased
chemotaxis, impaired phagocytic activity of granulocytes as well as diminished intracellu-
lar destruction of pneumococci and staphylococci [37]. Phagocytic functions of granulocytes
improve and intracellular killing capacity become near-normal if diabetic patients are aggres-
sively treated, ensuring a blood glucose level <250 mg/dL [38].



82  Current Topics in Anesthesiology

2.3.2. Hypocalcemia

Inadequate calcium intakeisboth associated with obesity and hypertension; indeed, normalization
of calcium intake could improve both hypertension and eating crises that lead to obesity [39].

2.3.3. Hyperlipidemia and hypolipidemia

Dietary control is an important treatment modality in all hyperlipidemia types [40]. Clofibrate
and gemfibrozil, which are used for the management of hypertriglyceridemia, may cause
myopathy especially in patients with hepatic or renal disease. Clofibrate may also increase
the formation of gallbladder stones. Apart from bile acids, cholestyramine also binds to oral
anticoagulants, digitalis class agents, and thyroid hormones. Nicotinic acid leads to periph-
eral vasodilatation, which should be likely to discontinue on the day of surgery. Probucol
decreases synthesis of apoprotein Al. Rare malodorous perspiration and/or QT interval pro-
longation are seen during probucol usage, and sudden death in animals [41].

Hypolipidemia, albeit a rare condition, is associated with neuropathy, anemia, and renal fail-
ure. Although anesthesia experience is limited in patients with hypolipidemia, following may
be recommended: maintenance of caloric intake and perioperative use of intravenous protein
hydrolysates and glucose [42].

2.4. Psychological assessment and psychiatric considerations

Psychological assessment is very important for a successful outcome. Not just a week, but
even a whole year following the surgery is not an easy period. Each patient needs to have
increased awareness and strong-minded with a dedicated attitude of diarizing his/her diet [7].
Evaluations of anesthesiologist may provide important clues. Patient should be emotionally
stable. Anesthesiologist may identify several factors about failure, which include drug abuse,
untreated major psychiatric disorders, compulsive eating behavior, fibromyalgia, and chronic
fatigue syndrome. Investigation, detection, and sharing of any of these may prevent potential
frustration of surgical team and avoid patient getting stressed [43].

2.5. Musculoskeletal system assessment and other considerations for patient positioning

Several other considerations about obesity are also important for anesthesiologist in a prog-
nostic and perioperative manner. Appropriate positioning of the patient, binding of monitor-
ing devices, and performing intravenous access become complicated due to excessive and
extensive subcutaneous fat tissue and enlarged extremities. Furthermore, assessment of blood
pressure is also more difficult compared to normal-weighted patients (difficulty of selecting
appropriate cuff) [44].

Assessment of positioning of obese patients prior to the surgery may abolish some postop-
erative problems. In a retrospective study, incidence of postoperative ulnar neuropathy was
reported to be 29% in patients with BMI > 38 kg/m?, compared to 1% of the control group [45].
Upper brachial plexus injury may also occur secondary to excessive rotation of the head and
cervical vertebra to the contralateral side. Hyperabduction of the arm on the affected side may
also lead to lower nerve root injury [46].
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2.6. Risk classification

According to ASA Physical Status Classification System; patients with 30 < BMI < 40 are clas-
sified as ASA 1I, patients with a BMI >40 are classified as ASA III [47]. Also, for these patients,
in 2007, DeMaria et al. suggested a risk stratification tool for bariatric patients. The Obesity
Surgery-Mortality Risk Score (OS-MRS) assigns one point to each of five preoperative vari-
ables: BMI > 50 kg m? male gender, hypertension, pulmonary embolic risk factors, and
age 45 years. A score of 0-1 is classified as “A,” 2-3 as “B,” and 4-5 as “C” with associated
mortality risks of 0.2, 1.1, and 2.4%, respectively [30]. This system was later validated by a
multicenter study of more than 4000 patients [48].

3. Intraoperative management

3.1. Positioning in morbidly obese patients

Prevalence of obesity continues to increase rapidly throughout the world [49]. Therefore,
all anesthesiologists should be familiar with this issue not only for obesity surgery, but also
for other types of surgery [50]. Inappropriate surgical position may lead to serious physi-
ological problems, and even physical injuries [51, 52]. On the other hand, appropriate posi-
tion may ease procedures, including especially endotracheal intubation, reduce physiological
problems, and minimize neural and soft tissue injury [53].

Operation tables having a carrying capacity of near 400 kg should be used for safe anesthetic
and surgical procedures in obese patients. If no special operation table is present, two stan-
dard ones having a weight-bearing capacity of 200 kg may be adjoined. Patients should be
tightly bound to the table, ensuring supporting of areas prone to pressure by gels and pads.
These patients may develop renal failure and potentially fatal complications at even supine
positions [54, 55]. In a study, Bostanjian et al. [54] described six patients undergoing bariatric
surgery, thabdomyolysis secondary to gluteal muscle necrosis developed after supine posi-
tion, where the outcomes were fatal in three of cases.

Head-elevated laryngoscopy position, which is described as the position of head and shoul-
ders above the level of the chest, i.e., above an imaginary horizontal line joining sternal notch
and external auditory canal, makes laryngoscopy and intubation easy [56]. The position
where the head is lifted 25° and reverse Trendelenburg in induction anesthesia were shown to
prolong apnea in obese patients without desaturation [57]. Functional residual capacity (FRC)
is severely diminished in the supine position after induction of anesthesia. If the reduction in
FRC exceeds closure volume, small airways become also closed, ensuing a ventilation perfu-
sion disturbance [58].

Supine position: Switching from the sitting position to the supine position causes an increase
in venous load of the heart in some patients. Reduced diaphragmatic movement by abdomi-
nal organs leads to increased respiration work, relative hypoxemia, and marked reduction in
lung volumes [59]. Lung volume is further decreased in general anesthesia procedures where
muscles are completely paralyzed [60]. Compared to normal-weighed patients, FRC and pul-
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monary compliance are reduced in the supine position in obese patients, eventually increas-
ing ventilation/perfusion mismatch [59]. All these alterations increase as the body mass index
(BMI) is elevated. Induction of the anesthesia is recommended to be performed in the lateral
decubitus position to overcome these difficulties [61]. Positive end-expiratory pressure (PEEP)
may improve lung functions in mechanically ventilated patients [62]. Prolonged supine
position should be avoided in patients with reduced cardiac reserve since venous return to
the heart is diminished by increased compression onto the inferior vena cava secondary to
abdominal pressure and weight. In such cases, operation table or the patient may be turned to
the side so as to decrease aortocaval compression [53, 63].

Trendelenburg position: Patient’s head is below the horizontal plane in Trendelenburg posi-
tion, which may increase operative exposure and decrease bleeding in selected cases. It is
less tolerated than that in the supine position. In obese patients who already have limited
cardiac reserves, blood in lower extremities is added into central and pulmonary circulation
by Trendelenburg position, making it hard to tolerate this position [64]. It should be especially
avoided in morbidly obese patients. Further diminished residual capacity and pulmonary
compliance in this position also lead to atelectasis and hypoxemia. In addition, endotracheal
tube may be displaced depending on the position. In brief, this position is often not preferred
in obese patients due to all these factors [53, 63].

Head-upward position: Upper torso of morbidly obese patients should be nearly 35-40° in the
sitting position or reverse Trendelenburg position in a way where the operation table allows
for adequate ventilation. Such position simplifies mask ventilation and conditions of tracheal
intubation.

The combined effect of reverse Trendelenburg position and pneumoperitoneum during lapa-
roscopic gastric bypass surgery decreases femoral blood flow and increases venous stasis,
thereby increasing risk of pulmonary embolism. Therefore, prolonged applications of this
position should be avoided with altering positions occasional breaks during surgery [65].

Prone position: Prone position was shown to increase oxygenation in normal-weighed
patients under anesthesia than that in supine position [66]. As long as the chest and pelvis are
supported such adequately that allows for abdominal movements, prone position is usually
well-tolerated by obese patients. Cardiovascular functions are preserved when appropri-
ate position and supports are provided. Otherwise, cardiac venous return is diminished by
compression onto the inferior vena cava and femoral veins, which in turn leads to decreased
volume in the left ventricle, causing hypotension. Prone position in obese patients under
anesthesia improves pulmonary functions and increase FRC, pulmonary compliance, and
oxygenation [53, 67].

Lateral decubitus position: This position is often tolerated well by obese patients. A decrease
in the abdominal fat mass’ compression on the abdomen diminishes intraabdominal pres-
sure, which eases diaphragmatic movements during mechanical ventilation. However, main-
tenance of the same position for a long while may lead to vascular congestion and resulting in
hypoventilation in underlying lung [68].
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Lithotomy position: This position causes increased venous return and cardiac output, and
high risk of thromboembolism secondary to venous stasis after prolonged surgery. Another
complication of this position may be the development of compartment syndrome when the
lower extremities are inappropriately positioned [53, 69].

3.2. Airway management

Obesity leads to many anatomic alterations in airways. Upper thoracic and lower cervical
fat pillows result in a limited range of motion in atlantoaxial joints and cervical vertebra.
Excessive tissue folds in the pharynx, short and thickened neck, suprasternal, presternal,
and posterior cervical fat tissue, and thick submental fat tissue are formed. All these altera-
tions contribute to potentially difficult airway management, which has been reported as
10.3-20.2% in obese patients compared to 1.5-3.2% of general population [70]. Despite all
these anatomical and pathological changes, extent of BMI did not appear to influence dif-
ficulty of laryngoscopy. This type of difficulty is rather associated with advanced age, male
sex, temporomandibular joint pathology, Mallampati class III and IV, history of obstructive
sleep apnea, and abnormal upper teeth [71]. Neck diameter has been defined as the best
determinant for intubation difficulty in morbidly obese patients. While the probability of
problematic intubation was 5% in patients with a neck diameter of 40 cm, this was found
to be 35% in patients with a neck diameter of 60 cm [72]. Increased adipose tissue on pha-
ryngeal walls in obese patients complicates mask ventilation and intubation by leading to
alterations in upper airway anatomy. The presence of obstructive sleep apnea is an addi-
tional pathology that increases the risk for difficult intubation, hence warranting careful
consideration in this patient population [73].

The prevalence of aspiration is low in obese patients, though risk of aspiration-related pulmo-
nary complication is known to be increased in this group [74]. Gastroesophageal reflux that
may cause aspiration is common in obese patients. Attention should be paid in patients with
history of gastric band application especially in terms of aspiration [64].

Intraoperative ideal ventilation strategies are still contradictory in morbidly obese patients,
where diminished lung and thorax compliance is particularly important. The increased
amount of thoracic fat tissue is associated with decreased FRC that may be increased by
elevation of upper torso though this may not provide an increment as effective as in nor-
mal-weighed people [75]. While lung volume is not altered, respiratory load, oxygen con-
sumption, and carbon dioxide synthesis are increased following diminution of lung and
thorax compliance, which in turn leads to decreased tolerance to respiratory stress. By caus-
ing cyclic alveolar collapse, low FRC and unchanged closure volume induce alveolar injury
associated with mechanical ventilation [29]. These patients have predisposition for postop-
erative atelectasis. An association between the extent of atelectasis and the incidence of post-
operative ARDS was also demonstrated [76]. An adequate PEEP administration is important
to decrease probability of atelectasis during mechanical ventilation. In obese patients, PEEP
provides beneficial effects both on PaO, and alveolar-arterial oxygen difference, even these
benefits were shown to be more prominent as compared to normal-weighed people [15].
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Studies showed that applications of PEEP of 10-15 cm H,O, lung-protective low tidal vol-
ume of 6-8 ml/kg, and pressure limit below 30 cm H,O proved to be beneficial to obese
patients [77]. Combined use of recruitment maneuvers and PEEP revealed better effects on
intraoperative oxygenation and compliance compared with PEEP use alone during obesity
surgery or in surgical obese patients. A meta-analysis reported that pressure-controlled venti-
lation and volume-controlled ventilation did not differ in terms of outcomes [78].

3.3. Induction and maintenance

All agents used in anesthesia may also be used in obese patients. However, obesity alters
pharmacokinetic parameters depending on the lipid solubility and tissue distribution of the
administered anesthetic agent. Nonadipose mass is also increased in obese patients. Drug
dosages should be adjusted by considering volume of distribution for loading dose and by
considering clearance for maintenance dose. Obese people may highly metabolize lipophilic
agents compared to underweight people. Pharmacokinetic studies show that weakly or inter-
mediately lipophilic drugs (e.g., vecuronium) are mainly distributed into nonadipose tissues
and the dose needs to be calculated according to the ideal body weight. If the clearance is
equal to or less than nonobese patients, the ideal body weight should be taken into account
for maintenance dose. If the clearance is increased with obesity, then the total body weight
should be considered for maintenance dose.

The ideal body weight is calculated as the sum of 49.9 and 0.89 kg for each cm above the
height of 152.4 cm in men, and as the sum of 45.4 and 0.89 kg for each cm above the height
of 152.4 cm in women. Agents partially distributed into the adipose tissue have variable phar-
macokinetic characteristics; they usually have prolonged and unpredictable effects due to
altered volume of distribution and clearance rates, respectively [79].

3.4. Induction agents

3.4.1. Thiopental sodium

Thiopental sodium, a frequently used agent for the induction of general anesthesia, is rap-
idly distributed to highly perfused organs such as brain, liver, lung, intestines, kidneys,
heart, and pancreas after bolus administration into the plasma. Reduced plasma concentra-
tion and consequent loss of its effect after a short while depends on its rapid distribution
to peripheral tissues. High lipophilicity of thiopental increases its volume of distribution
and elimination half-life in obese patients. Due to uptake by fatty tissues, its plasma levels
decrease within 10 min after induction and the agent is eliminated via liver. A clearance
rate of the drug increases twofold in obese patients compared to patients with normal
weight. It is reported that administration of the drug according to nonfat body weight is
more reasonable for the purposes of induction anesthesia. Nevertheless, increased cardiac
output leads to more rapid distribution of thiopental from its effective compartment into
the plasma, hence causing an accelerated awaking in procedures where it is administered
as single-dose bolus [5, 11].
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3.4.2. Propofol

Although propofol has a high lipophilicity, dose adjustment should be performed according
to the total body weight due to its high clearance [80]. Its high lipophilicity and rapid distri-
bution from plasma into peripheral tissue render it as the currently most commonly used
induction agent in morbidly obese patients. It could be used safely as total intravenous anes-
thetic drug. Its short-acting nature after single-dose bolus administration is explained by its
redistribution from the compartment it acts on, into the plasma and peripheral tissues. As in
thiopental sodium, cardiac output is also an important marker in achieving peak plasma con-
centrations of this agent. When administered as continuous infusion in obese patients, both its
volume of distribution and clearance increases along with increased total body weight [53, 59].

3.4.3. Etomidate

Use of etomidate should be considered in patients with hemodynamic instability. Its use is
contradictory due to increased incidence of end-organ dysfunction and in-hospital mortality
secondary to adrenal suppressive effects in patients administered etomidate for anesthesia
induction. Its induction dose should be adjusted by nonfat body weight due to similar phar-
macokinetic and pharmacodynamic properties to propofol and thiopental [53, 59].

3.4.4. Opioids

Opioids were quite commonly used to control sympathetic response to tracheal intubation and
surgical stress during induction and maintenance of the anesthesia. These agents effectively
block the response to nociceptive stimulation in the perioperative period. Increased cardiac
output and alteration in body composition (increased fatty tissue and nonfat body weight)
in obese patients may change pharmacokinetic properties of the opioids. Administration of
opioids leads to upper airway obstruction, central sleep apnea, obstructive sleep apnea, ataxic
respiration, and hypoxemia [53, 59].

Fentanyl, one of the most frequently used opioids in anesthesia, has a significantly higher
clearance in obese patients, which exhibits a nonlinear increase with the total body weight
[53, 59]. As fentanyl, the onset of action of sufentanyl is 3-5 min. Although it has similar
plasma clearance, its volume of distribution and elimination half-life is increased in obese
patients compared to normal-weighed patients [53, 59, 81].

Alfentanyl, a derivative of fentanyl, has one-tenth of the potency than that of fentanyl. It is more
lipophilic and has lower volume of distribution than that in fentanyl. Increased cardiac output
decreases concentration of plasma alfentanyl during early distribution phase [53, 59, 81].

Remifentanyl is an ester opioid, which is rapidly metabolized by tissue and plasma ester-
ases. Its administration by continuous infusion is widely adopted. Effects will terminate
within 5-10 min after cessation of the infusion, which should be given adjusted to the ideal
body weight. Administration of remifentanyl based on the total body weight in obese patients
may cause some adverse effects such as bradycardia, hypotension, and muscle rigidity due to
supratherapeutic plasma concentrations [53, 59, 81].
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3.5. Inhalation agents

Release of inhalation agents is increased due to high solubility in lipids and excessive fat
tissue. Furthermore, obese patients were reported to have slow recovery from anesthesia
because of extended release of the inhalation agent from adipose tissue [81, 82]. In fact,
this slow recovery not only originates from accumulation in adipose tissue but also from
increased sensitivity in central nervous system secondary to decreased blood flow in adi-
pose tissue. On the other hand, duration of recovery after procedures of 2-4 h was reported
to be similar between obese and nonobese patients [83]. Recovery time after desflurane and
sevoflurane, which have low lipid solubility, is also rapid in obese patients [84]. Torri et
al. [85] compared obese and nonobese patients and reported that alveolar and inspiratory
sevoflurane concentrations were not much changed, yet exhaling of sevoflurane from alveoli
was slower in obese patients.

3.5.1. Isoflurane

Isoflurane is more lipophilic than sevoflurane and desflurane, therefore not commonly used
in obese patients. Blood flow is decreased as long as the body weight increases. In clinical
practice, impact of body mass index on uptake of isoflurane is not clinically relevant [59, 81].

3.5.2. Sevoflurane

Having low lipophilicity and solubility, sevoflurane is rapidly absorbed and eliminated com-
pared to isoflurane [59, 81].

3.5.3. Desflurane

Desflurane, due to its limited distribution in adipose tissue and least lipophilicity and solu-
bility among available inhalation agents, is recommended in obese patients. Nevertheless,
the effect of BMI on the absorption of desflurane is not significant. Recovery and wakening
from desflurane than that from isoflurane occur more rapidly in both obese and nonobese
patients [59, 81].

3.6. Neuromuscular blockers

Neuromuscular blockers are polar and hydrophilic agents, so they have limited distribution
in adipose tissue [86]. Except succinylcholine, administrating doses of neuromuscular block-
ers are usually calculated according to ideal body weight.

3.6.1. Succinylcholine

This neuromuscular blocker is a short-acting agent with a rapid onset of action. It may be pre-
ferred in obese patients in order to provide quick tracheal intubation. Pseudocholinesterase
levels and extracellular fluid are elevated in obese patients, which determine the duration of
action of succinylcholine and thereby warrant the need for dose adjustment with respect to
the total body weight [87].
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3.6.2. Vecuronium

Vecuronium has a nondepolarizing aminosteroid structure and is mainly eliminated via the liver
and gallbladder. Since its duration of action may be prolonged when its dose is calculated accord-
ing to the total body weight, the dose should be adjusted according to the ideal body weight [88].

3.6.3. Rocuronium

Being a weakly lipophilic and quaternary ammonium neuromuscular blocker, it is highly ion-
ized with a limited extracellular distribution. Induction dose of 1.2 mg/kg calculated accord-
ing to the ideal body weight provides excellent intubation settings within 60 s. Administration
dose should be adjusted according to the ideal body weight in order to avoid prolonged drug
metabolism [59, 87].

3.7. Reversal of neuromuscular blocking agents

Obese patients have increased risk due to upper airway collapse and use of neuromuscu-
lar blockers. Therefore, neuromuscular block should be completely reversed before tracheal
intubation. Doses of agents reversing neuromuscular blockers should be calculated accord-
ing to the total body weight. Rapid and thorough reversal of neuromuscular block is particu-
larly important for early restoration of lung functions during early postoperative period [89].

3.7.1. Neostigmine

A delayed time to antagonize neuromuscular block by neostigmine has been reported in
obese patients. In the study of Suzuki et al. [90], the time elapsed to make train-of-four ratio as
0.9 increased fourfold than normal to antagonize vecuronium. Block should not be reversed
by neostigmine under deep neuromuscular block. Recommended dose for neostigmine is
0.04-0.08 mg/kg, whose total dose should not exceed 5 mg [89, 90].

3.7.2. Sugammadex

A modified and most potent derivative of cyclodextrin, sugammadex binds to steroidal
muscle relaxants with high affinity. Muscle relaxants are encapsulated within lipophilic cav-
ity. Resultant inclusion complex is excreted through kidneys. Affinity of sugammadex to
rocuronium is higher than to either pancuronium or vecuronium. It has no effect on acetyl-
choline, endogenous steroids, or other muscle relaxing agents. It is not recommended for use
in severe renal impairment. In intermediate and deep block, dose calculation is inadequate if
done according to the ideal body weight; therefore, the dose needs to be adjusted by the total
body weight or ideal body weight plus 40% [89, 91].

3.8. Regional anesthesia

Regional anesthesia may be preferred to avoid potentially difficult airway control or post-
operative respiratory complications. Detection of landmarks for central blocks or peripheral
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nerve blocks is especially very compelling in morbidly obese patients. Seventh cervical ver-
tebra or gluteal fissure may be used to identify midline for central blocks. Distribution of the
local anesthetics is hard to estimate due to lipid infiltration into epidural space and increased
intraabdominal pressure, in which case 75-80% of normal local anesthetic dose may sulffice.
Regional block practices are regarded as more difficult in obese patients. In a study of 2020
supraclavicular block applications, success rate in obese patients was 94.3% compared with
97.3% in nonobese patients, which was significantly different [92]. The prospective study
by Nielsen et al. [93] with over 9000 regional block procedures showed that the failure rate
was 1.62 times higher in obese patients than in nonobese patients. Block procedures may be
safely performed under the guidance of ultrasonography in obese patients [93, 94].

4. Postoperative care

Obesity is associated with some problems also during postoperative period. The steps
of postoperative care of an obese patient should be carefully assessed before the surgery.
Postoperative care should aim to prevent from respiratory dysfunction, hypothermia, hemo-
dynamic instability, thromboembolism, nausea, vomiting, and pain [95, 96].

Monitoring should be continued in the recovery unit, while the patient is in sitting position
or the head is upward at 45°. Oxygen support should be maintained until arterial oxygen
saturation values return to preoperative levels or the patient becomes completely mobilized.
In order to be discharged into the ward, the patient should meet routine criteria for leaving
wakening room, no hypopnea or apnea period should occur, and preoperative arterial oxy-
gen saturation values should be reached [96].

The prevalence of myocardial infarction is higher in this group compared to nonobese popu-
lation. In addition, a new onset of atrial fibrillation may be seen during postoperative period.
Close monitoring of these patients should be continued also after the surgery [97, 98].

Although being rare, rhabdomyolysis is a fatal complication in this patient population.
Predisposing factors include hypotension, dehydration, immobility, and prolonged surgical
interventions. In particular, pain in deep tissues of gluteal region should signal rhabdomyoly-
sis. Creatine kinase levels are elevated in such patients [99].

Obesity is a risk factor for thromboembolism, where prophylaxis is recommended in all surgi-
cal interventions, except minor surgery. While oral agents such as rivaroxaban and dabiga-
tran are not recommended for obese patients, low-molecular-weight heparin is recommended
for prophylactic purposes [96, 100].

The incidence of postoperative nausea-vomiting is not increased in obese patients, albeit a
contradictory issue [101].

An effective postoperative pain management is important to prevent pulmonary complica-
tions and provides sufficient respiratory depth. Pain management through intramuscular
route is not recommended in obese patients. Opioid-induced upper airway obstruction and
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respiratory depression are more likely to be seen in obese patients with obstructive sleep
apnea. When deciding postoperative analgesia in obese patients, selecting a multimodal anal-
gesia method rather than a unimodal method will provide more effective pain control and
avoidance of potential complications [95, 96, 102].

4.1. Intensive care

Obesity was found to be associated with increased need for mechanical ventilation and lon-
ger duration of stay with tracheostomy and at intensive care unit. No increase in mortality
was shown.

For mechanical ventilation, 5-7 ml/kg of tidal volume calculated according to the ideal
body weight is recommended as well as maintaining a peak inspiratory pressure below
35 ecm/H,O [76, 103].

If the obese patient is hemodynamically stable and gastrointestinal system is functional,
enteral route is preferred over parenteral route for nutrition. Guideline of Society of Critical
Care Medicine and American Society for Parental and Enteral Nutrition reports that hypo-
caloric nutrition support preserves nitrogen balance and decreases morbidity in obese
patients [104].

“Obesity paradox” is defined as the better prognosis of obese patients after acute cardiovas-
cular decompensation despite the established role of the obesity for developing of cardio-
vascular diseases. Nevertheless, the effects of obesity on critical illness, death, or long-term
outcomes are conflicting [105].
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Abstract

In recent years, an increasing number of publications have shown the negative effects
of anesthetics on the developing brain and have made inquiries about anesthesia for
pediatric patients in practice. Anesthesia is applied to millions of children for surgery,
imaging, and other invasive procedures; the issue is very serious and concerns. In this
chapter, experimental and clinical studies about the issue have been summarized. As a
result, anesthetic drugs except alpha-2 adrenergic agonist anesthetic (NMDA antagonist
or a GABA agonist) used in pediatric patients (especially if there is no painful situation)
have potential neurotoxicity. Particularly, if anesthesia exposure was applied in the frag-
ile period (the first 4 years) and if used at higher concentrations or repeated anesthesia
application, adverse effects of anesthesia exposure on the developing brain have been
claimed. But, the issue is not fully clarified yet.

Keywords: anesthesia, neurotoxicity, neonatal, developing brain

1. Introduction

Since the beginning of the modern anesthesia (nearly 170 years), millions of people have
received inhalation anesthetics, intravenous anesthetics, or a combination in order to create
general anesthesia. These drugs have been applied in all age groups, from newborns who
may be only a few hours old to geriatric patients. In fact, pediatric patients comprise a signifi-
cant proportion of the total number of patients treated with general anesthesia, a trend that
will continue well into the future.

Pediatric patients are not miniature versions of adult physiology. Pediatric patients differ
significantly from adults and among other pediatric patients in anatomical, physiologi-
cal, and pharmacological characteristics. Many centers have established a separate pedi-
atric anesthesia subspecialty in order to meet the appropriate anesthetic requirements of

I m EC H © 2017 The Author(s). Licensee InTech. This chapter is distributed under the terms of the Creative Commons
Attribution License (http://creativecommons.org/licenses/by/3.0), which permits unrestricted use,
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newborns, premature infants, infants, children, and adolescents. In particular, neonates
carry 10 times more mortality and morbidity risk compared to other pediatric age groups.
The most common complications in this age group involve the cardiovascular and respira-
tory system [1]. Holzman [2] noted that the practitioner’s experience and the presence of
existing respiratory, cardiac, or muscular disease are the key factors that determine the risk
of mortality and morbidity. Hemodynamic disturbances due to hypotension, hyperten-
sion, tachycardia, bradycardia, asystole, or other arrhythmias arising in the cardiovascular
system and respiratory system issues such as hypopnea, apnea, hypoxia, hypocapnia, or
hypercapnia can lead to disturbances in microcirculation to the central nervous system
(CNS). Although the rate of complications has been reduced through improved under-
standing of the anatomical, physiological, and pharmacological characteristics of pediatric
patients, advances in monitoring methods, and practitioner specialization, the risks are
never completely eliminated.

Despite recent advances in the field of pediatric anesthesia, an increasing number of recent
reports point to the adverse effects of anesthetics on the developing brain, raising con-
cerns about the application of anesthesia in pediatric patients. As early as 1965, Sir Austin
Bradford Hill recognized this issue at a meeting of the Royal Society of Medicine, stating:
“How do we determine what are physical, chemical and psychologic hazards of occupa-
tion and in particular those that are rare and not easily recognized?” and “... the available
human studies ... cannot exclude the possibility that the anesthesia- induced neurotoxicity
observed in many animal studies may also occur in children” [3]. Although it has been
nearly 50 years from that meeting of the Royal Society of Medicine, the short- and long-term
effects of anesthesia applications in pediatric patients remain poorly understood. In this
chapter, the acute and long-term effects of anesthesia and anesthetics on the developing
brain are summarized.

2. Definitions

Neurotoxicity of anesthetic substances on the developing brain is determined by a reduc-
tion in neural density and apoptosis in experimental studies and by disturbances in memory,
attention, learning, and motor activity in clinical studies [4-6]. Although anesthetic agents
used in neonates have known neurotoxic effects, there are valid reasons for using these agents
even in vulnerable patients. Because pain itself has a neurotoxic effect, anesthesia-analgesia
application in painful conditions may have a net neuroprotective effect [7, 8]. It should also be
noted that in cases of hypoxia-ischemia or trauma, administration of anesthetics reduces the
infarct volume by reducing the metabolic rate, decreasing intracranial pressure, eliminating
free oxygen radicals, and reducing secondary injury [9-11]. Another positive effect is neuro-
plasticities. These are described as the neurophysical and neurochemical ability to improve
compliance against environmental changes and damage when used in depressive disorders
and diseases. Neuroplasticity refers to the increase in intercellular connections. Agents that
enhance neuroplasticity have raised new hope for the treatment of neurodegenerative dis-
eases [12-14].
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3. Other factors that may cause neurotoxicity

Anesthetics are just one of many potential sources of perioperative neurotoxicities. Patient-
related factors, such as genetic anomalies, prematurity, sepsis, infection, and vascular dis-
eases, can cause perioperative toxicity. Additionally, hormonal, metabolic, inflammatory, or
cardiovascular changes caused by trauma or surgery, hemodynamic disturbances, hypoxia,
hypo-/hypercapnia, hypo-/hyperglycemia, electrolyte imbalances, and temperature varia-
tions that occur due to anesthesia can also contribute to the development of perioperative
neurotoxicity [15-18].

4. Experimental studies

4.1. Inhalation anesthetics

In an experimental study by Shen et al. [4], sevoflurane was applied to neonatal (PND3,
PND7, and PND14) and adult rats (PNW?7) at concentrations ranging from 1% to 4%. Spatial
memory was then assessed in adulthood using the Morris water maze (MWM) test. The
PNW?7 rats were less sensitive to sevoflurane than neonatal rats. Memory defects were appar-
ent in groups treated with repeated low doses or a single high-dose anesthetic. The authors
concluded that neonatal exposure to sevoflurane can result in memory defects in adulthood,
with greater deficits seen in animals treated with multiple doses in a short period of time. As a
result, the authors recommend that exposure to anesthesia during the neonatal period should
be limited in dose and duration. Another study has shown that 4-hour sevoflurane exposure
(2.5%) resulted in reduced hippocampal postsynaptic density protein-95 expression without
causing any neuronal loss and was associated with learning and memory disturbances [19].

Another experimental study reported that 0.5% minimum alveolar concentration (MAC) sevo-
flurane applied for 6 hours had no significant effect on apoptosis and 51003 levels. Conversely,
isoflurane, which is given in the same circumstances, was shown to increase the level of
apoptosis and S100p levels [20]. In another study, which evaluated the effects of inhalation
anesthetics in neonatal rats, it was demonstrated that sevoflurane, isoflurane, and desflurane
increased caspase-3 levels. Interestingly, nitrous oxide application (up to 150% concentration)
for 6 hours did not cause neuroapoptosis; however, apoptosis was increased when nitrous
oxide was applied with isoflurane [21]. Halothane administered during the prenatal period
was associated with neurodegeneration and behavioral changes [22, 23]. Xenon, the currently
preferred anesthetic, does not cause neuroapoptosis when used alone; on the contrary, xenon
reduced the effects of other inhalation anesthetics when administered first [24].

4.2, Intravenous anesthetics

Zou et al. [5] have examined the effect of ketamine anesthesia duration in newborn rhesus
monkeys (PND5, PND6) through silver and Fluoro-Jade C stains and caspase-3 immunos-
tain. Three hours exposure to ketamine did not produce any significant histochemical change,
whereas profound brain cell death was observed in the frontal cortex among subjects that
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were under the effect of ketamine for 9 or 24 hours. In cell culture study of Bosnjak et al. [25],
they demonstrated that ketamine decreases neuronal viability time and dose dependently,
leads to neuronal ultrastructural abnormalities, causes depolarization of mitochondrial mem-
brane potential, induces apoptotic pathway, causes cytochrome c release from mitochondria
into cytosol, and induces free oxygen radical production.

Yu et al. examined neuroapoptosis and long-term behavioral changes in PND7 rats that were
given single and repetitive doses of propofol. Their findings included reduction in neuron
density, morphological changes in pyramidal cells, apoptosis, and suppressed release of
excitatory neurotransmitters. Additionally, these effects were more pronounced among the
group that was subject to repeated doses of propofol [26].

Benzodiazepines (clonazepam, diazepam, and midazolam), which are intravenous anesthet-
ics, have controversial effects on apoptosis; however, barbiturates (pentobarbital, phenobar-
bital) clearly increase apoptosis. The few studies that have examined the effects of sodium
thiopental reported that exposure did not result in increased apoptosis [27-33]. Thompson
[34] has suggested high-dose narcotic anesthetic for neonatal and infant. But, fetal and neo-
natal chronic exposure to opioids has been associated with neuronal changes. Although
opioid-based anesthesia and opioids coadministered with inhalation anesthetics have been
shown to reduce apoptosis, safety has not been demonstrated with these preparations [35,
36]. However, these studies are controversial and their safety has been in question. Another
study has demonstrated that dexmedetomidine, the current intravenous anesthetic, reduces
prenatal toxicity caused by propofol [37].

5. Pathogenesis

The molecular pathogenesis of anesthesia-induced neurotoxicity has also been investigated
in experimental studies.

Neonates are born with approximately 100 billion neurons, and the number of neurons
does not increase over time. The neonatal brains weigh approximately 300-400 g. Increased
myelination, synapse formation, neuron maturation, and proliferation of glial cells increase
the weight of the brain to 1100 g at 3 years of age and 1300-1400 g at adulthood. A newborn
infant has approximately 50 trillion synapses, increasing to 1000 trillion within the first year
of life and decreasing to 500 trillion in adulthood. Critical periods for brain development are
the intrauterine period, the first 3 years of life and puberty [38—40].

Thus, brain maturation is not complete at birth, and there is a heterogeneous maturation
process in the brain following birth. Maturation is particularly slow in the cortex and in the
limbic system [38-40]. Alteration of neurotransmission in the immature brain due to anesthe-
sia exposure may lead to future impairments.

Synaptogenesis has been defined as the most important period of brain development, also
described as the “fragile period” or “critical period.” Synaptogenesis consists of five phases.
The greatest leap in synapse formation occurs in phase 3, which is sometimes referred to as
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the “big bang.” Phase 3 corresponds to the neonatal period. Following phase 3, synaptogen-
esis continues with the same speed during phase 4. This phase is referred to as the plateau
phase, corresponding to infancy and adolescence. During phase 5, which occurs during adult-
hood, synaptogenesis continues, but it is limited and localized [41]. The initiation, duration,
and end of these critical periods (phase 3 and phase 4) are controlled by multiple genetic and
epigenetic mechanisms. The brain’s sensitivity to environmental stimuli is at maximum dur-
ing the neonatal and infancy period when synaptogenesis is also maximized [41].

Anesthetics elicit their effects by enhancing the activity of major inhibitory neurotransmitters
gamma-aminobutyric acid (GABA) and glycine or antagonizing the N-methyl-D-aspartate
(NMDA) receptors of the major excitatory neurotransmitter glutamate. During brain devel-
opment, GABA facilitates cell proliferation, neuroblast migration, and dendritic maturation,
and unlike in adults, it acts as an excitatory neurotransmitter during infancy rather than an
inhibitory neurotransmitter [42, 43]. This is because these two mediators increase the per-
meability of the cell membrane to chloride ions through intrinsic chloride-conducting ion
pores. After the permeability of the GABA, ligand-gated ion channel to chloride is increased,
KCC2 K+/Cl-2 cotransporter aids in influx of chloride ion. Thus, the neuron is hyperpolar-
ized and its activity is suppressed. However, because KCC2 expression is low during the
early period of development, the chloride action potential is reversed by GABA, and glycine
receptor activity, leading to neuronal depolarization and increased permeability to chloride.
Clinical studies have shown that sevoflurane, isoflurane, and propofol cause excitability in
electroencephalogram in neonates [44—46]. The major excitatory neurotransmitters glutamate
and aspartate are present in the brain at very high concentrations (glutamate 10 mmol/L and
aspartate 4 mmol/L). Glutamate and aspartate direct synaptic signaling at nerve terminals
and control ion intake to neurons. They have been found to influence synaptogenesis, neuro-
nal plasticity, learning, and memory [47—49]. Although the excitatory neurotransmitters are
normally responsible for nerve conduction, they are also potential sources of neurotoxicity.
An abnormal decrease in glutamate may disturb normal excitation, and abnormal increases
may cause excitotoxicity and cell death by disturbing calcium homeostasis. Glutamate and
similar amino acids have been shown to cause acute swelling in the neuron body, dendrites,
and glia and also promote neuronal degeneration over extended periods of time. For this
reason, there is a delicate mechanism acting in normal conditions to regulate glutamate levels
in the synaptic gap involving reuptake of excess glutamate from the synaptic gap through
receptors present in presynaptic end of nerve terminal and glial cells. Although glutamate is
a strong and rapid-acting toxin under physiological conditions, this mechanism ensures that
even direct application to the brain does not cause damage [47]. Nevertheless, pathological
conditions that result in insufficiency of this system or cause release of large amounts of glu-
tamate would lead to neuronal loss. For these reasons, anesthesia applications are believed
to disrupt the balance between excitatory and inhibitory neurotransmission and thus cause
neuronal injury [47-49].

Regarding neuronal viability and development, one of the most studied neurotropins in
neonatal subjects is brain-derived neurotrophic factor (BDNF). Mature BDNF is formed by
destruction of proBDNF in the synaptic gap by the action of plasmin. Mature BDNF binds to
the TrkB receptors present on the postsynaptic membrane and enhances viability of the target
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cell. However, in conditions where plasmin release is reduced or blocked, such as when anes-
thesia is applied, proBDNF cannot be converted to the mature form, and it stimulates p75NTR
instead of the TrkB receptor. Activation of p75NTR receptor, also called the “death receptor,”
leads to actin depolymerization and apoptosis. Head et al. [50] demonstrated that isoflurane
causes apoptosis in the neonatal mice brain through this pathway.

Apoptosis is a programmed cell death that can occur in both physiological and pathological
conditions. Apoptosis is physiologically present in the developing brain, occurring at a rate
of approximately 1%. However, apoptosis that occurs following pathological processes like
hypoxia and ischemia is typically problematic. Several experimental studies have shown that
apoptosis is increased following anesthesia exposure. However, it is not possible to conduct
such studies in humans. Therefore, it is difficult to estimate the rate of apoptosis following
anesthesia exposure in humans to what extent this apoptosis affects maturation of the devel-
oping brain. Experimental studies have shown that anesthesia induces apoptosis via intrinsic
and extrinsic pathways. Anesthesia application causes leakage of cytochrome ¢ and trans-
location of Bax protein to the mitochondria, leading to activation of the apaf-1 and caspase
pathways, respectively. This in turn results in lipid peroxidation via release of free oxygen
radicals. Apoptosis occurs not only in intrinsic pathway but also in extrinsic pathway which
activates Fas protein [51-53].

There are three publications that demonstrate the relationship between microRNA and anes-
thetic-induced developmental neurotoxicity; according to these publications, while propo-
fol downregulates microRNA-21, ketamine upregulates microRNA-34a, microRNA-34c, and
microRNA-124 and downregulates microRNA-137 [54-56].

In cell culture models, it has been demonstrated that neuron development is highly depen-
dent on the actin cytoskeleton, and anesthetics are dangerous for actin regulation [57-59].

Tau protein hyperphosphorylation at serine 404 demonstrates neurodegeneration and is
induced by ketamine. Therefore, microtubules are disrupted and damaged [60].

Translocator protein (TSPO, 18 kDa) is a biomarker that could be used for evaluation of reac-
tive gliosis and microglia activity and has the potential for use in noninvasive imaging using
positron emission tomography and single photon emission computed tomography [61]. The
relationship between anesthesia-associated neurotoxicity and DNA methylation and gene
expression has been investigated [62].

Treatment strategies to reduce neurodegeneration induced by anesthetics have also been
widely investigated. Lithium, melatonin, estradiol, pilocarpine, dexmedetomidine, xenon,
erythropoietin, L-carnitine, hydrogen gas, and pramipexole are among the leading candi-
dates for this emerging therapy [63, 64].

6. Clinical studies

Although many experimental studies have been conducted, this alone is not sufficient evi-
dence to conclude that general anesthetics have a neurotoxic effect on the developing human
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brain. Even within mammals, species vary widely in the rate and timing of brain develop-
ment. Total maturation of the brain takes only a few weeks in the rat, while maturation of
the human brain occurs over many years. In addition, the dose and duration of anesthetics
used in experimental models is not directly proportional to the procedures used in patients.
In some cases, experimental doses may be as much as 20 times the standard clinical dose.
Adjusted for the life span of a rat, 6 hours of anesthesia may correspond to 1 month of a
human life span. Again, some observations from these studies, such as lactic acidosis, hyper-
carbia, and hypoglycemia, have mostly been ignored. Learning ability is also disturbed in
subjects that are fasted for the duration of the anesthesia treatment [43, 65, 66].

In one retrospective birth cohort study that used New York State Medicaid data collected
between the years 1999 and 2002, 383 children who underwent inguinal hernia repair with
anesthesia before the age of 3 were evaluated along with 5050 children who did not undergo
an operation. Hazard ratios regarding behavioral and developmental disorders were reported
to be 2.3 with exposure to anesthesia, 1.0 for age, 2.7 for gender, 1.2 for race, and 1.6 for birth
complications [6]. Considering that elective surgeries can be postponed, exposure to anesthe-
sia is an avoidable risk for most infants.

In another report, patients that had been overexposed to anesthesia had more learning dif-
ficulties than those who were treated with appropriate doses. The risk of learning difficul-
ties was progressively increased with repeated exposure to anesthesia [67, 68]. The effects of
anesthesia used during cesarean procedures were examined in children. Infants born under
regional anesthesia exhibited fewer learning difficulties in the later stages of their life [69, 70].

One retrospective study examined 10,450 siblings born between the years 1999 and 2005 and
evaluated developmental and behavioral disorders among those who did and did not receive
anesthesia prior to the age of 3. The incidence of developmental and behavioral disorder
was 128.2/1000/year among those who were exposed to anesthesia and 56.3/1000/year among
those who were not exposed to anesthesia. Therefore, behavioral disorders were 60% more
frequent among those who received anesthesia in comparison to those who did not. The
estimated hazard ratio for developmental and behavioral disorders was 1:1 for those who
received anesthesia once before the age of 3, 2:9 for those exposed twice, and 4 for those who
had been exposed to anesthesia three or more times [71].

Meyer et al. observed development of convulsion with similar clinical characteristics in three
infants under the age of 2 months, occurring after 23-30 hours of anesthesia induced and
maintained using propofol. They reported that the seizures did not recur; however, two
infants had progressive microcephaly and cognitive and behavioral disorder. Magnetic reso-
nance imaging also showed white matter abnormalities [72]. The manufacturer of propofol
does not recommend the use of propofol as a general anesthetic agent for children under the
age of 3 [73].

Clinical studies in the literature are often retrospective, and even strong correlations are not
evidence of causality. Therefore, the Mayo Anesthesia Safety in Kids (MASK) study was
launched by Mayo Clinic at the suggestion of the FDA to evaluate neurotoxicity in children
exposed to anesthesia. The study included children born in Olmsted County between 1997
and 2007 and who still lived there when they reached 8 years old. Those who received general
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anesthesia before the age of 3 were excluded from the study. Children classified as having
single, multiple, or no anesthesia exposure were evaluated between the years 2007 and 2016,
when they were at the age of 8-12 or 15-19 with a single session that lasted for 4 hours using
the National Center for Toxicological Research-Operant Test Battery (NCTR-OTB). The NCTR-
OTB test evaluates processing speed; cognitive/intellectual memory; attention, language,
motor and visual-spatial, and cognitive processing; and executive functions [74].

The Pediatric Anesthesia and Neurodevelopmental Assessment (PANDA), which was con-
ducted by the University of Columbia and followed sibling pairs under the age of 3 who
underwent inguinal operation up to the age of 8-15, published four symposiums in 2-year
interval. The first meeting in 2008 established the goals of the study. The second meeting in
2010 was interdisciplinary. The third meeting in 2012 was attended by different disciplines,
parents, clinicians, FDA workers, and patient’s rights advocates. In this meeting, attendees
agreed to collaborate on advanced preclinical, clinical, and translational studies [75, 76].
Additionally in 2012, pediatric anesthesiologists and pediatric surgeons met to discuss the
neurotoxicity risk of some elective procedures and anesthesia applications performed in
children and specifically to discuss questions and concerns of parents. Meeting attendees,
including pediatric general surgeons, urologists, plastic surgeons, and ophthalmologists,
reviewed inguinal hernia, hypospadias-undescended testis, cleft lip, craniosynostosis, cat-
aracts, and strabismus applications in early childhood. They emphasized that the amount
of volatile anesthetics and sedation levels could be reduced by using balanced anesthesia
methods, regional anesthesia methods, and the use of opioid and non-opioid analgesics, but
the group was unable to reach a consensus on best practices [77]. At the 2014 meeting, the
existing clinical studies, General Anesthesia Study (GAS), MASK, and PANDA, were evalu-
ated, and Strategies for Mitigating Anesthesia-Related neuroToxicity in Tots (SmartTots) was
presented along with the future targets of this organization. SmartTots is a public-private
partnership that investigates the effects of anesthetic agents on neural development in infants
and children. All panelists evaluated their anesthesia and clinical practices with the following
questions [78, 79]:

- What does anesthesia mean to my patients?

- What does anesthesia mean to my practice now?

Ordering imaging studies with sedation/anesthesia.

A child requiring multiple procedures under GA overtime.

A child requiring multiple procedures from different subspecialties at the same time.
- If anesthesia affects neurodevelopment:

How will I discuss this with the parents?

Will I change my practice and how?

The 2014 report indicated that the collected data was insufficient to draw any conclusions.
However, it stated 2 years later that the results would be considered as a public health prob-
lem, leading to greater awareness [78]. On the other hand, the General Anesthesia Study
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(GAS), which is currently ongoing and only investigates causality, investigated cases that
were less than 60 weeks from conception and greater than 26 weeks gestational age and had
undergone inguinal hernia operations with sevoflurane-based general anesthesia or awake-
regional anesthesia. This study was conducted in 28 hospitals from Australia, Italy, the USA,
the UK, and Canada. No opioids or nitrous oxide was used. Regional techniques and intrave-
nous acetaminophen were used for postoperative analgesia. Protocols were applied in order
to prevent development of adverse states that would contribute in neurotoxicity, such as
hypoglycemia, hypotension, and hypoxia. Children were assessed using the composite cog-
nitive score of the Bayley Scales of Infant and Toddler Development III test at the age of 2 and
with the Wechsler Preschool and Primary Scale of Intelligence Third Edition (WPPSI-III) Full
Scale Intelligence Quotient score at the age of 5. During 2007-2013, 363 infants were enrolled
in the awake-regional group, and 359 infants were enrolled in the general anesthesia group.
According to the study results, the median general anesthesia duration was 54 minutes. No
significant difference was found between the groups regarding cognitive composite score at
2 years of age. This study provides strong evidence that sevoflurane anesthesia lasting <1
hour in infants does not produce more severe neurotoxicity at the second year of age than
awake-regional treatment. Nonetheless, the primary outcome of this study is the evaluation
of neurodevelopmental state at 5 years of age, and this result has not been published yet. It
was also reported in this study that early-period apnea development (<30 minutes) was less
frequent in the regional anesthesia group [80].

Other discussed topics are applied anesthesia techniques to mothers during childbirth. Flick
et al. determined that neuraxial labor analgesia for vaginal delivery did not cause learning
disabilities in childhood [69, 70].

Another topic of discussion was how parents should be informed and the need to establish a
protocol. However, since it was not possible to reach a consensus based on the current data,
it was concluded that it would not be appropriate to inform parents and establish a protocol
yet [81].
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Abstract

Neurological complications occur with an overall frequency of 2.8% perioperatively.
Although ultrasound imaging is an excellent modality for the risk assessment of carotid
arterial diseases, no comprehensive information can be obtained with respect to the
intracranial cerebral blood flow. Recent advent of computed tomography perfusion
(CTP) imaging has made it possible to directly measure the cerebral blood flow at any
intracranial region of interest. We describe here an efficacy of CT perfusion imaging in
the preoperative settings for the risk assessment of neurological complications,
especially in cases with carotid arterial stenosis/occlusion.

Keywords: computed tomography perfusion, cerebral blood flow, carotid arterial
stenosis

1. Introduction

Although overall mortality for patients undergoing coronary bypass graft surgery (CABG)
has decreased by 23% in 1990s, the incidence of stroke perioperatively has remained un-
changed [1]. Some report suggests that perioperative neurological complications occur with
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an overall frequency of 2.8%, and an incidence rate of 0.9% in patients younger than 65 years,
3.6% aged between 65 and 74 years, and 8.9% older than 75 years [2]. Additionally, the patient
with a neurological complication has a ninefold increase in mortality [2]. Carotid arterial
disease accounts for approximately 10% of perioperative cerebral complications [3]. Although
ultrasound imaging is an excellent modality for evaluating the morphology of the carotid
arteries with its excellent spatial resolution [3], intracranial cerebral blood flow dynamics
cannot be assessed by the use of ultrasound. Here, we report that computed tomography
perfusion (CTP) imaging is an efficacious modality for evaluating the intracranial cerebral
flow.

In our facility, CTP imaging has been introduced in 2012, and 58 cases underwent its evaluation
by the end of 2014. After obtaining an IRB (Institutional Review Board) approval, we have
analyzed all the 58 cases, and identified 11 individuals who have been diagnosed as having
carotid arterial stenosis/occlusion. We have measured cerebral blood flow (CBF), cerebral
blood volume (CBV), and mean transit time (MTT) at the ipsilateral as well as at the contrala-
teral hemisphere, and their correlation to the subsequent development of neurological events
during the 2-year follow-up period was evaluated.

Of 11 patients, the decreased CBF at the ipsilateral hemisphere was noted in four individuals,
and the other seven showed intact CTP findings. All the four patients who showed decreased
CBEF pattern and the one who showed normal CTP finding developed cerebrovascular diseases
during the 2-year follow-up period. The rest of six individuals who showed normal CTP
findings have remained otherwise healthy. We suggest that the decreased CBF at the ipsilateral
side may predict the possible neurological complications in the patients with carotid arterial
stenosis/occlusion. In patients with carotid arterial stenosis whose cerebral blood flow (CBF)
has remained intact, the patients” outcome has remained favorable, and they have remained
otherwise healthy. By contrast, in patients whose CBF is decreased, they have developed severe
cerebrovascular complications. The findings described here potentially indicate the possibility
that CT perfusion findings may predict the perioperative outcomes in patients with carotid
arterial stenosis/occlusion.

2. Computed tomography perfusion

CT perfusion is a new technique which enables to evaluate both rapid qualitative and quan-
titative cerebral perfusion by means of generating cerebral blood flow (CBF), cerebral blood
volume (CBV), and mean transit time (MTT) [4]. Thus far, several modalities such as magnetic
resonance (MR) perfusion [5], xenon computed tomography (xenon CT) [6], positron emission
tomography (PET) [7], and single photon emission computed tomography (SPECT) [8] have
been used to evaluate cerebral perfusion. Compared to these modalities, CT perfusion can be
performed easily and quickly by the use of any standard spiral CT scanner in patients where
unenhanced CT is planned to exclude acute intracranial hemorrhage. The fundamental theory
of this technique is the central volume principle [4]. It correlates cerebral blood flow (CBF) with
cerebral blood volume (CBV) and mean transit time (MTT) in the following equation: CBF =
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CBV/MTT. In brief, by monitoring the first pass of an iodinated contrast agent by the bolus
injection through the cerebral vasculature, the linear relationship between contrast agent
concentration and attenuation can be obtained in a given region of interest. After an acquisition
of the raw results, data are analyzed at an imaging workstation (Advantage Windows; GE
Medical Systems) equipped with commercially available software (CT perfusion; GE Medical
Systems). By the use of CT perfusion, it becomes easy and quick to identify and quantify the
presence and extent of a perfusion deficit in an acute stroke setting in whom an emergent
thrombolytic therapy is going to be considered [9]. In addition, it is also suitable for the
evaluation of cerebrovascular reserve in patients with stenotic lesions who would be the
potential candidates for neuroendovascular treatment and bypass surgery.

Although other multi-modalities such as SPECT/CT and PET/CT system also provide good
comprehensive information with respect to the combination of anatomical and functional data,
they usually require the specific equipment which sometimes makes it difficult to their global
diffusion into the clinical practice [7, 8]. For instance, for SPECT/CT, a dual-detector gamma
camera and a low-dose four-slice CT mounted on the same rotate platform are required (Infinia
Hawkeye 4, GE Medical Systems). By contrast, CT perfusion can be performed easily and
quickly using a standard spiral CT scanner and does not require specific equipment except for
an imaging workstation, which makes it suitable for the global use in the evaluation of cerebral
blood flow.

3. CT perfusion may predict patients’ outcome in patients with carotid
arterial stenosis

Except for a history of hypertension, an otherwise healthy 72-year-old male was planned for
an elective surgery for his cervical disc hernia. His preoperative evaluation of carotid ultraso-
nography revealed total occlusion of the left internal carotid artery (Figure 1A). Since we have
experienced a similar case in which stroke has developed shortly after the diagnosis of total
occlusion of the left internal carotid artery (Figure 1B), we planned to evaluate the potential
risks of developing neurological complications perioperatively by CT perfusion. In the latter
case in which stroke has been confirmed soon after the diagnosis of total left internal carotid
artery occlusion, simultaneous evaluation of CT perfusion revealed clear laterality of cerebral
blood flow imaging, suggesting that the left intracranial hypoperfusion was apparent owing
to the total occlusion of the left internal carotid artery (Figure 1C). By contrast, in the former
case, no laterality of the intracranial cerebral flow was observed, suggesting that the collateral
circulation may have compensated the total occlusion of the left internal carotid artery (Figure
1D). To further confirm that there is no laterality of cerebral blood flow between the right and
the left hemispheres, we calculated the cerebral blood flow (CBF), mean transit time (MTT),
and the cerebral blood volume (CBV) in his both hemispheres. The right cerebral blood flow
was 34.4 mL/100 g/min and the left CBF was 34.5 mL/100 g/min. The cerebral blood volume
(CBV) of his right hemisphere was 2.7 mL/100 g and the CBV of his left hemisphere was 2.9
mL/100 g. The mean transit time (MTT) of his right hemisphere was 4.9 s and the left was 5.3
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s. The results clearly showed that there was no difference between his right and left hemi-
spheres with respect to the dynamics of cerebral blood flow, although prolonged MTT was
equally observed in both hemispheres to some degree. Based on the results of CT perfusion,
the patient was given the consent that if his neurological symptoms relating to his cervical disc
hernia would further worsen, he is going to be scheduled for an elective surgery. During the
2-year follow-up period, he has not developed any cerebrovascular complications and has
remained otherwise healthy.

Figure 1. (A) A 72-year-old male presented to our hospital complaining the pain in the left upper extremity. He was
diagnosed as having cervical disc hernia. Simultaneous evaluation of cervical MR angiography together with ultra-
sound imaging revealed total occlusion of the left internal carotid artery. (B) A 65-year-old male presented to our hos-
pital because of transient gait instability and dysarthria. CT angiography together with ultrasound imaging revealed
total occlusion of the left internal carotid artery. (C) CT perfusion imaging revealed an apparent decrease of CBF and
prolonged MTT in his left hemisphere. (D) CT perfusion imaging of the 72-year-old male revealed no apparent laterali-
ty of CBF, CBV, and MTT between the right and the left hemispheres.

After obtaining Institutional Review Board’s approval, we have further surveyed all the
medical charts of 58 patients who have been examined by CT perfusion in our facility between
2012 and 2014. Among the 58 cases, we have identified 11 individuals who have been diag-
nosed as having carotid arterial stenosis by ultrasonography. Among 11 patients with carotid
arterial stenosis, 7 patients had no apparent CBF laterality or CBV laterality. Except for one
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case in whom bilateral carotid arterial stenosis (77% stenosis in the right internal carotid artery
and 85% stenosis in the left carotid artery) was noted by ultrasonography who subsequently
was found dead at his home, all the six cases have remained otherwise healthy without any
cerebrovascular complications during the 2-year follow-up period, which suggests that the
intact CT perfusion findings may predict favorable outcome in patients with carotid arterial
stenosis (Table 1). By contrast, the rest of four patients with an apparent CBF decrease either
with maintained CBV or with decreased CBV developed irreversible cerebrovascular compli-
cations either at the time of evaluation of CT perfusion or during the 2-year follow-up period
(Table 1). The incidence of development of cerebrovascular complication was significantly
higher in whom an abnormal CT perfusion finding was observed (p = 0.006, chi-squared test).

Decreased CBF at the Intact CT perfusion
ipsilateral hemisphere findings

The number of patients who developed irreversible 4 1

cerebrovascular complications

The number of patients who remained otherwise healthy 0 6"

without neurological symptoms

Among 11 patients who were diagnosed as having carotid arterial stenosis by ultrasonography, 4 patients showed an
apparent decreased CBF at the ipsilateral hemisphere, and 7 patients showed normal CT perfusion findings. All the
four patients developed irreversible cerebrovascular complications either at the time when CT perfusion was evaluated
or during the 2-year follow-up period.

‘Bilateral carotid arterial stenosis (77% stenosis in the right internal carotid artery and 85% stenosis in the left carotid
artery) was noted by ultrasonography, and the patient was subsequently found dead at his home.

"Although the sample power is not strong enough, the likelihood of the patients with carotid arterial stenosis to
remain healthy appeared to have correlated with their intact CT perfusion findings (p = 0.006, chi-squared test).

Table 1. The outcome of the patients with carotid arterial stenosis (with 2-year follow-up) and its correlation to their
findings of CT perfusion.

4. Delayed hypocerebral perfusion following aneurysmal clipping surgery:
A new clinical entity

Among 58 cases, we found five individuals who had undergone neurosurgical clipping for
subarachnoid hemorrhage either at our facility or in the other hospital. Notably, two out of
five cases were found to have hypoperfusion of cerebral blood flow at the distal regions of
artery where clipping was performed. A 72-year-old female underwent neurosurgical clipping
of the right mid-cerebral artery due to the ruptured aneurysm at the age of 58 at the other
hospital (Figure 2A). Eleven years after surgery, she presented at our hospital, complaining of
right tinnitus, vertigo, and headache. She was eventually evaluated by CT angiography
together with CT perfusion, which revealed an apparent hypoperfusion of the right mid-
cerebral artery (Figure 2B). Her cerebral blood flow corresponding to the region where the
right mid-cerebral artery perfuses is 16.4 mL/100 g/min, whereas the cerebral blood flow of
the contralateral hemisphere was 32.7 mL/100 g/min. The CBV corresponding to the right mid-
cerebral artery is 1.0 mL/100 g and the CBV of the contralateral hemisphere was 1.1 mL/100 g.
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Figure 2. (A) A 72-year-old female underwent neurosurgical clipping of the right mid-cerebral artery due to the rup-
tured aneurysm at the age of 58 at the other hospital. Her CT angiography is shown in the figure. (B) CT perfusion
findings revealed an apparent decrease of cerebral blood flow perfused by the right mid-cerebral artery (indicated by
the arrows). (C) A 63-year-old woman underwent emergent neuroclipping surgery for the ruptured anterior-communi-
cating artery aneurysm. Her CT angiography is shown in the figure. The surgery is successfully carried out. (D) Six
months postoperatively, a physiotherapist noticed her slight memory defect, and CT perfusion was evaluated, which
revealed an apparent hypoperfusion of both frontal lobes (indicated by the arrows).

The right MTT was 4.6 s and the left MTT was 4.6 s, confirming the results that the cerebral
blood flow of the right mid-cerebral artery just distal of the clipped region is actually decreas-
ing. Similarly, a 63-year-old woman underwent emergent clipping surgery for the ruptured
anterior-communicating artery aneurysm (Figure 2C). During the follow-up period, she had
a slight defect of memory, and the CT perfusion was evaluated, which clearly revealed the
impairment of cerebral blood flow in both the frontal lobes (Figure 2D). The quantification of
the cerebral blood flow actually confirmed the decrease of the cerebral blood flow in both the
frontal lobes as compared to the regions where mid-cerebral artery perfuses (CBF; right frontal:
17.1 mL/100 g/min, left frontal: 14.1 mL/100 g/min; right temporal: 43.5 mL/100 g/min, left
temporal: 48.4 mL/100 g/min). The significance of the findings is that although anesthesiolo-
gists usually consider the patients who had successfully undergone neuroclipping surgery as
the standard risk group, we found here that they still may pose a risk for neurological
complications perioperatively even after the successful surgery. The finding may encompasses
not only to the perioperative risks of patients who had undergone aneurysmal clipping surgery
but also to its delayed neurological manifestations associated with the hypoperfusion of
parental artery, a possible new diagnostic clinical entity.



Preoperative Evaluation of Computed Tomography Perfusion: Its Significance for the Risk Assessment...
http://dx.doi.org/10.5772/65724

5. Computed tomography perfusion as the means to noninvasively measure
tumor malignancy

Tumors usually exhibit increased angiogenic activity and neovascularization, which result in
increased blood volume. Accordingly, previous studies suggested that CBV and CBF were
elevated in tumors, and they may be efficacious in the assessment of tumor angiogenic activity.

A 59-year-old male visited our hospital complaining of dizziness and nausea. His T2-weighed
magnetic resonance image showed an overt edematous left temporal lobe (Figure 3A). Based
on the images obtained, the presence of limbic encephalitis was suspected. He was coinciden-
tally seropositive for human T-cell leukemia virus-1 (HTLV-1). Accordingly, the other differ-
ential diagnosis such as non-Hodgkin lymphoma, limbic encephalitis associated with
autoimmunity, paraneoplastic syndrome (PNLE; paraneoplastic limbic encephalitis), herpes
encephalitis, and astrocytoma could also be possible. In an attempt to obtain further clues for
the diagnosis of his disease, especially to determine whether or not directly to obtain histopa-
thological findings by craniotomy, CT perfusion study was performed. The CT perfusion
findings indicated a moderate increase of CBV in the corresponding region (Figure 3B), an
apparent increase of TTP (time to peak) (Figure 3B), a slight increase of MTT, and an intact
CBF (Figure 3B), which indicates the potential possibility of the presence of the primary tumor
surrounded by the edematous normal brain tissue. Based on the findings, he underwent
computer-navigated craniotomy. The postoperative histopathological findings confirmed the
presence of astrocytoma grade 2.

Figure 3. (A) T2-weighed magnetic resonance image of a 59-year-old male who presented to our hospital because of
dizziness and nausea. An edematous region of the temporal lobe is apparent, suggesting the presence of limbic ence-
phalitis. (B) A CT perfusion imaging of the same patient. From left to the right, CBF, CBV, MTT, and TTP are visual-
ized. The corresponding region where limbic encephalitis is suspected, an apparent increase of CBV and TTP is
observed. CBF remained intact and a slight increase of MTT is also observed.

Since an increase of CBV and TTP reflects angiogenic activity and neovascularization of the
tumor, our findings may indicate that CT perfusion findings may potentially be predictive of
pathologic grade of the tumor and correlate with tumor mitotic activity. Because the diagnosis
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of limbic encephalitis is extremely difficult and the laboratory investigations often only provide
inconclusive evidence, we suggest that CT perfusion is potentially an important modality that
may provide clues to the correct diagnosis.

6. Implications of the study results

We have shown here that the CT perfusion is an efficacious modality to evaluate the intracranial
cerebral blood flow dynamics and may predict the favorable outcome in the cases with carotid
arterial stenosis whose CT perfusion findings have remained intact. Using the standard 16-
section multidetector scanners, CT perfusion together with CT angiography can be rapidly
performed in less than 2 min. CT perfusion can measure virtually every brain tissue blood
perfusion, and the commonly used parameters in CT perfusion are as follows: CBF: cerebral
blood flow, CBV: cerebral blood volume, and MTT: mean transit time. CBF is defined as the
flowing blood volume moving through a given volume (usually 100 g) of brain in a specific
amount of time. CBV is defined as the flowing blood volume in the given volume of brain.
MTT is defined as the average amount of time the blood takes to transit through the given
volume of brain.

CT perfusion has come to its clinical use in the mid-2000s and it has now a growing role in the
evaluation of intracranial hemodynamics [9-11]. The tissue that shows decreased CBF with
maintained CBV indicates those with severe hypoperfusion. The tissue that shows decreased
CBF with decreased CBV and increased MTT suggests those with irreversible ischemic change.
Although the number of patients we were able to evaluate was limited, it appears likely that
those with intact CT perfusion findings have apparent good prognosis irrespective of the
presence of carotid stenosis.

In conclusion, by using CT perfusion, it appears feasible to evaluate the intracranial cerebral
flow dynamics which is difficult to assess by the use of ultrasound, and it may predict the
favorable outcome if the CT perfusion findings have remained intact. The findings described
here would further contribute to the preoperative evaluation of the risk assessment of potential
devastating neurological complications, especially for those undergoing cardiac surgeries. We
also suggest that in patients with carotid arterial stenosis, the evaluation of CT perfusion in
the preoperative settings would be the prerequisite for the avoidance of possible development
of cerebrovascular complications perioperatively.
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Abstract

One of the common complications associated with anaesthesia and surgery in geriatric
patients is the postoperative cognitive dysfunction (POCD). This cognitive impairment
affects the long-term prognosis and has been shown to be associated with long-term
disability, higher health care costs, and even increased mortality. On the other hand,
clinical research on POCD is in its infancy, the condition has not been clarified, and since
no strategy for management is currently available, it is imperative to develop specific
methods for prevention and management. Although its pathogenesis involves various
factors, accumulating evidence suggests that surgery elicits an inflammatory response in
the hippocampus, a brain area closely related to cognitive function, playing a key role in
the development of POCD. Several studies suggest that age-related phenotypic change
of microglia is associated with pathogenic neuroinflammation, and more importantly it
may be modifiable. In this chapter, we discuss the current overview and preclinical high-
lights regarding POCD. We further discuss some perspectives on preventive strategies
for POCD, based on the findings of our preclinical research and the available literature.

Keywords: POCD, neuroinflammation, microglia

1. Introduction

Sixty years ago, an article entitled Adverse cerebral effects of anaesthesia on old people by Dr.
Bedfor was published in which he reported for the first time that general anaesthesia and sur-
gery led to cognitive dysfunction in elderly patients [1]. This decline, known as postoperative
cognitive dysfunction (POCD), typically persists for several weeks, sometimes a year, but in
some people is permanent. Since then, the number of publications assessing POCD has been
growing year by year, reflecting the increasing importance and the still remaining controver-
sies over this condition [2].
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One of the greatest achievements of modern medicine is the increase in life expectancy;
however, as a consequence the world population is today ageing fast, with over 12.3% of
the total being over 60 years old [3]. Moreover, life expectancy increased by 5 years between
2000 and 2015, the fastest growth since the 1960s [4]. Though it is one of our greatest achieve-
ments, it also poses big challenges as the ageing process is associated with biological and
cognitive degeneration [5]. Recent advances in surgical, anaesthetic management and inten-
sive care techniques are associated with a growing number of elderly people undergoing
surgical procedures [6]. Consequently, complications associated with geriatric surgery, such
as POCD, will become an increasingly common worldwide problem [7, 8]. Furthermore,
POCD has been shown to be associated with long-term disability and higher health care
costs. In addition, three-month POCD has been statistically associated with increased mor-
tality [9].

POCD is difficult to define; in general it refers to a deterioration in cognition that occurs in the
time period after surgery. To truly diagnose POCD, it is necessary to have tested the patient
preoperatively (baseline) and determined how much of a decline occurred after surgery. As
can be expected, in normal clinical contexts, patients do not usually undergo neuropsycho-
logical testing pre- and post-surgery [2, 10]. In consequence, there is a lack of accurate data
and even the exact incidence of this condition is unknown [10]. Besides, behavioral responses
to cognitive tests not only vary considerably in aged individuals compared with younger
individuals, but also an enormous variability of cognitive decline exists across individuals
[6, 11]. Additionally, the changes produced by the effects of ageing on cognitive function
vary substantially through the different cognitive domains [11]. Likewise, different cognitive
domains must be evaluated by specific tests [2]. Hence in order to diagnose and characterize
POCD cases, it becomes necessary to carry out neuropsychological tests that assess different
domains involved in cognitive function such as learning and memory, attention, psychomo-
tor function and flexibility cognition [2, 10]. In addition, POCD is sometimes characterized by
slight declines in cognitive function, making it essential that these tests should be sensitive
enough to allow an accurate diagnosis based on the results of pre-and postoperative tests [10].
As a consequence, incidence rates reported may vary considerably according to the cognitive
domains explored by different tests and timing [12].

POCD was initially associated with cardiac surgery and indeed was recognized as the most
common complication in this intervention, presenting a high incidence [13, 14], although the
incidence values vary considerably between different reports, ranging from approximately
30% to 80% at the time of discharge, 10-60% after 3-6 months and 20-60% after 6 months to
1 year [12-20]. This fact may be related to microembolic events that may cause focal cerebral
infarcts during the use of the cardiopulmonary bypass pump [12, 21-24].

In recent times, in correlation with the continuingly increasing number of patients under-
going geriatric surgery, the interest in POCD has expanded to noncardiac surgery as well.
So far, the major study assessing this condition was carried out by the International Study
of Postoperative Cognitive Dysfunction and included 1218 patients older than 60 years old
undergoing elective, noncardiac surgery [7]. Neuropsychological tests were administered
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before surgery and at 7 days and 3 months after intervention. This study reported a POCD
incidence of 25% 1 week after surgery and 10% after 3 months. Additionally, the probability
of POCD incidence in patients aged 70 and over at 3 months (14%) was two times higher than
those aged 60 to 69 (7%). Hovens and collaborators [25] reported that the cognitive domains
affected by cardiac surgery compared with noncardiac surgery seem to be different. While
abdominal surgery affects hippocampal neuronal functioning and in consequence spatial
memory, cardiac surgery seems to cause a more general change in inflammation and neuro-
nal function [25].

Furthermore, there appears to exist an association between postoperative pain and cognitive
impairment, exerting an influence over the patients’ performance on certain cognitive tests
[26-28]. Apart from the effect of the pain, the influence of postoperative analgesics should not
be ruled out. In fact, successful postoperative pain management may be important in preven-
ting POCD in elderly patients [35]. Additionally, cognitive impairment in elderly patients
may also be influenced by stress produced by the hospitalization itself, the postoperative
fatigue state, the unfamiliar environment and sleep deprivation [12, 28, 29].

The contribution of the anaesthesia to the development of POCD seems to be subject to dis-
crepancies. When Silbert and colleagues [30] assessed general anaesthesia compared with
spinal anaesthesia, no significant difference in the rates of POCD was found. In agreement
with this, a meta-analysis carried on by Guay [31] did not find differences between general
anaesthesia and regional anaesthesia with spontaneous breathing and sedation only in the
development of permanent POCD after noncardiac surgery. Otherwise, another meta-analy-
sis concluded that general anaesthesia, compared to other types of anaesthesia, may increase
the risk of developing POCD [32]. This findings are supported by preclinical studies, which
suggest that isoflurane anaesthesia administered at clinically relevant doses causes long-
term cognitive impairment in unoperated animals [33-35]. However, other studies point
towards an enhancement of the cognitive functions after anaesthesia inhalation [36-38].

Although major surgery is frequently associated with the development of POCD, minor
surgery proved to decrease the cognitive function in the first postoperative week in elderly
patients [39]. Moreover, independently from the nature of the surgical procedure, the only
consistent risk factor that has been identified for POCD is advanced age [7, 9, 15, 39-41].
Apart from increasing age as a risk factor for POCD, other factors that can be enumerated are
lower level of education, a history of previous cerebral vascular accident, a history of alcohol
dependence, preoperative history of post-traumatic stress disorder, poor cognitive health,
preceding development of POCD, respiratory complications, infectious complications and a
second operation [9, 12, 41-43].

2. Mechanisms of POCD

One of the most challenging problems connected with POCD is the lack of evidence-based
preventative strategies. This is due to the fact that the mechanisms that cause POCD in
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elderly patients are largely unknown. In fact, surgery induces peripheral immune chal-
lenges, leading to an exaggerated neuroinflammatory response. More recently, several
studies have demonstrated that neuroinflammation in the hippocampus is most likely to
be involved in the pathogenesis of POCD [35, 44-51]. Neuroinflammation is a complex
response to brain injury characterized by maladaptive microglial activation mainly involv-
ing the activation of glia and increased levels of pro-inflammatory cytokines, including
interleukin-1( (IL-1B) and tumour necrosis factor-a (TNF-a) [52-54]. As the primary source
for pro-inflammatory cytokines, microglia are implicated as pivotal mediators of neuroin-
flammation. In particular, the hippocampus is known to be a region important to cognition
and highly vulnerable to ageing. Pro-inflammatory cytokines TNF-a and IL-1B released
from microglia within the hippocampus are reported to inhibit the long-term potentiation
that is important in the formation of memory, as well as inducing apoptosis, and thus play
a pathogenic role in cognitive disorders in neurodegenerative diseases [48, 52-58]. Based
on these findings, it can be hypothesized that age-related microglial priming in the hip-
pocampus, and subsequent overproduction of inflammatory cytokines, plays a critical role
in the development of POCD in the elderly population. Therefore, it becomes necessary to
understand the roles of neuroinflammation in the pathogenesis of POCD and its potential
as a therapeutic target.

Preclinical evidence has shown that microglia in a normal-aged brain are shifted towards
the inflammatory phenotype (Figure 1). This age-related phenotype change is consistent
with the microglial priming, implying that age-related microglia priming could make
elderly surgical patients more susceptible to the development of POCD. Neurogenic neu-
roinflammation is the inflammatory reaction in the central nervous system in response to
neuronal activity [59]. Peripheral immune challenges, such as surgical trauma, may lead
neurogenic neuroinflammation to become maladaptive [60]. It has been postulated that the
inflammatory response may be transmitted through humoral and neural pathways, leading
to neuroinflammation. Parabiotic experiments in rat models have revealed that the neural
pathway may play a dominant role in the development of neuroinflammation after abdomi-
nal surgery [60]. These findings seem to confirm the neurogenic neuroinflammatory origin
of POCD in aged rats. Though rodents are useful in providing hypothetical models for
understanding some of the memory deficits seen in human POCD, it still remains unclear
how much can be extrapolated to simulate the neuroinflammatory mechanisms involved in
human POCD [2].

While several studies have concentrated on protein regulating inflammation (cytokines),
recent evidence points to a critical role of microRNAs (miRNAs) in controlling the inflam-
matory process [61-64]. A subset of miRNAs notably affects both immune and neuronal
functions in particular in the central nervous system. It has been hypothesized that miRNAs
regulate neuro-immune functions through alterations of neuron-glia and/or brain-to-body
signalling [65]. Moreover, miR-572 has been implicated in the development and restoration of
POCD and identified as a possible biological marker for early diagnosis of POCD [61]. In fact,
modulating miRNAs using agonist or antagonist miRNAs is a promising approach to treating
human neuroinflammatory disorders including POCD.
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Figure 1. Microglial priming. Effects of ex vivo stimulation with lipopolysaccharide (LPS) on the cultured microglia
were shown. Hippocampal microglia were isolated from either young or aged rats. Primary microglia were stimulated
with 0.1, 1, 10 and 100 ng/ml or media alone, and levels of TNF-a were determined from supernatants collected 24 h
later. The LPS-induced increase in TNF-a was greater in the microglia of aged rats than young. These results indicate
that normal ageing may prime microglia for an exaggerated responsiveness to pro-inflammatory stimuli.

3. Treatment and prevention

Notwithstanding the fact that POCD is a common complication for geriatric patients, currently
there is not any available st ment after general anaesthesia [66]. Additionally, due to the
challenging nature of POCD, examples of randomized controlled studies assessing possible
intervention for treating or improving POCD are scarce [2]. However, this can be addressed
by studies assessing the effects of drugs on cognitive impairment after general anaesthesia.
Aminophylline reduced the time necessary for postoperative cognitive recovery from sevo-
flurane anaesthesia, improving the ventilatory elimination of sevoflurane [67]. Meanwhile,
low-dose haloperidol prophylactic treatment did not prove effective in decreasing the inci-
dence of postoperative delirium but had a positive effect on the severity and duration [68]. A
pilot, phase 2a study to evaluate the feasibility, safety and efficacy of donepezil in preventing
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postoperative delirium did not find significant changes in the incidence of delirium or in
the days patients stayed in the hospital, although it did not rule out possible benefits [69].
In agreement with these results, Doraiswamy and collaborators [70] evaluated the effect of
donepezil in treating patients with cognitive decline following coronary artery bypass graft
surgery, reporting that donepezil did not improve composite cognitive performance but had
enhancing effects on some aspects of memory. Meanwhile, the use of gabapentin in the treat-
ment of postoperative pain reduced the occurrence of postoperative delirium [71].

Therefore, the lack of an effective treatment for POCD highlights the importance of the pre-
vention. Over the past years, research efforts have been directed to identifying new strate-
gies for preventing POCD [2]. While lidocaine administered during and after cardiac surgery
failed to reduce POCD incidence, some protective effects of lower-dose lidocaine in nondi-
abetic subjects were found [72]. Moreover, due the anti-inflammatory action of ketamine,
POCD incidence was reduced one week after cardiac surgery [73]. Meanwhile, intraopera-
tively intravenous administration of magnesium in cardiac surgery did not have any preven-
tive effect over POCD [74]. Furthermore, administration of a post-cardiac surgery high dose
of dexamethasone failed to reduce the risk of POCD [75], while in another study, a higher
dose of dexamethasone actually increased the incidence of POCD in the early postopera-
tive period after microvascular decompression under general anaesthesia [76]. Furthermore,
resveratrol showed anti-neuroinflammation and anti-apoptosis effects attenuating the hip-
pocampus-dependent cognitive impairment induced by isoflurane in aged mice [77]. Also,
ondansetron administered postoperatively appears to have analgesic and protective effects,
additionally seeming to improve the cognitive function in patients undergoing surgery under
general anaesthesia [78]. When the effects of postoperative analgesia with ketoprofen on cog-
nitive functions were investigated in aged animals, the results suggested that ketoprofen
can prevent the development of surgery-associated memory deficits via its pain-relieving
effects [79]. Chronic pretreatment with low doses of candesartan may elicit blood pres-
sure-independent neuroprotective effects in POCD by decreasing hippocampal blood-
brain barrier permeability and promoting resolution of neuroinflammation [47]. Further,
dexmedetomidine provided neurocognitive protection, attenuating isoflurane-induced
injury in rats developing brain [80]. Atorvastatin preserved the hippocampal-dependent
fear response and also protected spatial memory on day seven after surgery in a mouse
model of postoperative cognitive decline [81]. Aspirin-triggered resolvin D1 prevented
neuronal dysfunction and cognitive decline after peripheral orthopaedic surgery in the
mouse model [82].

There is considerable evidence that cognitive interventions, such as physical activity and
cognitive activity, have positive effects on age-related cognitive changes as well as early-
stage dementia in humans [83-89]. In addition, animal models mimicking these inter-
ventions, in which rodents were exposed to voluntary wheel running and an enriched
environment, showed improvement in cognitive performance (Figure 2) [48, 90]. Although
the mechanism of these benefits has been debated, both interventions are reported to have
common positive effects on microglial number, proliferation and phenotype in the brain.
In fact, preoperative cognitive intervention, a combination of physical activity and cog-
nitive activity, has been shown to prevent the development of POCD via restoration of
the pro-inflammatory phenotype in aged microglia [48]. In addition, evidence suggests
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that an enriched environment attenuated the surgery effects in reduction of brain-derived
neurotrophic factor (BDNF) expression and neurogenesis in the hippocampus [90]. Recent
time-course analysis using a rat abdominal surgery model revealed that hippocampal
neuroinflammation and related microglial activation were found at 7 days after surgery,
which resolved to normal levels by 14 days after surgery [48]. Therefore, the effects of pre-
operative cognitive intervention may persist long enough to encompass the critical period
of POCD development [48].
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Figure 2. Effects of preoperative cognitive intervention on cognitive function assessed by novel object recognition test
in aged rats. All rats were exposed to preoperative cognitive intervention or sedentary condition for 14 days following
surgery (laparotomy and small intestinal manipulation) or non-surgery and allowed 7 days of recovery. Seven days
after surgery, the effects of cognitive intervention on hippocampal-mediated working memory were assessed by a novel
object recognition task. The sedentary rats in the aged group exhibited significantly impaired novel object recognition
performance as shown by the similar amount of time spent in exploring the two objects. However, such impairment was
not observed in the preoperative cognitive intervention group.
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4. Concluding remarks

POCD is increasingly recognized as one of the common complications in geriatric patients
despite the lack of strategy for prevention and management. Due to these limitations, pre-
operative management should be focused on promoting an early recognition of the patients
at risk, and preventative measures should be taken from a multimodal approach comprising
collaboration between the anaesthesiologist, surgeon, geriatricians and inclusion of family
in the postoperative care plan in order to improve overall recovery and avoid long-term
sequelae of POCD [2, 6, 10, 66]. Furthermore, it is recommended that patients at high risk for
POCD should get preoperative discussion of this issue, allowing patients to make cognitively
demanding decisions before surgery [2]. In addition, in line with the positive effects of cogni-
tive interventions in both human and animal models, “pre-surgical rehabilitation” must be
encouraged when possible in order to minimize the risk of POCD occurrence and its effects
on overall recovery after surgery [2]. Moreover, promising new approaches such as the uti-
lization of the relationship between neuroinflammation and miRNA expression should not
be overlooked, in order to understand and discover new treatments. Deregulation of certain
miRNAs may be associated with POCD development.

While both cardiac surgery and noncardiac surgery have been associated with POCD, the effects
of each seem to affect different cognitive domains and in consequence may originate from dif-
ferent causes or mechanisms [25]. Moreover, the difficulty extrapolating the knowledge gathe-
red through preclinical studies and animal models to human cases and the translation of these
findings into therapeutic treatment for POCD points to the need for further work is needed. So
far, the surgery-induced neuroinflammation processes including the microglial activation path-
ways seem to be the most promising therapeutic targets in the management of POCD.
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