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Foreword

Enhanced post-operative recovery programmes were developed about 20 years ago,
initially in minor abdominal procedures but rapidly followed by major abdominal
procedures. The clinical and economic benefits of these programmes have been
repeatedly confirmed by centres around the world and later including programmes
from all other surgical specialties.

A prerequisite for enhanced recovery is provision of “dynamic pain relief”,
meaning that patients are comfortable and able to mobilize. During the last decade,
several developments of new analgesic techniques and drugs have been available,
making it difficult for the practical clinician to make evidence-based procedure-
specific choices. Consequently, this book which reviews the many different possi-
bilities to optimize analgesia in major surgery is an important step forward to help
clinicians to achieve further improvement in their enhanced recovery pathways. The
authors are to be congratulated for their efforts to put this knowledge together,
which deserves widespread interest and distribution.

Henrik Kehlet

Section for Surgical Pathophysiology 7621
Rigshospitalet

Copenhagen, Denmark



Introduction

This millennium has seen dramatic changes in how major abdominal surgery is
performed with rapid increases in the use of minimally invasive surgical techniques,
utilizing laparoscopic or robotic assistance. The result is a reduction in abdominal
wound site and visceral injury, which has in turn led to a different approach to anal-
gesia management as pain is often controlled with oral multimodal analgesia within
24-36 h post-operatively.

Surgical technique and newer surgical instruments (such as the harmonic scal-
pel) have also led to a reduction in the amount of tissue damage and blood loss dur-
ing surgery, regardless of whether a minimally invasive or open approach is used.
The result has been surgery with less primary injury and reduction in blood loss
enabling patients to recover more rapidly after surgery.

The development of accelerated peri-operative care pathways (so-called
enhanced recovery programmes), originally described by Kehlet in the 1990s,
which enable patients to recover faster after open colorectal surgery, has also
changed the approach to analgesia in patients undergoing all major abdominal sur-
gery globally. This emphasizes early mobilization after surgery to reduce complica-
tions and insulin resistance, in order to improve outcomes, and dynamic analgesic
techniques are pivotal in achieving these goals.

Analgesic techniques that reduce mobilization, or encumber the patient, are there-
fore problematic even before they have been commenced. The avoidance of high
doses of opiates is also imperative to reduce their unwanted side effects, which
include nausea, vomiting, sedation, lethargy, confusion and delirium. There is also an
increased risk of ileus and constipation with opiate use. The recognition that early
oral feeding is beneficial and without risk, compared to long periods of starvation
with a nasogastric tube in situ, has led to the acceptance of early feeding as a standard
clinical practice in both upper and lower GI surgery across Europe. Although the
timing, initial quantity and increase in buildup of feeds differ between specialties, the
era of not feeding the gut for many days after surgery is over. This has presented the
opportunity for administering medication orally, thereby reducing the need for com-
plex pumps, which in turn reduce mobility and create psychological dependence.
These changes jointly lead to greater simplicity in delivering effective analgesia.

The development and availability of new technology has not been limited to sur-
gery. The advent of highly sophisticated portable ultrasound machines has enabled
anaesthetists to perform ultrasound-guided nerve blocks at the bedside or in the

vii
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operating room environment. Ultrasound is useful for both single-shot and catheter
placement for paravertebral blocks and abdominal wall blocks, e.g. TAP, QLB and
rectus sheath blocks, as well as increasingly used in difficult spinal or epidural cath-
eter placement in patients with high body mass index. The result has been the
increased safety and efficacy of nerve blocks as anatomy can be accurately targeted
and vascular structures identified and avoided. Chapters 9-12 comprehensively cover
this range of nerve blocks with continuous wound infusions covered in Chap. 13.

Whilst all these newer techniques are challenging the position long held by tho-
racic epidural analgesia, Dr. Antrobus devotes Chap. 8 to the discussion of what is
still considered the gold standard by many. The other neuraxial block, the spinal
blockade using intrathecal opiate, has found a new niche as an effective post-
operative analgesic option and is ably discussed by Dr. Dhillon.

It is imperative that surgeons and anaesthetists have knowledge of anatomy of the
abdominal wall and nerve distribution to ensure appropriate selection, safety and effi-
cacy of these techniques depending on the surgical approach and patient factors. In
Chap. 1, Professor Timothy Rockall outlines the anatomy and approach of different
techniques that provide a solid foundation for the regional techniques that follow.

This era has also seen advancements in pharmacology and the introduction of
newer analgesic drugs. The release of older drugs in newer formulations has also
improved efficacy of analgesia during the peri-operative period when there is gut
dysfunction or when the patient is not able to ingest enteral medication.

Paracetamol (acetaminophen) is one such drug. It is now available in intravenous
form enabling delivery of up to 4 g a day providing good blood concentrations of
the drug as the backbone to peri-operative multimodal opioid-sparing analgesia.
Many NSAIDs (including COX2) are available in intravenous form as another addi-
tion to paracetamol in multimodal analgesia. Dr. Baldini in Chap. 2 covers simple
multimodal analgesia as well as systemic opiate in Chap. 3, which although mini-
mized is still frequently required at lower dosage for control of visceral pain or as a
step down from the more potent regional techniques.

Although gabapentinoids (gabapentin, pregabalin) have been used for many
years for chronic pain, these drugs are being increasingly used as an adjunct to mul-
timodal opioid-sparing analgesia, and they are expertly dissected by Dr. Jeremy
Cashman in Chap. 4.

Other exciting non-opioid adjuvants discussed in detail are ketamine and intrave-
nous lidocaine infusions by Dr. Naveen Eipe in Chaps. 5 and 6. Both drugs have been
in use for many decades but have only recently been identified as safe and useful
opioid-sparing options, along with other benefits involving inflammation in the case
of ketamine and inflammation and gut function in the case of lidocaine. Although a
plethora of other non-opioid molecules with varying degrees of analgesic effect has
been identified and is used in research settings or by pain experts, for example, beta
adrenergic blockers, glucocorticoids, alpha-2 agonists, magnesium, epinephrine, anti-
depressants, cholinomimetics, antihistamines, nitroglycerine and calcium channel
blockers, we have chosen to confine this book to the aforementioned agents as these
have the greatest evidence of efficacy and safety and have already been incorporated
as standard items in the analgesic package of many enhanced recovery programmes.
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Pain is multifactorial in nature and has large inter-individual variation. Indeed
the final chapter by Dr. Searle deals with the challenging task of managing of acute
pain in patients with pre-existing chronic pain. There is increased awareness that
treating the pain score alone, without addressing the consequences of the analgesic
method, can worsen outcomes after surgery. Examples are the patient who is ren-
dered immobile with a thoracic epidural due to motor block or a patient who is
obtunded or confused as a result of liberal opioid use.

Therefore, the concept of “effective analgesia” is a key principle to keep in mind
when reading this book and choosing combinations of techniques to suit your prac-
tice and institution.

Multimodal analgesia, including simple analgesia (Chap. 2) along with non-
opioid adjuvants (Chaps. 4-6) delivered in a standardized package to reduce the
need for opiates and their related side effects, is the backbone of analgesia for
enhanced recovery pathways. A major analgesic modality, the so-called primary
technique (usually one of regional techniques described in Chaps. 7-13), is needed
to achieve this during surgery and the immediate post-operative period. The dura-
tion of this depends on the type of surgery, surgical approach and patient factors.
The role of systemic opiates ideally remains low dose as rescue.

The primary technique should provide adequate pain relief for early mobiliza-
tion, enable early return of gut function and have minimal adverse effects (in
particular hypotension and excessive motor block which prohibit mobilization).
Importantly, the techniques that fulfil all of these attributes, and are therefore the
most effective choices, are not always the option with the best pain scores ini-
tially. The key to success of any analgesic strategy is patient education and set-
ting of appropriate goals and expectations. Dr. Rockett in Chap. 14 highlights
fascinating emerging research surrounding such non-pharmacological adjuncts
to analgesia.

It is important for hospitals to have several different approaches for analgesia in case
one is inappropriate, contraindicated or in the case of failure. Other factors to consider
in choice of technique are the healthcare time involved in managing the interventions,
the skill set required for insertion (ideally use interventions with rapid learning curves
or already existing skill sets thus enabling rapid system-wide implementation), and
portability of infusion devices (ideally use techniques that are single shot thus not
requiring infusions or long-acting transdermal patches which do not rely on adminis-
tration compliance). Finally, many analgesic methods need troubleshooting to ensure
efficacy so constant monitoring of pain scores, patient function and vital signs are
necessary.

The emphasis for optimal analgesia in modern surgery is therefore multifaceted:

1. A basis of patient education with realistic setting of their expectations and psy-
chological preparation which improves analgesia throughout the peri-operative
pathway including after discharge to home. This is an often overlooked
component.

2. An overall aim to reduce opioid use and their associated side effects of sedation,
nausea and vomiting, pruritus, confusion and ileus.
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3. Some form of local anaesthetic block, either central neuraxial, truncal or wound
infusions, to reduce opiate consumption in the immediate peri-operative period.

4. Early commencement of multimodal analgesia.

5. Reduction of opiates using other pharmacological methods (gabapentinoids, ket-
amine, lidocaine). This may include non-pharmacological techniques.

6. Recognition of the chronic pain patient presenting for surgery and those at risk
of developing chronic postsurgical pain and developing a robust peri-operative
analgesic plan incorporating acute pain team involvement proactively.

The selection of analgesic techniques used in many hospitals around the world is
still often based on that which was used during a physician’s period in training or
what has been historically used in a hospital based on studies from 10 to 20 years
ago. This book aims to give the reader an up-to-date evidence-based guide of the
analgesic choices available for patients undergoing major abdominal surgery, along
with the practical knowledge and tips of the experts to enable you to implement
these interventions into your practice and across your wider institutions.

When compiling the chapter list, we engaged some of the world’s most eminent
authority on each subject. We hope you enjoy reading it and find the contents rele-
vant to your clinical practice.

Blackburn, UK Anton Krige, MBChB, DIMC, FRCA, FFICM
Guildford, UK Michael J. P. Scott, MBChB, FRCP, FRCA, FFICM
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Anatomy of the Innervation
of the Abdomen

Timothy A. Rockall

Key Points

1. Somatic pain from abdominal wall trauma is the major component following
abdominal surgery.

2. Visceral pain is the lesser component, although initially intense, is of shorter
duration.

3. The somatic component receives innervations from the T7 to T12 spinal nerves.

4. Regional techniques can target nerve blockade anywhere from the subarachnoid
space to the terminal nerve endings of T7 to T12 to achieve somatic analgesia.

5. The central neuraxial techniques will simultaneously achieve blockade of the auto-
nomic nerve supply to the abdomen and therefore the visceral pain component.
Other regional techniques will require additional analgesia for this component.

Introduction

Pain is an important indicator of abdominal pathology and the site and nature of the
pain is an important indicator of the likely cause. Pain is also an inevitable conse-
quence of operating in the abdomen. The major cause of post-operative pain is the
trauma to the abdominal wall required to access the pathology of the peritoneal
cavity, but pain may also originate from the abdominal organs (visceral pain) and
the peritoneum. For many surgical procedures the advent of minimally invasive
techniques has dramatically reduced the component of post-operative pain originat-
ing from the abdominal wall without necessarily impacting on the lesser visceral
component.

T. A. Rockall

Royal Surrey County Hospital NHS Trust,
Minimal Access Therapy Training Unit (mattu),
Guildford, Surrey, UK
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An array of local and regional anaesthetic techniques are used to control
post-operative pain either as a sole method or as an opiate sparing adjunct to
systemic analgesia. The technique used is a reflection of the type of abdominal
surgery being performed and the site and size of the abdominal wound(s).
However, it also reflects the expertise and preference of the anaesthetist and
surgeon involved.

This chapter deals with the anatomy of the abdominal musculature, the spinal
canal and the sensory nervous system as it relates to methods of pain control fol-
lowing major abdominal surgery. Knowledge of the anatomy is pertinent to the
practice of all the different local and regional anaesthetic techniques that can be
used to control pain. The specifics of each technique as well as the advantages and
disadvantages and relative merits will be discussed in detail in subsequent
chapters.

Innervation of The Abdomen

The abdominal wall can be divided into myotomes and dermatomes each being
supplied by the spinal nerve originating in the thoracic column. Classically the
abdominal wall is described as being innervated by the T7-T12 spinal nerves. In
reality the xiphisternum is within the T5 distribution and the pubic bone within the
L1 distribution (Fig. 1.1). This is because of the crossover of innervation between

Fig. 1.1 Dermatomes of the thorax and abdomen. Illustration courtesy of A.L. Scott
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dermatomes. Branches of the spinal nerves also supply the parietal peritoneum but
the intra-abdominal organs are innervated by the autonomic nervous system. The
sympathetic supply is via the splanchnic nerves and the parasympathetic via the
vagus nerve and sacral parasympathetic outflow.

The Spinal Column

An understanding of the anatomy of the spinal column is critical to successful
access to the dural and epidural space and to avoiding the complications that
may arise. Equally an understanding of the anatomy of the vertebrae and para-
vertebral muscles is critical to the application of regional blocks and catheters
in relation to the psoas muscle, the quadratus lumborum muscle and the paraver-
tebral space.

Sensory nerves arise from the dorsal root and motor nerves from the ventral root
of the spinal column. The dorsal and ventral roots combine to form 31 pairs of spi-
nal nerves. Each spinal nerve divides into a dorsal ramus and a ventral ramus. It is
the ventral ramus that supplies motor and sensory fibres to the anterior abdominal
wall. Each spinal nerve communicates with the sympathetic trunk via grey and
white rami communicantes (Fig. 1.2). The spinal nerves supply motor fibres in a
distribution called a myotome and sensory fibres to the skin in a distribution called
a dermatome.

The spinal cord which gives rise to the dorsal and ventral roots is surrounded
by the spinal meninges (Pia mater, Arachnoid mater and Dura mater). The Dura

Dorsal root ganglion

Dorsal root of spinal nerve Spinal cord

Ventral root of spinal nerve

Sympathetic Rami

Dorsal ramus of spinal nerve

Ventral ramus of spinal nerve

Fig. 1.2 Anatomy of the spinal nerve. Illustration courtesy of A.L. Scott



4 T. A. Rockall

Dura mater. Epidural space

Subdural space Subarachnoid space

Pia mater: Arachnoid

Dorsal root ganglion

Dorsal root ganglion . :
Vertebral Body

Fig. 1.3 Cross-section of the spinal column. Illustration courtesy of A.L. Scott

mater is also referred to as the Dural sheath. These three layers give rise to two
potential spaces known as the sub-arachnoid and sub-dural spaces. Outside of this
is the Epidural space, which contains fat and blood vessels. Within the Dural
sheath the spinal cord is bathed in cerebrospinal fluid that is continuous with the
cerebrospinal fluid surrounding the brain (Fig. 1.3). The spinal column gives way
to the corda equina in its lower part at the level of approximately the first lumbar
vertebra (Fig. 1.4).

The spinal column is protected by the vertebral bones that articulate and provide
a gap between the vertebra called the intervertebral foramen through which the fused
dorsal and ventral roots (dorsal root ganglion) pass (Fig. 1.5). After the dorsal root
(spinal) ganglion it becomes known as the spinal nerve which then gives off a dorsal
ramus supplying motor and sensory fibres to the back and ventral ramus which for
the thoracic nerves is also known as the intercostal nerve (Subcostal for T12).

Anteriorly the vertebrae and intervertebral discs and the posterior longitudinal
ligament protect the spinal column. Posteriorly the spinal cord is protected by the
bony vertebral arches, and in-between the arches by the supraspinous ligament,
interspinous ligament and ligamentum flavum (Fig. 1.6). Access to the subarach-
noid or epidural space is through these ligaments. Vascularity is least in the
midline.

Strong muscles encased in a tough thoracolumbar fascia support the vertebral
column. The thoracic spinal nerves travel initially in the space between the inter-
nal intercostal membrane (formed by the fusion of the external and internal
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Fig. 1.4 Sagittal section P
of the spinal cord. DORSAL =i VENTRAL
Illustration courtesy of ]!
A.L. Scott ol |
Spinal Cord |

T4 vertebral body
T4 nerve (nipple)

_L_____-—T1 0 vertebral body
T10 nerve (umbilicus)

’\B“‘S%?\&%

o L1 vertebral body
._4_75'“"- L1 nerve

BN ( L5 vertebral bod
Dural Sac VA Lc—a_ Y

Cerebrospinal fluid / .,: \ _%81 vertebral body
Sacrum
Filum terminale
N\ ! S5 vertebral body
‘{c‘g———Coccyx

Posterior Anterior Posterior

) Spinal cord

(¢
Spinal cord | # Spinous process :

Lamina

Pedicle
Vertebral \ = Vertebral body
foramen

Intervertebral disc

Dorsal ganglions

Spinous process W

Anterior

Fig. 1.5 Bony anatomy of the vertebral column. Illustration courtesy of A.L. Scott
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Anterior longitudinal ligament /

Intertransverse ligament

!
b

G
)

Supraspinous ligament

Posterior longitudinal ligament

Spinous process
Ligamentum flavum

Fig. 1.6 Ligaments of the vertebrae. Illustration courtesy of A.L. Scott

intercostal muscles attached to the transverse process) and the endothoracic fas-
cia. Deep to the endothoracic fascia is the parietal pleura (Fig. 1.7). For this rea-
son, one of the complications of paravertebral blocks is a pneumothorax. More
laterally the intercostal nerves enter the plane between the innermost intercostal
and internal intercostal muscles. As they travel anteriorly they will enter the plane
between the internal and external oblique muscles of the anterior abdominal wall.

The Anterior Abdominal Wall

The motor and sensory fibres from the intercostal (T7-T11) and subcostal (T12)
nerves, which arise from the ventral rami of the thoracic nerve root (Fig. 1.8), inner-
vate the peritoneum, abdominal musculature and the overlying skin. Each nerve is
connected to the sympathetic trunk by grey and white rami communicantes. T7—
T12 supply the thoracic and abdominal wall. T12 supplies the abdominal wall as
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Parietal and visceral pleura
Sympathetic chain

Vertebral body

Spinous process Ventral ramus
External intercostal muscle (forms the intercostal nerve)

Dorsal rami

Internal intercostal membrane

Fig. 1.7 Fascial and pleural relationships. Illustration courtesy of A.L. Scott

well as the gluteal skin. The fibres of T7-12 communicate freely as they traverse the
abdomen resulting in overlap of sensory distribution in the dermatomes.

T7-T12 ventral rami continue from the intercostal spaces in which they travel
into the abdominal wall. T7 and T8 exit the anterior end of the intercostal space and
travel between the digitations of the transversus abdominis muscle. They then pierce
the internal oblique aponeurosis to lie posterior to the rectus abdominis. They sup-
ply the rectus muscle and then pierce the anterior rectus sheath near its lateral bor-
der to supply the skin. Anatomically T7 and T8 cross the costal margin medial to the
lateral border of rectus abdominis.

T9-T11 pass between the digitations of the diaphragm and transversus abdominis
muscle to lie between transversus abdominis and internal oblique. At the lateral edge
of rectus abdominis they pierce the internal oblique aponeurosis to pass behind the
rectus muscle similar to T7/T8. T10 supplies the skin at the level of the umbilicus.

Motor fibres of the thoracic nerves supply the intercostal, subcostal and abdomi-
nal wall muscles. Sensory fibres supply the costal part of the diaphragm and related
parietal pleura and peritoneum and give rise to collateral, lateral and anterior
branches that supply the skin.
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Fig. 1.8 Nerves of the anterior abdominal wall. Illustration courtesy of A.L. Scott

The T12 ventral rami are larger than the other thoracic rami and communicate
with the L1 rami. The nerve communicates with the Iliohypogastric nerve and gives
motor branches to the pyramidalis muscle.

Peritoneum

The parietal peritoneum is innervated differently to the visceral peritoneum.
Branches of the somatic nerves innervate the parietal peritoneum and the sensors
respond to a number of stimuli that are perceived as localised pain which is often
exacerbated by movement. Sympathetic fibres carried via the splanchnic nerves
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innervate the visceral peritoneum, and when stimulated cause the patient to perceive
poorly localised, often midline, pain. Pain may be generated by ischaemia, spasm,
distension and capsular tension rather than direct trauma.

Viscera and Visceral Peritoneum

Autonomic nerve fibres from the coeliac and hypogastric plexae supply the
abdominal viscera. The coeliac plexus is situated at the level of T12/L1 vertebra
and has two large ganglia. The plexus surrounds the coeliac trunk and the root of
the superior mesenteric artery. The plexae are formed by branches of the greater
and lesser splanchnic nerves, and some fibres from the vagus nerve. Secondary
plexae form in the distribution of the major named arteries of the abdominal
cavity.

Sympathetic nerve fibres to the small intestine are motor to the ileo-caecal valve
but inhibitory to gut smooth muscle generally and also stimulate vasoconstriction.
The sympathetic system is inhibitory and the parasympathetic is motor to the colon.
The parasympathetic fibres originate from sacral nerves in the lower gut and via the
vagus in the foregut and mid-gut.

Afferent autonomic fibres are responsible for initiating autonomic reflexes but
are also the route through which visceral pain is sensed, such as abdominal colic due
to muscle spasm and stretching stimuli.

Approaches to Blocking the Sensory Innervation
of the Abdominal Wall, Peritoneum and Viscera

Sensory innervation can be blocked at a number of accessible sites along the somatic
nerve pathway using a local anaesthetic agent. Nerve blockade can be achieved by
a single bolus injection, which has a limited duration, or by continuous infusion via
a catheter. This is true of all spaces other than the subarachnoid space where infu-
sion catheters are not used routinely.

For a spinal anaesthetic (see Chap. 7). the Subarachnoid space can be accessed
at any vertebral level but to avoid spinal cord injury is accessed at a space below the
termination of the spinal cord (L2/3). The approach is through the intervertebral
ligaments in the midline and is accessed by puncturing the skin, the ligamentum
flavum and the dura. Access to the correct space is confirmed by the flow of cere-
brospinal fluid. Bleeding is least likely by maintaining the midline position. The
Epidural space (see Chap. 5) is accessed by the same route but stopping short of
the dural sheath (Fig. 1.9).

The Paravertebral space (see Chap. 7) is accessed by injecting lateral to the
midline, traversing the skin, thoraco-lumbar fascia, erector spinae muscle and
intercostal membrane to enter the space between the intercostal membrane and
the endothoracic fascia (Fig. 1.10). Deep to the endothoracic fascia is the parietal
pleura.
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Fig. 1.9 Spinal and
epidural spaces. Illustration
courtesy of A.L. Scott
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The Intercostal space is accessed just below each rib. The neuro-vascular
bundle travels in the intercostal groove between the inner and innermost inter-
costal muscles. The pleura lies just deep to the innermost intercostal muscle
(Fig. 1.11).

The transversis abdominis plane (TAP) (see Chap. 9) lies between the inter-
nal oblique and transversus abdominis muscles. Ultrasound of the abdominal
wall clearly show the three layers of the abdominal wall laterally so that the
space can be accessed by passing a needle through external and internal oblique
muscles. A common site for accessing this plane is through the triangle of Petit
which is bordered by the Iliac crest below, the latissimus dorsi posteriorly and
the external oblique anteriorly. TI0O-T12 are most readily blocked through this
approach (Fig. 1.12).

The rectus sheath space (see Chap. 10) can be accessed indirectly by ultrasound
guidance or directly by the surgeon. The rectus sheath in the upper two thirds
encases the rectus muscle. The posterior sheath is deficient in its lower third and the
lower edge of the rectus sheath is called the arcuate ligament. Below the level of the
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Fig. 1.10 Paravertebral approach. Illustration courtesy of A.L. Scott

arcuate ligament the peritoneum lies deep to the rectus muscle. Where the recti meet
in the midline is called the linea alba and the lateral edge of the rectus sheath is the
linea semilunaris. Large blood vessels travel along the posterior aspect of the rectus
muscle. The superior epigastric artery from above and the inferior epigastric artery
from below.
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Fig. 1.11 Intercostal anatomy. Illustration courtesy of A.L. Scott
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Analgesic Techniques in Relation to Common Incisions

As a general principal transverse incisions and lower abdominal incisions are con-
sidered less painful than large midline longitudinal incisions.

Kocher’s Incision

Classically used for open cholecystectomy but now more frequently for liver resec-
tion and can be extended across the midline as a roof-top incision. It is a painful
incision and cuts across the nerve fibres of T7-T11 or 12.

Midline Incisions

This incision is the one most commonly deployed in major open abdominal surgery
and T7-T12 dermatomes are involved.

Para-Median Incisions

These are less commonly used but have the potential advantage of lateralising the
pain stimulus to one side as well as to reduce the midline wound complication rate.
The same dermatomes are involved as a median incision albeit only one sides der-
matomes although there is some contralateral cross-over of sensory innervation.

Pfannenstiel Incisions

These are commonly used in gynaecology and obstetrics. A short Pfannenstiel inci-
sion is commonly used for specimen extraction and bowel exteriorisation in a range
of laparoscopic colorectal procedures, particularly involving the left colon and rec-
tum. Laparoscopic-assisted procedures involving the right colon or small bowel
more commonly utilise a peri-umbilical incision.
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Key Points

1. Multimodal analgesia relies on the principle of administering different types of
analgesic medications, which through an additive or synergistic effect can
improve post-operative pain control.

2. This allows a reduction in systemic opioid requirements and their associated
adverse effects, with the ultimate goal of facilitating early feeding and post-
operative mobilization in patients undergoing abdominal surgery.

3. Such a protocol should be procedure-specific and include non-opioid analgesics
administered regularly, with systemic opioids to treat moderate—severe break-
through pain, and regional anaesthesia techniques for certain surgical procedures.

Introduction

Despite improvements in understanding the pathophysiologic mechanisms leading
to post-operative pain, data from three different surveys published in the last
20 years have shown that 86% of patients experience pain after surgery, with three
quarters of these reported as moderate-to-extreme intensity [1].

Uncontrolled surgical pain is not only an unpleasant experience, but it also
induces autonomic and endocrine-metabolic changes, and behavioural responses
that can significantly affect post-operative outcomes. Moreover, poor pain control
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may lead to peripheral and central neuronal sensitisation with subsequent develop-
ment of chronic pain syndromes.

Because of the complexity of surgical pain, post-operative pain cannot be ade-
quately treated with a single medication without experiencing significant side effects.
Results of several clinical trials have shown that the most effective way to treat pain
and prevent the development of chronic pain syndromes is by adopting a multimodal
analgesic strategy. This approach includes multiple analgesic interventions with dif-
ferent pharmacological mechanisms to block transmission of painful stimuli to the
central nervous system (CNS) at different levels, and on multiple receptors, from the
moment the nociceptive stimulus is transmitted to the CNS (Fig. 2.1) (Table 2.1).

Combining different analgesic medications allows a dose reduction of each anal-
gesic drug thereby minimizing the risk of developing medication related side effects.
A broader definition of multimodal analgesia also includes regional and non-
pharmacological analgesic techniques along with peri-operative strategies aimed at
reducing the severity of post-operative pain along with preventing central and
peripheral sensitisation and the occurrence of postsurgical chronic pain (Pre-
emptive and Preventive Analgesia) [2]. A multimodal analgesic protocol should also
be procedure-specific to maximize the clinical impact of post-operative analgesia
on surgical outcomes [3].

Although systemic opioids remain the cornerstone of surgical pain management
in patients undergoing abdominal surgery, they cause several dose-dependent side-
effects that delay surgical recovery [4]. Moreover, experimental trials have demon-
strated that opioids, mainly morphine, might also facilitate cancer progression and
its recurrence, by negatively modulating the immune response induced by surgery
[5]. A multimodal analgesic approach would allow a reduction in opioid require-
ments and side-effects thereby facilitating surgical recovery, especially in the con-
text of Enhanced Recovery After Surgery (ERAS) Programmes [6].

Analgesic medications used to reduce opioids requirements include paracetamol
and/or selective and non-selective cyclo-oxygenase (COX) inhibitors. Other
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Table 2.1 Type of intervention, sites and mechanisms of action, and side effects of various
analgesics

Type of Mechanism Clinically relevant
intervention Site of action | of action Effect side-effects
Opioids Opioid Hyperpolarization | Inhibition of * PONV

e Systemic receptors of sensory neural * Constipation

e Intrathecal * Spinal neurons transmission e Urinary retention

(dorsal horn) | decreased neuron » Cognitive
* Supraspinal excitability impairment

Local Spinal nerve | Activation of Na* * Hypotension
anaesthetics roots channels e Urinary retention

 Epidural * Local anaesthetic

* Spinal toxicity
Local Nerves endings | Activation of Na*
anaesthetics (nociceptors) | channels
(wound
infiltration/TAP
block)
Intravenous Systemic | IL-6, ILIR Anti-inflammatory | Local anaesthetic
lidocaine | CD11b/CD18 toxicity

expression
NSAIDs Systemic COX-1 and * Bleeding
COX-2 inhibition * Gastrointestinal
ulcer

¢ | Renal function
e Cardiovascular

complications
* Anastomotic
leakage (?7)
Paracetamol Systemic Uncertain Uncertain Hepatotoxicity
(neural COX-3
inhibition)
Gabapentinoid | Systemic | Glutamate, Inhibition of Dizziness, sedation
substance P neuronal
excitability
Dexamethasone | Systemic Uncertain Anti-inflammatory | Hyperglycemia,
immune

modulation (long
term therapy)

analgesics include gabapentinoids (see Chap. 4), such as gabapentin and pregabalin,
a-agonists, and N-methyl-p-aspartic acid receptor antagonists (NMDA) (e.g. ket-
amine [see Chap. 5] and magnesium). Peri-operative infusion of intravenous lido-
caine (see Chap. 6) and oral corticosteroids, have also been shown to be useful
analgesic adjuvants (Fig. 2.1).

The role of pre-emptive analgesic strategies still remains unclear. However, epi-
dural blockade before surgery seems the only pre-emptive analgesic technique that
systematically reduces pain, analgesic consumption and time to rescue analgesia
after major surgery [7].
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Pathophysiology of Pain After Abdominal Surgery

Nociceptors are widely disseminated in the skin, mucosa, peritoneum (visceral and pari-
etal), blood vessels and in the connective tissue surrounding the abdominal viscera.
They consist of free nerve endings (Ad and C fibers) that represent the more distal part
of sensory neurons placed in the dorsal root ganglions (DRGs). Surgical trauma, inflam-
mation, carbon-dioxide, pneumoperitoneum, and deep pelvic dissection activate noci-
ceptors that then transmit nociceptive stimuli from the periphery to the dorsal horns of
the spinal cord, and from here to the supraspinal sites. The ventral-posterior-lateral
(VPL) nucleus of the thalamus and the somatosensory cortex [8, 9] are the main supra-
spinal pain centers involved in the perception and transmission of the painful stimuli.

Surgical pain after abdominal surgery has both somatic and visceral components.
Somatic pain results from the injury of cutaneous and muscular tissues and from the
injury of parietal peritoneum (laparotomy, trocars, drains). Visceral pain results from
surgical manipulation, stretching and inflammation of visceral structures (connective
sheaths of organs, blood vessels and the diaphragm) and distension of the abdominal
cavity induced by pneumoperitoneum during laparoscopic procedures. Deep dissec-
tion of pelvic structures may also injure the pelvic plexus and lead to neuropathic pain.

Local Anaesthetics are frequently and successfully administered in patients
undergoing abdominal surgery as they block nerve conduction at different sites
along the pain pathways. Moreover, they can also be administered systemically due
to their analgesic and anti-inflammatory properties [10].

Nonsteroidal anti-inflammatory drugs (NSAIDs) and corticosteroids inhibit the
synthesis of pro-inflammatory mediators such as prostaglandin E, serotonin, bradyki-
nin, and histamine, and cytokines that directly activate nociceptors and can sensitize
peripheral and central nociceptors during prolonged and intense stimulation [11]. The
mechanism of action of paracetamol remains uncertain. Alpha2-adrenoreceptor ago-
nists (clonidine, dexmedetomidine) and NMDA receptor antagonists (ketamine, mag-
nesium) are used as coanalgesic agents, to spare opioids and improve analgesia.

The Major Components of Multimodal Analgesia

By adopting a multimodal analgesic strategy, different pharmacological analgesic
agents can be simultaneously used to control surgical pain, either acting on the
periphery where painful stimuli are generated, or acting more centrally by blocking
the transmission of nociceptive stimuli to the central nervous system (Fig. 2.2). A
broader definition of multimodal analgesia also includes the use of regional anaes-
thesia techniques.

Systemic Opioids

Systemic opioids remain a cornerstone in the treatment of moderate to severe surgi-
cal pain. However, independently of the route of administration and of the type of
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opioid used, they are associated with many side-effects that are dose-dependent and
can significantly impair surgical recovery, especially in the context of an ERAS
program [4]. These include respiratory depression, nausea and vomiting, post-
operative ileus, pruritus, urinary retention and sedation. The overall aim of multi-
modal analgesia is to reduce the amount of opioids the patient is administered to
avoid these opioid-related side effects. This chapter focuses on these nonopioid
options. The use of systemic opioids in patients undergoing abdominal surgery is
described in detail in Chap. 3.

Local Anaesthetics

Local anaesthetics block nerve conduction by binding the intracellular portion of
sodium voltage channels of the peripheral nerves or at the level of the spinal cord,
by preventing the generation of action potentials. They are frequently used in the
context of a multimodal analgesic regimen.

1. Local infiltration analgesia and preperitoneal continuous infusion of local
anaesthetic (see Chap. 13): local anaesthetic can be injected around the surgical
wound to block the terminal ends of pain fibers, either as local infiltration, or
infused continuously after surgery through preperitoneal multi-holed catheters
(see Chap. 13). Local infiltration analgesia and preperitoneal continuous infu-
sion of local anaesthetic are effective analgesic strategies to reduce opioid con-
sumption [12-16]. Liposomal bupivacaine is a novel local anaesthetic formulation
that provides analgesia up to 72 h after surgery. It has successfully provided
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optimal analgesia and reduced opioid consumption in patients undergoing open
and laparoscopic colorectal surgery [17, 18].

2. Intraperitoneal administration of local anaesthetic: local anaesthetic can also be
administered in the abdominal cavity either in patients undergoing open abdomi-
nal surgery [19] or in patients undergoing laparoscopic abdominal surgery [20,
21]. Nebulization systems can facilitate the spread of local anaesthetics into the
abdominal cavity to better control visceral pain [22-26].

3. Abdominal trunk blocks (see Chaps. 9, 10, 11, and 12): local anaesthetic can be
injected to block thoraco-abdominal nerves (76-L1) that innervate the abdominal
wall and the parietal peritoneum. Transversus Abdominis Plane Block (TAP
Block), Rectus Sheath block and Transversalis Fascia plane block are the most
common blocks used in patients undergoing abdominal surgery to attenuate
somatic pain. They are considered “fascial plane blocks” as they don’t target spe-
cific nerves, but rely on the distribution of local anaesthetics in a compartment
where the distal branches of the thoracoabdominal nerves are located [27, 28].

4. Neuraxial blockade (Intrathecal or Epidural analgesia) (see Chaps. 7 and 8):
local anaesthetics injected in the epidural or subarachnoid space block nerve
conduction at the level of the spinal nerve roots. They have been extensively and
successfully used in patients undergoing open and laparoscopic abdominal pro-
cedures. While thoracic epidural analgesia with a mixture of local anaesthetic
and opioids remains the gold standard to treat surgical pain after open abdominal
surgery, use in patients undergoing laparoscopic surgery remains controversial.
Moreover, recent studies have demonstrated that epidural analgesia in patients
undergoing laparoscopic surgery can delay surgical recovery compared to
patients receiving systemic opioid or intrathecal analgesia in the context of a
multimodal analgesic regimen [29, 30]. In contrast, intrathecal administration of
local anaesthetic and diamorphine has shown to provide adequate analgesia and
facilitate hospital discharge after laparoscopic colorectal surgery [31].

Nonsteroidal Anti-Inflammatory Drugs (NSAIDs)

NSAIDs are effective analgesic agents that attenuate the local and systemic inflam-
matory response caused by the surgical insult. NSAIDs block the synthesis of pro-
inflammatory mediators, such as prostaglandins and thromboxanes through the
inhibition of the Cyclo-oxygenase (COX) enzyme, which exist in two isoforms,
type 1 and type 2. While the COX-1 is an enzyme, which is present in most of the
tissues (endothelium, kidneys, stomach), COX-2 synthesis and activity are mainly
induced by noxious or painful stimuli in injured and inflamed tissues. Non-selective
NSAIDs target both COX isoforms, while selective NSAIDs preferentially inhibit
COX-2 isoform (COX-2 inhibitors).

When used in combination with systemic opioids in the context of a multimodal
analgesic regimen, NSAIDs improve post-operative analgesia, whilst reducing opi-
oid consumption by 30% [32, 33] together with the related side effects of nausea,
vomiting and sedation [33]. These benefits can be particularly useful in patients
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receiving systemic opioids, especially after epidural analgesia or intravenous mor-
phine (or other opioids) patient-controlled analgesia (PCA) discontinuation.

Several NSAIDs have been used in clinical practice at different dosages and with
different regimens.

Intravenous (iv) ketorolac has been used at different dosages and regimens as an
effective analgesic medication to treat postsurgical pain in patients undergoing
abdominal surgery [34-37]. A single dose of 10, 30 or 60 mg of iv ketorolac has been
shown to reduce opioid requirements, pain intensity at rest, post-operative nausea
and vomiting, facilitate the recovery of bowel function and facilitate ambulation [34,
38]. A single 30 mg dose of iv ketorolac does not provide superior analgesia than
10 mg [35, 36], and preventive analgesia has not been observed at any of these dos-
ages [37]. The analgesic efficacy of a single dose of 30 mg of intramuscular (im)
ketorolac was similar to 10 mg administered orally (PO) (number need to treat
(NNT) = 3.4 and NNT = 2.6, respectively), as the plasma concentration of ketorolac
rises more rapidly after enteral administration than when given im [37, 39]. Compared
to iv ketorolac, a greater opioid sparing effect has been observed after im administra-
tion, perhaps because of a slower clearance of the active (S) enantiomer [34].

A single post-operative dose of 400 mg ibuprofen PO or 500-550 mg of naproxen
PO provides adequate analgesia and an opioid-sparing effect of approximately
equivalent to 10 mg of morphine in 24 h [40]. A greater opioid sparing effect has
been observed when NSAIDS are administered as continuous infusions or in mul-
tiple doses (18.3 and 19.7 mg of morphine in 24 h, respectively) [41]. Caution is
required when using these drugs in patients with pre-existing renal disease, history
of gastric ulcer and in those with cardiac and cerebrovascular disease because of the
increased risk of thrombotic events. However, this risk seems marginal in patients
undergoing non-cardiac surgery and receiving NSAIDs for a short period (3—5 days)
[42]. Caution should also be used in patients at risk of bleeding. Finally, case series,
observational and experimental studies have shown an association between the peri-
operative use of NSAIDs and the risk of anastomotic leakage after colorectal sur-
gery [43]. Recent meta-analyses of six randomized controlled trials (RCTs) (480
patients) has shown a non-significant increased risk of anastomotic leakage in
patients undergoing colorectal surgery and receiving at least one dose of nonselec-
tive NSAIDs or COX-2 inhibitors within 48 h of surgery (Peto odds ratio [OR] =2.16
[95% confidence interval [CI] = 0.85-5.53]). Among different NSAIDs the risk is
minimal with COX-2 inhibitors and ketorolac [6, 44]. A recent retrospective cohort
study of 13,082 patients undergoing bariatric and colorectal surgery over 5 years at
47 hospitals demonstrated a significant association between anastomotic leakage
and the use of NSAIDs in the first 24 h after surgery, but only among patients under-
going emergency colonic resection (anastomotic leakage occurred in 12.3% in the
NSAID group and 8.3% in the non-NSAID group, OR = 1.70 [95% CI, 1.11-2.68])
[45]. Balancing these results against their beneficial analgesic effects, further evi-
dence is necessary before completely abandoning the use of NSAIDs in patients
undergoing colorectal surgery, as also suggested by the ERAS guidelines for patients
undergoing colorectal surgery [6]. However, as the pathogenesis of anastomotic
leakage is multifactorial, clinicians should consider avoiding NSAIDS in patients at
high-risk of anastomotic leakage due to the presence of other risk factors.
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Paracetamol (Acetaminophen)

Paracetamol (called acetaminophen in the USA) is commonly administered in
patients undergoing abdominal surgery as part of a multimodal analgesic regimen.
It has analgesic and antipyretic properties, but it lacks anti-inflammatory effects.
The mechanism of action is not completely understood, as it weakly inhibits COX-1
and COX-2, but selectivity binds COX-3 located in the CNS. It is unclear if it
relieves pain via central inhibition of COX-3 or by weakly inhibiting COX-2 enzy-
matic activity [46].

Oral bioavailability is high, with peak plasma concentrations reached in
30-60 min and with a plasma half-life of 2—4 h at therapeutic plasma levels.
Paracetamol is predominantly converted to pharmacologically inactive glucuronide
and sulfate conjugates, with a minor fraction being oxidised to a reactive metabolite
which is primarily responsible for paracetamol-induced hepatotoxicity [47].

It has been shown to be effective in treating post-operative pain, and reducing
opioid consumption by 20% in combination with intravenous PCA using morphine
[48]. Most of the studies have shown that paracetamol does not reduce the incidence
of opioid-related adverse effects [41]. However, a recent meta-analysis has demon-
strated that paracetamol, mainly administered intravenously, also reduced post-
operative nausea and vomiting. This antiemetic effect was not attributed to an
opioid-sparing effect, but rather to its analgesic efficacy, since the reduction of nau-
sea correlated with the reduction of pain intensity and not with the reduction of
post-operative opioid consumption [49]. Pre-emptive analgesic properties were also
demonstrated, as the analgesic efficacy of paracetamol was higher if it was admin-
istered before surgery, than if administered after surgery [49].

Paracetamol exists in different formulations (PO, per rectum and intravenous),
which affects bioavailability, particularly when administered rectally when levels
are less predictable. Plasma and effect site concentration after intravenous adminis-
tration of paracetamol are approximately double the plasma concentration follow-
ing oral or rectal administration, resulting in greater CNS penetration, which in turn
results in better analgesia compared to oral paracetamol. A meta-analysis of five
RCTs (726 patients) assessing the analgesic efficacy of paracetamol has shown that
patients receiving paracetamol more frequently reported excellent satisfaction than
patients receiving placebo (32.3% vs 15.9%, respectively) [50].

Intravenous Lidocaine (See Chap. 6)

Intravenous lidocaine has shown analgesic, antihyperalgesic and anti-inflammatory
properties. Several RCTs and meta-analyses have demonstrated that intravenous
lidocaine in patients undergoing different types of surgical procedures can signifi-
cantly improve post-operative pain and facilitate hospital discharge [51]. Although
several dosages and regimens have been used, a common approach is administration
of a 1.5-mg/kg bolus within 30 min before induction of anaesthesia, followed by a
continuous infusion of 1.5-2 mg/kg/hour until the end of surgery. A meta-analysis
including 29 studies of patients (n = 1754) undergoing abdominal surgery showed
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that intravenous lidocaine reduced post-operative pain intensity, opioid require-
ments, improved recovery of bowel function and accelerated hospital discharge
with minimal side effects [52]. These results can be partially explained by the anti-
inflammatory effects demonstrated by the peri-operative use of intravenous lido-
caine, indicated by reduced C-reactive protein, interleukin-6 (IL-6) levels and
leukocyte activation. Experimental trials have also indicated that intravenous lido-
caine might have an anticancer effect [53].

Many of these benefits seem to be more evident in patients undergoing open surgery
and limited to the early post-operative period (within 6 h) with minimal clinical bene-
fits observed 48 h after surgery and in patients undergoing laparoscopic procedures
[54]. While some patients experience signs of local anaesthetic toxicity with plasma
concentrations below toxic levels (5 pg/mL) for lidocaine, others remain asymptomatic
with lidocaine plasma concentrations that exceed toxic thresholds. Moreover, despite
the low reported incidence of side effects associated with peri-operative infusion of
intravenous lidocaine, it must be acknowledged that only a few studies measured
plasma concentrations and systematically screened for adverse events [51].

N-Methyl-p-Aspartate Receptor Antagonist: Ketamine
and Magnesium (See Chap. 5)

Stimulation of N-methyl-p-aspartate (NMDA) receptors located in the central and
peripheral nervous system contributes to central sensitization and development of
chronic pain. NMDA-receptor antagonists, such as ketamine and magnesium, have
been used in the peri-operative period as effective analgesic adjuvants, as they have
been shown to improve post-operative analgesia and reduce post-operative opioid
consumption. Subanaesthetic doses of ketamine have been successfully used as an
adjunctive analgesic, especially in patients with chronic pain and opioid tolerance,
as it reduces or reverses opioid tolerance [55]. It also has a direct analgesic effect
and can prevent central sensitization. Due to its mechanisms of action and benefi-
cial analgesic effects, it is considered a useful analgesic adjuvant to manage acute
and severe post-operative pain, neuropathic pain, and possibly prevents opioid
induced hyperalgesia [55]. Indeed, a 20-25% reduction of pain intensity and
30-50% reduction of analgesic consumption up to 48 h after surgery have been
reported when used in the peri-operative setting [56]. This is independent of the
type of opioid used, dose administered and timing of administration [57]. A reduc-
tion of post-operative nausea and vomiting (PONV) has been also demonstrated
[56]. When administered during general anaesthesia, the major psychotropic side
effects (hallucinations, nightmares, sedation, nausea, and vomiting) are not
observed. These effects can be present when ketamine is administered as a seda-
tive-analgesic, especially if not combined with benzodiazepines. A recent meta-
analysis investigating the analgesic efficacy of ketamine administered with
intravenous hydromorphone or morphine PCA, demonstrated that ketamine
reduces total opioid consumption 48 h after surgery and significantly decreases
PONY, without increasing adverse effects [58]. A loading dose of 0.5 mg/kg fol-
lowed by a continuous infusion of 10-30 pg/kg/min has been shown to reduce



24 G. Michelagnoli and G. Baldini

post-operative morphine consumption by 40%, without significant side effects, in
patients undergoing abdominal surgery [59]. To prevent chronic pain or central
sensitization it is recommended that ketamine infusion is initiated in the intra-
operative period [60].

Peri-operative use of low dose of intravenous magnesium has also shown analge-
sic benefits, but as it also potentiates neuromuscular blockade and may affect car-
diac conduction it is not commonly used in clinical practice.

Gabapentinoids (See Chap. 4)

Gabapentinoids, such as gabapentin and pregabalin, prevent central sensitization and
reduce the incidence of neuropathic pain by blocking the «2d subunit-containing volt-
age-dependent calcium channels (VDCCs) of the y-aminobutyric acid (GABA) recep-
tor. However, they produce weak analgesic effects in patients with normal nociceptive
pathways. Pregabalin is about three times more potent than gabapentin and it has a
better pharmacokinetic profile, as its oral bioavailability is higher, and duration of
action longer. Even if gabapentinoids are more commonly used in patients with
chronic and/or neuropathic pain, they are also administered in the peri-operative set-
ting and in the context of multimodal analgesia programmes. Despite a few trials
showing that peri-operative gabapentinoids improve post-operative analgesia (they
reduce static and dynamic pain scores), decrease post-operative opioid consumption,
prevent opioid tolerance, and the occurrence of chronic post surgical pain the evi-
dence supporting the systematic use of gabapentinoids as peri-operative analgesic
adjuvants is inconclusive [61, 62]. Moreover, the most effective dose and timing of
administration associated with optimal analgesia and minimal side effects still remains
to be determined. A single dose of gabapentin has been shown to be superior to pla-
cebo but inferior to other commonly used analgesic medication for post-operative
surgical pain control [63]. A single dose of 150-300 mg pregabalin administered pre-
operatively is frequently used, but side effects such as sedation, dizziness and leg
oedema are not infrequent and are more common at higher doses [64, 65].

o,-Adrenoreceptor Agonists (Clonidine and Dexmedetomidine)

a,-Adrenoreceptors are involved in the modulation of pain at a supraspinal level (locus
coeruleus in the brainstem), and at the level of the lamina II in the dorsal horn of the
spinal cord (substantia gelatinosa). Commonly used drugs for targeting these receptors
to modulate painful afferents are clonidine and dexmedetomidine. Both selectively
stimulate the presynaptic a,-adrenoreceptor and prevent neuronal firing and local sig-
nal propagation, but dexmedetomidine has an eightfold greater affinity for the o,-
adrenoreceptor than clonidine. When administered peri-operatively to control surgical
pain, clonidine and dexmedetomidine mildly reduce pain intensity 24 h after surgery
(weighted mean difference [WMD] = —0.7 cm, 95% CI = —1.2 to —0.1 cm on a 10-cm
visual analog scale, and WMD = —0.6 cm; 95% CI = 0.9 to —0.2 cm, respectively),
opioid consumption (WMD = —4.1 mg; 95% CI=—-6.0to —2.2,and WMD = —14.5 mg;
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95% CI = —22.1 to —6.8, respectively), early post-operative nausea (number needed to
treat [NNT] = 9), without prolonging emergence from anaesthesia [66].

Studies comparing the analgesic efficacy and safety of these two drugs in patients
undergoing abdominal surgery are lacking. The most common side effects associated
with clonidine is intra-operative and post-operative hypotension (number needed to
harm (NNH) = 9; NNH = 20, respectively) and sedation, while post-operative brady-
cardia is more common after dexmedetomidine administration (NNH = 3.1) [66].

Glucocorticoids

Recent meta-analyses have shown that peri-operative glucocorticoids also have
analgesic and mild opioid-sparing properties, in addition to their well-recognized
prophylactic antiemetic properties. An intermediate dose of intravenous dexametha-
sone (0.11-0.2 mg/kg) leads to a 10% reduction in opioid consumption without
increasing the risk of infection or delaying wound healing [67, 68]. However, blood
glucose levels might temporarily increase and return to normal values within 24 h
after surgery. Administration of higher doses of glucocorticoids (e.g., 10 mg of oral
dexamethazone, 16 mg IV dexamethazone or 30 mg/kg of intravenous methylpred-
nisolone) in the context of a multimodal analgesic regimen might provide a greater
analgesic effect. Glucocorticoids also attenuate the stress response to surgery and
improve pulmonary function after colorectal surgery [69]. However, further studies
are warranted to establish the efficacy and safety of high-dose glucocorticoids in
patients undergoing abdominal surgery.

Pre-Emptive and Preventive Analgesia

Pre-emptive analgesia involves administering an analgesic medication before the
painful stimulus has been generated, in order to prevent the synthesis of pain media-
tors and the transmission of painful stimuli to the central nervous system. This
should improve post-operative pain control and prevent postsurgical chronic pain by
reducing central and peripheral sensitisation. As a result, the analgesic efficacy of
an analgesic intervention initiated before surgery is greater than if administered dur-
ing surgery or in the post-operative period [70, 71]. It is suggested that the pre-
emptive analgesic effect may be maximized if pre-operative analgesic interventions
are continued throughout surgery and in the post-operative period [70, 71]. The
pre-emptive analgesia of NSAIDs, opioids, NMDA receptor antagonists, epidurals,
and peripherally administered local anaesthetics have been extensively studied, but
contrasting and inconclusive results are currently available [72]. Epidural analgesia
seems the only analgesic technique showing a consistent pre-emptive analgesic
effect, as it reduces pain scores, opioid consumption and also time to rescue analge-
sia [73]. The role of pre-emptive analgesic strategies, such as pre-operative admin-
istration of paracetamol, COX-2 inhibitors, NMDA antagonists, and/or
gabapentinoids remains unclear for patients undergoing abdominal surgery and in
the context of an ERAS program.
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Preventive analgesia aims at minimizing peripheral and central sensitization
induced by noxious surgical stimuli. An analgesic medication that reduces post-
operative pain, or analgesic consumption, for a period of time that outlasts its direct
pharmacological effect (longer than 5.5 half-lives) is considered to have a preven-
tive analgesic effect. This effect is independent of the time of administration.
Regional anaesthesia techniques have extensively demonstrated preventive analge-
sic properties as they provide extended post-operative analgesia and reduce the risk
of developing persistent post-operative surgical pain [74, 75]. However, it remains
to be determined if these analgesic benefits are in part the results of a systemic anal-
gesic effect of local anaesthetics which is well documented following intravenous
lidocaine administration [76, 77]. It is also possible that preventive analgesia is due
to an opioid sparing effect of regional anaesthesia techniques, as opioids enhance
central sensitization and can induce hyperalgesia. Preventive analgesia has been
shown after intravenous lidocaine administration [78], but the preventive analgesic
effect of ketamine and gabapentinoids remains uncertain [78].

The Impact of Multimodal Analgesia on Nonanalgesic
Outcomes

Immunomodulation and Cancer Recurrence

The inflammatory response and the peri-operative immunological changes induced
by surgical stress can potentially contribute to cancer progression.

In vitro and in vivo studies have shown that, by promoting tumour angiogenesis
and by suppression of natural killer (NK)-cell activity [79], opioids might influence
cancer recurrence and survival in patients undergoing oncologic surgery [80-82],
but recent findings have not confirmed these results [83]. Based on this preliminary
and inconclusive evidence systemic opioids still remain a cornerstone in the treat-
ment of moderate-severe surgical pain, and further large clinical trials are warranted
to establish the role of peri-operative opioids on oncologic outcomes. A completely
multimodal non-opioid regimen is appealing, but further studies are needed to
establish the efficacy and safety in patients undergoing surgery.

Peri-operative administration of NSAIDs might also protect against cancer progres-
sion, either directly by reducing proangiogenic inflammatory markers (prostaglandin
E), as the expression of COX-2 enzymes is upregulated in several cancer tissues [84], or
indirectly by reducing opioid consumption. Similar immune-modulatory effects have
not been observed after sufentanil, ketamine and clonidine administration [85, 86].

Cognitive Function
With the increasing age of patients requiring and undergoing major surgery, and the

coexistence of comorbidities, more patients are at risk of developing post-operative
delirium and cognitive dysfunction [87].
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Post-operative delirium is described as an acute change in mental status charac-
terized by reduced attention and awareness of the environment and is present in
5-15% of patients after elective surgery. The prevalence is even higher after emer-
gency surgery. Even though it is considered a temporary disturbance it can signifi-
cantly affect patients” outcome, and lead to increased dependence, mortality, and
persistent cognitive impairment [88, 89]. The pathogenesis is multifactorial and
inadequate post-operative analgesia contributes to the development of delirium.

Post-operative Cognitive Dysfunction [90] is characterized by reduced cognitive
functions such as memory, concentration, learning and speed of mental processing.
Similar to post-operative delirium, several risk factors have been identified which
include patients greater than 60 years old, patients undergoing prolonged major
surgery and those having a lower grade of education. It can occur days or weeks
after surgery, with different grades of severity: from a new inability to complete an
easily attainable task, to catastrophic loss of cognitive function, risk of dependence
and increased risk of mortality [87, 90].

Emerging evidence suggests that multimodal analgesic strategies aiming at
reducing opioid consumption can minimize the risk of post-operative delirium and
POCD [91], although this is as yet unproven.
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Key Points

1. Opioids have been a cornerstone in the treatment of surgical pain since the begin-
nings of medicine.

2. Novel formulations and routes of delivery have been implemented with the aim
of reducing the incidence of opioid-side effects and improve patients’ long-term
outcome.

Historical Perspective

Opioids have been known since 3400 BC, when poppy was cultivated in
Mesopotamia, and used for its euphoric effect. Three thousand years later,
Hippocrates, the father of medicine, acknowledged the effect of opium as a narcotic.
Around 330 BC, Alexander the Great introduced opium to India. During the same
era the Romans, Arabs and Greeks used opium as a sedative.

In approximately 250 AD, Hua Tuo, the ancient Chinese physician, was the first
to use anaesthesia during surgery: he gave his patients a mixture prepared with
opium and cannabis indica to swallow before surgery.

In Europe, during the Inquisition times opium was considered to come from the devil,
therefore there are no notes of its use until 1527 when Paracelsus, the German-Swiss
alchemist and inventor of toxicology, introduced the opium pill and tincture to be used as
analgesic. Paracelsus mixture was called laudanum, from the Latin laudare or “to praise.”

In 1680 in England, Thomas Sydenham, known as the “English Hippocrates”
introduced the Sydenham laudanum, containing opium, sherry and herbs. He said:
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“Of all the remedies it has pleased almighty God to give man to relieve his suffering,
none is so universal and so efficacious as opium” [1].

In the 1800s, during the civil war, morphine was used as a painkiller. Morphine
is named after Morpheus, the Ancient Greek god of dreams.

In the 1990s, extended release technology has been used for morphine, fentanyl,
oxycodone and hydromorphone.

In 2000 the World Health Organisation defined pain treatment as a human right,
and pain became “the fifth vital sign”. The International Association for the Study
of Pain (IASP), “ladder of pain”, recognized opioids as the standard of care for
treating severe acute and chronic pain.

Pain after abdominal surgery is common, whether surgery is performed laparo-
scopically, or open. The pathogenesis of surgical pain is multifactorial and therefore
a multimodal pain management approach is commonly advised. In fact, although
opioids are considered a cornerstone in the treatment of moderate to severe surgical
pain, analgesic treatments, which exclusively use opioids to relieve surgical pain,
should be discouraged due to the high incidence of opioid side effects.

Classification of Opioids

Opiates are drugs derived from opium. Opioids are compounds that have
morphine-like properties and bind to opioid receptors that are widely distributed
in the central and peripheral nervous system. The dorsal horn, the periaqueductal
grey matter, the raphe nucleus and the thalamus are important zones in the pain
pathway, by permitting the suppression of neuronal firing. Figure 3.1 illustrates
the ascending pain pathways and the locations of opioid receptors in the nervous
system.

Analgesia obtained by opiates binding to opioid receptors is commonly accom-
panied by various side effects, mediated by peripheral or central mechanisms: con-
stipation, gastroesophageal reflux and nausea due to reduced peristalsis, itchiness,
urinary retention, myoclonus, dry mouth, increased sweating, peripheral oedema,
arthralgias, cardiac arrhythmias, as well as sedation, confusion, respiratory depres-
sion, depression, dysphoria or euphoria, opioid induced hyperalgesia and opioid
tolerance [2, 3]. These side effects are dose-dependent, ranging from 2% to 37.1%,
and independent from the route of administration [4].

Opioids are classified as naturally occurring, semi-synthetic and synthetic, as
well as full agonists, mixed agonist/antagonist, partial agonists and antagonists.

The naturally occurring opioids of clinical significance are morphine and
codeine; the semi-synthetic opioids commonly used are the thebaine derivates—
oxycodone, buprenorphine, naloxone, naltrexone, nalbuphine, and the morphine
derivatives: heroine and hydromorphone. The synthetic opioids include the
following:

e Phenylpiperidines: fentanyl, sufentanil, alfentanil, meperidine, remifentanil
e Benzomorphinans: pentazocine
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Fig. 3.1 Ascending pain pathways and the locations of opioid receptors in the nervous system

* Diphenylpropylamine: methadone
e Morphinans: levorphanol, butorphanol

The pure opioid agonists most commonly used in clinical practice are morphine,
diamorphine (heroin), hydromorphone, fentanyl, meperidine. Pentazocine, butor-
phanol and nalbuphine are mixed agonist/antagonists and buprenorphine is a partial
agonist. Naloxone, naltrexone and alvimopan are opioid antagonists.
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Routes of Delivery

Opioids are commonly administered parenterally or orally. Over the years new
delivery routes have been used and advanced delivery systems developed to improve
patient care. This includes rectal, sublingual, transmucosal, transdermal, subcutane-
ous, intramuscular, and neuraxial routes of delivery.

Parenteral Route

The intravenous, intramuscular, and subcutaneous administration of opioids are tra-
ditional parenteral routes.

Intravenous Administration

The advantage of intravenous administration is that it provides the highest drug
bioavailability, a rapid dose titration with more predictable pharmacokinetics, and a
fast onset of action.

Intra-operatively and in the early post-operative period, opioids are commonly
administered intravenously. These include fentanyl, sufentanil, remifentanil, mor-
phine and hydromorphone. The quality of post-operative analgesia strongly depends
on the intra-operative pain management. For an opioid-based anaesthesia, opioid
administration can be done intermittently, as continuous infusion, or as target-
controlled infusion (TCI). The latter is suggested to provide better intra-operative
analgesia and ensure more effective post-operative pain control [5]. Intravenous
opioid doses used in clinical practice are reported in Table 3.1.

Oxycodone is a potent opioid that has been recently used intravenously with suc-
cess to treat post-operative pain [6, 7]. Intravenous morphine, hydromorphone,
buprenorphine and fentanyl are widely used in the acute post-operative setting,
either as intermittent boluses administered by nurses, or as patient-controlled anal-
gesia (PCA). PCA allows the on-demand, intermittent self-administration of a pre-
determined dose of analgesic (commonly intravenous opioids or epidural analgesic
mixtures of local anaesthetic with opioids) by a patient. PCA with intravenous

Table 3.1 Intra-operative intravenous opioid doses

Effect-site
Loading dose Maintenance Additional concentration
(pg/kg)? infusion rate boluses (Ce) ng/mL
Alfentanil 25-100 0.5-2 pg/kg/min 5-10 pg/kg 45-75
Fentanyl 4-20 2-10 pg/kg/h 25-100 pg 0.5-1.2
Remifentanil | 1-2 0.1-1 pg/kg/min 0.1-1 pg/kg 3-15
Sufentanil | 0.25-2 0.5-1.5 pg/kg/h 2.5-10 pg 0.12-0.20

“The upper range of the dosage usually refers to patients undergoing cardiac surgery. However,
even in this population, high-dose opioids are less often used
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Table 3.2 Common doses of intravenous opioids used during patient-controlled analgesia

Drug Demand dose Lockout interval (min) Basal infusion rate
Fentanyl 10-50 pg 5-10 <50 pg/h
Hydromorphone 0.25-0.5 mg 5-10 <0.4 mg/h
Morphine 1-2 mg 5-10 <0.5 mg/h
Remifentanil (Iabour) | 0.5 pg/kg 2 NA

Sufentanil 4-6 pg 5-10 <5 pg/h

Tramadol 10-20 pg 5-10 <10 mg/h

opioids maintains the same advantages related to intravenous opioid administration,
but with the added benefit of better pain control and increased patient satisfaction
[8, 9] than intermittent intramuscular or subcutaneous, nurse-administration. PCA
allows efficient titration of opioid requirements and ensures a more stable pain con-
trol level, as well as less sedation, respiratory depression and unlimited duration of
use [10, 11]. Table 3.2 lists the opioids commonly used in clinical practice and the
doses administered during PCA.

Intravenous morphine is considered the “gold standard” opioid used with PCA in
the post-operative setting [12]. Hydromorphone is used in morphine intolerant
patients, as well as patients with kidney dysfunction due to its liver metabolism.
Fentanyl is a very potent opioid, but due to its very short duration of action (approx.
20 min), it is less commonly used. However, it might be a valuable alternative in
patients with obstructive sleep apnoea where there is a risk of over-sedation due to
opiate sensitivity.

Tramadol PCA offers the same quality of analgesia as morphine, although after
lower abdominal surgery it might significantly increase the risk of post-operative
nausea and vomiting [13].

When used as continuous infusion, opioid context-sensitive half-life must be
considered. Due to its prolonged context-sensitive half-life analgesia provided by
continuous infusion of intravenous morphine is difficult to titrate. In contrast, con-
tinuous infusion of remifentanil, which is the opioid with the shortest context-
sensitive half-life, quickly achieves therapeutic plasma concentrations. Similarly, its
therapeutic effect vanishes 2—5 min after remifentanil is discontinued.

Intramuscular and Subcutaneous Administration

Intramuscular (IM) or subcutaneous (SC) opioid administration is commonly used
either as a rescue method when post-operative analgesia is inadequate, or in patients
who cannot tolerate oral intake, or in patients with difficult intravenous access.
Opioids administered subcutaneously have the same high bioavailability as the
intravenous opioids (1:1), and subcutaneous injections are less painful compared to
intramuscular injection. However, the pharmacokinetics are less predictable.
Continuous subcutaneous administration of opioids is more often used as analgesic
treatment for patients with moderate to severe cancer pain than in the acute post-
operative setting.
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Intramuscular administration of opioids is rarely used in the peri-operative setting
and is not supported by current evidence due to its variable bioavailability, pain at the
injection site, and the risk of developing sterile abscesses and muscular fibrosis [14].

Enteral Route

Oral (per os, PO) administration of opioids offers an easy method to provide anal-
gesia in patients with good oral intake. It has the lowest bioavailability. Slow-release
formulations prolong the duration of action, allowing a longer dosing interval [4].

Oral opioids are commonly administered following abdominal surgery, once oral
intake is tolerated, by converting daily parenteral opioid consumption to oral opioid
equivalent [15, 16]. Several conversions tables are available in the literature. The
reader can refer to Table 3.3.

Enteral or systemic opioids are frequently used in the context of a multimodal
analgesic regimen to treat breakthrough pain (i.e. used if needed [prn] and not regu-
larly), especially when patients are treated with Enhanced Recovery After Surgery
(ERAS) programmes. Common oral opioids used include oxycodone, morphine
(PO or SC), hydromorphone (PO or SC), in their immediate release and, or extended
release formulations.

Oral opioids can also be administered as oral PCA. This modality follows the
same patient-centered care principle as intravenous PCA: opioids tablets are made
available at the bedside and they can be taken by patients if analgesia is inadequate
during a certain period of time. However, it remains to be determined, especially in
patients undergoing abdominal surgery, if oral PCA can be a valuable alternative
either to intravenous PCA or to nurse-administered oral analgesia [17].

To decrease opioid side effects analgesic formulations, which include opioid
antagonists, have been created: the oxycodone-naloxone combination. The Targiniq

Table 3.3 Oral opioid analgesic conversion table

To convert to oral
Equivalence to oral morphine equivalent, To convert from oral
morphine 30 mg multiply by: morphine multiply by:
Codeine 200 mg 0.15 6.67
Hydromorphone | 6 mg 5 0.667
Meperidine 300 mg 5 0.2
Morphine 30 mg 1 1
Oxycodone 20 mg 1.5 0.667
Transdermal <60 mg =12 pg/h
fentanyl 61-90 mg =25 pg/h

90-134 mg =37 pg/h
180-224 mg = 50 pg/h
225-269 mg = 62 pg/h
270-314 mg =75 pg/h
315-359 mg = 87 pg/h
360—404 mg = 100 pg/h
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extended release (ER) (Perdue Pharma, Cranbury, NJ) [18], takes advantage of the
benefit of a potent extended release opioid and the antagonist effect of naloxone,
thus counteracting the opioid induced constipation effect. A starting dose contain-
ing 10 mg of oxycodone and 5 mg of naloxone can be administrated PO every 12 h.

Tramadol can also be administered PO as immediate release, or as extended
release. It is not only a synthetic opioid, but it also inhibits norepinephrine re-uptake.
Similarly, Tapentadol, which is a newer opioid agonist with norepinephrine re-uptake
inhibitor activity with better gastric tolerance compared to classical opioids [19].
Alvimopan is a relatively recent FDA-approved peripheral p-opioid receptor antag-
onist that does not penetrate the blood-brain barrier, therefore avoiding abolition of
the opioid induced analgesic effect while decreasing the opioid-induced constipa-
tion [20]. It is indicated to accelerate the time to gastrointestinal recovery following
bowel resection surgery leading to a reduction in the duration of post-operative
hospital stay by 1 day [20-23].

Neuraxial Route

It has been known for a long time that opioids placed in the epidural or subarach-
noid ventricular space provide optimal analgesia in patients with acute and chronic
pain, due to their prolonged duration of action. Epidural opioids can be adminis-
tered as bolus, continuous infusion or patient-controlled epidural analgesia (PCEA)
[24, 25]. Commonly, intrathecal opioids are administered as bolus, but in combina-
tion with local anaesthetic have also been successfully used as continuous infusion
in patients undergoing abdominal surgery [26, 27].

Epidural Opioids

For decades, it has been thought that epidural opioid, particularly lipophilic opioids,
diffuse through the wall of radicular arteries as they cross the epidural space and are
carried by the radicular blood flow to the spinal cord, where they bind opioid recep-
tors [28]. However, microanalysis studies have shown that radicular blood flow is
mainly responsible for washout of opioids from the spinal cord, rather than transport-
ing them to the dorsal horn [29]. Opioid lipid solubility is one of the main determi-
nants of epidural opioid concentration. In fact, highly lipophilic opioids like fentanyl
(high octanol: buffer coefficient) are sequestrated into the epidural fat, and reab-
sorbed into the systemic circulation, and therefore are less available to diffuse into
the spinal cord. This explains why several studies have shown that continuous infu-
sion of lipophilic opioids does not produce analgesia by acting on the spinal cord, but
rather on the brainstem after they have been reabsorbed into the systemic circulation.
Indeed, plasma fentanyl concentrations in patients receiving continuous infusion of
epidural fentanyl are similar to those receiving continuous infusion of intravenous
fentanyl. In contrast, epidural bolus of opioids, seem to provide analgesia by directly
diffusing into the spinal cord and by binding opioid receptors at the level of the dor-
sal horn [30].
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Based on these pharmacokinetic principles, hydrophilic opioids such as epi-
dural morphine are preferred to lipophilic opioids for increasing segmental
analgesic spread, and can be particularly useful in patients with long midline
incisions [31].

Epidural infusion of a mixture of local anaesthetic and opioid offers better
post-operative pain control, and better facilitation of functional recovery compared
to epidural infusion of local anaesthetic alone, or systemic opioids [32, 33]. Whilst
this has been demonstrated following open abdominal surgery, it remains controver-
sial if epidural analgesia offers any benefits, or if it even delays recovery, in patients
undergoing laparoscopic abdominal surgery [34]. Despite its well-proven beneficial
physiological effects, the impact of epidural analgesia on morbidity and mortality,
as main anaesthesia technique, or in combination with general anaesthesia, remains
uncertain [35-38].

The most common epidural opioids administered in clinical practice are fen-
tanyl, morphine and hydromorphone [39], all in a preservative-free formulation.
Growing evidence suggests that oxycodone might also be effective after epidural
and spinal administration [7, 40, 41].

Extended epidural morphine (EREM) is used for single-dose epidural injec-
tion and due to its slow-release properties its analgesic effect lasts for approxi-
mately 48 h [19]. However, the evidence for efficacy is lacking for abdominal
surgery [42, 43].

Intrathecal Opioids
Intrathecal opioid administration offers adequate post-operative pain control due
to good spinal bioavailability. Opioids placed in the intrathecal space exert their
action on different targets and compartments [44]: through spinal diffusion, opi-
oids bind opioid receptors located in the white and grey matter; they also bind to
the lipophilic structures in the epidural space, after which they are redistributed to
the systemic circulation with different kinetics depending on their physicochemi-
cal properties [29]. Common opioids used for spinal administration are morphine,
hydromorphone, and fentanyl. Diamorphine is frequently used intrathecally, espe-
cially in the United Kingdom, due to its rapid onset of action and decreased risk
of respiratory depression, as its duration of actions is shorter than that of intrathe-
cal morphine. Intrathecal opioids in combination with general anesthesia have
been used in a variety of surgical procedures [45]. Specifically, intrathecal dia-
morphine or morphine in combination with local anaesthetic has been shown to
provide optimal analgesia with minimal side effects in patients undergoing lapa-
roscopic colorectal surgery in the context of an ERAS program [46, 47]. Moreover,
it facilitates surgical recovery [48], as it allows early hospital discharge especially
when compared to patients receiving epidural analgesia [46]. However, the risk of
(early and late) respiratory depression and urinary retention must be considered,
especially in elderly patients [45].

Intrathecal doses for morphine, fentanyl, diamorphine and sufentanil are reported
in Tables 3.4, 3.5, 3.6, and 3.7.
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Table 3.4 Epidural opioid: doses without local anaesthetic

Breakthrough | Increments in
Drug Solution Bolus Basal infusion | dose breakthrough
Alfentanil 0.025% 10-15 pg/kg | 10-18 pg/kg/h | 250 pg 250 pg
(0.25 mg/mL) every 10 min
Fentanyl 0.001% 0.5-1.5 pg/kg | 0.5-1 pg/kg/h | 10-15 pg 10 pg
(10 pg/mL) every
10—15 min
Hydromorphone | 0.005% 0.8-1.5mg 0.15-0.3 mg/h | 0.15-0.3 mg | 0.05 mg
(0.05 mg/mL) every
10-15 min
Morphine 0.01% 4-6 mg 0.5-0.8 mg/h | 0.2-0.3mg | 0.1 mg
(0.1 mg/mL) every
10-15 min
Sufentanil 0.0001% 0.3-0.7 pg/kg | 0.1-0.2 pg/ 5-7pg Spg
(1 pg/mL) kg/h every
10-15 min
Table 3.5 Epidural opioid: doses with local anaesthetic
Bolus dose of
Drug combination | Solution bupivacaine | Basal infusion | Breakthrough
Morphine w. 0.01% 6-8 mL/h 1-2 mL q 10-15 min
bupivacaine 0.05-0.1% 0.5-0.25%
Hydromorphone w.| 0.0025-0.005% 6-8 mL/h 1-3 mL q 10-15 min
bupivacaine 0.05-0.1% 0.5-0.25%
Fentanyl w. 0.001% 0.1-0.15mL/ | 1-1.5 mL q 10-15 min
bupivacaine 0.05-0.1% 0.5-025% | kgh
Sufentanil w. 0.0001% 0.1-0.2 mL/ 1-1.5 mL q 10-15 min
bupivacaine 0.55-0.25% 0.5-025% | kgh

Table 3.6 Bioavailability of neuraxial opioids

Opioid Epidural Intrathecal
Alfentanil Very low Very low
Fentanyl Low as continuous infusion Moderate
Moderate as a bolus

Hydromorphone High High
Methadone Moderate Moderate
Morphine High High
Sufentanil Low Moderate

Table 3.7 Intrathecal opioid Diamorphine |0.1-0.5 mg

doses Fentanyl 12.5-25 pg
Morphine 0.2-0.5 mg (longest duration of action)
Sufentanil 2-10 pg
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Transdermal Opioid Patches

Transdermal administration of medication is simple and painless and provides long
duration of action. Opioids that are commonly administered transdermally are fen-
tanyl and buprenorphine. The patches are frequently used in chronic and palliative
pain patients, although new data support the peri-operative use of fentanyl patches
in the context of a multimodal analgesic regimen [49-51]. Transdermal fentanyl
patches are easy to administer and less constipating than oral morphine [52, 53]. By
using low-dose patches only (12 or 25 pg depending on patient age and weight) the
risks of respiratory complications in the post-operative setting are mitigated.

The fentanyl HCI iontophoretic transdermal system (fentanyl ITS), administered
as a patient-controlled transdermal fentanyl (PCTS) system, is a PCA system used
for treating moderate to severe post-operative pain. It has been shown to have simi-
lar analgesic efficacy to intravenous morphine PCA [8, 54-57]. The advantage of
inotophoresis systems compared to classical passive diffusion of transdermal fen-
tanyl is the rapid rate of analgesic absorption with no skin depot effect. The device
delivers a preprogramed dose of fentanyl over 10 min, for 24 h.

Transmucosal Route

Opioids administered transmucosally, mainly lipophilic opioids, provide a rapid onset
of action because of a higher bioavailability compared to oral opioids. Buprenorphine,
fentanyl, sufentanil, and butorphanol have been administered intranasally (inhaled)
successfully in the recovery room, to treat post-operative pain [58, 59].

Recently, sufentanil sublingual PCA tablets were studied for moderate to severe
pain following abdominal surgery and they demonstrated better pain control in the
first 72 h compared to intravenous morphine PCA [19, 60].

Analgesic Opioids Commonly Used in Clinical Practice:
Available Preparations with Parenteral and Enteral Doses

Alfentanil

e Opioid agonist for parenteral use only, ten times more potent than morphine,
used primarily in the operating room.
e Average dose for post-operative analgesia: 10-20 pg/kg/h.

Alvimopan

e Peripherally acting p-opioid receptor antagonist used to antagonise the consti-
pating effect of systemic opioid to facilitate recovery of bowel function, espe-
cially after gastrointestinal surgery.
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* 12 mg PO administered 30 min to 5 h pre-operatively, then 12 mg PO every 12 h
beginning 1 day after surgery, for a maximum of 7 days; no more than 15 doses.

Buprenorphine

¢ Partial opioid agonist, highly lipophilic; available for parenteral and sublingual
administration.

e 25-50 times more potent than morphine (0.3-0.4 mg of buprenorphine is equiva-
lent to 10 mg morphine).

e It has a slow onset, and duration of action longer than 6 h.

e Analgesic dose: 0.3-0.6 mg IV or IM bolus.

Butorphanol

e Partial agonist, similar to nalbuphine, administered parenterally, epidurally and
transnasally.

e It is administered as PCA, and it causes less post-operative ileus compared to
other opioid agonists [61].

e Analgesic dose: 0.5-2 mg IV every 3—4 h is indicated for sedation and moderate
post-operative pain.

Codeine

e Available for oral and parenteral administration, less potent than morphine.

e Analgesic dose 30—-60 mg every 4-6 h.

e Often combined with acetaminophen.

e It is metabolised by the liver to morphine. However, approximately 5-10% of
patients do not metabolise codeine and are thus resistant to its analgesic efficacy [62].

Diamorphine

* Available for neuraxial administration: crosses epidural membrane faster and it
is cleared from cerebral spinal fluid (CSF) quicker than morphine; it is converted
to morphine, and has a long duration of action.

* Analgesic dose: 5-10 mg IV every 4 h.

Fentanyl

* Synthetic opioid agonist, 80 times more potent than morphine.
¢ Parenteral, transdermal, transmusosal, neuraxial formulations are available.
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Doses for post-operative analgesia: 0.5-1.5 pg/kg every 30-60 min IV prn;
15 pg/kg/h.

Transdermal iontophoresis system is a novel therapeutic modality to administer
fentanyl.

Hydromorphone

Semi-synthetic opioid, 4-6 times more potent than morphine.
Available for oral, rectal, parenteral and neuraxial administration.
Fewer opioid-related side effects compared to morphine.
Analgesic dose: 0.2—-1 mg IV every 2-3 h prn.

Meperidine

Synthetic opioid agonist with short half-life, available for oral and parenteral
administration.

Due to its neurotoxic metabolite, normeperidine, meperidine can decrease sei-
zure thresholds. It is only indicated for short-term management of acute pain or
at low doses to treat shivering during the emergence of anaesthesia.

Analgesic dose: 50—150 mg PO/IM/SC every 3—4 h. The American Pain Society
does not recommend it as first-choice analgesic.

Methadone

Synthetic broad-spectrum opioid due to its multiple sites of action: p-receptor
agonist, NMDA antagonist, monoamine-oxidase inhibitor.

Available for oral and parenteral administration.

More potent than morphine, with a variable, dose-dependent conversion rate.
Because of its pharmacokinetic properties it provides optimal analgesia with
minimal side effects in patients with renal failure or end-stage renal disease.

Morphine

The “gold standard” opioid which all other analgesics are compared to
Available for oral, parenteral and rectal administration

Post-operative analgesia IV doses: 0.03-0.15 mg/kg every 2—4 h prn

Active metabolites, with analgesic (morphine-6-glucuronide) and hyperalgesic
properties (morphine-3-glucuronide morphine).

Nalbuphine

Agonist/antagonist opioid, equipotent to morphine
Available for parenteral administration
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e 10-20 mg IV reverses respiratory depression induced by opioid agonists, while
still maintaining adequate analgesia

Oxycodone

e Opioid agonist, approximately 7.5 times more potent than morphine
* Potent analgesic after oral and parenteral administration, but poor analgesic
properties after spinal administration

Pentazocine

* Opioid agonist with weak antagonist action, available for oral and parenteral
administration

e Limited use in post-operative pain treatment due to its high incidence of post-
operative nausea and vomiting

Remifentanil

* Opioid agonist with very short duration of action, only in parenteral formulation,
100-200 times more potent than morphine.

e Sedative and analgesic doses: 0.05-0.5 pg/kg/min.

e Metabolism does not depend on hepatic and renal function; metabolised by
plasma esterases.

e Due to its very short context-sensitive half-life and to its ability to be easily
titrated to achieve the desired therapeutic effect, it is frequently used as anal-
gesic and sedative in the intensive care unit, especially in neurosurgical
patients.

e Due to its very short duration of action (2-5 min), when remifentanil is used as
continuous infusion to provide analgesia during surgery, on emergence of
anaesthesia patients require administration of an alternative, longer acting
opioid.

e Frequently associated with opioid-induced hyperalgesia. Conflicting evidence
suggests that NMDA-antagonists such as ketamine and magnesium can prevent
the occurrence of remifentanil induced hyperalgesia [63].

Sufentanil

— Opioid agonist similar to fentanyl, remifentanil, alfentanil, available for paren-
teral, epidural and oral transmucosal administration

— 1000 times more potent than morphine

— Analgesic doses: 5-50 pg IV every 20-45 min prn
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Tramadol

* Synthetic opioid with weak p-receptor affinity, being 5-10 times less potent than
morphine; it also inhibits norepinephrine re-uptake.

o It exists in oral and parenteral formulation.

e Itisused to treat moderate post-operative pain, with an analgesic efficacy similar
to PCA with intravenous opioids [64].

Conclusions

Opioids still remain the cornerstone of post-operative pain management.
However, increasing evidence suggests that multimodal analgesic regimens that
include opioid-sparing analgesic strategies aimed at minimising opioid side
effects can provide optimal analgesia and hasten recovery. This is particularly
important in patients undergoing abdominal surgery and treated within an ERAS
programme, in whome opioid side effects significantly delay surgical recovery,
prevent early feeding, impede post-operative mobilization and increase the risk
of urinary retention [26]. Finally, in vitro and in vivo experimental studies have
shown that opioids can suppress cellular immune function, and this might impact
on long-term outcomes such as cancer recurrence and metastasis. A completely
opioid-free multimodal analgesic regimen is appealing, but further studies are
warranted to establish the efficacy and safety in patients undergoing abdominal
surgery.
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Gabapentinoids 4

Jeremy Cashman

Key Points

1. Peri-operative gabapentin and pregabalin are associated with a modest reduction
in post-operative pain whilst the impact on opioid consumption is more
pronounced.

2. In choosing between gabapentinoids there is insufficient evidence to support the
use of pregabalin in preference to gabapentin, notwithstanding pregabalin’s
more favourable pharmacokinetic profile.

3. The appropriate dose and timing of administration of gabapentinoid has yet to be
elucidated but it would appear that single dosing whether before or after surgery
may be as effective as multiple dosing.

4. Higher doses may be more effective in reducing both acute post-operative pain
and persistent post-operative pain, but this advantage is at the expense of a higher
incidence of unwanted side effects.

5. Gabapentinoids may shorten hospital stay and are hence useful additions to mul-
timodal analgesia within enhanced recovery after surgery programmes.

Introduction and Historical Perspective

The gabapentinoid gabapentin and its structural analogue pregabalin are second
generation anticonvulsants licensed for the treatment of seizures, chronic neu-
ropathic pain arising from diabetes, post herpetic neuralgia and central neuro-
pathic pain. Gabapentin was approved by the United States Food and Drug
Administration (FDA) in 1993 initially for use as an anti-epileptic with approval
extended in 2004 to include treatment of neuropathic pain. Pregabalin was also

J. Cashman
Department of Anaesthetics, St. George’s Hospital, London, UK
e-mail: Jeremy.Cashman @stgeorges.nhs.uk

© Springer International Publishing AG, part of Springer Nature 2018 51
A. Krige, M. J. P. Scott (eds.), Analgesia in Major Abdominal Surgery,
https://doi.org/10.1007/978-3-319-94482-1_4


http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-319-94482-1_4&domain=pdf
mailto:Jeremy.Cashman@stgeorges.nhs.uk

52 J. Cashman

approved by the FDA in 2004 for the same indications as gabapentin, as well as
for generalised anxiety disorders. Since their introduction the gabapentinoids
have gained popularity for use in a wide variety of off-label indications, such
that gabapentin is now one of the medications with the highest off-label uses
(83%) among specific medications [1, 2]. In the United Kingdom there were 8.2
million prescriptions for gabapentin and pregabalin in 2013 (a rise of ~50% over
the previous 2 years), and not all for licensed indications [3]. The administration
of gabapentinoids for the management of post-operative pain represents one
such off-label use.

Mechanism of Action

Gabapentin [1-(aminomethyl)cyclohexaneacetic acid] and pregabalin [(S)-3-
(aminomethyl)-5-methylhexananoic acid] are branched chain amino acid analogues
of the inhibitory neurotransmitter y-aminobutyric acid (GABA) (Fig. 4.1).

However, neither drug has any activity in the GABAergic neurotransmitter
system. Instead they bind to the «-25-1 subunit of presynaptic voltage-gated
calcium channels causing decreased calcium entry into nerve endings with
decreased release of excitatory neurotransmitters in spinal and supraspinal path-
ways. In addition to modulation of the N-type calcium channel a variety of other
mechanisms of action for analgesia have been suggested including attenuation
of stimulus-induced glutamate release from activated pain-transmitting neu-
rones, activation of descending noradrenergic pain-inhibiting pathways, imped-
ing synapse formation and inhibiting neuroinflammation [4]. Thus, it has been
postulated that neuropathic pain may involve excessive formation of excitatory
synapses and that gabapentin impedes synapse formation between neurones by
preventing the synaptogenic protein thrombospondin from binding to the a-25-1
subunit [5]. Alternatively, it has been suggested that activation of neuroinflam-
mation contributes to the development of neuropathic pain. Gabapentin and
pregabalin have been shown to inhibit substance P mediated activation of
nuclear factor-kappa B (NF-xB), one of the transcription factors that regulates
levels of cytokines in the central nervous system [6]. This may in turn explain
the increased efficacy of gabapentinoids in circumstances of prior inflammation
or sensitization where there may be an upregulation of the NFkB-signaling
pathway [7].

HZI\Q/\ COOH H N >: ~COOH HNT N"cooH

Pregabalin Gabapentin GABA

Fig. 4.1 Comparative chemical structures of the gabapentinoids and GABA
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Table 4.1 Comparison of the pharmacokinetic parameters of gabapentin and pregabalin

Gabapentin Pregabalin
Absorption Saturable Non-saturable
Oral bioavailability 60% — 33% (900 mg — 3600 mg) >90%
Fmax (D) 1.7-4 0.7-1.3
VD, (L/kg) 0.6-0.8 0.5
t,, elimination (h) 4.6-8.7 5-7
Chax (pg/ml) 2.8-3.8 2.6-3.8

Chax: peak plasma concentration; #,,,,: time to reach peak plasma concentration; VD volume of
distribution at steady state

Pharmacokinetics

The absorption, distribution, metabolism and elimination properties of gabapentin
and pregabalin are outlined below and summarised in Table 4.1.

Absorption

Gabapentin is supplied as an immediate-release oral formulation that is usually
administered orally three times a day. Absorption is limited to a relatively small part
of the duodenum by a saturable carrier-mediated L-amino acid transporter (LAT)
system. Once the active transport system is saturated, progressively higher doses of
gabapentin result in progressively smaller increases in blood concentration.
Consequently the bioavailability of gabapentin is inversely related to dose, ranging
from 60% following 300 mg three times a day, to 33% following 1200 mg three
times a day [8]. However, bioavailability can be increased by alterations to the for-
mulation of gabapentin. Gabapentin enacarbil is a transport acycloalkylcarbamate
prodrug of gabapentin which undergoes hydrolysis to the parent drug. Absorption is
by a proton-linked monocarboxylate transporter (MCT-1) expressed in high levels
in the intestinal tract. MCT-1 is not saturated by high doses of drug, consequently
the bioavailability of gabapentin approaches 75% with a twice daily oral formula-
tion. Similarly, a modified release formulation of gabapentin using a mucoadhesive
gastroretentive delivery system optimizes absorption via a saturable uptake mecha-
nism. The prolonged residence of the gastroretentive tablets in the stomach coupled
with the gradual release of gabapentin attenuates saturation of the transporter, thus
enhancing absorption and increasing bioavailability with once daily oral adminis-
tration [9]. Currently, gabapentin enacarbil is marketed in Japan and the United
States, whilst modified release gabapentin is only available in the United States.
Absorption of pregabalin, by contrast, occurs throughout the small intestine, medi-
ated not just by the LAT system but also by an additional non-saturable pathway. As
aresult, pregabalin demonstrates linear uptake over its oral dose range of 75-900 mg/
day with bioavailability in excess of 90% (Fig. 4.2) [8].

The mean bioavailability of gabapentin is uninfluenced by food but is reduced by
about 20% with concomitant use of magnesium and aluminum hydroxide contain-
ing antacids. However, the decrease in bioavailability is only 5% when gabapentin
is taken 2 or more hours following ingestion of such antacids. Conversely drugs that
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Fig. 4.2 Mean steady-state minimum plasma drug concentration (C,, ) values in healthy sub-
jects given pregabalin or gabapentin every 8 h. Note the nonlinear relationship of gabapentin com-
pared with pregabalin. From [8]; with permission

prolong the transit time in the small intestine such as the opioids, can increase the
bioavailability of gabapentin by up to 50% with concomitant increase in side effects,
whereas the bioavailability of pregabalin is unaffected by alterations in gastrointes-
tinal transit time [8].

The time to reach peak plasma concentration (C,,,) following drug administra-
tion (7, is a function of the dose administered for gabapentin but not for pregaba-
lin. Thus #,,,, following single low dose gabapentin occurs at ~1.7 h but increases to
3—4 h following higher doses, whilst 7,,,, following single doses of pregabalin up to
300 mg occurs at ~1 h [8].

Less than 3% of gabapentin circulates bound to plasma protein. The apparent
volumes of distribution of gabapentin and pregabalin are 0.8 and 0.5 L/kg, respec-
tively, which is similar to that of total body water, reflecting their high aqueous solu-
bility, low lipophilicity and lack of tissue binding. Steady-state predose (Cn.s)
concentrations of gabapentin in cerebrospinal fluid are approximately 5-35% of the
corresponding plasma concentration reflecting gabapentin’s CSF-to-plasma parti-
tion ratio of 0.1-0.2. The median time to peak CSF concentration of pregabalin
occurs at ~8 h following oral administration [8].
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Metabolism and Elimination

Neither drug undergoes appreciable hepatic metabolism and approximately 98% of
the absorbed dose is excreted unchanged in urine. The elimination half-life of gaba-
pentin is 4.6-8.7 h and is unaltered by the size of dose or multiple dosing.
Gabapentin’s elimination rate constant, plasma clearance, and renal clearance are
directly proportional to creatinine clearance, so dose and frequency should be
reduced accordingly in patients suffering from renal dysfunction and in elderly
patients. As gabapentin can be removed from the plasma by haemodialysis, a small
supplemental dose should be administered posthaemodialysis to provide steady-
state plasma levels.

Drug Interactions
No clinically significant drug—drug interactions have been reported with gabapentin

or pregabalin because of their low protein binding, lack of hepatic metabolism and
low propensity to induce or inhibit hepatic microsomal enzymes.

Indications

Currently the gabapentinoids are only licensed for chronic neuropathic pain, epi-
lepsy and anxiety (pregabalin only). However, they have been widely used as part
of a multimodal approach to post-operative pain relief. The rationale for the use of
gabapentinoids in the acute setting is that there is a significant neuropathic com-
ponent to post-operative pain, particularly with operations that damage peripheral
nerves (e.g. amputation, thoracotomy and mastectomy). Consequently, gabapenti-
noids may improve analgesia and reduce opioid consumption by reducing central
sensitization.

Acute Post-operative Pain

Analgesic Effect

Although early preclinical models suggested that gabapentinoids possess activity as
analgesic agents there does not seem to have been any further interest in this area,
possibly because of their low potency as analgesics. A systematic review of four
unpublished placebo-controlled studies found that gabapentin, 250 mg, provided
some relief in acute dental and orthopaedic post-operative pain but concluded that
with NNT 11 it was not clinically useful as a stand-alone analgesic [10]. Similarly,
pregabalin, 300 mg, was superior to placebo in a surgical dental pain model [11].
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Adjuvant Effect

The use of gabapentinoids as adjuvant drugs to enhance post-operative pain relief
has been extensively investigated such that over the last 10 years there have been a
succession of systematic reviews [10, 12-22] as well as a several narrative reviews
[23-27]. Trials analysed in these meta-analyses have used a range of gabapentin and
pregabalin dosing regimens, and there has also been significant clinical and statisti-
cal heterogeneity. Therefore, it is possible that some reviews may have overempha-
sised the benefits of gabapentinoids. Nevertheless, as the number of studies of the
efficacy of gabapentinoids has increased it has become clear that peri-operative
gabapentin and possibly also pregabalin have significant benefit with regard to acute
post-operative pain relief and opioid requirements. The most recent meta-analyses
have included more than 130 studies of gabapentin [20] but to date there have been
less than half that number of studies of pregabalin available for analysis [21, 22].

Gabapentin and pregabalin are associated with a statistically significant reduc-
tion in pain scores. The mean reduction in pain intensity score at 24 h ranges from
5% to 15% for gabapentin [20] but is less consistent with pregabalin, ranging from
0% to 16% [19, 21, 22]. It has been suggested that a reduction in acute pain intensity
of 20-33% or >2 on a 0—10 numeric rating scale [28, 29] or of 10% in chronic pain
[30] constitutes a clinically important response. Consequently, it is debateable
whether or not use of gabapentin and pregabalin result in a clinically meaningful
reduction in pain score.

Gabapentin and pregabalin are associated with a statistically significant reduc-
tion in opioid consumption. The mean reduction in 24-h opioid consumption is of
the order 8- to 30-mg morphine equivalent (or about 35-60% reduction), for gaba-
pentin [20, 26] and 813 mg morphine equivalent (or about 25% reduction), for
pregabalin [21, 26]. This reduction in opioid consumption is associated with a sig-
nificant reduction in opioid-related side effects such as nausea, vomiting and pruri-
tus. However, despite pregabalin having an opioid-sparing effect that is similar to
gabapentin it is associated with a significantly higher incidence of sedation, dizzi-
ness and visual disturbances.

Dosing Considerations

Timing of Dose

The beneficial effects of the gabapentinoids on post-operative pain and opioid
requirements have been investigated with single and multiple dose regimens, as
well as with low- and high-dose regimens. The concept that pre-operative dosing is
crucial for reducing post-operative pain and opioid requirement has not been
entirely supported by clinical trials. Single-dose crossover trials of pre-operative
versus post-operative administration of gabapentin and pregabalin have failed to
demonstrate a clear advantage for pre-operative administration [20, 31]. Indeed,
one meta-analysis commented that the post-operative effects of gabapentin
appeared to be equivalent when given before or after surgery [21]. Furthermore,
another study using a surgical dental pain model reported that post-operative
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administration of pregabalin 75 mg was associated with greater reduction in opioid
consumption than pre-operative administration [32]. One might speculate that this
could be the result of an analgesic effect of gabapentin as previously discussed
[10]. Most single-dose studies have administered the pre-operative dose of gaba-
pentinoid 2 h before surgery, whilst the majority of multiple dose studies have
administered the pre-operative dose of gabapentinoid between 1 and 2 h before
surgery. However, the time to peak plasma concentration after oral administration
is up to 2 h for low-dose gabapentin, up to 4 h for high-dose gabapentin and up to
1 h for pregabalin. Furthermore, the median time to peak pregabalin concentration
in cerebrospinal fluid occurs much later, being of the order of 6-8 h after oral
administration [8, 33]. Therefore, it is likely that in order to be fully effective,
gabapentinoids should be administered several hours pre-operatively.

Single Dose Versus Multiple Dose

Two systematic reviews have stated that the optimal regimen for the peri-operative
administration of gabapentin, and in particular single versus multiple dose regi-
mens, needs to be investigated through adequately powered dose-response studies
[12, 15]. Ho and colleagues analysed single high dose (1200 mg), single low dose
(<1200 mg) and multiple dose gabapentin separately but the number of trials was
small and the authors made no comparison between single and multiple dosing [12].
Mishriky and colleagues have investigated whether the frequency of administration
of pregabalin impacts on analgesic efficacy. While both single and multiple dosing
was associated with a significant opioid-sparing effect the reduction in pain scores
was limited to multiple dosing only. Furthermore, the reduction in pain scores was
modest and not likely to be clinically relevant [21]. The authors concluded that there
appears to be no significant benefit for acute pain outcomes from repeated dosing of
pregabalin compared with a single pre-operative dose >100 mg. The authors did not
specifically address the potential benefit of multiple dosing on CPSP but confined
their analysis to the effect of gabapentinoids on acute post-operative pain. In sup-
port of their conclusion Mishriky cite a study by Buvanendran and colleagues that
reported no difference in acute pain outcomes between groups given pregabalin,
either as a single pre-operative 150 mg dose, or three peri-operative 150 mg doses
[34]. In contrast, an earlier narrative review suggested that continuing gabapentin or
pregabalin post-operatively is likely to be more effective than a single pre-operative
dose of either gabapentinoid [31].

Low Dose Versus High Dose

Relatively few studies have attempted to identify the optimal dose of gabapentin
or pregabalin for peri-operative use. In a narrative review Schmidt and colleagues
identified only five trials; three studied gabapentin and two studied pregabalin.
Pain scores were lower in patients who received doses of gabapentin >600 mg and
doses of pregabalin >150 mg. Two studies also reported reduction in opioid con-
sumption with higher doses. However, the number of patients studied in each trial
group was small. Schmidt and colleagues concluded that higher doses of gabapen-
tin and pregabalin were more effective than lower doses. Interestingly these
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authors then recommended using even higher doses of gabapentin (1200 mg as
opposed to 600 mg) and pregabalin (300 mg as opposed to 150 mg) than were
identified as effective in their review [31]. In contrast, Mathiesen and colleagues
concluded that the opioid sparing effect of gabapentin was not significantly greater
with doses higher than 600 mg [15]. Whilst a more recent review has recom-
mended that future trials should investigate the use of pre-operative gabapentin
doses between 600 and 1200 mg [20]. Therefore, it is likely that the optimal dose
of gabapentin is between 600 and 1200 mg and the optimal dose of pregabalin is
between 150 and 300 mg.

Use of Gabapentinoids in Different Types of Surgery

Whether the type of surgery has a substantial influence on the effectiveness of anal-
gesics is debatable. Thus, it has been suggested that pain level per se rather than the
extent of the surgical procedure will dictate the effectiveness of analgesics. Indeed,
a large observational study has found that the extent of the surgical procedure was
not related to post-operative pain intensity [35]. Furthermore, two recent meta-
analyses have reported that the analgesic effect of gabapentin and pregabalin were
determined by the type of surgery only insofar as the amount of pain caused by the
surgery [20, 21]. Thus, the absolute effect of gabapentin is proportionate to the
severity of post-operative pain and opioid requirement without gabapentin [22].
Whilst a recent meta-analysis by Eipe and colleagues reported that pregabalin was
only effective in surgeries associated with pro-nociceptive pain [22]. Indeed, there
is some discussion regarding the types of surgery for which gabapentinoids are
indicated. Surgery associated with a high risk of neuropathic pain would seem an
appropriate indication. In, addition Mishriky and colleagues undertook a sensitivity
analysis according to type of surgery which would seem to suggest that pregabalin
is more effective for open abdominal surgery than laparoscopic abdominal surgery
[21] although this difference may only reflect the difference in pain.

Side Effects of Gabapentinoids

Between one third and a half of patients experience a side effect associated with
gabapentinoid therapy. However, whereas somnolence, ataxia and fatigue are sig-
nificantly more common in gabapentin and pregabalin treated patients, opioid-
related side effects such as nausea, vomiting and pruritus are significantly less
common [20, 21]. Pregabalin use is also associated with a significant increase in
dizziness and visual disturbances [21]. Furthermore, respiratory depression associ-
ated with pregabalin use has been reported in elderly patients and in patients receiv-
ing concomitant sedative or hypnotic therapy [22]. In addition, gabapentin is
effective in reducing pre-operative anxiety especially in patients with higher anxiety
scores. The pre-operative anxiolytic effect of pregabalin has been less clearly dem-
onstrated [21] even at doses that produce significant sedation [36].
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Use of Gabapentinoids in Persistent Post-operative Pain

With increasing evidence of a beneficial effect of gabapentinoids on acute post-
operative pain their potential for preventing persistent post-operative pain has
attracted increasing interest. Clarke and colleagues conducted a systematic review
of studies that examined the preventive effects of gabapentinoids on pain that per-
sisted for at least 2 months after surgery (chronic postsurgical pain; CPSP) [37].
There was considerable heterogeneity among the 11 that met the inclusion criteria.
Nevertheless, meta-analysis demonstrated a statistically significant reduction in
CPSP with gabapentin (P = 0.04) and with pregabalin (P = 0.07). In addition, both
gabapentin and pregabalin improved long-term functional outcome. These authors
felt that there was sufficient evidence to suggest that using a high pre-operative dose
of gabapentin (1200 mg) was more effective in preventing CPSP and improving
functional outcome than using a low pre-operative dose. However, these findings
have not been replicated by two subsequent meta-analyses with more rigorous
selection criteria. Chaparro and colleagues failed to demonstrate a statistically sig-
nificant effect of gabapentin on the incidence of CPSP at 3 and 6 months [38], whilst
Mishriky and colleagues concluded that there was only limited data to suggest a
possible benefit of pregabalin on CPSP at 6 and 12 months [21].

Practical Considerations
Gabapentin or Pregabalin?

Although there have been a greater number of studies of the use of gabapentin than
pregabalin, recent meta-analyses have concluded that both peri-operative gabapen-
tin and pregabalin improve post-operative analgesia. A narrative review has sug-
gested that there is more and better evidence for preferring gabapentin over
pregabalin to reduce early post-operative pain [31]. However, to date there have
been only five comparative studies of gabapentin with pregabalin, and no meta-
analyses. Four of these studies compared gabapentin (600-1200 mg) with pregaba-
lin (150-300 mg) as a single pre-operative dose administered prior to institution of
spinal anaesthesia for a variety of surgeries [39-42], whilst a fifth study compared
gabapentin (600 mg) with pregabalin (150 mg) administered prior to general anaes-
thesia and continued post-operatively [43]. There was no difference between gaba-
pentin and pregabalin in respect of post-operative pain scores or analgesic
requirement with the exception of one study, which found that pregabalin, was
superior to gabapentin in reducing post-operative analgesic requirements [42]. Four
out of the five studies found that pregabalin was associated with a longer time to
request first analgesia. The incidence of side effects was similar.

In summary, whether one agent is more effective or has fewer side effects is
unclear and requires further investigation. Despite its more favourable pharmacoki-
netic profile there is at present insufficient evidence to prefer pregabalin to gabapen-
tin, particularly given the cost advantage in favour of gabapentin.



60 J. Cashman

Guidelines for Rational Prescribing of Gabapentinoids

In 2015 the fourth edition of the Australian and New Zealand College of Anaesthetists
(ANZCA) Acute Pain Management: Scientific Evidence [44] suggested that, with
respect to the gabapentinoids, it was not possible to recommend a particular treat-
ment regimen and was unable to draw any conclusions regarding optimal treatment
duration or potential long-term benefits such as reduced CPSP. In 2012, the
American Society of Anaesthesiologists published updated practice guidelines for
acute pain management in the peri-operative setting [45]. The task force strongly
endorsed the use of multimodal pain management therapies whenever possible and
suggested that gabapentin and pregabalin should be considered as part of a post-
operative multimodal pain management regimen. The task force did not recommend
a particular treatment regimen. Indeed there are no official dosing guidelines for the
use of gabapentinoids in the management of post-operative pain. Nevertheless, at
least two institutions have made available their algorithms for the prescribing of
peri-operative gabapentinoids [31, 46]. Combining these with the findings of recent
meta-analyses it may be possible to derive rational dosing guidelines.

The Ottawa Hospital (TOH) Acute Pain Service has developed an algorithm for
the safe use of pregabalin [46]. According to the algorithm, pregabalin is indi-
cated for:

» Patients with pre-existing opioid dependence or tolerance

e Patients already receiving pregabalin therapy

 Patients with past experience of poorly controlled post-operative pain
 Patients suffering from chronic neuropathic pain

* Anticipated surgery in a site of chronic pain

* Anticipated acute post-operative pain with hyperalgesia

According to the algorithm, pregabalin, 50-75 mg, should be administered 2 h
pre-operatively, followed by 50 mg three times a day for 5 days, but with the option
to continue for a further 5 days if necessary. The algorithm recommends decreasing
the dose by 25 mg for each decade above 50 years of age, so that patients older than
80 years do not receive any pregabalin pre-operatively. In addition, the dose is
reduced by 50% for patients with sleep deprivation, neuraxial opioids, renal insuf-
ficiency or obstructive sleep apnoea and avoided in any patient found to have more
than two of these risk factors. For patients with renal dysfunction, dosing is reduced
proportionately based on creatinine clearance to 25 mg once daily for clearance
lower than 15 mL/h.

In contrast, Schmidt and colleagues consider that higher dose regimens may be
more effective than lower dose regimens in reducing immediate postsurgical pain
[32]. Clarke and colleagues have also endorsed using higher doses of gabapenti-
noids, particularly when the emphasis is on reducing the likelihood of CPSP [37].
Schmidt and colleagues suggest that peri-operative gabapentinoids are particularly
indicated for:
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Table 4.2 Peri-operative gabapentin and pregabalin dosing regimens*

Drug Pre-operative dose Post-operative dose
Gabapentin

Chang et al. [25] 300-600 mg; 1 h preop 1200 mg/day

Clarke et al. [37] 1200 mg; 2 h preop NA

Doleman et al. [20] 600-1200 mg NA

Schmidt et al. [31] 1200 mg; 2 h preop 1800 mg a day for 14 days
Weinbroum [24] 600-1200 mg; 1 h preop 1800 mg a day for 3—4 days
Pregabalin

Eipe et al. [22] 50-75 mg; 2 h preop 150 mg a day for 5 days
Engelman et al. [18] - 225-300 mg a day
Mishriky et al. [21] 100-300 mg No benefit

Schmidt et al. [31] 300 mg 2 h preop 300 mg a day for 14 days
Weinbroum [24] 150 mg 300 mg a day for 2 days

“Note the regimens presented here represent a synopsis of all the regimens analysed by the authors
of each individual review

e Patients who are receiving high doses of opioids pre-operatively
e Patients who are at risk of severe and prolonged post-operative pain where a
neuropathic component is likely, such as post-thoracotomy.

These indications are similar to two of the indications in TOH Acute Pain
Service’s algorithm outlined above. Schmidt and colleagues propose a treatment
regimen commencing with either gabapentin 1200 mg or pregabalin 150 mg admin-
istered at least 2 h pre-operatively and if possible even the night before surgery,
followed by gabapentin 600 mg three times a day for 14 days or pregabalin 150 mg
twice a day for 14 days. Schmidt and colleagues conclude that although a pre-
operative dose is desirable the failure to administer such a dose should not deter
clinicians from post-operative dosing [31].

Apart from the treatment algorithms outlined above it is possible to identify from
the various reviews of the gabapentinoids the most common peri-operative gaba-
pentinoid treatment regimens that have been employed in studies. A summary of the
doses and treatment regimens of gabapentin and pregabalin is provided in Table 4.2.
There is clearly a need for studies investigating the benefits of guidelines on pain
outcomes to elucidate the appropriate pre-operative dose, maintenance dose and
duration of treatment.

Gabapentinoids as Part of an Enhanced Recovery Programme

A structured approach to peri-operative care, including pain management, is an
integral part of an enhanced recovery after surgery (ERAS) programme. Among
the many benefits of ERAS are better patient outcomes and reduced length of stay.
Consequentially, the opioid-sparing effect of the gabapentinoids may offer poten-
tial advantages for ERAS programmes. There is now emerging evidence of an
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effect of gabapentinoids on hospital length of stay. Thus, one systematic review
identified five studies that recorded duration of hospital stay or time to achieve
hospital discharge criteria [21]. The authors found that pregabalin-treated patients
had a shorter hospital stay or achieved hospital discharge criteria 14 h earlier than
controls. More recently, Cheng and colleagues have found that gabapentin reduced
opioid use and hospital length of stay in mastectomy patients [47]. In contrast, a
randomised, placebo-controlled trial of the effect of a single pre-operative oral
dose of gabapentin, 600 mg, in major bowel surgery found no reduction in opioid
consumption, opioid-related side effects, time of return of bowel function, or time
to hospital discharge [48].

Conclusions

Although not licensed for the management of acute pain, there is now good
evidence that peri-operative gabapentin and pregabalin are associated with a
modest reduction in post-operative pain whilst the impact on opioid consump-
tion is more pronounced. However, there are fewer studies on which to draw
conclusions regarding pregabalin. Conversely it is possible that as a result of
clinical and statistical heterogeneity, some reviews may have overemphasised
the benefits of gabapentinoids. In choosing between gabapentinoids there is
insufficient evidence to support the use of pregabalin in preference to
gabapentin, notwithstanding pregabalin’s more favourable pharmacokinetic
profile. The appropriate dose and timing of administration of gabapentinoid
has yet to be elucidated, but it would appear that single dosing whether before
or after surgery may be as effective as multiple dosing. In addition, higher
doses may be more effective in reducing both acute post-operative pain and
persistent post-operative pain, but this advantage is at the expense of a higher
incidence of unwanted side effects.
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Peri-operative Ketamine for Acute 5
Pain Management

Naveen Eipe

Key Points

1. Ketamine is useful as a co-analgesic and antihyperalgesic, thereby decreasing
post-operative pain, opioid analgesic requirements and opioid related side-
effects following major abdominal surgery.

2. High-dose ketamine is >1 mg/kg as bolus and >1 mg/kg/h as infusion; low-dose

constitutes 0.1-1 mg/kg bolus and 0.1-1 mg/kg/h infusions and ultra-low dose is

<0.1 mg/kg and <0.1 mL/kg/h infusion.

Post-operatively it may be added to an opioid for PCA use.

4. This will assist the patient in achieving their ERAS goals, i.e., early mobiliza-
tion, early nutrition and discharge with improved satisfaction.

[O8]

Introduction

Ketamine was first introduced into clinical practice over 50 years ago as a dissocia-
tive anaesthetic [1]. It has since been used for pre-medication, sedation, induction
and maintenance of general anaesthesia and for post-operative analgesia. Despite
this long standing and wide use both as an anaesthetic and analgesic, its peri-
operative role has enjoyed a somewhat waxing and waning popularity. In pain man-
agement, ketamine’s use has ranged from treating battlefield trauma and burn
injuries to acute and chronic, cancer and non-cancer pain. The peri-operative use of
ketamine is now backed by extensive experience and good quality evidence [2].
The peri-operative role of multimodal analgesia has been discussed in detail in the
preceding chapter on intravenous lidocaine. An acute pain management framework
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based on the WHO ladder concept provides us with a step-wise, severity-based, opi-
oid-sparing approach. This has been accepted and implemented widely in simple and
standardised peri-operative protocols. The dual appreciation of the role of pronoci-
ception in acute pain and the emerging understanding of opioid-induced and opioid-
resistant hyperalgesia has led to the recognition for the need for appropriate
non-opioid adjuvants with anti-hyperalgesic properties (see Chap. 6, Fig. 6.2).

Due to the concurrent introduction of laparoscopic surgery, and the emergence of
the principles of Enhanced Recovery after Surgery (ERAS) for abdominal surgery
in the past two decades, the entire peri-operative paradigm has shifted from ‘bigger
and slower’ to ‘smaller and faster’. In parallel with these surgical changes, there has
been a quest for a suitable alternative to epidural analgesia coupled with a renewed
interest in parenteral non-opioid analgesia. It is in this context that ketamine (and
lidocaine) can play a major role by ensuring adequate pain relief coupled with mini-
mal immediate side effects and quantifiable long-term benefits.

Another aspect of multimodal analgesia is that despite recent advances in the
pharmacotherapy of acute pain, ketamine remains the numero uno non-opioid anti-
hyperalgesic adjuvant available for use in peri-operative pain management.
Therefore, the role of ketamine in pain management after abdominal surgery cannot
be ignored or underestimated [2, 3].

To incorporate ketamine into acute pain management after abdominal surgery it
is therefore important to understand the pharmacology of this drug, critically evalu-
ate the evidence for its use and appreciate the practicalities of using ketamine in a
rational peri-operative pain management plan.

Pharmacology of N-Methyl-p-Aspartate (NMDA) Receptors
(NMDARS)

The NMDARs belong to a class of ionotropic glutamate receptors that also includes
the a-amino-3-hydroxy-5-methyl-4-isoxazolepropionic acid (AMPA) receptors
(AMPARSs) and kainate receptors. Excitatory synaptic transmission in the vertebrate
brain relies on the release of L-glutamate from presynaptic terminals that diffuses
across the synaptic cleft and binds to postsynaptic AMPARs and NMDARs.
Activation of AMPARs is fast and transient, causing brief depolarizations that last
no longer than a few milliseconds. NMDARs are not critical for this basal synaptic
transmission, but instead they regulate functional and structural plasticity of indi-
vidual synapses, dendrites, and neurons by allowing activation of specific calcium
(Ca?*) dependent signaling cascades [4].

NMDARs are densely expressed at nociceptive synapses in the spinal cord dorsal
horn. At resting membrane potentials, external magnesium (Mg?*) ions enter the
NMDAR pore, but unlike the permeant calcium (Ca*") ions, they bind tightly and
prevent further ion permeation. A depolarization of sufficient amplitude and duration
is required to dislodge and repel the Mg?* ions from the pore, thereby allowing the
flow of permeant Ca?*ions. As a result, the NMDAR acts as a molecular coincidence
detector: efficient activation and ion permeation through the NMDAR requires both
a sufficiently strong depolarization and synaptic release of glutamate. This dual input
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requirement, together with the slow activation and deactivation allows NMDARs to
integrate and decode incoming synaptic activity. The additional high Ca*" permeabil-
ity of NMDARSs enables them to transduce specific synaptic input patterns into long-
lasting alterations in synaptic strength. Activation of the NMDAR occurring after an
intense or repeated stimulus results in increases in cell excitability because of second
messenger effects initiated by the calcium influx [1, 2].

This role of NMDAR in nociceptive transmission has been well established in
humans. In acute nociceptive pain, the Mg?* ions get pushed out into the synaptic
cleft and the NMDAR opens to Ca*, which then activates the second messenger
system that propagates the signal. When prolonged or repetitive signalling through
the synaptic cleft occurs, the NMDAR can get involved in sustained neuronal hyper-
activity i.e. simple signal propagation can change into transmission persistence
despite cessation of input stimulus. Hyper-excitability of the NMDAR also explains
the development and maintenance of what can be called “pathologic pain” or pro-
nociception, i.e., increased pain perception as a result of pain sensitization and syn-
aptic plasticity [2]. A NMDAR-mediated increase in dorsal horn synaptic efficacy is
therefore thought to be an important contributor to the central sensitization of pain
pathways seen in acute hyperalgesia, opioid tolerance, opioid-induced hyperalgesia
(OIH) and in chronic pain syndromes [5]. Finally, while ongoing and future work
may confirm that NMDAR activation is the sentinel event in the progression of
acute pain to chronic pain, its pharmacology will continue to play a pivotal role in
managing acute pain and hyperalgesia (Fig. 5.1).
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Fig.5.1 The role of the NMDAR in acute and chronic pain. From [31]; with permission
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The clinical relevance of these functions of the NMDARS in pain transmission,
amplification and perpetuation is the basis for the use of its antagonists (ketamine,
dextromethorphan, nitrous oxide and methadone etc.) in peri-operative pain man-
agement [1-3].

Pharmacology of Ketamine

Ketamine is the most widely used, well studied and probably the most potent
NMDAR antagonist. It is a phencyclidine (PCP) derivate that was synthesized in
1963 and first used as an intravenous anaesthetic in 1965 [1]. It was approved for
clinical use in 1970 and was initially used primarily as an anaesthetic in war-time,
natural disasters, other remote and low resource areas. Early experience suggested
that wide acceptance would be limited by the side effect profile i.e. the dissociative
state during, and the psychomimetic emergence reactions after use. Nevertheless,
early users documented the cardio-respiratory stability and the profound analgesia
that also lasted well beyond the duration of infusion. Ketamine remains on the
WHO'’s list of Essential Drugs. One of only two intravenous anaesthetics on this list
which probably reflects its continued versatility as a relatively safe solo-agent intra-
venous anaesthetic.

Ketamine has been widely used for decades in veterinary surgery as an anaes-
thetic and has earned the moniker “horse tranquilizer”. This extensive use of ket-
amine clinically for both human and animal use led to its increased production and
subsequent widespread availability. Unfortunately, this use has indirectly also led to
a significant increase in the diversion for non-clinical use and abuse of ketamine.
The ‘street’, ‘club’ and ‘party’ use of ketamine (dubbed “Special K”) is adminis-
tered through a variety of routes and has unfortunately cast a shadow on its clinical
use. This has led to the requirement for implementation of more stringent control
measures with restricted prescribing and dispensing. These two issues, the veteri-
nary use and the abuse, are well known to the public and at times perceived as bar-
riers to use by both patients and other healthcare providers. We believe that it is
important to discuss and disclose these issues to patients receiving ketamine for
post-operative pain.

Ketamine is 2-(2-Chlorophenyl)-2-(methylamino)cyclohexanone hydrochloride
and consists of two enantiomers. While racaemic ketamine is more widely available
the world over, the S-ketamine variant is more potent with fewer side effects and has
been used extensively in Europe. Ketamine is prepared as a water and lipid soluble
hydrochloride salt and is approved only for parenteral administration i.e. intrave-
nous, intramuscular or subcutaneous. Other routes of administration for example
neuraxial (spinal, epidural or caudal), enteral (oral, rectal) and others (nasal, sublin-
gual and topical) continue to be described in off-label use [1, 2].

Ketamine has low plasma protein binding and high lipid solubility allowing for
rapid uptake (alpha elimination 4-5 min), distribution and elimination (beta half-
life of 2-3 h). Most (up to 80%) of the intravenously administered drug will be
metabolized in the liver by cytochrome P450 system to norketamine whose potency
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is approximately a third of the parent drug. Ketamine and norketamine are excreted
by the kidneys and can both accumulate in renal failure. The clinical relevance of
the pharmacokinetics of ketamine in hepatic and renal impairment is the decreased
metabolism and delayed elimination respectively, thereby requiring dose or admin-
istration frequency reductions [1].

Ketamine primarily binds noncompetitively to the phencyclidine binding site of
NMDARSs and also modifies them via allosteric mechanisms thereby decreasing the
glutamate transmission of synaptic impulses. Since these receptors are present in
the thalamus and the limbic system in addition to the spinal cord, depending on the
dose, the NMDAR mediated actions can have spinal and supraspinal effects.
Ketamine may also have effects on dopamine, noradrenergic, serotonergic and opi-
oid receptors. These may not be clinically relevant in the management of peri-
operative pain. The cardiovascular, respiratory and gastrointestinal effects of
ketamine could have an impact on the pain management of some patients and these
have been well described elsewhere [2, 3].

The clinical effectiveness of ketamine in pain management requires the careful
determination of the optimal balance that would provide benefit (analgesia) and
avoid side effects (psychomimetic and disassociation). In our experience, the
patient-to-patient variability with regards to analgesia from ketamine is small. The
clinical presentation i.e. the cause of pain, severity, presence of acute hyperalgesia
and concurrent opioid administration may be more important for the determination
of the appropriate dose for each patient. Patients presenting with acute hyperalgesia,
higher pain scores and increasing opioid requirements demonstrate the greatest ben-
efit from the administration of ketamine. If an objective diagnosis of acute neuro-
pathic pain is required to determine the need for ketamine, the DN4 questionnaire
may be effectively used.

The clinical effects of ketamine can be described depending on the dose admin-
istered. In our experience, irrespective of most patient characteristics, these effects
are almost always consistently observed. The dose of ketamine used peri-operatively
can be arbitrarily divided into “high”, “low” and “ultra-low”.

It is unusual to use ketamine for pain relief in ‘anaesthetic dose’ or ‘high dose’
range (>1 mg/kg IV or >1 mg/kg/h infusion). At these levels, despite the profound
analgesia, the patient will have unpredictable and persistent CNS effects i.e. loss of
consciousness and airway reflexes, apnoea, labile cardiovascular effects, disassocia-
tion and lasting psychomimetic effects. The most significant latter can include
unpleasant dreams, nightmares, abnormal sensations, emergence agitation, delir-
ium, hallucinations and acute psychosis. In fact, at these doses, ketamine can be
used to treat ECT-resistant depression and has even been reported to produce a
pharmacologically induced model of schizophrenia [1].

When administered in a sub-anaesthetic “low dose” range (0.1-1 mg/kg IV
bolus or 0.1-1 mg/kg/h infusion), ketamine’s analgesic efficacy correlates well
with analgesia (or anti-nociception). It is induced directly at the spinal level (inhi-
bition of NMDAR mediated pain facilitation) and indirectly at supraspinal level
by decreasing the activity of brain structures that respond to noxious stimuli. It
has also been shown that ketamine is able to modulate the transmission of pain
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impulses via interactions with the other receptors and pathways. Depending on
the dose of ketamine, this anti-nociception may be due to the facilitated inhibition
of the spinal opioid receptors or activation of the descending pain inhibitory
monoaminergic pathways expressed at the spinal level by the alpha 2-adrenocep-
tors. Interestingly, the antinociception of ketamine at 0.3 mg/kg is not reversed by
naloxone, suggesting that the opioid receptor agonistic activity was not involved
in pain control [6].

“Ultra-low dose” ketamine refers to the use of less than 0.1 mg/kg bolus or less
than 0.1 mg/kg/h [7]. This is probably the most useful dose of ketamine for post-
operative use, especially in awake patients, as it avoids any CNS side effects. It
probably works at the spinal level as a true co-analgesic adjuvant as it improves the
analgesic effects of co-administered opioids. The affinity of ketamine for NMDA
receptors is several-fold higher than for the non-NMDA receptors (mu and alpha
receptors or the monoamine transporter sites). Therefore, at the lowest doses, it is
possible that ketamine could interact almost exclusively with NMDA receptors
rather than with the alpha receptor. This may explain its effective modulation of
pain impulse transmission or anti-pronociception. There is some evidence from ani-
mal studies that at low dose ketamine may also directly provoke peripheral nocicep-
tors, inducing analgesia and modulation within the peripheral nervous system.
Animal studies have shown that locally administered ketamine effectively prevented
withdrawal in formalin and thermal hyperalgesia testing in rats. Although ketamine
exhibits promise as a potential topical analgesic in humans, the mechanistic basis of
its peripheral actions is not well understood [8].

There may also be a significant synergistic interaction between opioids and
NMDA antagonists. It has been postulated that ketamine can prevent central sensi-
tization because while opioids can block the initial response of dorsal horn nocicep-
tive neurons to C-fiber stimulation, NMDA antagonists inhibit the potentiation of
abnormal and exaggerated responses on sustained or repeated stimulation [9].

There are two other important clinical situations where ketamine may also be
useful. Firstly, it is well known that opioids themselves can worsen pain—opioid-
induced hyperalgesia (OIH). Secondly, when increasing doses of opioids pro-
duce diminishing analgesic effects, clinical opioid tolerance is suspected. Both
these paradoxical effects of opioid use are not restricted to the long term or long
acting formulation use and can be seen in the early post-operative period. They
are likely due to the interactions between, and activation of, the NMDARSs by the
mu-receptor agonists [6]. Ketamine may therefore be the drug of choice to pre-
vent and or treat OIH and prevent the development of opioid tolerance in acute
pain management [3].

Evidence for Efficacy

As mentioned earlier, clinical evidence for the use of ketamine dates back more than
4 decades [1]. The intra-operative cardio-respiratory stability was well documented
in earlier studies, which also supports the safe use of this drug with minimal
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monitoring after surgery [10, 11]. The profound analgesia reported was also docu-
mented to last beyond the duration of injection or infusion. This was then a poorly
understood analgesic effect but nevertheless probably further encouraged its contin-
ued and wider use as an anaesthetic in a variety of remote and low-resource settings,
e.g., warfare, natural disasters, humanitarian outreach programs etc. Despite the
safety profile, the use of ketamine as a sole anaesthetic or analgesic agent was, and
is, limited by the potential for psychomimetic side effects and emergence like phe-
nomena. These considerations continue to limit the dose, duration and overall use of
ketamine for acute post-operative pain [2, 13].

Ketamine has been shown to be useful in the reduction of acute post-operative
pain and analgesic consumption in a variety of surgical interventions with variable
routes of administration [12]. Interest in the analgesic properties of low-dose ket-
amine has prompted clinical trials comparing opioids and ketamine [13]. Others
have reported that peri-operative low-dose ketamine may be useful in a variety of
clinical settings [14]. They also suggested that ketamine may be given at any point
(pre-emptively, intra-operatively, post-operatively) and in any method (bolus, infu-
sion, patient-controlled analgesia co-administration), but would be most useful
when the anticipated post-operative visual analog scale (VAS) score is greater than
7/10 and when the site of surgery (and possibly the extent of the incision) has an
impact on the efficacy of ketamine as a peri-operative adjuvant drug. However, they
postulate that pain severity is more important than surgical site and conclude that
abdominal surgery patients should receive ketamine, especially those patients or
procedures where significant post-operative pain is expected [14].

Although many studies have suggested that peri-operative ketamine administra-
tion could be useful to control post-operative pain, their results are often difficult to
compare due to the various ketamine dose regimens used [15]. The distinction of the
infusion dose as being ‘high’, ‘low’ and ‘ultra-low’ dose (see preceding section)
will probably contribute in the future to an improved understanding and increased
confidence leading to wider and safer peri-operative use of this drug.

The importance of an ‘adequate’ dose of ketamine has been emphasized, in order
to prevent the induction of central sensitization caused by stimulation of peripheral
nociception together with blocking the wind-up phenomenon [13]. Studies have
reported the adequacy of using a ketamine bolus of 0.5 mg/kg IV bolus followed by
a 0.12 mg/kg/h infusion [15]. This was calculated to obtain a theoretical plasma
ketamine concentration in the range of 100 mcg/mL previously described as being
the therapeutic plasma concentration of ketamine for analgesia. At this and lower
plasma concentrations, both psychomimetic effects and accumulation are likely to
be avoided [15].

The dose of ketamine may also require adjustment according to the procedure.
An arbitrary distinction into ‘painful’ and ‘less painful’ procedures has also been
suggested. For the former a 0.5 mg/kg slow bolus injection of ketamine before or
after induction of general anesthesia, was suggested. This may be followed by a
continuous infusion of 0.5 mg/kg/h. In procedures expected to be less painful, a
0.25 mg/kg ketamine bolus before incision is recommended followed by infusions
of 0.25 mg/kg/h. The continuous intra-operative infusion may also be replaced by
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appropriate hourly boluses. For procedures lasting longer than 2 h, these authors
recommend that the infusion cease at least 60 min before surgery to prevent pro-
longed recovery [2].

In open abdominal surgery, continuous epidural analgesia is still probably the
‘gold standard’ for post-operative analgesia. Despite the use of local anaesthetics
containing opioids insufficient epidural analgesia after surgery is not infrequent.
This inadequacy of epidurals can be caused by epidural blockade failures, unilateral
blockade, dose infusion limitations, developing relative or absolute contraindica-
tions (sepsis, anticoagulation, localized infection, delirium etc.) and/or patient intol-
erance to side effects (hypotension, postural symptoms, inability to ambulate etc.).

It has been suggested that combined and pre-emptive administration of ketamine
with epidural analgesia may improve the quality of epidural analgesia in the post-
operative period [16]. Neuraxial opioids may also result in acute tolerance to opi-
oids and systemic ketamine may be required to prevent the development of acute
tolerance to opioids. It has been postulated that viscero-peritoneal nociception is
transmitted by multiple spinal nerves and the vagus nerve [17]. This nociception
induces central sensitization not only segmentally, but also multi- and supra-seg-
mentally. One of the analgesic action sites of ketamine is known to be supraspinal
i.e. ketamine might block brainstem sensitization via the vagus or phrenic nerve
during upper abdominal surgery. This may explain the frequently observed effect of
ketamine in potentiating the epidural analgesic effects of the neuraxial opioid and
local anaesthetic, which otherwise would only act segmentally [16, 17].

Level I evidence from systematic reviews confirm that low dose ketamine when
combined with morphine not only reduced pain intensity but also improved wake-
fulness and PONV when compared with the higher dose of morphine alone [3, 14].
This is despite a significant number of clinical trials (17 of 38, 45%) demonstrating
no benefit of adding ketamine to the existing standard practice opioid analgesia. The
intensity of pain, type of surgery, other co-analgesics used and the ketamine admin-
istration protocol may have influenced the results of those clinical trials. Ketamine
should be considered when post-operative pain requires large doses of opioids, such
as major abdominal and thoracic surgery [13].

Ketamine and Opioids

Opioid escalation in acute pain can sometimes be futile, with inadequate pain con-
trol despite very high doses. In addition, some types of pain, particularly central
neuropathic and vascular ischaemic pain, can be refractory to opioid therapy.
Ketamine is well described in a number of clinical trials for pain refractory to high-
dose opioids. Such use is based on preclinical data demonstrating an important role
for the NMDA receptor in opioid-induced hyperalgesia and in persistent pain from
inflammation, nerve injury and cancer [5, 8].

Ketamine is also useful to reduce the area of punctuate mechanical hyperalgesia
surrounding the surgical incision for several days after surgery. While the signifi-
cance of acute hyperalgesia may be related to progression to chronic pain, the
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pre-emptive administration of ketamine also consistently decreases the post-
operative morphine consumption. Whether the mechanical hyperalgesia is related to
the opioid administration (OIH) or occurs de novo remains unknown. Irrespective of
the cause of this pro-nociception ketamine is probably the most potent anti-
hyperalgesic available for clinical use. This has been clearly demonstrated after
abdominal surgery and lasts for 48 h after ketamine anaesthesia. This anti-hyperal-
gesic mechanism is not fully appreciated but supports the pre-emptive and persis-
tent analgesic effect of ketamine [16, 17].

There has been considerable interest in the combination of ketamine with the
peri-operative opioids administered. Opioids are traditionally used as a part of gen-
eral anaesthesia and for the treatment of acute post-operative pain. Recent research
indicates that opioids produce not only analgesia, but also hyperalgesia.
Consequently, peri-operative (pre, per, and post-operative) opioids may paradoxi-
cally increase post-operative pain and opioid requirements. Central sensitization
includes an altered processing of innocuous, tactile impulses from myelinated affer-
ents so that activation of these fibres produces painful sensations. The neurophysi-
ological and biochemical mechanisms of these alterations include a decrease in
inhibitory input or an increase in synaptic efficacy or membrane excitability, medi-
ated by wind-up and neurokinin and N-methyl-D-aspartic acid receptor mechanisms
(NMDA receptors) [18].

In the post-operative period, opioid containing intravenous patient-controlled
analgesia (PCA) are frequently used for analgesia [19, 20]. The addition of ket-
amine to the morphine PCA has been described in a number of clinical trials. The
concerns for the stability of these drugs have also been addressed [20]. Intravenous
patient-controlled analgesia (PCA) with subanaesthetic ketamine and morphine
dosaging following transthoracic lung and heart surgery has been shown to result in
lower pain scores, reduced morphine consumption, shorter post-operative IV-PCA
dependence, associated cardiovascular stability and better respiratory parameters.
The potentiation of opioid-induced analgesia and the opioid-sparing effect of ket-
amine were observed in paediatric patients [21]. The parameters of the PCA set-
tings: opioid bolus size, lockout intervals and hourly limits remain unchanged. In
some situations, continuous infusion of the combination of morphine and ketamine
delivered by the PCA will be better than either the opioid alone or a PCA approach
alone, because of a stable NMDA receptor block [19]. We emphasize that the mag-
nitude of the PCA bolus may need to be adapted to the individual patient, according
to analgesic efficacy and side effects. The ratios described in these studies vary, but
the most frequently described one is of morphine: ketamine in 1:1 ratio [19, 21].
(See further details in section Practical Application below.)

Benefits of Post-operative Ketamine

It has been a challenge to consistently demonstrate an effect of ketamine on pain
scores. This again may be due to the type of surgery, ketamine dosing protocol,
other multimodal analgesia drugs and/or clinical measurements. Some studies have
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shown a larger improvement in dynamic pain scores, while others show both rest
and dynamic pain improvements [16]. The other major benefit of ketamine observed
is a reduction in opioid analgesic consumption [2, 5, 21].

This interaction of ketamine with opioids may become clinically relevant espe-
cially when pain is poorly controlled or increasing opioids are required to provide
adequate analgesia.

Preclinical studies have reported that opioid mu receptor activation leads to a
sustained increase in glutamate synaptic effectiveness at the level of NMDA recep-
tors. Opioids when used alone in large doses for a prolonged period induce toler-
ance, which may also lead to increased post-operative pain. Ketamine, by blocking
these NMDA receptors, can reduce pain, opioid requirements and prevent the devel-
opment of tolerance. This has been studied extensively in animals and consistently
produced positive results.

This is one of the fundamental concepts that has led to the use of ketamine as an
adjuvant to opioids in multiple clinical trials and consolidated the position of ket-
amine in the multimodal analgesia paradigm [13]. In the study by Choe et al. admin-
istration of morphine and ketamine prior to surgery reduced the need for supplemental
analgesics [9].

There are other benefits of the concomitant administration of low-dose morphine
and ketamine. Studies have shown that in combination these drugs improve the
adequacy of respiration measured by the oxygen saturation (SpO,) level. This may
be secondary to pain reduction thus enabling patients to breathe more deeply, cough
better, and maintain adequate minute ventilation with only negligible upper-airway
obstruction compared with heavily (opioid) sedated post-operative patients. In the
same study, because morphine did not control pain as well as the combination of
morphine and ketamine did, SpO, in the morphine-alone group also remained lower.
In addition, ketamine characteristically increases respiratory muscle tone, which
could have also contributed to airway patency and better SpO,, even though a sub-
anaesthetic dose of ketamine was applied. All the above-mentioned reasons could
also have contributed to the maintenance of a normal respiratory rate and depth in
the patients receiving a combination of morphine and ketamine [6].

This is an important clinical caveat—the metaphoric ‘double-edged sword’ of
pain management in abdominal surgery—incisional pain prevents adequate respira-
tion; its treatment with opioids can also lead to sedation and respiratory depression.
Low dose or ultra-low dose ketamine can reduce pain without sedation or respira-
tory depression and should therefore be a standard part of the multimodal analgesia
for abdominal surgery.

Even in patients with high risk of respiratory depression, secondary to obesity and
sleep apnoea, ketamine in combination with other intravenous agents is being used
to provide opioid-free anaesthesia (OFA). Another significant benefit of this OFA
technique is the reduction in PONV which again indirectly implies the contribution
of opioids to this gastrointestinal side-effect [22]. A trend toward less PONV is seen
in patients receiving ketamine and these reductions in PONV parallel the decreased
opioid consumption and improved analgesia seen with ketamine [6, 13, 14].
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Hyperalgesia and Progression to Chronic Pain

The prompt and sustained abolition of pain resistance to morphine by a single bolus
injection of morphine and ketamine in up to 65% of the treated patients has been
well documented [6]. At the same time they observed when comparing the total
dose of morphine in both groups that the effect of ketamine was greater than addi-
tive. This supports the contention of an interaction of ketamine with NMDA recep-
tors that could have been activated by either or both of the peri-operative nociceptive
inputs and by the administration of morphine.

The smallest ketamine plasma concentration to counteract hyperalgesia while
producing minimal side effects was shown to be 60 pg/mL. This concentration has
been achieved by giving an initial bolus dose of ketamine 0.5 mg/kg, followed by a
continuous infusion of 0.12 mg/kg/h. The average ketamine consumption in many
studies is significantly lower which might explain some of the negative clinical trial
results in terms of pain scores and/or analgesic consumption.

When given in the sub-anaesthetic or ‘low’ dose, intra-operative ketamine is
known to reduce mechanical hyperalgesia and improve post-operative analgesia.
Even a small dose of ketamine given before skin incision decreases post-operative
pain and reduces morphine consumption after open renal surgery [16]. A small intra-
venous dose of ketamine before the first incision followed by a 24-h infusion had a
morphine-sparing effect after total hip arthroplasty and decreased post-operative
chronic pain up to 6 months after surgery [21].

The effect of adding ketamine to opioids or multimodal analgesic regimens on
wound hyperalgesia has been reported in clinical trials. Wound hyperalgesia was
evaluated by punctuate mapping with Von Frey hair filaments and pressure pain
detection thresholds. The area of hyperalgesia tested by Von Frey hair filament
was significantly less in ketamine groups in a majority of trials. Though the clini-
cal implication of hyperalgesia remains poorly understood and not well studied, it
is an indicator of central sensitization. It has been hypothesized that a reduction in
the area of hyperalgesia could be a measure of the prevention of central sensitiza-
tion by ketamine. The reduction in the area of hyperalgesia may not be associated
with improvement in acute post-operative pain outcome measures, but may
decrease the persistence of wind-up pain at 7 days [23]. When followed up at
2 weeks, 1 and 6 months and 1 year after surgery, patients who received IV ket-
amine had significantly reduced long-term pain [24]. It may also be worthwhile to
note that all patients studied by these investigators had undergone surgery for
rectal adenocarcinoma, a typically difficult pain model to treat. Thus, even with-
out any effect on acute nociceptive pain, low-dose ketamine may have a role in
reducing pathological pain, which in these patients was chronic, neuropathic and
malignancy related.

Apart from patients with malignancy related surgery, patients undergoing surgi-
cal procedures which are associated with the risk of development of chronic post-
operative neuropathic pain such as thoracotomy and amputation, will benefit from
peri-operative ketamine [13].
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Another group of patients who may benefit from peri-operative ketamine are
those who have already developed chronic pain and/or those who are opioid toler-
ant. Loftus et al. demonstrated that intra-operative preventative ketamine reduces
opiate consumption in the acute post-operative period by 37% in opiate-dependent
patients with chronic pain who are undergoing painful back surgery. In addition, it
seems to reduce pain intensity post-operatively in the PACU and at 6 weeks as well
as reduced morphine consumption at the first post-operative visit. The results of
these trials have shown that intermediate and long-term outcomes produced by the
addition of ketamine was far superior to that produced by opioid analgesics [12].
Other than the reduction in pain intensity at 6 weeks, research has also found signifi-
cantly less antidepressant use at the first post-operative visit compared with pla-
cebo, despite no significant difference between groups pre-operatively [12].

Understanding the utility of preventative NMDA receptor antagonism in patients
with a history of chronic pain has also led to its use in patients on chronic opiate
medication. This has been suggested as a primary target for future research. It is
well known that patients with chronic pain and chronic opioid use are at increased
risk of suboptimal post-operative pain management and consequently at increased
risk of cardiopulmonary complications and further exacerbation of existing chronic
postsurgical pain [12].

Influence on Carcinogenesis

In addition to their analgesic effects, opioids have well established immune-
modulatory effects. Despite experimental and animal studies implicating peri-
operative opioids in cancer metastasis and recurrence the evidence from clinical
trials are conflicting. It is theorized that various agents (anaesthetics, analgesics,
blood transfusions etc.) activate specific genes during the peri-operative period,
which may contribute to cancer recurrence and metastasis [25].

Ketamine is known to exhibit immuno-modulatory effects on macrophages, lym-
phocytes, and mast cells in experimental studies. Despite its inhibition of the den-
dritic cell-mediated maturation of T cells in a mouse model, it must be noted that the
ketamine concentration used was two to three times higher than that used in human
clinical setting. One study reports the effect of low-dose ketamine (0.15 mg/kg) on
immune function in patients undergoing elective abdominal surgery [26]. It indi-
cated that ketamine attenuated production of the proinflammatory cytokines, IL-6
and TNFa, and suppressed NK cell cytotoxicity after operation. The clinical rele-
vance of these findings is not fully understood [25, 26].

The contribution of other factors (especially opioids) on immune-modulation,
neuro-endocrine and inflammatory response influencing tumor metastasis and/or
recurrence cannot be ruled out. Nevertheless, ketamine offers a promising non-
opioid option in abdominal surgery and until further evidence in this area becomes
available, is probably safe (and safer than opioids alone) to administer to patients
with abdominal surgery, especially those with malignancies [25].
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Other Benefits of Ketamine

Another reported benefit of ketamine is in the treatment of post-operative shivering
with a faster onset than meperidine at ultra-low dose (<0.1 mg/kg) [27]. Low-dose
ketamine is commonly used to treat distressing states such as anxiety and depres-
sion [28]. It is unclear whether changes in stress hormone concentrations are benefi-
cial or harmful in pain and depression. This study found that even at low doses,
ketamine doubles cortisol production [29].

Side Effects

Widespread use of ketamine has been limited by clinicians’ concerns about adverse
effects such as dysphoria, hallucinations, and dissociative symptoms. Furthermore,
the dosing of ketamine is inconvenient in chronic pain patients as it is relatively
short acting and is unavailable in an oral formulation [5].

The side effects of ketamine have been described in the preceding sections.
Whilst these are dose dependant, some patients demonstrate intolerance to the cen-
tral nervous system side effects i.e. sedation, nausea and vomiting, catalepsy and
locomotor depression, dependence and tolerance [8]. Side effects from ketamine
were more commonly observed at higher doses and sedation is commonly described
at these doses [30].

It has been observed in healthy human volunteers that high dose ketamine can
significantly alter mood states and produce dose-related impairment of sensory per-
ception or even impact the process of sensory integration [6]. It has been reported
that more than one third of the patients may experience unpleasant dreams or acute
psychosis-like symptoms that may or may not be associated with hallucinations on
emergence when anaesthetic doses (1-3 mg/kg) of ketamine are administered. Sub-
anaesthetic doses (0.1-1 mg/kg) of ketamine in healthy human volunteers can pro-
duce subtle cognitive dysfunction, e.g., attention-free recall and recognition
memory. Clinical studies in patients with acute pain receiving such sub-anaesthetic
doses showed no changes in cognition, perception, or mood swings in any patients
even 24 h after ketamine administration [6]. This difference can be explained by the
fact that the healthy volunteers are different from the patients experiencing acute
pain. Consequently, patients who do not have poorly controlled pain or acute hyper-
algesia should not be prescribed ketamine—they may experience adverse side-
effects without any clinical benefit.

It is probably important to note that many of the central nervous system side
effects (dizziness, diplopia, dysphoria, dreams, hallucinations disorientation,
strange sensations, light headedness, sleep difficulties, and confusion) described in
ketamine-treated patients is also seen with opioids.

Making a clear distinction between the etiologies of these presentations, espe-
cially in patients receiving both opioids and ketamine, may be clinically challeng-
ing, if not impossible.
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Practical Considerations

Intra-operative Ketamine

A novel method of ketamine administration during surgery was developed at our
center. We combine ketamine with fentanyl and lidocaine and infuse this ‘cocktail’
(called fentaketacaine or FLK) during surgery under general anaesthesia.

At or after induction, patients identified as appropriate for ketamine (and lido-
caine) receive 0.2-0.5 mg/kg (max 20 mg IV) followed by lidocaine (1-2 mg/kg,
max 100 mg IV). We then initiate an infusion of FLK (syringe containing Fentanyl
10 pg/mL + Lidocaine 10 mg/mL + Ketamine 1 mg/mL). This is prepared by taking
a20 mL syringe and adding 200 pg Fentanyl (4 mL of 50 pg/mL), 200 mg Lidocaine
(10 mL of 2%), 20 mg ketamine (2 mL of 10 mg/mL) and saline (4 mL) to make it
a total of 20 mL. We program the pump as though there is only lidocaine 10 mg/mL
in the syringe at 1-2 mg/kg/h. Because of the ratios in the mixture, the pump will
also deliver Fentanyl 1-2 pg/kg/h. and Ketamine 0.1-0.2 mg/kg/h. The infusion rate
can be reduced or increased depending on the haemodynamics. For obese and mor-
bidly obese patients, it is important to use their ideal body weight (IBW). Additional
boluses of ketamine, lidocaine or longer acting opioids are rarely required, unless
the patient is opioid tolerant or is demonstrating other signs of inadequate analgesia.
There may be an anaesthetic (MAC) sparing effect and it may be advisable to moni-
tor the depth of anaesthesia, especially in long procedures and/or vulnerable patients
(younger, older, past history etc.).

This infusion of FLK can be continued for 4-6 h without accumulation and usu-
ally stopped at or before wound closure. Patients usually wake up comfortably,
especially after laparoscopic procedures and some will require early post-operative
resumption of their multimodal analgesia, including titration of longer acting opi-
oids. The two main indications for the use of FLK are (1) alternative to epidurals
and (2) difficult-to-treat pain patients. These indications have been elaborated in
Table 5.1.

Post-operative Ketamine
It is often challenging to achieve good quality analgesia following abdominal sur-
gery. While epidural analgesia and other regional anaesthesia techniques described

Table 5.1 Indications for 1. Alternatives to epidurals
intra-operative ketamine as

fentaketacaine (FLK)
infusion

* Epidural contraindicated, refused or failed

* Epidural attempted, inadequate or not tolerated

¢ Epidural not done—minimally invasive (laparoscopic)
surgery
2. Difficult-to-treat pain
* Surgery at a site of chronic pain
* Chronic pain elsewhere, e.g., fibromyalgia
* Opioid-use, abuse, dependence or tolerance

¢ Poorly controlled pain: acute hyperalgesia
» Experience in past of poorly controlled pain
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elsewhere in this book are very useful, they are not always possible, may fail or
become inadequate. Two of the frequently encountered side effects with opioid
based analgesia are respiratory depression and post-operative nausea and vomiting
(PONV). These may have a significant impact on the recovery of patients after
abdominal surgery. After any surgery, especially abdominal surgery, the patient may
remain in a fasting state (NPO) and have enteral drainage or feeding tubes that
would preclude the use of the gut for oral/enteral multimodal analgesia. As described
in the chapter on lidocaine, parenteral multimodal analgesia based on the WHO step
ladder (step-wise, severity-based and opioid-sparing) with adequate anti-
pronociception is vital to ensure high quality analgesia with low side effects.

It is in this context that ketamine (and lidocaine) are essential parts of the acute
pain management armamentarium for abdominal surgery. While the use of lido-
caine is described in detail elsewhere, the use of the DN4 questionnaire will be
useful to determine the need to add ketamine to the post-operative plan. As dis-
cussed previously, ketamine is a very potent anti-hyperalgesic and is clearly indi-
cated to treat both mechanical and opioid-induced hyperalgesia. The other patients
who would benefit from post-operative ketamine include those with poorly con-
trolled pain, failed or inadequate epidural or other regional anesthesia techniques,
opioid escalation or side-effects especially ileus, nausea/vomiting, sedation and
respiratory depression, opioid tolerant or dependant, chronic neuropathic/non-can-
cer pain or malignancy related pain.

One of the most effective and safe ways of administering ketamine in the post-
operative period is via a PCA system. With ketamine delivered in a fixed ratio with
the parenteral opioid. Ketamine administered via the PCA allows the patient to self-
titrate their requirements within a safe hourly limit. This in turn decreases opioid
use and associated side-effects, decreases the need for health care provider interven-
tion and empowers the patient with a sense of autonomy. Moreover, as discussed
above, the indications for ketamine in the post-operative period includes patient and
procedural indications that are otherwise poorly controlled with opioids alone
(Table 5.2). Adding ketamine to the opioid PCA therefore provides excellent anal-
gesia with improved patient safety and satisfaction.

At our center, two morphine-ketamine ratio choices were made available as a
premixed solution for use in the PCA. These ratios served to accommodate a wide
range of opioid requirements, without exceeding a fixed amount of ketamine

Table 5.2 The Ottawa Hospital (TOH) Acute Pain Service (APS) indications for adding ketamine
to IV PCA

1. Trauma: multiple and/or major injuries; burns, degloving and crush injuries, rib fractures

2. Acute Pain: poorly controlled, acute on chronic pain, prevention of Chronic Post-Surgical
Pain (CPSP), opioid tolerance and/or dependence, substance abuse

3. Neuropathic pain: acute hyperalgesia opioid induced or opioid resistant, malignancy related,
vascular insufficiency and ischemia, sickle cell crises etc.

4. Gastro-Intestinal Surgery: with or without epidural analgesia, laparoscopic procedures and
laparoscopic converted to open, ERAS
5. Obese, OSA and elderly: sensitive to opioids or having opioid side effects
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available for use on demand. The general principle is to keep the hourly dose of
intravenous ketamine to less than 10 mg/h. At this ultra-low dose the patient would
benefit from the NMDA antagonist anti-hyperalgesic effects while avoiding the
psychomimetic side-effects. In our extensive experience of over 15 years, the
patients whose PCA contains the morphine and ketamine combination continue to
be monitored as per the opioid PCA modality and do not require any extra or spe-
cial monitoring per se.

Morphine, 1 mg/mL, with Ketamine, 1 mg/mL, is prescribed for patients
expected to use less than 10 mg/h of morphine. These would include almost all
abdominal surgery in most of the opioid naive patients. Morphine, 5 mg/mL, with
ketamine, 1 mg/mL, is suggested for patients expected to require between 25 and
50 mg/h of morphine on an ongoing basis (i.e., >12 h). This would be used in
opioid-tolerant patients, polytrauma patients, those with vascular ischemia and
those with malignancy related pain. Even when using the ketamine PCA mixtures,
the orders and the pump program remains unchanged with bolus, lockout, basal and
hourly limit set according to the morphine requirement.

For opioid-tolerant patients or others with poorly controlled pain, it is preferable
to increase the bolus size and hourly limit, rather than change the lockout or add a
basal infusion [20]. The variable magnitude of the bolus dose was probably the
result of the well-known interindividual variability in drug requirement to achieve
satisfactory analgesia.

The use of ketamine requires careful consideration in patients at particular risk
for respiratory depression from conventional opioid-only, e.g., morbidly obese
patients, those with suspected OSA and or untreated OSA, elderly and renal insuf-
ficiency. Extended or increased cardiorespiratory monitoring may be required for
these patients, especially until their pain is well controlled.

Also of importance to note is that when ketamine is added to the post-operative
pain management, pain scores and consequently opioid requirements can fall dra-
matically. It is therefore pertinent to monitor these patients and reduce any fixed
dose or long-acting opioids that they may be receiving. If sedation, respiratory
depression or any other signs or symptoms of opioid overdose occur after the ket-
amine is started, they should be treated as per standard opioid overdose guidelines.

In some situations, especially in intensive care and other monitored areas, ket-
amine can also be administered as a continuous intravenous infusion. This is most
likely to provide stable antihyperalgesia, but less likely to provide situational anal-
gesia as required by the patient. In our experience this has been useful in sedated,
intubated and ventilated patients in the critical care areas. Again, the aim would be
to keep the hourly limit of ketamine to less than 10 mg/h.

Conclusions

The combination of our understanding of the pharmacology, vast clinical experi-
ence and the available evidence support a wide role for the use of ketamine in the
peri-operative period. Ketamine is useful as a co-analgesic and anti-hyperalgesic
thereby decreasing post-operative pain, opioid analgesic requirements and opi-
oid related side-effects following major abdominal surgery. Low and ultra-low
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dose ketamine can be used as an infusion during surgery. Post-operatively it may
be added to an opioid for PCA use. This will assist the patient in achieving their
ERAS goals, i.e., early mobilization, early nutrition and discharge with improved
satisfaction.
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Key Points

1. Peri-operative IV lidocaine infusions lead to significant decreases in pain scores
and reduced opioid analgesic consumption and opioid related side effects, nota-
bly nausea, vomiting and ileus.

2. Identification of acute hyperalgesia is an important concept that is being increas-
ingly recognised and for which IV lidocaine has a role.

3. IV lidocaine is a useful non-opioid analgesic, anti-inflammatory and antihyper-
algesic, which can contribute to significant improvements in patient outcomes,
especially after abdominal surgery.

4. Dosing is a bolus of 1-2 mg/kg followed by an infusion of 1-2 mg/kg/h (use
ideal body weight [[BW] if the body mass index [BMI] >30 and do not exceed a
maximum dose of 100 mg bolus or 100 mg/h)

5. Safety is maintained by adhering to the correct dose, adjusting the dose for high
risk patients (renal or liver dysfunction, on interacting medication or those with
certain cardiac disease or seizure disorders) and appropriate monitoring for
toxicity.

Introduction

Acute pain management has witnessed numerous innovations and advances
in the past three decades. Evolution of these strategies has had to keep pace with
the changes and advancements in surgical technique. Notable amongst these
was the introduction of minimally invasive and laparoscopic surgery in the
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1990s. The paradigm of improving patient safety and outcomes has become bet-
ter measured using clearly defined goals derived from the work done in Enhanced
Recovery after Surgery (ERAS).

An optimally working thoracic epidural has been the ‘gold standard’ for open
abdominal surgery, but its role in laparoscopic surgery and ERAS is being ques-
tioned [1]. When abdominal surgery is conducted without continuous epidural anal-
gesia, conventional acute pain management has to rely on other methods of analgesia
such as truncal blocks and opioids as the main stay of analgesia. Side effects of
‘conventional’ opioid-based acute pain management regimes are well known to
contravene many of the ERAS principles. Most prominent amongst these opioid
side-effects in the peri-operative period are nausea, vomiting and ileus. These side-
effects prevent early oral nutrition, delay patient ambulation and hospital discharge
thus having a major impact.

The search continues for a non-opioid analgesic adjuvant (preferably parenteral)
that would provide peri-operative analgesia without interfering with gut function
recovery and/or healing integrity. Intravenous (IV) lidocaine is a unique therapeutic
component of peri-operative multimodal analgesia that may provide these and other
additional benefits in abdominal surgery. In so doing it may help patients realize
many of the ERAS goals and outcomes, while minimizing the need for conventional
opioid-based analgesia [2].

Multimodal Analgesia: The Foundation for Successful IV
Lidocaine

A structural and functional framework for acute pain management is the first
requirement prior to the introduction and application of any innovative treatment
modality like I'V lidocaine. We also need to standardize our pain management pro-
tocols and therefore it is useful to revisit (and adhere to) some acute pain manage-
ment principles. A useful place to start is the well established and widely respected
WHO step ladder (Fig. 6.1). The World Health Organization (WHO) step ladder
provides us with four basic principles which remain applicable to modern acute pain
management. It describes a (1) severity based, (2) stepwise approach that further
aims to (3) minimize the use and/or need for opioids. This also (4) introduces and
encourages the use of non-opioid adjuvants for acute pain at any level (or every
step) of pain (or the ladder).

At this stage we need to clearly define the role of the above-mentioned adjuvants.
We believe that acute hyperalgesia or ‘pronociception’ occurs more frequently than
previously recognized in acute pain, especially in certain procedures and patients.
Adjuvants directed towards this pronociception (notably ketamine, lidocaine and
gabapentinoids, etc.) will ensure adequate treatment of this presentation of acute
neuropathic pain [3]. It is also now well-established that opioids are not only inef-
fective in treating acute hyperalgesia and neuropathic pain; they can paradoxically
worsen pain, by producing opioid-induced hyperalgesia (Fig. 6.2).
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Step 3
Potent opioid analgesics
+ Nonopioid analgesics + Adjuvant therapy
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Fig. 6.1 World Health Organization pain step ladder. Image created by Perry Ng
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Fig. 6.2 Opioids are not only ineffective in treating acute hyperalgesia and neuropathic pain;
they can paradoxically worsen pain, by producing opioid-induced hyperalgesia. Image created by
Perry Ng

While clinical research in the past two decades has supported the use of these
adjuvant drugs in the management of post-operative pain, their exact positioning
within the original WHO Step Ladder paradigm continues to evolve.

In our opinion, the use of these adjuvants should be based on the identification of
pronociception or acute neuropathic pain presenting as hyperalgesia [2]. The diag-
nosis of acute neuropathic pain can be made objectively using the well-validated
DN4 questionnaire first described by Bouhassira [4].

This appreciation of the role of acute neuropathic pain, often coexisting and
independent of severity with nociceptive pain, is in our opinion, a very important
addition to the concept of the original WHO Step Ladder (Fig. 6.3). We also believe



86 N. Eipe

Opioid analgesics
Morphine, hydromorphone,
fentanyl, oxycodone

Non opioid adjuvants

Pregabalin,
lidocaine,
Weak opioids ketamine
Tramadol

Foundational drugs
Acetaminophen,
NSAIDs

The new “Ottawa” ladder in acute pain?

Fig. 6.3 Updated concept of the original WHO Step Ladder

that this will simplify the understanding and explanation of the role of drugs like
ketamine and IV lidocaine for acute pain.

Management of acute pain after abdominal surgery is well described through the
work done in ERAS with the emphasis on multimodal opioid-sparing analgesia.
Another important aspect of using multimodal analgesia in abdominal surgery is the
controversial association of NSAIDs with poor wound healing, particularly their
implication in causing GI anastomotic leaks [1]. IV lidocaine may not only avoid
the need for NSAIDs, but also provide pharmacological effects that provide added
protection to GI healing with early feeding and return of gut function. It is in this
context that IV lidocaine can play a key role in the management of acute pain after
abdominal surgery—as an analgesic, anti-inflammatory and antihyperalgesic with
direct prokinetic effects on the gastrointestinal (GI) tract [5].

Pharmacology

While the ‘local” anaesthetic lidocaine is best known when applied on or in tissues
to be anaesthetised, the intravenous use for pain is neither novel nor new [6].
Lidocaine was first used via this route as an antiarrhythmic and the cardiology
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literature provides a wealth of information on its systemic use and safety profile. In
anaesthesia, its intravenous use was introduced to blunt airway reflexes and sympa-
thetic responses to laryngoscopy and tracheal intubation. Later, with the introduc-
tion of the otherwise painful propofol on injection its availability, acceptance and
familiarity of use at anaesthetic induction became widespread. Regarding pain man-
agement, it was first used in chronic pain, where it continues to be used as a short-
term infusion in ambulatory and outpatient clinic settings. All this clinical experience
and familiarity with IV lidocaine is also supported by its wide availability, relative
ease of administration and cost effectiveness in pain management.

Mechanism of Action

Lidocaine is an amide type local anaesthetic that blocks sodium ion channels on the
cell membranes and stabilizes the membrane. In neural tissues, lidocaine inhibits
the generation, transmission and propagation of neural impulses. There may also be
arelevant role in the inhibition of spontaneous neuronal firing in damaged and dys-
functional nerves. While this effect is best described when the drug is applied
directly to nerves; it probably and at least in part, explains the mechanistic basis for
systemic analgesic effects of IV lidocaine.

While the exact mechanisms of systemic lidocaine continue to be described,
when given intravenously, the systemic effects of intravenous (IV) lidocaine result
in direct and indirect effects on the GI tract. At the primary afferent pathway, apart
from the described sodium channel blockade, IV lidocaine may effect changes in
the NMDA receptors, potassium channels, calcium channels and G-coupled recep-
tors, though the significance of these latter effects are less clear or clinically rele-
vant. At the neuronal level, it is hypothesized that lidocaine has a dual effect. It may
directly stimulate the intestinal smooth muscle while inhibiting the intrinsic sympa-
thetic nervous innervation. At the level of the spinal reflex, it blocks the afferent
and/or efferent parts of the reflex arc. It may also have inhibitory effects on colonic
distention via the mechano-insensitive nociceptors, which themselves are known to
trigger tissue injury-induced and/or inflammatory hyperalgesia.

Beyond the above-mentioned effects on the GI tract and its innervation, I'V lido-
caine’s most prominent effects are probably anti-inflammatory in nature. Lidocaine
reduces the release of cytokines by reducing neutrophil activation. Systemic lido-
caine attenuates the production of IL-8, which is identified as the first endogenous
mediator for evoking hyperalgesia involving the sympathetic nervous system. In
GI surgery, these may have a beneficial impact on the peritoneal inflammatory
response secondary to incision (in open surgery) or even distention (in laparo-
scopic surgery). A more generalized attenuation of the peri-operative stress hor-
mone response in non-GI surgery has also been attributed to IV lidocaine, but
clinical trials studying this effect have either not demonstrated it at all or been able
to do so consistently [7-10].

Overall, the pharmacological effect of IV lidocaine involves multiple pathways
(peripheral and central) and mechanisms (direct and indirect), which in turn may
explain the frequently observed clinical benefits that last beyond the duration of the
lidocaine infusion [7-10].
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In clinical trials for GI surgery, the indirect effect of opioid sparing of IV lido-
caine also translates into lower pain scores, analgesic consumption and side-effects.
The most clinically relevant outcome after abdominal surgery from the opioid-
sparing effect of IV lidocaine is in the reduction of nausea-vomiting and ileus.

Integrated within a severity-based, step-wise opioid-sparing multimodal analge-
sia protocol, IV lidocaine provides well-managed pain. This allows for the patient
to deep breathe and cough, mobilise, resume feeding and achieve early discharge,
all with few side effects, better satisfaction and measurable quality of recovery
scores. These are the key ERAS outcomes dependent on acute pain management
and IV lidocaine consistently produces this effect.

Pharmacokinetics

Dosage: The most widely described and implemented dose of IV lidocaine for acute
pain is 1-2 mg/kg as a bolus. Because of its relatively short plasma half-life of
6 min, to maintain the therapeutic plasma levels, this bolus needs to be followed
with a continuous infusion of 1-2 mg/kg/h. The target plasma concentration for
therapeutic effect is between 2.5 and 3.5 pg/ml, which is achieved with the above-
mentioned dosing schedule.

Safety: To study the safety of these prolonged infusions we have used a
3-compartment model with age, height and weight as covariates to simulate the
pharmacokinetics of a prolonged infusion [2]. This was done for two doses of infu-
sions: 1 and 2 mg/kg/h. We have found that without an initial bolus the levels of
lidocaine rise gradually over 4 h and then stabilize at about 8 h (Fig. 6.4). They
remain stable over the next few days in the models and then rapidly decline upon
discontinuation of the infusion (Fig. 6.5).

Toxicity [2]: Despite the well-described safety in numerous clinical trials, it
must be reiterated that systemic lidocaine has a very narrow therapeutic index i.e.
central nervous system (CNS) toxicity occurs (>5 pg/ml) slightly above the thera-
peutic plasma level (2.5-3.5 pg/ml) (Table 6.1). The factors that influence the
plasma concentration of free lidocaine include the dose and/or speed of injection,
acid-base status, hypercapnia and hypoxia, low plasma protein level and diminished
hepatic or renal function. Very rarely do patients actually have a hypersensitivity,
idiosyncrasy or diminished tolerance to systemic lidocaine that is independent of
the above-mentioned factors. As the plasma concentrations rise above 5 pg/ml, the
patient will exhibit central nervous system symptoms that follow an almost predict-
able progression. It is only when the plasma concentrations exceed 10 pg/ml that
cardiovascular signs manifest. Appreciation of this aspect of the pharmacology of
IV lidocaine supports the requirement for continuous cardiac monitoring and physi-
cian presence for the first 40 min after the bolus dose. In our experience, this infu-
sion can probably be safely continued for 2-3 days without continuous
electrocardiogram (ECG) monitoring, as long as routine clinical monitoring of the
patient includes carefully seeking the symptoms and signs of lidocaine toxicity.

The progression of the clinical presentation in lidocaine toxicity closely mirrors
the increasing plasma concentration. When the plasma concentration of lidocaine
exceeds 5 pg/ml, patients will first exhibit central nervous system (CNS) symptoms
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of toxicity. This begins around 6 pg/ml and is quite definite at 10 pg/ml. In awake
patients, these CNS symptoms follow an almost predictable progression. It begins
with numbness of the tongue, a metallic taste, a feeling of light-headedness fol-
lowed by tinnitus. Visual disturbances progress to muscle twitching, unconscious-
ness followed by seizures. If undetected or untreated these will proceed into a coma,
and the patient will probably suffer a respiratory arrest and/or cardiovascular col-
lapse. In clinical practice, the more common complaints as systemic lidocaine
approaches toxic levels are ‘ketamine-like’ effects i.e. sedation, sleepiness, light-
headedness, relaxation, euphoria, unreality and “flying and drunkenness.” Toxicity
with lidocaine results in cardiovascular system (CVS) signs in awake patients far
less frequently than CNS symptoms for two reasons. Firstly, lidocaine itself is less
cardiotoxic than the better known and more lipophilic bupivacaine. Secondly, and
probably more importantly, these CVS events occur when the serum levels exceed
10 pg/ml, which is well after the exhibition of CNS toxicity levels (5—10 pg/ml).
These CVS signs include negative inotropy (greater in patients with conduction
problems or after myocardial infarctions), effects on conduction (widened PR inter-
val and QRS duration, sinus tachycardia, sinus arrest and partial or complete atrio-
ventricular dissociation) and effects on vascular tone (where hypertension often
precedes hypotension). Once again, these are potentiated by acidosis, hypercapnia
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Fig. 6.5 Pharmacokinetic simulation for IV lidocaine on discontinuation of infusion-plasma con-
centration in pg/ml is represented on the Y-axis and time (since initiation) in minutes on the X-axis

and hypoxia, which in turn also worsen cardiac suppression, increase arrhythmias
and may prove to be fatal.

An important clinical correlate of understanding the IV lidocaine toxicology is
that as long as the patients are awake (or are easily aroused from sleep), and remain
communicative, the CNS symptoms will occur first and therefore should be care-
fully sought after by the nursing staff (see Table 6.1). A corollary to this concept is
that the cardiac signs will be the primary presentation if the CNS symptoms have
been missed. And a caveat to the safety of IV lidocaine is that dosing must be
reduced and continuous cardiac monitoring must be instituted in patients with car-
diac, hepatic or renal dysfunction, and in those who are deeply sedated or anaesthe-
tized (usually in the operating rooms, recovery units or in the ICU) [2].
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Table 6.1 Summary of The Ottawa Hospital Policy for IV lidocaine [2]

Stage Treatment Monitoring Comments

Preparation | The initial dose is * Assess clinical status, vital | The physician must be
administered in a signs and pain scores at rest | available to remain in
clinical area where and with activity attendance with the
continuous cardiac * The patient or health care | patient for at least 15 min
monitoring, professional may also after administration of
non-invasive blood complete a Brief Pain the lidocaine bolus
pressure, pulse Inventory (BPI) and/or DN4
oximetry and questionnaire
resuscitative * Weight—If patient’s BMI is
equipment/cardiac more than 30, use Ideal
arrest cart is Body Weight (IBW)
available

Initiation | Bolus Dose IV * Assess pain 15 min until * In patients with
lidocaine = 1.5 mg/ pain is stable, or as co-morbidities or at
kg by slow IV push determined by the physician the discretion of the
over 2—4 min  Continuous visual patient physician, the bolus
followed by monitoring during first dose can be reduced

infusion (see below)

20 min after initiation of
infusion, and then as per
Physician’s orders
» Oxygen saturation, blood
pressure and heart rate:
q5 min for first 20 min, then
q30 min for 1 h, then as per
Physician’s orders
* Side effects—Sedation
score:
None—Fully awake, alert.
Mild—Occasionally drowsy,
easily aroused. Moderate—
Frequently drowsy; easily
roused, drifts off to sleep during
conversation. Severe—
Somnolent; difficult to arouse,
minimal or no response to
stimuli
Sleep-Normal sleep; easily
aroused, RR > 10 and even, not
shallow
* ECG monitoring may be
carried out at the discretion
of the attending physician
* Administer Midazolam
1-2 mg IV PRN if patient
develops twitching, or
tremors

or infusion duration
may be increased
(given over 1 h)

« If the patient develops
symptoms or signs of
toxicity further
treatment can be
adjusted or avoided

(continued)
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Table 6.1 (continued)

Stage Treatment Monitoring Comments
Infusion e Usual range for * Observe for signs of * Routine serum
a lidocaine toxicity including twitching, lidocaine level testing
infusion is tremors or seizures. is not necessary
0.5-2 mg/kg/h Hypertension may be an » However, in the event
* The usual early warning sign of of life-threatening
starting dose is toxicity symptoms that may
1 mg/kg/h * The most common be attributed to
* This infusion symptoms of toxicity lidocaine toxicity,
can be increased include sedation, tinnitus, serum lidocaine levels
or decreased by metallic taste and perioral should be obtained
0.25-0.5 mg/ numbness and sent for analysis
kg/h based on * These symptoms usually * These symptoms may
clinical response disappear with cessation of include: hypotension,
(pain scores) or the infusion for 1-2 h and abrupt/severe change
signs of toxicity resumption of the infusion in the level of
* Allow 8 h for at a decreased rate consciousness and
steady-state * Other signs of toxicity bradycardia
serum levels to include respiratory * In all these cases, the
be achieved depression, dizziness, lidocaine infusion
before making confusion, blurred vision, must be stopped
dosage double vision, visual immediately
adjustments hallucinations, bradycardia, ¢ Note: serum lidocaine
hypotension, and agitation levels take several
* Page/Call APS stat if days or weeks to be
patient develops any signs reported and are
or symptoms of toxicity therefore of limited
and/or if there is no change usefulness for APS
in pain scores and analgesic patients
consumption » Mild sedation or
other mild symptoms
of lidocaine toxicity
(peri-oral numbness,
heavy tongue,
tinnitus) should not
require lidocaine
blood level testing
Infusion- * Lidocaine « Patients may experience a * Mild to moderate
titration infusion for APS sudden reduction in their sedation can be
and patients may be pain scores and opioid secondary to
termination discontinued at analgesic requirements in lidocaine or opioids

the discretion of
attending
anesthesiologist
once bowel
recovery is
underway and
oral analgesics
are both tolerated
and sufficient for
pain control

the first 24 h after starting
lidocaine

Continue to optimize
multimodal analgesia
Anti-hyperalgesic
medications (e.g.
pregabalin) may be required
to replace or supplement IV
lidocaine

Typical duration of
infusion is 12-72 h,
but may be extended
at the discretion of
APS physician to
achieve bowel
recovery and
opioid-sparing pain
control
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Lidocaine is metabolized in the liver and excreted by the kidneys, and there-
fore depends on adequate functioning of these organ systems for clinical effec-
tiveness and safety. Lidocaine has a high hepatic extraction and its metabolism
depends not only on hepatic metabolic capacity, but also on hepatic blood flow.
Monoethylglycinexylidide (MEGX) and glycinexylidide (GX) are the two major
metabolites of lidocaine. MEGX has similar convulsant and anti-arrhythmic potency
as lidocaine. However, MEGX is rapidly metabolized by the liver to GX. MEGX
has also been shown to decrease the clearance of lidocaine. GX has significantly less
activity than lidocaine and is both metabolized and excreted by the kidney. MEGX
has been known to cause toxicity in patients with cardiac failure and GX is known to
accumulate in patients with renal failure. There is no specific pharmacological anti-
dote for systemic lidocaine toxicity. As such, early detection and standard supportive
treatment are required to prevent and treat lidocaine toxicity, respectively [2].

Evidence for Efficacy

Peri-operatively, when IV lidocaine is administered as a continuous infusion at clin-
ically relevant doses (1-2 mg/kg/h) it usually results in plasma concentrations that
remain below 5 pg/ml. At this plasma level, it is adequate to attenuate sympathetic
responses, decrease pain and demonstrate a significant volatile anaesthetic and opi-
oid sparing effect. This use of lidocaine for up to 24 h has been widely reported to
show a significant decrease in pain, reduced analgesic requirements, a faster return
of gastrointestinal function and an overall reduction in side effects.

One of the first clinically relevant studies was published by Gunnar Rimback and
colleagues in 1990 [7]. They had previously observed that intraperitoneal lidocaine
reduced the incidence of post-operative ileus. They enrolled 30 patients undergoing
open cholecystectomy who were given radio-opaque markers to swallow prior to
their surgery. They observed that the patients randomized to IV lidocaine treatment
(100 mg bolus followed by 3 mg/min for 24 h) showed significant recovery in bowel
motility that was confirmed by serial radiographs. These patients also had less pain,
less opioid requirements and recovered faster. Rimback suggested that the IV lido-
caine reduced the ileus and/or enhanced gut function recovery through one or more
of five mechanisms—excitatory effect on gut smooth muscle (direct), reducing pain
and opioid requirements (indirect), blockade of sympathetic reflexes, reducing cat-
echolamines and/or an anti-inflammatory effect.

Scott Groudine and coworkers reported the next study that provided additional
useful information regarding our understanding of peri-operative IV lidocaine in
1998 [8]. They randomized 40 patients undergoing open radical prostatectomy to
receive placebo or lidocaine (bolus 1.5 mg/kg followed by 3 mg/min continued
until 60 min after skin closure). They serially estimated the plasma concentrations
and found them to remain within the therapeutic range (between 1.3-3.7 pg/ml).
They reported a significant reduction in opioid analgesic requirements, decreased
pain scores with greater satisfaction and earlier return of bowel activity in the
patients receiving lidocaine. They also noted that on the third post-operative day,
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when the surgical drains were being removed, most patients receiving lidocaine
had either passed flatus or had a bowel movement, were ambulant and had pro-
gressed to a full diet.

These patient outcomes are precisely those sought by enhanced recovery after
surgery (ERAS) protocols and this study highlighted the important role played by
IV lidocaine in achieving clinically relevant ERAS outcomes.

Wolfgang Koppert and co-workers demonstrated another ERAS outcome in
2004 [9]. They confirmed that patients receiving lidocaine after undergoing major
abdominal surgery had no side effects and maintained safe plasma concentrations.
Additionally, they observed that the lidocaine benefits (decreased analgesic require-
ments and pain scores) became more prominent 36 h after the lidocaine infusion had
been terminated. This effect of intra-operative lidocaine administration—a positive
impact that is not only sustained but also increases with time—has been seen else-
where but not well understood or explained. Rimback first described this effect in
their landmark study mentioned previously [7].

In a group of patients undergoing open colorectal surgery without epidural anal-
gesia (either refused or contraindicated), Herroeder and co-workers demonstrated
that those randomized to treatment with IV lidocaine had an earlier recovery of
bowel function and shorter length of stay. They also measured a group of inflamma-
tory markers, all of which were significantly blocked by IV lidocaine as demon-
strated by a marked reduction in their rise. They concluded that “systemic lidocaine
may provide a convenient and inexpensive approach to improve outcome for patients
not suitable for epidural anesthesia” [10].

As ERAS protocols became more widely adopted and meticulously imple-
mented, the impact of single modalities or interventions became more difficult
to define, demonstrate or prove. Nevertheless, Abdourahamane Kaba’s study,
published in 2007, showed that IV lidocaine could play an important role even
in a standardized colorectal ERAS protocol [11]. They randomized 45 patients
undergoing laparoscopic colonic resections to receive placebo or IV lidocaine
(bolus of 1.5 mg/kg followed by 2 mg/kg/h for 24 h). Other than decreasing pain
scores, analgesic consumption and side-effects well beyond the duration of the
lidocaine infusion; they observed two other important findings. When titrated
with a depth of anesthesia monitor, patients receiving lidocaine required a sig-
nificantly lower amount of volatile anaesthetics. More importantly, these
patients had a significant improvement in their dynamic pain scores. In other
words, although the rest pain scores were similar, the patients receiving lido-
caine were able to mobilize, deep breathe and cough better than those receiving
a standard opioid based analgesic protocol.

At least three studies have compared IV lidocaine to epidural analgesia. In 2006,
Kuo studied patients undergoing open colonic resections and randomized them into
three groups—epidural, intravenous lidocaine and placebo [12]. While patients with
epidurals had better pain relief, lower opioid consumption, earlier return of bowel
function and reduced cytokine production compared to IV lidocaine during the 72 h
after colonic surgery; compared to the control group, these outcomes were signifi-
cantly improved in the group receiving IV lidocaine compared with the placebo
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group. This study, demonstrated that thoracic epidurals had the best outcomes for
open surgery but that IV lidocaine may offer a good alternative, especially when
epidurals are contraindicated, refused or fail. In 2010, Brian Swenson and col-
leagues randomized 45 patients undergoing open colorectal surgery to receive either
an epidural with bupivacaine or IV lidocaine. Post-operatively, they continued the
epidural or lidocaine until the return of bowel function or 5 days (whichever was
earlier). They found no differences between the groups for any of the outcomes—
pain scores, analgesic consumption, side effects, return of bowel function or hospi-
tal length of stay; suggesting these modalities were comparable in their impact [13].
In 2011, Wongyingsinn and co-workers compared IV lidocaine to epidural analge-
sia for laparoscopic colonic resections in a standardized ERAS protocol [14]. They
reported no difference in post-operative pain intensity, time out of bed, dietary
intake, duration of hospital stay, and post-operative complications. This study con-
firms that even in well-established protocols for laparoscopic colorectal surgery,
lidocaine can ensure the same ERAS outcomes as epidural analgesia.

To have a balanced view of the use of IV lidocaine, it is important to highlight that
in other models of acute pain less consistent benefits have been reported. These
include patients undergoing hip arthroplasty (Martin, Anesthesiology 2008), hyster-
ectomy (Bryson, CJA 2009) and others where the investigators failed to demonstrate
a clinical and/or statistically significant analgesic benefit from IV lidocaine [15, 16].
Despite these results, trials with IV lidocaine in ambulatory surgery, experimental
ischemic pain in volunteers, post amputation stump pain and in preventing persistent
pain after breast surgery continue to provide encouraging results [17-19]. We expect
more trials in a wide variety of surgical models to be conducted and reported.

To date there have been four published systematic reviews with meta-analyses
(Level 1 evidence) for the peri-operative use of IV lidocaine [5, 20-23]. Sun and
co-investigators published the most recent systematic review, which only included
clinical trials on abdominal surgery [5]. They included 21 placebo controlled double
blind randomized controlled trials, of which 15 were for open surgery, and 6 for
laparoscopic procedures. In their sub-group analysis, they found that compared to
placebo, those patients who received IV lidocaine while undergoing open proce-
dures showed significant benefit in terms of decreased pain scores, analgesic con-
sumption and side effects. In the laparoscopic sub-group, despite the clear trend
towards benefit, these differences did not achieve statistical significance. Across all
procedures, and again more so for open procedures, IV lidocaine improved recovery
of bowel function and shortened hospital length of stay.

Practical Considerations

Intra-operative

There are a significant number of indications for the use of intravenous lidocaine
based on the pharmacology, evidence and experience. These are listed in Table 6.2.
In abdominal surgery, the use of I'V lidocaine is considered an alternative to epidural
or other regional anaesthesia techniques.
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Table 6.2 Summary of indications for IV lidocaine

Alternative to regional

anaesthesia Acute pain with pronociception (hyperalgesia)
Intra- 1. Epidural— 1. Opioid dependence or tolerance
Operative contraindicated or failed | 2. Surgery at a site of chronic pain
2. Laparoscopic surgery 3. Previous experience of poorly controlled pain
3. Enhanced recovery 4. Substance abuse
protocols
4. Trauma—multiple,
significant injuries
Post- 1. Epidural—inadequate or | 1. Acute neuropathic pain—DN4+
Operative failed 2. Opioid sparing technique—Obese, OSA,

. Laparoscopic converted

to open

. Trauma—burns,

degloving, crush injury

. Rib, clavicle or sternal

elderly and those with opioid side effects

3. Difficult to treat patients—chronic pain/opioid
tolerance/substance abuse

4. Neuropathic pain models—Spine surgery and
limb amputations

fractures
5. Prevention or treatment
of ileus

As mentioned before, intra-operative epidural analgesia with continuous admin-
istration of local anaesthetics is still the “gold standard” after open abdominal sur-
gery. However, these can be associated with a very high failure rate—up to one in
three fail to provide adequate analgesia because the catheter is either removed pre-
maturely or malpositioned [20]. In addition, the continuous epidural technique
requires standardization and individualization so that with careful adjustment of the
infusion (drug, dose and delivery) adequate analgesia is achieved without three
major side-effects: hypotension, urinary retention and motor blockade.

Intravenous lidocaine is, on the other hand, devoid of these three issues and
Level 1 evidence has established that intravenous lidocaine significantly decreases
the intensity of post-operative pain and reduces opioid consumption [5]. Consequently,
lidocaine appears to be an appropriate alternative option for pain relief when epidural
analgesia is not possible or when it is inappropriate due to patient, surgical procedure
or provider factors. These contraindications for continuous epidural analgesia may
include patient refusal, localized or systemic infections, anatomical and/or post-sur-
gical abnormalities of the spine that make the epidural placement difficult and those
with failed, patchy or unilateral epidural blockade.

The concomitant use of I'V lidocaine with another regional anaesthesia technique
(e.g., epidural, TAP block) requires careful consideration and is probably best
avoided because of possible local anaesthetic toxicity. If both techniques are
required, the bolus of only one should be administered and simultaneous continuous
infusions of both are probably contraindicated.

One exception to this would be the use of spinal opiate analgesia, typically as a
primary analgesic technique for laparoscopic abdominal surgery, where the sys-
temic dose of intrathecal bupivacaine is low enough too safely allow the addition of
IV lidocaine intra-operatively. This approach was implemented in 2016 at national
level in Scotland as part of their ERAS protocol for laparoscopic colorectal surgery
(Personal Communication from Dr. Anton Krige).
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The widespread implementation of minimally invasive and laparoscopic surgery
has resulted in the move away from epidural techniques. We believe IV lidocaine
should be a component of every laparoscopic procedure, irrespective of its duration,
invasiveness and desired outcomes. There is considerable experience and good
quality evidence to support this. The infusion can be terminated at the end of the
surgery or continued for a few hours into the post-operative period.

A very important use of intra-operative IV lidocaine therapy is in situations
where laparoscopic procedures are ‘converted’ to open, especially when there was
no epidural placed. As evident from several clinical trials with open abdominal sur-
gery, these patients with ‘conversions’ will benefit from the continuation of lido-
caine into the post-operative period [8—10, 12, 13]. We would recommend continuing
the IV lidocaine for 3-5 days or until the bowel function returns, pain is well-con-
trolled and/or the patient can tolerate oral medications.

Outside of GI surgery, evidence supports the benefits for the use of lidocaine for
patients with chronic pain undergoing other major surgery [17, 18]. In our experience,
patients with ‘difficult to manage’ acute pain, either in the past or currently, benefit from
IV lidocaine. Some of these are patients with chronic pain, opioid tolerance and/or opi-
oid dependence, substance abuse and complex neuropsychiatric disorders. Table 6.2
summarizes the indications for the use of IV lidocaine as an infusion during surgery.

It should be noted that the intra-operative use of lidocaine can reduce the require-
ments of volatile agents, especially when titrated with depth of anesthesia monitor-
ing (BIS). In fact an accidental intra-operative lidocaine overdose was detected with
a drop in BIS value [11, 12, 24-27].

Post-operative Lidocaine

When a patient is identified as being at risk of developing acute hyperalgesia, we
recommend the use of anti-hyperalgesic medications such as IV lidocaine, ketamine
or gabapentinoids. The objective diagnosis of acute neuropathic pain can be made
using Bouhassira’s widely accepted DN4 questionnaire [28]. The initiation of IV
lidocaine in the post-operative period has similar indications as mentioned in
Table 6.2. The difference in initiation and duration of this therapy is that it has to
take into consideration the clinical presentation of the patient.

One of the most important uses of IV lidocaine after abdominal surgery may be
in the prevention and/or treatment of post-operative ileus. Truly, irrespective of the
type of surgery the patient has undergone, lidocaine may be useful for this. The
effect of IV lidocaine on GI function has been demonstrated clearly in a number of
trials and also confirmed in the systematic reviews [5]. Though the mechanism by
which lidocaine prevents and treats post-operative ileus is unclear, as mentioned in
preceding sections, it is probably a combination of direct and indirect effects [12—
18]. Of these factors, the spinal reflex arc and sympathetic hyperactivity, activated
by abdominal pain, is widely accepted as the predominant cause for inhibited intes-
tinal motility and propulsive activity. Lidocaine accelerates post-operative intestinal
motility by blocking the afferent or efferent link of the sympathetic inhibitory spinal
and prevertebral reflexes, by reducing the inflammatory response and by providing
an opioid-sparing effect.

It is worthwhile reviewing a remarkable case series published by Baumann
where they describe the management of ileus secondary to spinal cord injury
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[28]. These authors report that in patients with ileus (duration 4—-10 days) after a
serious spinal cord injury (refractory to medical management), five of seven of
these patients experienced resolution of their ileus with a lidocaine infusion of
10-20 h duration. This finding suggests that lidocaine may have a more direct
effect on the gut than what was previously considered. We have observed this
effect in patients who have undergone spinal surgery and present with an ileus. It
is our opinion that IV lidocaine may be the drug of choice in the management of
post-operative ileus.

Depending on local acute pain management strategies, patients who have
received continuous epidural analgesia post-operatively may develop an ileus after
the epidural is discontinued. We routinely use and recommend IV lidocaine as a
‘rescue’ for these patients. In others who are NPO or have a naso-gastric tube still
draining, we ‘prophylactically’ start lidocaine infusions for such patients on the day
their epidural is turned off. Again, this practice is based on evidence from trials that
have shown IV lidocaine to be non-inferior to epidurals in this respect [12—14].

Developing a Local Policy

In 2009, we proposed a formal protocol to guide the administration of IV lidocaine
for acute pain management on the standard surgical wards (see Table 6.1) [2].
Proper and continued training of the nursing staff is of vital importance for the safe
and successful implementation of this protocol. On the surgical floor IV lidocaine
may be used, but trained personnel and standard resuscitative equipment should be
available for immediate use. In our center, immediate in-house availability of the
Acute Pain Service (APS) team during the daytime and on-call anaesthesia team
after hours ensures round the clock support to the nursing staff.

An important caveat is that the initiation of this therapy is clearly defined as
requiring the anesthesiologist in attendance and takes place in a monitored setting.
Most of our patients receiving IV lidocaine post-operatively will have received a
bolus (1-2 mg/kg to maximum of 100 mg in less than 1 min) as part of their anaes-
thetic induction. The remainder, for whom this is initiated while they are awake in
the post-operative period (in the post-anaesthestic care unit or PACU), receive the
bolus (similar dose) over 2—4 min. The infusion is started immediately after the
bolus, both during the anaesthetic and in PACU at a rate of 1 mg/kg/h. In the awake
patient, this rate can be adjusted upwards to 1.5 or 2 mg/kg/h. The lidocaine infu-
sions are run for 2-3 days and can be reduced back to 1.5 or 1 mg/kg/h depending
on the benefit. All patients will also receive our standardized multimodal analgesia
APS protocols. When the patient leaves the PACU to the surgical floor, a protocol is
printed and attached to the patient chart. For patients on IV lidocaine, we ensure
careful bedside monitoring (see Table 6.1) by the nursing staff, meticulous and reg-
ular follow up by the APS team, along with proper handover and communication
between them and surgical teams.

We summarize our experience with IV lidocaine and focus on patient safety
factors:
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. Patient Selection:

Patients who may benefit from IV Lidocaine are summarized in Table 6.2. IV
lidocaine may have adverse effects on cardiac conductivity, myocardial contrac-
tility and precipitate partial or grand mal seizures. Hence caution is warranted in
patients with history of any degree of heart block, heart failure or seizure disor-
der. Impaired liver and renal function or drug interactions may also impair lido-
caine clearance; hence this needs to be carefully considered. A thorough list of
potential drug interactions and medical conditions that place patient at increased
risk was listed in the formal policy.

. Regional Anaesthesia Techniques:

IV lidocaine is contraindicated when other regional anaesthesia techniques are
concurrently used (with the exception of intrathecal local anaesthetic), especially
where bolus or large doses of any local anaesthetic are administered. Examples
include epidural, plexus blocks and TAP blocks. IV lidocaine infusion can be
initiated 4-8 h after the discontinuation of these regional techniques, and a bolus
dose is best avoided. In the case of a failed epidural, as long as the epidural infu-
sion was stopped without an epidural bolus (test dose), IV lidocaine can be initi-
ated immediately-again without a bolus dose. Individual patient factors may also
need consideration in all these situations and extended monitoring may be
justified.

. Physician and Nursing factors:

IV lidocaine may only be ordered by anaesthesiologists—all nurses on the wards
where this treatment modality is to be implemented should be educated regard-
ing the policy and procedures associated with IV lidocaine for acute pain
management.

. Maintenance of 1V lidocaine on the standard ward:

When intravenous lidocaine therapy is started in the OR, a critical care area such
as PACU or ICU, therapeutic levels (2.5-3.5 pg/ml) may be maintained on the
standard ward with no need for continuous ECG monitoring. Assessments of
level of sedation, etc. are done as per IV PCA standards. However, ECG moni-
toring, pulse oximetry and BP measurement devices should all be immediately
available.

. Dose:

The usual rate of IV lidocaine therapy is 1 mg/kg/h. Acceptable range is
0.5-2 mg/kg/h. Need for continuation of therapy to be assessed on a daily basis.
. Initiation of 1V lidocaine therapy:

Patients with ASA status 1 or 2 with no concern for adverse effect or drug interac-
tions with IV lidocaine may be considered for initiating therapy on the standard
wards. Consider portable continuous ECG, pulse oximetry and BP monitors dur-
ing loading dose and for 15 min after. The anaesthesiologist may administer
1.5 mg/kg (total max. of 100 mg) IV by intermittent bolus over 4 min. The anaes-
thesiologist should stay in attendance for 15 min after completing the loading dose.
. High-Risk Patients:

Less healthy patients (especially the elderly, obese and those with hepatic and
renal dysfunction) are at risk for respiratory depression in the first few hours
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after initiation of lidocaine treatment, secondary to the opioids administered

prior to initiation of lidocaine therapy. It may be reasonable to initiate and con-

tinue the IV lidocaine therapy in a higher dependency monitored area like

PACU, step-down unit or ICU. Once the dose of lidocaine has been titrated,

they should remain closely monitored for 4-8 h while the plasma concentra-

tions stabilize. The titration of therapy and level of care needs to be individual-
ized to the patient needs.
8. Equipment and Administration:

(a) Use 250 ml commercially supplied bags of a standard 0.4% lidocaine solu-
tion. Ensure the bags are well labelled in their stock area and avoid confu-
sion with 500 ml IV bags. It is preferable to use IV administration pumps
with preprogrammed settings (0.4% and 250 ml) from a drug library for IV
lidocaine. Once IV lidocaine is chosen only the patients weight and dose (in
mg/kg/h) need to be programmed. Programming of the pump is performed
by the primary bedside nurse and cross-checked by another nurse before
initiation. There must be protection against the possibility for gravity free-
flow of the IV lidocaine. This is easily achieved by only administering the
IV lidocaine via the side-port of a PCA Y-connector that has an anti-free-
flow valve (often referred to as an anti-siphon valve) built into the
Y-connector (Fig. 6.6).

(b) Clinically, and in our extensive experience with this drug, the most common
cause of toxicity is dose, programming and/or unintentional rapid infusion
due to equipment failure or personnel error. Careful and meticulous dose
calculation and pump programing, two-person crosscheck, along with vigi-
lant patient monitoring, is the cornerstone of safety in peri-operative I'V lido-
caine therapy.

(c) Itis very important to stock only preservative and epinephrine free lidocaine
for intravenous use on the anaesthetic drug carts. If bags of IV lidocaine are
used, they should be labelled or packaged clearly and kept well separated
from the intravenous fluids.

(d) It should be emphasized that the dose of IV lidocaine should be calculated
based on ideal body weight (IBW) and reduced for age, cardio-respiratory
insufficiency and hepato-renal dysfunction, all of which predispose the
patients to toxicity.

(e) The safe duration of continuous infusion is not widely reported or well
established. The context sensitive half time after a 3-day infusion of lido-
caine is approximately 20—40 min and there is no accumulation over time in
healthy individuals. These remain stable for days and decrease rapidly when
discontinued. We have used this drug for 2-3 days in over 75% of our
patients requiring this drug. Our pharmacokinetic modelling is also reassur-
ing and in keeping with our current clinical practice. Other investigators
have reported up to 14 days of continuous infusion without toxicity [29].

Conclusions

The benefits of peri-operative IV lidocaine infusions have been confirmed with
good quality evidence and growing clinical experience. These include significant
decreases in pain scores and reduced opioid analgesic consumption with resul-
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Fig. 6.6 Anti-siphon valve IV fluids

built into the Y-connector.
Image created by Perry Ng

Anti reflux valve IV lidocaine
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tant reduction in opioid related side effects, notably nausea, vomiting and ileus.
The concepts of multimodal analgesia and therapeutic use of non-opioid adjuncts
in the management of acute post-operative pain are still evolving. Identification
of acute hyperalgesia is an important concept that is being increasingly recog-
nized; IV lidocaine has an important role in this aspect of acute pain manage-
ment. IV lidocaine is a useful non-opioid analgesic, anti-inflammatory and
anti-hyperalgesic, which can contribute to significant improvements in patient
outcomes, especially after abdominal surgery.
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Spinal Analgesia as an Adjunct 7
to General Anaesthesia for Laparoscopic
Major Abdominal Surgery

Sabrina Dhillon and Michael J. P. Scott

Key Points

1. Spinal anaesthesia (using local anaesthetics and an opioid additive) combined
with general anaesthesia has several benefits for laparoscopic and robotic assisted
surgery. These include improved initial pain control in the post-anaesthetic care
unit (PACU) and an opioid-sparing effect during the post-operative period.

2. Spinal anaesthesia has a good safety profile and low failure rate when compared
to epidural anaesthesia.

3. The dosing of local anaesthetic using smaller total volumes of around 2.0 mL
reduces the risk of high block in the steep head down position. The dosing of
intrathecal opioids should be calculated on a weight and age basis with dosing at
the lower therapeutic range. Dosages of 150-200 pg of morphine or 300-600 pg
of diamorphine are typically used.

4. Spinal anaesthesia is short acting, with the motor effect wearing off within a few hours
allowing for early mobility in keeping with the principle aims of enhanced recovery
programs. Given the short duration of a spinal, as compared with an epidural, the need
for using post-operative vasopressors and prolonged post-operative intravenous fluids
is not necessary. Early mobilization free of intravenous lines or a PCA is achievable.

Introduction

Minimally invasive surgery using laparoscopic or robotic assisted techniques has
proven to have several advantages over open surgery in the short term, including a
smaller incision with less wound pain, less analgesic use, lower wound morbidity,
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and potentially a quicker return of gastrointestinal function. Despite these advances
any major surgery is still associated with pain, physiological and haemodynamic
effects, complications such as infection or thromboembolic events, and a surgical
stress response.

Enhanced recovery after surgery (ERAS) protocols involve a set of evidence
based elements that aim to decrease the physiologic stress of surgery, improve the
metabolic response to surgery, reduce complications, and decrease the hospital
length of stay. Surgical stress can be defined in terms of the body’s response to sur-
gical injury that affects not only haemodynamics, but also the neuroendocrine, met-
abolic, and immune systems. Generally speaking, there are two parts to the surgical
stress response. The first part involves activation of the sympathetic nervous system
with pituitary response. This can result in issues such as muscle catabolism, hyper-
glycemia, and insulin resistance. The other component of the stress response
involves inflammation and immunological changes.

The combination of minimally invasive surgery together with an ERAS protocol
has led to shorter length of hospital stays and low morbidity. With rapid recovery of
gut function and the ability to give patients oral multimodal analgesia the need for
addressing analgesia in these patients with complex catheter based techniques (such
as thoracic epidural anaesthesia) or large doses of opioids has been challenged. The
more rapid clinical recovery and the reduction in inflammatory mediators in some
studies indicate that the stress response is maintained for a shorter duration of time
post-operatively in minimally invasive surgery [1]. This has challenged traditional
concepts of the role of the stress response in recovery after surgery and whether
obtunding the stress response should be a major goal in peri-operative care.
However, it is clear that pain and the ascending pathway activation should be viewed
not only as a key driver of the stress response but that they impair the return of func-
tion, especially mobility and respiratory function, which are key factors in ensuring
good outcomes after surgery.

It is within this context that this chapter explores the evidence behind the increas-
ing use of spinal anaesthesia as an adjunct to general anaesthesia in major laparo-
scopic abdominal surgery. Spinal anaesthesia is being widely used in both
laparoscopic and robotic assisted surgery. It is also being used to provide early relief
from the visceral component of pain in open surgery where the abdominal wall
component of pain relief is being blocked using local anaesthetic techniques such as
wound infusion catheters, transversus abdominus plane (TAP) blocks or rectus
sheath catheters.

Evidence for Efficacy: Regional Anaesthesia (Spinal or
Epidural) with General Anaesthesia

General anaesthesia in combination with thoracic epidural anaesthesia or single
shot spinal for major surgery has several advantages. Patients who get a combined
anaesthetic tend to have lower requirements for inhaled anaesthetics, as well as
intra-operative and post-operative narcotics. Reduction in inhalational anaesthetic is
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thought to reduce the risks of post-operative cognitive dysfunction. The benefit of
opioid reduction is discussed later in this chapter. There is also the benefit of reduc-
ing the stress response. Neuraxial anaesthesia can diminish the neuroendocrine
stress response, however the duration of reduction is proportional to how long the
neuraxial block lasts [2]. Therefore this benefit for spinal anaesthesia is less com-
pared with epidural infusion.

The effects of thoracic epidural analgesia (TEA) in open abdominal surgery have
been studied extensively over the past two decades and are discussed in more detail
in this book. For open abdominal surgery, TEA provides significantly better analge-
sia than parenteral opioids for both pain at rest and pain with movement. TEA has
been associated with not only superior pain control, but also decreased cardiac and
pulmonary morbidity, decreased risk of venous thrombosis, and earlier return of
bowel function as compared to intravenous opioid analgesia [3, 4]. However, there
are several downsides to epidural analgesia. First, there is a risk of hypotension that
is caused by the sympathectomy-induced vasodilation of the blood vessels.
Treatment of hypotension with intravenous fluids may lead to fluid overload if vaso-
pressors are not used appropriately to maintain blood pressure once intravascular
volume is normal. The resulting intravenous fluid excess can increase downstream
complications and ileus. Secondly, there is a failure rate of insertion of epidurals
due to anatomical issues or an inadequate analgesia block in the post-operative
period, which is relatively common, and will need expert input to troubleshoot.
Thirdly, there may be issues with motor blockade, which may be at odds with ERAS
pathway goals of early mobility particularly if the epidural is inserted too low for
the incision. Lumbar epidurals, with an increased frequency of leg weakness, are
less desirable than a thoracic epidural for open abdominal surgery. The concentra-
tion of local anaesthetic used may also be a contributing factor with higher concen-
trations (particularly above 0.2%) having a higher incidence of motor block.
Fourthly, there are potential serious neuroaxial complications (spinal cord injury,
vertebral canal haematoma or epidural abscess) from epidural catheter insertion
although the National Audit Project (NAP)3 study in the UK has shown these to be
relatively rare (albeit devastating) for patients [5]. Therefore, certain patients, such
as those on anticoagulants or those with coagulation disorders, may not be candi-
dates for TEA given the risk of an epidural hematoma. The lesser complication of
accidental dural puncture may result in a post dural puncture headache in 0.5% of
patients.

The overall benefits of thoracic epidural (analgesia) in improving recovery or
decreasing length of stay in patients undergoing laparoscopic surgery are uncer-
tain. The current evidence base indicates there may be an analgesic benefit in the
use of TEA in laparoscopic colorectal surgery. However, this analgesic benefit
may not be clinically significant, and when coupled with the negative impact on
a number of post-operative outcomes, this makes it difficult to recommend the
routine use of TEA for laparoscopic colorectal surgery [6]. TEA may still be
beneficial for patients at high risk of cardiorespiratory disease or who have
chronic pain issues such as inflammatory bowel disease and should therefore still
be considered. Thoracic epidural analgesia is discussed in far greater detail in the
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chapter that follows. Given the reasons outlined above concerning epidural
anaesthesia, a single shot spinal technique may be better suited to combine with
a general anaesthetic for patients undergoing laparoscopic abdominal surgery
within an ERAS pathway.

The Advantages of Spinal Anaesthesia Over Thoracic Epidural
Analgesia in Laparoscopic Surgery

TEA was originally thought to be mandatory for ERAS protocols to be successful.
In 2009 this view was challenged when spinal anaesthesia was combined with gen-
eral anaesthesia for laparoscopic colorectal in the United Kingdom resulting in ultra
low length of stays of 23 h along with reduced opioid consumption [7]. However,
consistently short hospital stays of around 4 days have been achieved in the USA
without the use of any regional anaesthesia as an adjunct [8]. Therefore it is right to
question whether adding spinal anaesthesia to general anaesthesia is worth the extra
effort and risk compared with performing straight forward general anaesthesia with
less invasive truncal local anaesthetic blocks such as TAP blocks and opioids or
using newer modalities such as intravenous lidocaine infusions described in other
chapters of this book.

Spinal Anaesthesia has similarities to TEA in terms of the benefits of neur-
axial blockade such as optimal pain control at rest and with movement and also
the opioid-sparing effects. Given its limited duration of action, it is more practi-
cal for laparoscopic surgery, which theoretically may have less wound pain than
major open abdominal surgery. Spinal anaesthesia is reliable in comparison with
the relatively high rate of epidural failure. It is safe with a lower rate of serious
complications than epidural anaesthesia, despite having similar contraindica-
tions in terms of anticoagulation use and patient specific factors [5]. Spinal
anaesthesia tends to be predictable, in terms of anaesthetic level provided assum-
ing that local anaesthetic is dosed per standard guidelines. Spinal anaesthesia has
also been associated with a rapid return of gastrointestinal function, a shorter
length of hospital stay, lower use of vasopressors and improved early mobility in
comparison to TEA [6, 9].

Spinal anaesthesia may cause immediate hypotension due to sympathetic block,
which may have serious implications for those patients with cardiac issues such as
aortic stenosis, and be quite profound in the elderly or those who are volume
depleted. The risk of hypotension should be expected and clinicians should consider
vasopressor use as well as invasive blood pressure monitoring to ensure prompt
treatment. Delayed respiratory depression due to the opioid in the injectate mixture
is the other main complication which readers need to be aware of.

A mixture of local anaesthetic and an opioid such as diamorphine or hydromor-
phone is commonly used and is correlated with lower pain scores and reduced opi-
oid requirements post-operatively, especially in patients who have undergone
abdominal surgery. Diamorphine has been used in one study for a 23-h hospital stay
and was safe [7]. One large retrospective study found that the addition of
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hydromorphone had a significant effect on the total duration of analgesia, and that
it is was efficacious and safe. Some studies have found that there may be increased
incidence of respiratory depression with spinal morphine in an elderly patient popu-
lation. The potential risk of respiratory depression and excessive sedation must be
taken into account with dosing intrathecal opiates. Higher doses of intrathecal mor-
phine are associated with greater degrees of respiratory depression; so typical dose
range is less than 0.1-0.3 mg. Other studies had mixed results regarding time to
return of bowel function and length of hospital stay.

A randomised controlled study by Levy et al. in 2011 showed no benefit of
TEA over spinal analgesia or intravenous opioids [6]. Although pain scores were
lower in the epidural group there was increased nausea. Lengths of stay were
similar in the spinal and PCA morphine groups. Importantly, the epidural group
had the longest length of stay due to a combination of reduced mobility and fluid
gain despite receiving minimal opioids other than the fentanyl in the epidural.
However, lengths of stay of 3—4 days were still achieved in the epidural group
demonstrating that good outcomes are still possible while using them. A study by
Hubner in 2015 in 128 patients also showed a 1-day increase in median recovery
in patients having thoracic epidurals compared with PCA in laparoscopic surgery.
PCA patients had significantly less overall complications (19 [33%] vs 35 [54%];
P =0.029) [10]. A randomised controlled trial in colorectal resection within an
enhanced recovery protocol by Wongyingsinn et al. compared patients receiving
general anaesthesia and PCA morphine compared with general and spinal anaes-
thesia (bupivacaine and 200 mcg of morphine) for analgesia [9]. Mean opioid
consumption in the first 24 h was reduced in the spinal group (8 mg vs 37 mg).
Quality of analgesia was better but this did not translate into a reduction in length
of stay. The nonrandomized study by Virlos et al. of TEA versus intrathecal anal-
gesia with 2.0 mL of 0.5% bupivacaine and 1-1.5 mg of diamorphine for laparo-
scopic colorectal surgery patients reported a reduced median post-operative pain
score (0 vs 3-5; P < 0-001) There was also an earlier return to mobility (1 vs 4
days; P <0-001) and a shorter hospital stay (4 vs 5 days; P <0.001) in favor of the
intrathecal analgesia group. Return to normal gut function and post-operative nau-
sea and vomiting were similar in the two groups [11]. A study in open liver resec-
tion surgery on 100 consecutive patients comparing epidural analgesia and 300 pg
of intrathecal morphine showed a more rapid return to diet and function in the
intrathecal morphine group [12].

Evidence for Spinal Anaesthesia and Its Effects on the Stress
Response

The surgical stress response, which was alluded to earlier in the chapter, may be
blunted transiently under spinal anaesthesia. One study by Day et al. compared the
effects on neuroendocrine response in patients who had received spinal anaesthesia
with those that had intravenous patient controlled analgesia (PCA) for pain control
[2]. Both groups had similar interleukin (IL)-6 levels suggesting that the groups
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were comparable for the amount of primary tissue injury driving the stress response.
The authors found that at the 3-h mark, the spinal anaesthesia group of patients had
a statistically significant decrease in glucose and cortisol levels compared to the
PCA group. This difference was gone at the 6-h mark, which showed that the stress
response was only obtunded for the duration of the local anaesthetic block of the
spinal injection. Additional useful data from the study was the reversion of IL6
levels back to normal by 36-48 h after laparoscopic surgery thereby showing the
stress response in turn was reverting back to normal at this time point. Therefore, it
does not make scientific sense to continue an epidural beyond this point simply for
the control of the stress response alone. However, some surgeons will keep an epi-
dural running to block the sympathetic outflow to the bowel to encourage early
return of gut function.

Practical Aspects of Performing Spinal Anaesthesia
with General Anaesthesia for Laparoscopic Surgery

The key issues of performing a spinal block in patients undergoing laparoscopic
colorectal surgery is to perform the block safely and to avoid the danger of a high
block because the patient is put into the steep head down position soon after per-
forming the injection. With the practicalities of getting a patient ready for starting
surgery after induction with intravenous access, catheters and skin preparation, and
so on, 20 min usually elapses before insufflation of the pneumoperitoneum takes
place. During initial use of spinal anaesthesia in laparoscopic surgery there was
concern that with insufflation of the abdomen and high intra-abdominal pressures
that CSF leakage through the dural puncture would lead to either increased head-
ache or CSF pressure changes. There have been no published reports of this and in
the author’s previous unit there was only one case of post dural puncture headache
in over 600 patient episodes. The standard needle used for the spinal injection was
a 25 g Whitacre spinal needle.

Performing the Spinal Awake or Asleep?

Medicolegal considerations have led to most anaesthetists performing regional
anaesthetic procedures with the patient awake prior to induction of anaesthesia. The
problem with this is that the timing can lead to development of a sympathetic block
with resultant vasodilatation and hypotension, either whilst the patient is waiting in
the presurgical unit, or at the time of induction of anaesthesia. It is important there-
fore to ensure that a patients’ haemodynamic parameters are controlled throughout
this period with appropriate use of intravenous fluids and vasopressors. The advan-
tage of performing the block with the patient asleep is that the hemodynamic conse-
quences of induction of anaesthesia and positive pressure ventilation can be addressed
prior to the onset of the sympathetic block from the spinal injection. In some coun-
tries performing spinal anaesthesia in anaesthetized patients is acceptable practice
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but the reader must make their own clinical judgement, regarding which is better for
the patient, and what is acceptable medico-legal practice.

Patient Position for Performing the Spinal—Sitting or Lateral?

If injectate volumes are low (< 2.0 mL) our group has found it makes minimal dif-
ference whether the spinals were performed in the sitting or lateral position. If larger
volumes are used and the solution is hyperbaric then we would recommend the sit-
ting awake technique with a time period of around 20 min before the patient is put
in the steep head down position to allow the local anaesthetic to ‘fix’ around the
lumbosacral region.

Local Anaesthetics Used as the Injectate Mixture

Traditionally spinal anaesthesia has been performed by local anaesthetic injection
into the CSF to give a dense sensory and motor block at the spinal cord level at
which the injectate comes into contact with. This depends on the position of the
patient, level of the injection, speed and volume of injectate and baricity and con-
centration of local anaesthetic agent used. There are a range of agents and concen-
trations in a sterile formulation to allow use as a spinal anaesthetic. It is important
to avoid high concentration local anaesthetics due to neural toxicity. The most com-
mon agents used for spinal anaesthesia are 0.5% plain bupivacaine, 0.5% levo bupi-
vacaine or 0.5% hyperbaric bupivacaine. The duration of block can vary but is
commonly 2—4 h depending on the volume used. A 2% hyperbaric prilocaine mix-
ture has recently come onto the market but this is more suitable for ambulatory
surgery where the duration of block is under 1 h.

Use of Opioids in the Injectate Mixture

Opioids added to the injectate mixture improve both quality and duration of analge-
sia. Fentanyl, diamorphine or morphine are drugs commonly added to the injectate
mixture.

One on the most feared consequences of adding opiate to the injectate mixture is
the risk of delayed respiratory depression, particularly if opiates are re-dosed in the
post-operative period. For that reason, fentanyl has the advantage in improving anal-
gesia in shorter procedures such as caesarean section without the downstream risk.

However, despite the risk of delayed respiratory depression being present it
appears to be no greater than using opiates in a patient-controlled analgesia (PCA)
pump post-operatively. The important thing is to ensure the patient is monitored in
the same way as if they had a PCA as this will then pick up any severe consequences
of respiratory depression. One single centre retrospective analysis in 5969 patients
confirmed the efficacy and patient satisfaction of spinal opiates used for major
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urologic, orthopedic, general, vascular, thoracic, and gynecologic surgery. Pruritus
was the most common complaint from patients. Whilst 3% of patients developed
respiratory depression it was easily detectable and always reversed with standard
administration of naloxone.

Even if longer acting opiates are used in the injectate mixture a proportion of
patients will still need intravenous opiates for breakthrough pain in the PACU. In
our own experience this can be up to 40%; however minimal opiates are required
after this point provided the patient receives oral multimodal analgesia consisting of
a combination of paracetamol 1 g QID and ibuprofen 400 mg TID regularly. The
addition of the other non-opioid adjuvants discussed in chapters 4—6 will also reduce
this rescue opiate requirement.

The most important effect of adding intrathecal opiates appears to be the down-
stream reduction in opioid consumption. In three studies by Levy, Day and
Wongyingsinn there was up to a sixfold sparing effect in the use of post-operative
morphine in those patients receiving spinal opiates in addition to local anaesthetic
[2, 6, 9]. A study by Virlos confirmed the opioid-sparing effect of intrathecal opiates
but the doses of diamorphine were higher—1-1.5 mg. Despite these higher doses
there were no adverse events reported in their intrathecal group of 99 patients [11].

As early adopters of spinal opioids in laparoscopic colorectal surgery the author’s
unit found success with volumes of around 2.5 mL of 0.5% hyperbaric bupivacaine
following trials of various volumes of isobaric and hyperbaric formulations of 0.5%
bupivacaine. The spinal was performed sitting before surgery and allowed to fix for
at least 20 min before the abdomen was insufflated and the patient put in the steep
head down position. More recently by reducing the volume of 0.5% bupivacaine to
2.0 mL we use plain bupivacaine successfully.

Our unit used a spinal injectate mixture with 0.3 mg diamorphine added to it.
Diamorphine comes as a sterile white powder and can be diluted as needed and
added to the injectate solution. This work was in part based on Saravanan’s work in
obstetric anaesthesia for dosing of intrathecal diamorphine in caesarean section,
which showed the EDys value for intrathecal diamorphine to prevent intra-operative
supplementation was 0.39 mg. There was an approximate linear dose relationship
between the dose of opioid, the duration of action of analgesia and the incidence of
side effects such as pruritus or nausea and vomiting [13]. As the main aim of
enhanced recovery protocols is to enable patients to eat soon after surgery any per-
ceived benefit of increasing doses of opioids to negate the need of opiates in the
post-operative period can lead to protracted nausea and vomiting and a patient that
cannot take their multimodal oral analgesics or mobilize. Our unit therefore uses
opioid dosing at the lower end of the range so that there is efficacy and an opiate
sparing effect, but patients are at less rick of nausea, vomiting or respiratory depres-
sion. As stated previously we find around 40% of patients need breakthrough pain
relief in the PACU with intravenous opiates but once they are comfortable they do
not require a PCA morphine drip on the ward/floor. Our current dosing is around
0.005 mg/kg of diamorphine, reduced by up to 50% if the patient is over 70 years
old. However, Virlos® group used higher doses of diamorphine from 1.0 to 1.5 mg
without untoward side effects [11]. In countries where diamorphine is not available
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other opiates are used such as duramorph. This is preservative-free morphine avail-
able as a pre-mixed 1 mg/mL preparation. If we were using this, we would ensure
the total injectate volume is less than 2.5 mL but usually in the 2.0-2.2 mL dose
range. The dosing range of intrathecal morphine in clinical practice is usually 0.1-
0.3 mg. A meta-analysis found that increasing the dose increased the risk of pruritus
but not nausea and vomiting. Doses less than 0.3 mg lead to no more respiratory
depression than systemic opiates [14].

A meta-analysis of spinal opiate use in abdominal, spine and cardiothoracic sur-
gery included 645 patients. Pain intensity at rest was reduced as was pain on move-
ment. Opioid requirement was decreased intra-operatively and up to 48 h after
surgery. There was an increased risk of respiratory depression in the morphine
group (odds ratio [OR] 7.86 [95% CI 1.54-40.3], as was the incidence of pruritus
[OR 3.85 [95% CI 2.40-6.15]). Interestingly in this paper, the side effects did not
appear to be dose related [14].

Use of Other Adjuncts in the CSF

There have been studies on the use of clonidine to try and potentiate and prolong the
analgesic effects of spinal anaesthesia. One study in caesarean sections showed no
reduction in post-operative morphine with the addition of 75 pg of clonidine, however
no opiate was used in the injectate [15]. There have been no studies on adding cloni-
dine to opiates and local anaesthetic spinal mixtures in major abdominal surgery.

Conclusions

ERAS protocols are designed to decrease hospital length of stay, improve out-
comes, and reduce surgical stress. Even though the stress response in laparo-
scopic surgery is reduced it is still important to provide optimal analgesia to
restore post-operative function. It is clear that there are many successful ways of
providing analgesia for laparoscopic surgery within ERAS with the adoption of
multimodal analgesia and opiate sparing techniques at their heart.

Spinal anaesthesia is a simple, safe and proven technique that introduces both
local anaesthetic and an opiate into the cerebrospinal fluid. The local anaesthetic
effect causes both motor and sensory block. The most commonly used drug is
bupivacaine and motor and sensory block ceases by approximately 4 h. The stress
response according to one study is only reduced for the duration of this local
anaesthetic effect so the benefit to the patient in the immediate post-operative
period is limited [2]. However, correctly dosed long acting opiates can have a
dramatic opioid sparing effect with the result that patients suffer less opioid side
effects, particularly, lethargy, nausea, vomiting and ileus that are linked with tra-
ditional PCA morphine. The other benefit of using intrathecal opiates is that
patients do not need a PCA/intravenous carrier which requires a drip stand.
Finally, the skill set required for insertion is limited compared to many of the
other regional techniques allowing easy implementation at large scale and the
long duration of a single injection avoids any lack of compliance from ward staff
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often seen with other techniques requiring continued administration. Therefore, in
the setting of an ERAS Protocol when intravenous fluids are stopped the morning
after surgery patients are more likely to be able to mobilize independently.
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Introduction

Despite the first description of epidural blockade at the beginning of the twentieth
century, it wasn’t until the 1970s that clinicians began to use epidural analgesia for
major surgery. Finding widespread use in the 1980s through the 1990s, clinicians
began to realize that epidural local anaesthetic (LA) infusions not only provided
excellent analgesia but also modulated the surgical stress response leading to
improvements in recovery, and this heralded a period of research interest into the
outcome benefits of epidurals. Much of what we know about epidurals comes from
these studies, and meta-analyses of these trials in the 1970s—1990s showed impres-
sive effects on post-operative outcomes claiming improvements in mortality, bowel
recovery, cardiac ischaemia, respiratory failure and venous thrombosis. Then,
around the turn of this century, Enhanced Recovery Pathways started to become
popular as a means of improving recovery and reducing complications, and, recog-
nising the associated outcome benefits, thoracic epidural analgesia (TEA) was seen
to be one of the critical elements of an ERAS pathway [1, 2].

However much of this evidence came from small studies published decades ago.
Few large, well-conducted RCTs have been performed. There have since been huge
strides made in peri-operative medicine with many advances in fluid management
and analgesic techniques; minimally invasive surgery is now routinely used for sur-
gery, all leading to better recovery and reduced complications. The patients in these
early studies were often managed in a way that would not be considered standard
practice today.

Thus, the results of many of these older studies may not be directly appli-
cable to our patients today, and the purported benefits of epidural analgesia are
likely to be overstated in today’s context. Researchers have recently re-examined
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outcomes associated with epidurals in light of changes in peri-operative medicine.
Commentators have suggested that TEA is no longer the analgesic panacea that it
was once purported to be [3, 4] and clinicians have noted the high failure rate associ-
ated with TEA. Consequently, TEA is undeniably less popular now than previously.
In arecent US survey of laparoscopic colorectal surgery, only 1.5% of patients were
managed with TEA [5], and survey of Australian anaesthetists found that epidural
use for abdominal surgery fell from 53% in 1998 to 27% in 2003; respondents cit-
ing lack of evidence and fear of litigation [6]. Nevertheless, when efficacious, TEA
remains the single most effective technique for managing pain for open abdominal
surgery and despite questions raised about the outcome data, some patients are still
likely to receive benefit in terms of reduced peri-operative morbidity. TEA may no
longer be a panacea but it remains worthy of consideration. As other authors have
noted, it is not the act of inserting an epidural but the way in which it is managed
that is the key to success [7].

Evidence for Efficacy

Adequate pain management is an essential element of post-operative care. Aside
from being deeply unpleasant for the patient, poorly controlled pain may lead to
post-operative morbidity and is known to be a risk factor for persistent post-sur-
gical pain [8]. Well-controlled pain therefore may lead to faster recovery and
reduce the risk of cardiac and pulmonary complications as well as improving
patient satisfaction. An ideal analgesic would completely remove pain with no
side effects, either absent or beneficial effects on patient physiology, and leave the
patient free to eat, mobilize, and engage with rehabilitation after their surgery. We
know that the ideal analgesic does not exist: whatever the surgery and whatever
the modality of analgesia, there is a balance between increasing analgesic efficacy
and increasing burden to the patient—either in terms of invasiveness, side effects
such as nausea and sedation, or organ dysfunction such as hypotension. Therefore,
total absence of pain is unrealistic, and will lead to a significant burden to the
patient in other terms. Pragmatically, we want our patient to be able to cough
effectively, participate actively in physiotherapy, walk around and micturate with-
out need for bladder catheterisation, so a balance should be struck of a level of
pain that is tolerable for the patient but with minimized side effects and physio-
logical disequilibrium. Impact on dynamic pain is perhaps more important than
impact on pain at rest: it is relief of pain on mobilization that will allow the patient
to cough and mobilise, and pain control at rest appears to be a poor marker for
pain control on movement [9].

Open Abdominal Surgery

Following abdominal surgery, pain is transmitted along the ventral branches of the
spinal segmental nerves from T5 to T12, which innervate the abdominal wall,
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muscle layers, skin and fascia. A segmental epidural block will lead to reduced
transmission of pain along these nerves. The pelvic and abdominal organs receive
variable sensory innervation from the autonomic nervous system, arising from both
craniosacral parasympathetic outflow and the thoracolumbar sympathetic chain,
which can also be blocked by epidural local anaesthetic.

For abdominal surgery through a laparotomy incision, TEA provides signifi-
cantly better analgesia than systemic opioids for both dynamic and rest pain, and
tends to do so for the duration of the epidural infusion. The evidence for this is fairly
unequivocal at present and is widely supported by the literature. A meta-analysis for
TEA in mixed surgical procedures in 3000 patients [10] found that dynamic pain
was significantly reduced in the epidural group at every time point until post-
operative day 3. Another meta-analysis specifically assessing colorectal surgery
studies [11] found that dynamic pain was significantly reduced on the day of sur-
gery and post-operative day 1 and a Cochrane review for aortic surgery [12] found
a significant improvement in dynamic pain for 3 days post-operatively in patients
receiving epidurals. A large observational study examined the effect on pain scores
of over 10,000 patients undergoing abdominal surgery and found that pain on move-
ment was significantly less in patients with epidurals than those treated with IV
morphine PCA, and remained so for 4 days post-operatively. When comparing epi-
dural analgesia to other analgesic modalities there are other end-points to consider
other than the pain score. Epidural analgesia may reduce fatigue and attenuate the
loss of post-operative functional capacity, and one RCT found that both quality-of-
life scores (SF36) and functional exercise capacity were improved at 3 weeks, but
not at 6 weeks, post-operatively [13].

However, some studies suggest the improvement in pain scores with TEA over
opioid infusions is not always particularly large, and here, interpretation of the data
becomes interesting. Clearly an improvement that is statistically significant may
not always equate to an improvement that is clinically significant. Clearly then this
effect would be of questionable benefit. There is still some debate regarding what
exactly constitutes a minimal clinically important difference (MCID) in terms of
pain scores—a reduction in VAS from 8 to 40 mm depending on aetiology of pain
[14, 15]—and anything less than this may not be perceived as a reduction in pain
by the patient. One of the largest epidural RCTs to date, the MASTER trial [16],
found the separation in pain scores between the epidural and IV morphine PCA
groups was at its greatest for pain on coughing on the morning of post-operative
day 1, where the mean 0—10 cm VAS in the epidural group was 3.9 and in the IV
morphine PCA group was 5.5 thus giving a difference of 1.6 cm. Although pain on
coughing remained statistically superior in the epidural group for the duration of
the 3-day infusion, from post-operative day 2 onwards the benefit in pain score was
less than 1 cm, and pain at rest was only statistically better on the morning of post-
operative day 1. This was partly related to an intention to treat analysis in the trial
design and a 40% failure rate in the epidural group. An RCT examining the effi-
cacy of TEA in elderly patients found the reduction in pain on coughing was only
>2 cm VAS on extubation, and the difference was less than 2 cm from every time
point onwards [17].
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Post-operative analgesia has changed considerably in recent decades, and clini-
cians are using many other interventions in their multimodal analgesic armamen-
tarium. Intravenous lidocaine (Chap. 6) can reduce pain and nausea after abdominal
surgery and may reduce hospital stay, and peri-operative magnesium [18] has been
shown to reduce opioid consumption and pain. Regional analgesic techniques such
as transversus abdominus plane (TAP) blocks (Chap. 11) and continuous wound
infiltration (CWI) of local anaesthetic (Chap. 13) have been shown to reduce post-
operative pain when compared to PCA alone. Moreover, these techniques may also
negate many of the problems associated with epidural analgesia such as motor
block, hypotension, and the need for a urinary catheter, whilst removing concerns
regarding neuraxial complications associated with an epidural catheter.

The majority of published epidural studies use an opioid PCA (or even intramus-
cular opioids) as the control group. It could be argued that systemic opioids alone
are no longer the ‘standard’ post-operative analgesic against which TEA should be
compared. We do not know, therefore, if the TEA outcome benefits still exist when
it is compared with the aforementioned novel, opioid sparing analgesic regimens. In
fact, CWI has been shown to provide as effective analgesia as TEA for abdominal
surgery for both dynamic and rest pain [19] and, when compared to CWI for hepatic
surgery, TEA only reduced pain on the first post-operative day while opioid con-
sumption, bowel recovery or hospital stay were unchanged [20]. Indeed, other stud-
ies have confirmed this finding in patients undergoing hepatic surgery, with CWI
providing analgesia equivalent to TEA [21, 22] and CWI being associated with a
shorter hospital stay. Another study, which compared four-quadrant TAP blocks to
TEA for abdominal surgery found that post-operative pain scores, bowel recovery,
time out of bed and hospital stay were equivalent, with earlier removal of the uri-
nary catheter in the TAP group [23]. And when compared to TEA, intravenous lido-
caine appears to be as effective for dynamic pain and bowel recovery [24, 25].

Laparoscopic Surgery

Minimally invasive surgery is a cornerstone in the development of ERAS. The inci-
sions in the abdominal wall are smaller and consequently surgical trauma, and
therefore surgical stress response is reduced [26]. This results in less post-operative
pain and quicker recovery [27] indicating that adequate analgesia may be achieved
by less invasive alternatives to epidural analgesia.

A systematic review in 2010 [28] concluded that although TEA controlled pain
better than opioid PCA, other markers of recovery were unchanged. Levy et al. [29]
showed in a randomized controlled trial that although pain control was again better
when TEA was compared to morphine PCA (but not to intrathecal diamorphine),
post-operative pulmonary function and quality of life were unchanged, while bowel
recovery and hospital stay were prolonged in the TEA group. In another random-
ized trial [30] patients experiencing ERAS received either epidural analgesia or
PCA morphine for laparoscopic colorectal surgery. Post-operative pain scores were
not significantly different throughout recovery, although patients with epidural
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analgesia suffered significantly more post-operative hypotension requiring vaso-
pressors (27% vs. 4%), more complications (54% vs. 33%) and stayed in the high-
dependency unit a day longer than patients receiving PCA. An observational study
of nearly 30,000 patients in 300 units in the USA found that TEA for laparoscopic
surgery was not associated with an improvement in post-operative complications or
death, and found that both hospital stay and costs were increased [5].

The current evidence base indicates that there may be a small analgesic benefit
in the use of TEA in laparoscopic colorectal surgery. However, this analgesic benefit
may not be clinically significant, and when coupled with the negative impact on a
number of post-operative outcomes, this makes it difficult to recommend the routine
use of TEA for laparoscopic colorectal surgery. TEA may still be beneficial for
patients at high risk of cardiorespiratory disease and could be considered in that
subgroup.

Evidence for Outcome Benefit

Major surgery induces a complex neurohumoral cascade that leads to increased
secretion of catecholamines and cortisol and a reduction in insulin secretion. The
result of this cascade is the peri-operative suppression of the immune system together
with increased protein catabolism, oxygen demand and myocardial stress. This
stress-mediated immunosuppression is further compounded by other ‘anaesthetic’
factors that have been shown to depress the immune system, including general anaes-
thesia, opioids, pain, blood transfusions, hypothermia and hyperglycaemia.

Researchers looking for ways to reduce post-operative morbidity have sought a
reduction in this surgical stress response, and this notion has been a cornerstone in
the theory of ERAS. TEA has been shown to reduce post-operative adrenaline
secretion and improve insulin responsiveness [31, 32] as well as having direct ben-
eficial effects on the cardiac and respiratory systems and the gut. It has been theo-
rised that this blockade of the stress response should lead to a reduction in organ
dysfunction and therefore an improvement in peri-operative morbidity [33]. Early
meta-analyses appeared to demonstrate this [34].

Mortality

This effect of epidural analgesia has long been a controversial subject, and has gener-
ated much debate. Clearly there are plausible mechanisms why epidurals might have
an effect on mortality: possible reductions in respiratory failure, cardiac complica-
tions, and duration of ventilation will all lead to improvements in patient outcome.
However, epidurals are also associated with harm: peri-operative hypotension is
common with epidurals and in other studies hypotension has been associated with an
increased stroke risk [35]. Epidurals also have a number of rare, but significant com-
plications such as neuraxial abscess formation and respiratory depression, which will
have a clear negative effect on outcomes. Additionally, mortality is difficult to
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estimate. Any rare complication will require a large dataset to estimate its incidence
with any accuracy, and the effect of epidurals on mortality is rarely the primary out-
come for such studies, therefore the studies are underpowered to detect a mortality
difference. Cohort studies and meta-analyses examining mortality tend to include a
wide range of studies, and have previously lumped together neuraxial anaesthesia
(spinals, thoracic and lumbar epidurals) which may or may not have been performed
alongside a general anaesthetic; and for a disparate range of surgical procedures
including hip replacements, aortic aneurysm repair and caesarean section, when
these are completely separate subsets of patients. Finally, as mentioned previously,
peri-operative medicine has changed significantly in recent decades. Therefore, an
intervention that was effective in 1985 may not be effective now.

What the Data Tell Us

Rodgers’ meta-analysis [34] published in 2000 examined outcomes from 141 trials
with a total of 9559 participants. They included trials from many different surgical
specialities and variations of regional anaesthesia, including spinal anaesthesia, tho-
racic and lumbar epidurals, and regional anaesthesia used in combination with gen-
eral anaesthesia as well as regional anaesthesia alone. They concluded that neuraxial
anaesthesia reduced the risk of death by around a third (OR, 0.70; CI, 0.54-0.90).
However, after subgroup analysis the results were not quite so straightforward—out
of all surgical specialities the confidence intervals crossed the ‘line of no effect’ in
all specialities except orthopaedics, and regional anaesthesia did not reduce mortal-
ity when used in combination with general anaesthesia. Additionally, the majority
of the included trials were small—around 30 of the 141 trials had 20 or fewer par-
ticipants—raising questions about the quality of the studies, and included studies
dating back to 1971. Again, this is problematic when post-operative management is
likely to be considerably different to what we would recognize today, and peri-
operative mortality was considerably higher.

The MASTER trial [16], published in 2002, is one of the largest RCTs examin-
ing epidural outcomes to date and recruited 915 patients undergoing major abdomi-
nal surgery to receive either epidural analgesia for 3 days or an opioid infusion. This
was a relatively high-risk population: around 30% had two or more significant
comorbidities. In contrast to Rodgers’ meta-analysis the 30-day mortality was
unchanged between the two groups: 5.1% in the epidural group and 4.3% in the
control group. However, this study had its issues too, with 50% of the patients
included in the epidural arm not fully compliant with the study protocol for a variety
of reasons. The epidurals were sited in high lumbar or low thoracic vertebral seg-
ments. Epidurals sited in these segments may not have the same effect on preventing
complications and death, as epidurals at these lower levels have less impact on
cardiac complications than higher-level thoracic epidurals [36]. The only other large
RCT examining the effect of epidural on surgical outcomes was the Veterans Affairs
Cooperative study [37], and randomised 1021 patients undergoing abdominal sur-
gery to receive either epidural analgesia or parenteral opioid. It could be argued that
the trial design is no longer representative of current practice, as only 26% of the
control group were given opioids via a PCA device, the rest receiving either
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intramuscular or intermittent intravenous boluses of either morphine or pethidine,
and patients in the epidural group received only epidural morphine without LA,
57% of patients receiving this as intermittent boluses. Nevertheless, investigators
found no improvement in mortality with TEA for any type of surgery, and although
TEA was associated with a reduction in myocardial infarction in patients undergo-
ing aortic surgery, patients undergoing non-aortic surgery found no improvement in
any major complications. Pain scores on day 1 and overall opioid consumption were
modestly improved, however this did not translate into improved physical perfor-
mance or length of hospital stay.

Observational studies have generally supported a reduction in mortality with epi-
dural analgesia. Wu and colleagues [38] took a random sample of Medicare claims
data from 1997 to 2001, and out of 12,817 patients undergoing elective colorectal
surgery, both 7- and 30-day mortality was reduced (OR 0.52, 95% CI 0.38-0.73,
and OR 0.74, 95% CI 0.63-0.88 respectively), although post-operative pneumonia
was increased in the epidural group, and overall major morbidity was unchanged,
weakening the claim that TEA reduced mortality. Another cohort study examined
outcomes in 259,037 patients in Canada over a 10-year period from 1994 to 2004
[39] undergoing vascular, thoracic, colorectal or orthopaedic surgery. Using propen-
sity scoring to case-match the groups receiving, or not receiving, epidurals, the rela-
tive risk of mortality was 0.89 for patients receiving epidurals. This, however,
translates to a NNT of 477 leading the authors to concede that this reduction in risk
was of borderline clinical significance, and did not support the use of epidural anal-
gesia to reduce mortality. The larger effect on mortality was seen in orthopaedic and
thoracic surgery, with the effect on mortality in the abdominal surgery group being
RR 0.93 (95% CI 0.82-1.06).

It is interesting that these two large datasets generated such different risk calcula-
tions for mortality, both taken around the same time period. It is important to note
that each study adjusted the data using different techniques, and for different vari-
ables. It is important to note that patients with epidurals are more likely to be man-
aged in a High Dependency environment than those managed with opioids alone,
meaning closer monitoring, better access to Critical Care physicians, better fluid
balance and pain control, and this may lead to outcome bias when datasets are ana-
lysed. Additionally, as with all large cohort studies, neither study would be able to
adjust for unknown or unmeasurable confounding factors, thus the data must be
interpreted with caution.

A Cochrane review was published in 2014 [40] that pooled the studies from pre-
vious Cochrane analyses of regional anaesthesia outcomes. The authors concluded
that regional anaesthesia when used alone reduced the risk of death by 30 days
compared to general anaesthesia (RR, 0.71; 95% CI, 0.53-0.94; n = 1570), however
when regional anaesthesia was used in combination with a general anaesthetic, the
risk of death was unchanged (n = 1665). However, this review included neuraxial
anaesthesia of any type, including intrathecal anaesthesia, and for a wide range of
surgeries.

A meta-analysis that was published in 2014 [41, 42] examined mortality as its
primary outcome measure. The authors only included studies that examined the
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effect of epidural analgesia when used in combination with a general anaesthetic,
and reported on 125 trials including 9044 patients over a range of surgical proce-
dures. Epidural analgesia appeared to have a benefit on 30-day mortality, with an
NNT of 90 to prevent one death. Epidurals appeared to have a clearer mortality
benefit when sited in thoracic segments rather than lumbar. Interestingly, peri-
operative mortality in this study did not appear to have changed significantly over
time, or by year of publication, meaning the outcome may not have been skewed by
older studies with higher mortality. What this means in terms of the impact of
improvements in peri-operative care on mortality is uncertain.

Bottom Line

There is modest evidence that epidurals may reduce peri-operative mortality. This
may only pertain to high-risk patient populations, and may only pertain to neuraxial
anaesthesia performed in isolation from a general anaesthetic, meaning any mortal-
ity benefit may not apply to patients undergoing abdominal surgery where TEA is
not normally used without a general anaesthetic. Data from large RCTs has not
shown a reduction in mortality with TEA, which may reflect the fact that these stud-
ies are generally underpowered to detect mortality differences, however, the data
from large cohort studies that do indicate a mortality benefit are more susceptible to
bias and care must be taken when interpreting the data.

Cardiac Complications

Cardiac complications following abdominal surgery are common, more so in the
elderly population, occurring in up to 5% of cases [43]. Pain and anxiety leads to
sympathetic stress, which increases myocardial workload, while surgery increases
metabolic demand resulting in an increased oxygen demand, which in turn may lead
to arrhythmias and myocardial ischaemia. Epidurals can have effects on peri-
operative cardiac complications via several mechanisms. TEA can ameliorate these
effects through both better analgesia, leading to a reduction in sympathetic outflow,
and reduction in the surgical stress response. When placed high in the thoracic spine
(T2-T4), epidurals appear to have a dual effect on the heart. The resulting segmen-
tal anaesthesia leads to sympathetic block that causes negative inotropy [44] and
chronotropy [45] thus reducing myocardial oxygen demand along with direct coro-
nary vasodilatation [46] that improves flow in stenotic coronary vessels during sym-
pathetic stress [47]. In one study of TEA for cardiac bypass intra-operative cardiac
index and mixed venous oxygen saturations [48] improved. Other investigators have
found that following CABG surgery, patients with TEA had significantly lower
post-operative troponin [49], reductions in left ventricular dysfunction and cardiac
ischaemia, and improved long-term survival [50].

Mid thoracic epidurals result in a sympathectomy, which causes dilatation of
splanchnic capacitance vessels. This leads to pooling of blood in the venous systems
of abdominal organs [51]. This may be compensated for by constriction of other
capacitance vessels, but may result in a reduction in pre-load. Reduction in
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sympathetic outflow leads to arteriolar vasodilatation and thus a reduction in after-
load. Lumbar epidurals cause vasodilatation only in the blocked lumbar and lower
thoracic segments, and may even cause a compensatory vasoconstriction in the nor-
mally innervated areas above [52].

The sympathetic block that results from thoracic epidural block also causes
hypotension [11, 41]. This may result in coronary hypoperfusion and myocardial
ischaemia, as well as reducing blood flow to other vital organs such as the brain,
kidneys and the colonic anastomosis. As many as 30% of patients receiving epidural
anaesthetic infusions require post-operative vasopressor infusions [30], thus pro-
longing HDU stay, and therefore potentially prolonging recovery.

Regional anaesthesia has been associated with a lower blood loss when com-
pared to general anaesthesia [53], possibly mediated through a reduction in blood
pressure. It appears the effect is most pronounced in orthopaedic surgery [54] and
there was no association with reduced blood transfusion following abdominal sur-
gery. Additionally it is unclear if epidural analgesia reduces blood loss when used in
combination with a general anaesthetic [53, 54].

What the Data Tell Us

A meta-analysis including 14 trials investigating lumbar and thoracic epidurals
[55] for abdominal and thoracic surgery found that epidural analgesia signifi-
cantly reduced the risk of myocardial infarction with 48 epidurals preventing one
myocardial infarction (OR, 0.55; 95% CI, 0.37-0.84). Another, later meta-analy-
sis by the same author found that the risks of tachydysrhythmias, heart block and
atrial fibrillation were all significantly reduced in patients receiving epidural anal-
gesia [41] but the reduction in myocardial infarction did not reach statistical sig-
nificance (OR, 0.73; 95% CI, 0.50-1.06). A Cochrane review examining TEA for
abdominal aneurysm surgery concluded that TEA leads to a reduction in post-
operative myocardial infarction (RR, 0.52), but had no effect on arrhythmias,
heart block or heart failure [12].

However not all studies have returned positive results: post-hoc analysis of
over 10,000 patients in the POISE-2 randomized trial showed that TEA did not
change the rates of myocardial infarction or death. Post-hoc analysis of the
POISE-1 trial of 8000 patients found that neuraxial anaesthesia was associated
with an increase in cardiovascular complications (OR, 1.24; 95% CI, 1.02-
1.49), and this seemed to be most prevalent in patients with TEA undergoing
concurrent general anaesthesia, although, in this study, TEA was not associated
with significant hypotension, death or stroke [56]. The Veterans Affairs study of
1021 patients [37] found that TEA reduced the risk of myocardial infarction and
stroke in patients undergoing aortic surgery, but not those undergoing biliary,
gastric or colonic surgery, and the MASTER trial found no difference in cardio-
vascular outcomes or death [16]. A Cochrane review of TEA for cardiac bypass
found that TEA reduced arrhythmias and respiratory complications but not
myocardial infarctions or death [57]. Guay’s review of epidural outcomes from
other Cochrane reviews [40] did not find evidence that epidurals prevent myo-
cardial infarction. A meta-analysis of epidurals used in Enhanced Recovery



124 J. Antrobus

pathways for colorectal surgery found that epidurals had no effect on cardiac
ischaemia [58].

Lumbar epidurals lead to sympathetic blockade in the lower limbs and lower
abdomen only, and do not appear to be protective against myocardial infarction.
Lumbar epidurals may cause more hypotension than thoracic epidurals [59]. Even
in studies that show a reduction in cardiac events with thoracic epidurals, this effect
was not seen when lumbar epidurals were used [12, 60].

Bottom Line

The evidence for a reduction in cardiac complications with TEA is conflicting. It is
likely that any beneficial effect of epidurals is limited to high-risk groups, such as
those undergoing vascular surgery or perhaps patients with existing cardiac
disease.

It is often said that the manner in which the epidural is managed post-operatively
is important for cardiovascular outcomes [61]. Any beneficial cardiac effects are
seen when the cardiac sympathetic innervation is blocked, therefore the epidural
must be placed in the mid-high thoracic spine. Blood pressure should be maintained
aggressively and attempting to achieve this with intravenous fluids alone may lead
to fluid overload. Once normovolaemia is achieved, blood pressure should be sup-
ported with vasopressors.

Respiratory Failure

Major surgery predisposes patients to post-operative respiratory insufficiency, and
post-operative pneumonia may exceed 10% of major abdominal operations [62].
Uncontrolled pain leads to splinting of respiratory muscles and impairment of the
normal excursion of the thoracic cage, which causes atelectasis and impairment of
coughing. Opioids depress respiratory drive, and it is suggested that volatile anaes-
thetics impair mucociliary flow and clearance of sputum [63]. Upper abdominal
surgery leads to diaphragmatic dysfunction, via a surgery-induced inhibitory reflex
in the phrenic nerve [64], again impairing coughing and deep breathing. This reflex
is partially reversed by TEA.

Unsurprisingly post-operative respiratory complications lead to a significant
morbidity burden, and prolonged stays in ICU hospital, one study finding that
patients undergoing abdominal surgery who developed hospital-acquired pneumo-
nia had an 8.5-fold increase in-hospital mortality (95% CI, 7.94-9.09) and an
increase in hospital stay from 6 days (SD, 5.37) to 17 days (SD, 18.66) [62]. TEA
has been studied for its impact on post-operative respiratory failure: better dynamic
analgesia would allow better coughing, more rigorous chest physiotherapy,
improved sputum clearance and reduced atelectasis.

What the Data Tell Us
The MASTER trial in 2002 found that TEA led to a reduction in a composite end-
point of ‘respiratory failure’, comprising prolonged ventilation, reintubation,
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hypoxia or hypercapnia, with a NNT of 15. A Cochrane analysis [12] of patients
undergoing aortic aneurysm repair found that TEA reduced the duration of ventila-
tion on ICU by 48% but had no effect on the risk of pneumonia. A 2008 meta-
analysis [55] also supported this, having examined papers over a 35-year period
between 1971 and 2006, finding that TEA led to a reduction in pneumonia.
Interestingly this study also found that, over time, the baseline risk of pneumonia
had dropped dramatically whilst the rates of pneumonia in the TEA groups remained
largely unchanged. In other words, the ‘lung protective’ effect of epidurals was
much less impressive in the 2000s (NNT 25) as it was in the 1970s (NNT 4).
Changes in peri-operative care are likely to be behind this improvement in baseline
risk: alterations in fluid therapy, physiotherapy and early mobilisation, and avoid-
ance of nasogastric tubes are all commonly practiced now, and are likely to improve
post-operative respiratory function and reduce the pneumonia risk.

A Cochrane review [40] concluded that although regional anaesthesia only reduced
the risk of post-operative pneumonia when used as the sole anaesthetic modality, the
data was inconclusive when regional anaesthesia was used in conjunction with gen-
eral anaesthesia. Additionally, a subgroup analysis of the MASTER trial [65] exam-
ined outcomes in patients deemed to be of high risk of cardiac and respiratory
complications. Although they found a reduction in the composite ‘respiratory failure’
end-point in patients with TEA, the rates of pneumonia, ventilation longer than 24 h,
ICU stay, hospital stay and mortality were all unchanged, thus forcing the authors to
question the clinical significance of their finding. The effect of TEA on respiratory
function in laparoscopic surgery has not been well studied, although one trial [29]
found that TEA made no impact on post-operative spirometry. A meta-analysis of
TEA studies in patients undergoing open abdominal surgery on an Enhanced Recovery
pathway found that TEA did not influence post-operative respiratory complications.

Bottom Line

There is evidence that TEA reduces the risk of pneumonia and respiratory failure in
open surgery. However, the strength of this effect is now far less clinically signifi-
cant compared with a few decades ago, and may only apply to patients in a high-risk
group. Improvements in peri-operative medicine may mean that routine use of TEA
is no longer clinically justified to prevent respiratory failure. Given the paucity of
recent data to support the use of TEA to protect against respiratory failure in open
surgery, it is unlikely that TEA use in laparoscopic surgery will have any effect on
post-operative respiratory function.

Thromboembolism

It would seem plausible that TEA should reduce the risk of thromboembolism.
Attenuation of the surgical stress response leads to enhanced fibrinolysis, alongside
the attenuation of the reduction in venous flow within leg veins during surgery by
epidural blockade [66]. Local anaesthetic agents themselves may also directly
inhibit platelet function [3]. Indeed, in 2000, Rodgers’ meta-analysis of the impact
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of neuraxial blockade on post-operative outcomes examined DVT rates and reported
365 events, although 80% of these were in patients undergoing orthopaedic surgery.
The authors concluded that neuraxial blockade was associated with a reduction in
the odds of DVT by 44% and PE by 55%, and this purported protection against VTE
has found its way into many patient information leaflets and textbooks since.
However, the protective effect was much less pronounced on symptomatic DVT
than on DVTs found on screening and additionally the majority of studies included
in the meta-analysis were performed at a time when VTE chemoprophylaxis was
not routinely used. Peri-operative care is now much more focussed on early mobili-
sation, minimally invasive surgery and VTE chemo- and mechanoprophylaxis, so
the relevance of these older studies is uncertain. A more recent meta-analysis failed
to find a link between epidural use and a reduction in VTE [41], and an RCT of TEA
for open surgery within an ERAS programme found no difference of rates of VTE
[58]. It is likely that if any benefit in VTE reduction exists at all with epidural use,
it is now far less pronounced than older studies had identified.

Bowel Recovery and Post-operative lleus

Post-operative ileus (POI) following colorectal surgery is common, affecting 17%
of patients undergoing laparoscopic colectomy and 25% of patients undergoing
open colectomy [67]. The slow return of bowel function leads to abdominal disten-
sion, vomiting, pain and an inability to pass stools and flatus. The impact of this is
not insignificant: the ensuing anorexia and vomiting limits energy intake, risking a
negative nitrogen balance and muscle loss. Bacterial overgrowth within the gut may
lead to bacterial translocation, and nosocomial infections may ensue. Intestinal dis-
tension may eventually lead to abdominal compartment syndrome, and the dis-
tended bowel is at risk of perforation. The morbidity and economic burden from this
is huge: Gan and colleagues estimated that POI led to a 4-day increase in hospital
stay, a significant increase in hospital costs, increased 30-day readmission rates
from 8.9% to 13.4% [67], and a 2-day increase in ICU stay [68]. The aetiology of
POI is multifactorial: sympathetic stress from pain and anxiety as well as the surgi-
cal stress response, inflammation, bowel handling, oedema from fluid excess as well
as other technical surgical factors all contribute to slower bowel recovery and ileus.
Opioid dose also appears to be strongly related to POI in both laparoscopic and
open procedures [67, 69]. TEA would therefore seem like a natural choice for
reducing ileus: improvements in post-operative pain, reduced opioid consumption,
attenuation of inflammation and the surgical stress response, and sympathetic
blockade should all improve intestinal motility and therefore reduce POI.

What the Data Tell Us

Studies have consistently found that TEA reduces the time to bowel motion and toler-
ance of diet for open surgery. A recent Cochrane review of 8754 patients in 128 trials
supported this, finding high quality evidence that TEA used for abdominal surgery
shortened the time to bowel recovery, as defined as passage of first flatus, by an effect
size equivalent to 17 h [70]. Addition of opioid to the epidural local anaesthetic
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mixture did not affect bowel recovery. Other meta-analyses to date have come to simi-
lar conclusions [11, 41]. Moreover the reduction in time to bowel recovery allowed a
significant increase in oral diet, in terms of both protein and overall energy intake [13].

Surgical pathways have evolved rapidly since then: reduction in pre-operative
fasting, targeted fluid therapy and opioid sparing analgesic regimens are now com-
monplace. Intravenous lidocaine, which has been shown to reduce the duration of
ileus, through multiple mechanisms including opioid-sparing (see Chap. 6), is now
finding favour. So, does TEA still have the same positive impact on bowel recovery
in the context of modern Enhanced Recovery pathways and all the aforementioned
interventions? A meta-analysis in 2007 [11] examined the rate of ileus in patients
undergoing surgery either on ERAS or traditional pathways, predominantly in open
surgery. The authors found that TEA reduced the duration of ileus in all but one
study, both in ERAS and traditional groups, by an average of 36 h. A more recent
systematic review [58] found that TEA used within an Enhanced Recovery context
for open abdominal surgery still led to reductions in time to first bowel movement
in four of the six studies. However, this reduction in ileus does not appear to trans-
late into a reduction in hospital stay [11, 22].

Laparoscopic surgery is well known for reducing POI [67] through limitation in
surgical trauma, leading to reductions in post-operative pain, attenuated stress
response and minimised bowel handling. One might then theorise that the positive
effect of TEA on reducing the time to bowel recovery would be weaker. One ran-
domised study found that the time to bowel recovery in patients having a laparo-
scopic colectomy was longer in those managed with TEA compared to those
randomised to IV lidocaine or IV PCA, and TEA was associated with an increase in
vomiting and belching [29]. Another RCT found that TEA prolonged the time to
‘sufficient oral intake’ by 1 day in patients undergoing laparoscopic colectomy [30].
A meta-analysis of studies comparing epidurals to IV PCA for laparoscopic surgery
found that TEA reduced time to first bowel movement (WMD —0.6d) but did not
affect time to flatus or return to diet [71]. The effect of TEA on the development of
ileus may be specific to surgical site: one observational study found that TEA was
associated with faster bowel recovery in patients undergoing laparoscopic anterior
resection, but not laparoscopic right hemicolectomy [72].

The Bottom Line

There is high quality evidence that TEA reduces the time to return of gut function,
and this benefit still exists in patients undergoing surgery on Enhanced Recovery
Pathways. The evidence supporting TEA to reduce POI in laparoscopic surgery is
mixed. TEA may reduce the time to return of bowel function, but the effect is likely
to be small, and it is difficult to make a case for using TEA for laparoscopic surgery
with the primary aim of reducing the time to bowel recovery.

Cancer Recurrence Rates

During surgery for cancer, handling of cancer-containing tissues results in the
release of cancer cells into the circulation and this may lead to the formation of



128 J. Antrobus

micrometastases. Whether or not these circulating cancer cells become metastases
is determined by the balance between the immune systems attempts to destroy can-
cer cells and the tendency of cancer cells to disseminate via blood and lymph-borne
spread, invasively grow locally and angiogenesis. Failure of this balance leads to
clinical metastases. Therefore, any peri-operative interventions that impair the
immune system may lead to an increase in post-operative cancer recurrence.
Regional anaesthesia has shown promise for reducing the risk of peri-operative
micrometastases, and investigators have found links between regional anaesthesia
and reduced cancer recurrence in breast [73], gastrooesophageal [74] and prostate
cancer surgery. The mechanism behind this effect isn’t entirely clear. Opioids have
been shown to reduce the immune response through suppression of natural killer
cell function and promote angiogenesis [75], so perhaps TEA may improve immune
function by reducing opioid dosage. TEA-induced attenuation of the surgical stress
response may improve NK cell function [76] and TEA allows a reduction in volatile
anaesthetic concentrations, which have been shown to be immunosuppressive in
their own right [77]. Perhaps local anaesthetic agents have a direct cytotoxic effect
on the cancer cells themselves, mediated via sodium channel blockade as cancer
cells express voltage-gated sodium channels in high concentrations [77], indeed
ropivacaine and lidocaine have been found to be directly cytotoxic to in-vitro breast
cancer cells, and this effect was not seen with bupivacaine [78].

What Data Tell Us

Studies showing a reduction in cancer recurrence have tended to be cohort studies
but the results of randomized studies are less promising. Post-hoc analysis of long-
term cancer survival in the MASTER trial found that the median time to cancer
recurrence was unchanged in patients with TEA, a finding that was supported by a
meta-analysis of cancer outcome studies [79]. A Cochrane review in 2014 [80]
found the evidence to support TEA improving cancer free survival was inadequate,
and retrospective studies specifically examining colorectal cancer have also tended
to find no impact of TEA on cancer recurrence [81]. Observational data from 42,000
patients undergoing surgery for colorectal cancer, in which 22% received epidural
analgesia, found that TEA use was associated with an improved 5-year survival
(hazard ratio, 0.91) but cancer recurrence was not changed [82].

Bottom Line
Whatever the purported mechanism of action, a definitive link between regional
anaesthesia and improved cancer survival has yet to be identified.

Anatomy (See Chap. 2)

The epidural space is found between the ligamentum flavum posteriorly and the
posterior ligament of the vertebral bodies anteriorly, and envelops the spinal cord
wrapped in its dura mater. It runs the length of the vertebral canal, from the foramen
magnum at the skull base down to the hiatus of the sacrum, and its lateral borders
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are formed by the vertebral pedicles. The epidural space is not the empty canal that
we imagine it to be. Nerve roots span the epidural space as they leave the cord and
go on to form terminal nerves. The epidural space contains large amounts of epi-
dural fat and connective tissue. The volume of epidural fat appears to be determined
by body habitus and appears to be non-uniform in distribution, tending to lie in
bands within the epidural space. Within the epidural space lies a rich venous plexus,
known as Bateson’s venous plexus, which drains blood supply from the spinal cord
into the iliac veins, and hemiazygous and azygous veins. Fortunately, this plexus is
found predominantly in the epidural space anterior to the spinal canal, although
veins can still be found in the posterior epidural space and are therefore prone to
injury from the epidural needle or even inadvertent cannulation by the epidural
catheter. The venous system is valveless, meaning that increased pressure in abdom-
inal or thoracic compartments may translate to increased pressure and engorgement
of epidural veins.

The anterior dura has a dense sensory innervation. The posterior dura is also
innervated but more sparingly so than the anterior dura. The spinal periosteum also
receives sensory innervation, though the ligamentum flavum and other spinal liga-
ments are asensate. This is fortunate for the anaesthetist—a midline needle pass that
avoids bony structures should be relatively painless.

Epidural Insertion Technique
Identifying the Epidural Space

‘Loss of resistance’ is a commonly employed method of identifying the epidural
space, and usually uses either saline or air in the syringe. This technique relies
on the needle tip advancing from vertebral ligaments to the epidural space,
whereby the resistance felt on attempting to inject sudden falls as the ligamen-
tum flavum is breached. Insertion technique depends on loss of resistance
medium used: with loss of resistance to air, the syringe plunger is ‘bounced’ as
the needle is inserted, whereas using saline allows the epidural needle to be
advanced through continuous pressure along the syringe plunger, meaning the
needle stops moving once the epidural space is encountered. Although the latter
was the preferred technique in one survey of UK anaesthetists [83] neither tech-
nique seems to be superior in terms of either success or complications [84, 85];
however, one study concluded that the complication rates were lowest when the
clinicians’ ‘preferred technique’ was used, whichever this was, although more
needle passes were required when using loss of resistance to air [86].

The hanging drop technique has also been described: a drop of sterile liquid,
such as saline, is placed on the end of the epidural needle, and when the negative-
pressure epidural space is encountered the drop is sucked into the space and disap-
pears. The popularity of the hanging drop technique has dwindled: in a recent survey
of UK obstetric anaesthetists, only 2% used the hanging drop routinely [87]. This
technique appears to be less reliable for identifying the epidural space [87, 88] and
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the needle placement with the hanging drop technique is deeper than if loss of resis-
tance is used [87, 89]. This, in theory at least, may increase the risk of inadvertent
dural puncture.

Patient Positioning

The way the patient is positioned for epidural insertion affects both the position and
shape of the spinal canal, and the position of the spinal cord within the canal itself.
In the sitting position, the patient’s back tends to be more flexed, therefore opening
the spaces in between the spinous processes and facilitating needle placement [86].
Epidural placement has been found to be faster in the sitting position [90] and is
associated with less difficulty in passing the epidural catheter. The distance to the
epidural space is also shorter in the flexed sitting position, but increases when the
patient moves to a neutral spine position again, for example on lying down. This
means that an epidural catheter that is fixed at the skin may be pulled out of the
epidural space by a short distance when the patient is repositioned following epi-
dural insertion [91]. This may lead to displacement of the epidural catheter if only a
short distance of catheter is placed within the epidural space. The sitting position
also leads to engorgement of the epidural venous plexus, and epidurals placed in the
lateral position appear to have a lower rate of bloody tap or epidural venous can-
nulation than in the sitting position (OR, 0.53; 95% CI, 0.32-0.86) [92]. The hang-
ing drop technique relies on sub-atmospheric pressure within the epidural space,
and pressure within the epidural space is lower in the sitting position than lateral.
The sitting position is therefore the favoured position when using the hanging drop
technique.

Midline Versus Paramedian Approach

The epidural space may either be approached in the midline of the spine, or from a
paramedian approach. The midline approach has the advantages of being an easy
technique to learn, and structures in the midline tend to have minimal sensory inner-
vation meaning it is generally well tolerated by the patient. In a paramedian approach
the needle is inserted 1-2 cm off the midline and directed medially toward the spinal
canal. Once the needle makes contact with the vertebral lamina it is ‘walked’ crani-
ally off the lamina and into the epidural space. In the lower thoracic spine this para-
median approach may be advantageous as the vertebral spinous processes are
angulated steeply downwards and lie close together, which may make the midline
approach technically difficult or even impossible. The paramedian approach aims to
direct the needle around the side of the spinous process and take a more direct route
to the epidural space. This has the advantages of requiring a less steeply angulated
approach to the epidural space, and allowing a larger target window in the ligamen-
tum flavum, therefore this approach is less dependent upon spine flexion and patient
positioning [93]. Additionally, the ligamentum flavum is known to have gaps in the
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midline that may make feedback through the needle subtler during a midline
approach, and the endpoint is therefore less obvious. One study has suggested that
the paramedian approach reduces the incidence of paraesthesia during epidural
insertion, and reduces the risk of dural puncture [94].

Vertebral Level for Insertion

Epidural analgesia produces a segmental block for a number of dermatomes cranio-
caudally either side of the epidural insertion point, therefore the level of epidural
insertion is an important determinant of the final segmental block. If the insertion
point is wrong, then there is a risk that the blocked segment will not encompass the
entire surgical field and the patient will experience pain. Unfortunately, estimation
of vertebral interspaces is difficult and often wrong, especially in those patients
where bony landmarks are difficult to locate, such as the obese. Additionally, the
spread of anaesthetic within the spinal canal tends to vary between patients, mean-
ing that the blocked segment may differ even when the same interspace and same
volume of anaesthetic is used [95]. The direction of local anaesthetic flow varies
with level of epidural insertion, and below the level of high thoracic vertebrae the
spread of injectate is predominantly cranial rather than caudal [96]. See Table 8.1
for levels of insertion by operation type.

Ultrasound-Guided Insertion

The standard means of epidural insertion remains essentially a blind procedure, and
the anaesthetist uses tactile feedback through the Tuohy needle to aid needle
advancement and redirections toward the epidural space. Epidural insertion is not
always straightforward, and factors such as obesity, prior back surgery and spinal
conditions such as kyphoscoliosis and ankylosing spondylitis can make epidural
insertion considerably more difficult. Ultrasound (US) has found favour recently for
aiding epidural insertion, and the structures that can be identified on ultrasonic
examination of the spine can be seen in Figs. 8.1 and 8.2. A pre-procedural ‘scout-
ing scan’ can give vital information to assist the anaesthetist: a transverse scan of
the spinal column is useful in identifying spinous processes and the midline, and
may give some hint to the degree of vertebral rotation in the scoliotic spine
(Table 8.2). A longitudinal scan in a paramedian approach can view the vertebral
laminae in successive segments, and on occasion the ligamentum flavum and dura
mater are visible as separate entities thus allowing the epidural space itself to be
visualised. This longitudinal scan is useful for estimating the vertebral level and
distance to the ligamentum flavum (although this doesn’t correlate well with needle
length because the soft tissues are compressed with the US probe, and the needle
may take a less perpendicular approach toward the spine). US can also be used to
locate a sonographic ‘window’ to confirm that epidural placement is possible at that
level. The insertion point can then be marked, and the Tuohy needle inserted along
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Table 8.1 Levels of insertion by operation type

Level of epidural

Type of surgery Examples insertion
Upper abdominal surgery Hepatic resection T4-6
Gastrectomy
Abdominal surgery through midline Small bowel resection T6-9
incision Right hemicolectomy
Laparotomy
Lower abdominal surgery Anterior resection T9-T12
Abdomino-perineal
resection

-~ -
L4 lamina L5 lamina

Epidural space
Dura mater

Spinal canal

Posterior border of vertebral body

Fig. 8.1 Longitudinal paramedian ultrasound scan of vertebral canal. (1) Sacrum. (2) L5 lamina.
(3) L4 lamina. (4) Dura mater. (5) Epidural space. (6) Spinal canal. (7) Posterior border of vertebral
body

the same angle as the US probe/beam. A systematic review of studies comparing
ultrasound guided epidural insertion to traditional techniques concluded that ultra-
sound guidance reduced the number of failed procedures (risk ratio, 0.23; 95% CI,
0.09-0.60), traumatic procedures (risk ratio, 0.27; 95% CI, 0.11-0.67) and number
of insertion attempts (mean difference —0.44 (—0.64 to —0.24)) [97].
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Interspinous ligament

Articular processiof facet
r . nsverse
process

Ligamentum flavum

Spinal canal

Vertebral body

Fig. 8.2 Transverse ultrasound scan of vertebral canal at L.3/4 interspace. (1) Interspinous liga-
ment. (2) Articular process of facet. (3) Transverse process. (4) Ligamentum flavum. (5) Spinal
canal. (6) Vertebral body

Ultrasound has also been used for real-time visualised epidural insertion.
However, it is technically difficult: the angle of needle insertion is steep meaning
the needle is not well visualised, and needle placement may be hindered by the size
of the ultrasound probe face. With the currently available technology, this technique
of visualised needle insertion is difficult to recommend for routine use.

Epidural Drugs

Local anaesthetic (LA) agents provide the mainstay of the analgesic benefit from
epidurals, and during the early years of post-operative epidural analgesia, the use of
local anaesthetics alone was common. Increasing concentration, and thus dose, of
LA leads to motor block in a dose-dependent manner and dose finding studies have
suggested the optimal balance of analgesia to motor block occurs with 0.2% ropiva-
caine [98]. When LA solutions are used in isolation, high doses are required to
optimise analgesia, and this increases the incidence of hypotension. However plain
LA infusions may be desirable under circumstances where opioids are to be avoided,
such as uncontrolled obstructive sleep apnoea or severe vomiting [99].
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Table 8.2 Information derived from pre-procedural ultrasound scan of vertebral column

Transverse scan Longitudinal scan

Localisation of midline Level of vertebral interspaces

Estimation of depth of spinal canal Estimation of depth of spinal canal
Estimation of placement and angle of needle Estimation of placement and angle of needle
required when midline insertion technique is required when paramedian technique is used
used

Degree and direction of vertebral rotation in

the scoliotic spine

The addition of opioids to the LA improves the quality of analgesia [100, 101]
although dose related side effects occur according the opioid used. This improve-
ment in analgesia allows a reduction in the dose of LA used, which in turn may
reduce motor block and hypotension. Lipophilic opioids, such as fentanyl, are
taken up into epidural fat, and therefore remain in the epidural space for a longer
period than hydrophilic opioids [102]. Hydrophilic opioids, such as morphine,
readily diffuse across the dura and into the CSF. This increases the risk of respira-
tory depression, which may follow a biphasic pattern. The first peak is seen
30-90 min post injection and probably relates to systemic absorption. The second
peak is seen 6-18 h later and relates to rostral spread of opioid within the CSF
[103]. Opioids appear to treat pain more effectively and may cause less respiratory
depression when the same dose is given via the epidural route, compared to the
intravenous route [104]. Opioids themselves appear to be largely equally effective
in terms of analgesia when compared to each other, however morphine appears to
cause more nausea than fentanyl [105]. The use of epidural opioids alone has the
advantage of reducing epidural related hypotension. However epidural opioids
alone are much less effective than opioid/local anaesthetic combinations, espe-
cially for dynamic pain [9].

Clinicians have theorized that intermittent bolusing of an epidural may allow
better spread of injectate within the epidural space and therefore provide more con-
sistent analgesia. Patient-controlled intermittent bolus epidural analgesia (PCEA)
has been popularized in obstetric anaesthesia as it allows less motor blockade and
lower risk of instrumented delivery [106]. This use of PCEA has now transferred to
peri-operative care, although comparison of PCEA to continuous epidural infusion
has not well been studied in surgical patients. One meta-analysis suggested that in
fact PCEA was associated with worse analgesia than continuous epidural infusion
[10] possibly because patients using PCEA commonly use less LA [107]. Whether
this reduced dose of LA translates into less hypotension is not known.

Epidural Failure
Why epidurals fail is the subject of many excellent review papers [86, 108] and the

causes are listed in Table 8.3. Epidural failure is not well defined, though studies
often define failure as severe pain necessitating further analgesic interventions, loss
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or removal or replacement of the epidural catheter, or cessation of epidural infusion
earlier than the intended duration. The latter definition has the advantage over the
former that it includes intended epidural cessation because of side effects such as
hypotension or motor block.

Primary epidural failure refers to the epidural that has never worked, and is due
to either misplacement of the epidural catheter into pleural or intravascular spaces,
or a catheter which exits the epidural space through an intervertebral foramen.
Additionally, synechiae and fat depositions exist within the epidural space which
may impede spread of LA and therefore lead to a patchy block [109]. Secondary
epidural failure refers to an epidural which worked following insertion and then
failed some time later, and is commonly due to insufficient LA or catheter migra-
tion. One of the commonest causes of secondary epidural failure appears to be inad-
vertent removal of the epidural catheter [110], the next most common cause
appearing to be migration of the epidural catheter out of the epidural space.
Interestingly, in one study, 9 of 20 patients who suffered epidural failure had normal
symmetrical spread of radiological contrast within the epidural space [110]. When
an epidural catheter is fixed at the skin and the patient moves or changes position,
the patient’s skin and subcutaneous tissue is moved relative to the vertebral column
underneath, and therefore the catheter migrates slowly out of the space, and an epi-
dural catheter may be displaced by a considerable distance just through this action
[86]. Leaving an adequate length of epidural catheter within the epidural space can
mimimize this risk of natural catheter migration. The epidural must not be inserted
so far that a unilateral block ensues, although withdrawing the epidural catheter a
short distance can rectify a unilateral block whereas a catheter that has migrated out
of the epidural space must be replaced. A catheter length of 5 cm within the epidural

Table 8.3 Contraindications to epidural insertion

Examples
Absolute contraindications
Patient refusal
Allergy to local anaesthetics Urticaria with bupivacaine
Uncontrolled coagulopathy Disseminated intravascular coagulation
Uncontrolled systemic sepsis Peritonitis with sepsis
Infection at the site of insertion Local cellulitis
Relative contraindications
Fixed cardiac output states Severe aortic stenosis
Mild derangement of coagulation INR 1.5-2.0

Platelet count 80—100
Anatomical abnormality Severe kyphoscoliosis

Ankylosing spondylitis
Previous spinal surgery at the level of insertion Laminectomy

Correction of scoliosis
Raised intracranial pressure Cerebral oedema
Hypovolaemia
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space has been suggested as adequate [86, 111] and is the author’s current
practice.

Many studies suggest a failure rate of 10-20%, and some as high as 30-40% [16,
86]. In the MASTER study, only 225 patients out of 447 randomized to receive
epidural analgesia actually received epidural analgesia for the intended duration,
and an observational study of 1286 patients undergoing Caesarean section under
epidural anaesthesia found an overall epidural failure rate of 24% [112]. This failure
rate has significant implications. The epidural provides the mainstay of the post-
operative analgesia. Any delay between the epidural failing and actions to rectify
this may result in the patient experiencing severe pain and then much of the benefits
of TEA, which are thought to derive from good quality analgesia and opioid sparing
as well as from sympathetic block, are lost. Consequently, epidural failure has been
associated with an increase in peri-operative complications—both nonsurgical and
at the operative site [113] (Table 8.4).

Timely management of the failed epidural is critical. They should be managed
aggressively in order to minimize the duration of severe pain and the amount of
systemic opioids. This may require boluses of local anaesthetic with or without
adjunct epidural analgesics, or catheter manipulation followed by further epidural
boluses. Replacement of failed epidurals may significantly improve overall analge-
sic control [114] but this may be complicated by other factors such as timing of
administration of anticoagulants for VTE prophylaxis. Clearly this management is
time and resource consuming, and a specialist acute pain service can provide the
dedicated input required to maximize the analgesic benefit from epidural
infusions.

Safety

A meta-analysis of ERAS trials found no difference between TEA and PCA in com-
posite complication rates [58] and an observational study of nearly 28,000 patients
found no difference in complication rates for laparoscopic surgery [5]. However uri-
nary retention and hypotension are common with epidural analgesia. Urinary reten-
tion is more common with epidural analgesia than other forms of pain relief [10] and
it is generally considered best practice to retain a urinary catheter for the duration of
the epidural infusion. The vasoplegia that results from TEA leads to hypotension
(OR, 13.5; 95% CI, 4.0-57.7) [11], and virtually all studies to date indicate that the
risk of hypotension is greater with TEA than with systemic opioids and any of the
truncal blocks. This, in theory, risks myocardial ischaemia and splanchic hypoperfu-
sion. However, hypotension related to epidurals is easily treatable with vasopressors,
so TEA-related hypotension should never translate to anastomotic failure or myocar-
dial ischaemia. Unfortunately, this results in many patients with TEA requiring addi-
tional days in higher care areas solely due to their dependency on vasopressor
infusions. Epidural infusions that include opioids lead to an increased risk of pruritis
[10, 41], which is even greater than from systemic opioids, with NNH 21 (95% CI
13-53) [41]. It is easy to dismiss pruritus; however, this symptom can be very
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Table 8.4 Peri-operative epidural management

For surgery

Insert the epidural at the appropriate level for the operation, leaving at least 4 cm
catheter in the epidural space

A test dose of 3—5 ml 2% lidocaine with adrenaline may help to differentiate epidural
catheter placement from inadvertent intrathecal or intravascular placement

Establish a block prior to induction of anaesthesia using 5 ml aliquots of 0.25%. This
allows assessment that the epidural is functioning correctly prior to surgery

During surgery, further local anaesthetic may be required and should be titrated to
anticipated pain and cardiovascular indices

Epidural opioid improves post-operative pain control and should be used unless
contraindication exists. Suggestions include fentanyl 50-100 pg or diamorphine 3 mg
given as a bolus near the start of surgery

After surgery

The patient should be nursed in an environment where the appropriate nursing and
medical input is at hand. The patient should have easy access to vasopressors and
expertise in fluid management. Some units require patients with epidurals to be managed
in a high-dependency or critical care environment whereas other units have wards with
increased staffing

Regular nursing observations should include pain score and level of motor block, and
monitoring for respiratory depression. A pain score (0-10) of >3 on movement or
coughing should be addressed and treated promptly. Motor block out of keeping with
epidural insertion level and dose of anaesthetic may signify spinal cord ischaemia and
should prompt immediate action

Maintain the epidural block with an infusion of local anaesthetic with opioid. The local
anaesthetic solution should be of low concentration to minimise the risk of motor block
and hypotension. The author uses 0.1% levobupivacaine +2 pg/ml fentanyl, though
ropivacaine, sufentanyl, and hydromorphone are all appropriate choices

The epidural solution may be given either by infusion (CEI) or by patient controlled
epidural boluses (PCEA). Appropriate starting rates would be 6 ml/h by infusion or
patient controlled boluses of 8 ml at 30 min lock-out with 4 ml/h background infusion

The patient with an epidural should be managed after surgery by an Acute Pain Service,
and the patient should ideally be reviewed at least every 12 h whilst the epidural is
running. These reviews should focus on the adequacy of analgesia balanced against
complications, and can troubleshoot the epidural if necessary. The Acute Pain Service
can also assist with stepping down the epidural onto systemic opioids

Hypotension should be managed promptly. Intravenous fluid boluses should be given
until hypovolaemia is no longer suspected, and goal-directed fluid therapy may assist
with this. If hypotension persists then an infusion of vasoconstrictor may be required to
maintain an adequate MAP. It is essential to avoid excess fluid, and it is a common pitfall
to try to treat hypotension related to epidurals with IVFE. Avoid reducing the epidural
infusion rate unless the block is extensive or denser than clinically warranted as this may
lead to worsening of pain control

The patient should be able to cooperate with physiotherapy and rehabilitation with a
working epidural, and this should be actively encouraged. For example patients may be
hoisted into a chair for periods of time during the day. Motor blockade in the legs is
minimal when a high thoracic epidural is used, which may allow active mobilisation of
the patient. This is advantageous in reducing the risks of venous thrombosis and
improving post-operative respiratory function, and is seen as a recovery goal of many
ERPs

(continued)
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Table 8.4 (continued)

e The epidural infusion should be continued until the morning of post-operative day 3,
although the infusion can be continued for longer if the patient has severe
cardiorespiratory disease or is at high risk of ileus

* After this the epidural can be discontinued, and either oral analgesia or systemic opioids
(such as intravenous PCA or transdermal opioid patches) can be used in its place
depending on whether normal gut function has resumed

distressing for patients, and has the same impact on quality of life as pain [115]. Treat
the pruritus by reducing, or removing, the opioid from the epidural local anaesthetic
solution, or by using small doses of a mu antagonist such as naloxone.

Neuraxial Complications

Even though the risk of permanent harm is small neuraxial complications associated
with epidurals can have a catastrophic effect on the patient’s quality of life. This is
of particular relevance when epidurals are considered for low risk patients in whom
there is unlikely to be any outcome benefit.

The NAP3 project [116] assessed the outcomes of over 707,000 neuraxial proce-
dures, of which 98,000 were peri-operative epidurals. Although the incidence of
harm was higher in the peri-operative group (27 cases, of which 16 suffered perma-
nent injury) than in any other, the incidence of harm was low. This accounted for
80% of all complications in less than half of all neuraxial procedures (see Table 8.5).
The outcomes for patients who developed an epidural haematoma or spinal cord
ischaemia were poor (only one in ten made a full recovery) and diagnosis was often
delayed. Seven out of eight patients who developed a vertebral column haematoma
had received drugs which interfered with blood clotting around either the time of the
insertion of epidural, or at the time of the removal of the epidural catheter; most
cases occurring in elderly patients undergoing high risk surgery. Patients should be
monitored closely for the classic signs of back pain and neurological deficits in the
legs, including leg weakness out of proportion to the epidural infusion. These signs
should prompt urgent imaging and decompression of the haematoma. Most patients
will receive chemoprophylaxis for prevention of venous thrombosis after surgery,
and here timing of administration is critical around both insertion of epidural and
removal of epidural catheter to reduce the risk of epidural haematoma. Horlocker
and colleagues [117] have published guidance on the safe performance of neuraxial
anaesthesia in patients taking anticoagulant drugs (see Table 8.6).

The formation of an epidural abscess is associated with either a source of infec-
tion or a disordered immune response. In the NAP3 audit [116], presenting features
of vertebral canal abscesses were vague, with only 9 of 17 patients complaining of
back pain, and only nine showing features of infection. Also striking was that in
many cases presentation was delayed, with more than half presenting later than
7 days from epidural insertion. Staphylococcus aureus was the commonest infective
organism.
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Table 8.5 Causes of Causes of primary epidural failure
epidural failure: primary Pharmacological
epidural failure —epidural Inadequate mass (volume or concentration) of local anaesthetic
does not work from the
. agent
outset. Secondary epidural "
failure: working block Technical
initially, followed by Catheter inserted at inappropriate vertebral level for surgical site

subsequent epidural failure ~ Catheter inserted but not in epidural space

Catheter migration through intervertebral foramen

Catheter placed in epidural vein
Catheter inserted too far into epidural space (>5 cm)
Anatomical

Failure to site epidural

Epidural synechiae preventing spread of local anaesthetic

Causes of secondary epidural failure
Inadequate mass/infusion rate of local anaesthetic
Catheter migration out of epidural space

Failure or disconnection of infusion device

Anastomotic Leak

The use of TEA for colonic surgery has been controversial due to concerns regard-
ing anastomotic leakage. TEA may result in a reduction in splanchnic vascular
resistance and therefore improve blood flow, due to sympathetic blockade (T5-T11)
of the gut supply, as well as beneficial effects on the gut microcirculation [118].
However, the increase in peristalsis resulting from the unopposed parasympathetic
tone has led to concerns that this may lead to the much-feared complication of anas-
tomotic breakdown. Additionally, splanchnic blood flow is pressure dependent
rather than flow dependent; TEA is strongly associated with post-operative hypo-
tension, and this hypotension leads to a fall in colonic blood flow. This reduction in
perfusion is not improved with intravenous fluids, and vasopressors may be required
for restoration of flow [119]. Despite these potential risks studies to date have either
shown no association between TEA and anastomotic leak [11, 41, 120] or have in
fact shown a reduction in anastomotic leak.

Epidurals and their Role in Enhanced Recovery Pathways

Enhanced Recovery After Surgery (ERAS) combines multiple strategies into a
pathway aimed at improving recovery after surgery and reducing complications.
This results in an earlier discharge from hospital than traditional surgical models.
This early discharge poses a problem for clinicians wishing to use TEA as older
trials aimed to continue epidural infusions for 72 h post-operatively [16]. However,
within an ERAS pathway, patients can be expected to mobilize much earlier than
this, and on many units patient will have been discharged by 72 h following surgery
[121-123]. Clearly extending an epidural infusion in this patient group for 72 h
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Table 8.6 Recommendations for performance of neuraxial anaesthesia in anticoagulated patients

Drug

Recommendation

Warfarin

Discontinue chronic warfarin therapy 45 days before spinal procedure and
evaluate INR. INR should be within the normal range at the time of
procedure to ensure adequate levels of all vitamin K-dependent factors.
After operation, daily INR assessment with catheter removal occurring with
INR, 1.5

Antiplatelet
medications

No contraindications with aspirin or other NSAIDs. Thienopyridine
derivatives (clopidogrel and prasugrel) should be discontinued clopidogrel
5-7 days, prasugreal 7 days, and ticlopidine 14 days before procedure. GP
IIb/I1Ia inhibitors should be discontinued to allow recovery of platelet
function before procedure (8 h for tirofiban and eptifibatide, 2448 h for
abciximab)

Thrombolytics/
fibrinolytics

There are no available data to suggest a safe interval between procedure and
initiation or discontinuation of these medications. Follow fibrinogen level
and observe for signs of neural compression

LMWH

Delay procedure at least 12 h from the last dose of thromboprophylaxis
LMWH dose. For ‘treatment’ dosing of LMWH, at least 24 h should elapse
before procedure. LMWH should not be administered within 24 h after the
procedure. Indwelling epidural catheters should be maintained only with
once daily dosing of LMWH and strict avoidance of additional haemostasis
altering medications, including NSAIDs

Unfractionated
s.c. heparin

There are no contraindications to a neuraxial procedure if total daily dose is
<10,000 units. For higher dosing regimens, increase neurological
monitoring and cautiously co-administer antiplatelet medications

Unfractionated
i.v. heparin

Delay needle/catheter placement 2—4 h after last dose, document normal
aPTT. Heparin may be restarted 1 h after procedure. Sustained

heparinization with an indwelling neuraxial catheter associated with
increased risk; monitor neurological status aggressively

Dabigatran Discontinue 7 days before procedure; for shorter time periods, document
normal TT. First post-operative dose 24 h after needle placement and 6 h

post-catheter removal (whichever is later)
Data from Horlocker et al. [117]

will delay discharge. However, if the infusion duration is reduced many of the
other benefits of TEA such as bowel recovery and attenuation of the surgical stress
response may be realized.

Borzellini et al. [124] published a meta-analysis of studies examining outcomes
in patients undergoing laparoscopy surgery on an ERP, and found that patients
receiving TEA stayed in hospital a day longer than those who received less invasive
analgesic techniques (WMD, 1.07 d; 95% CI, 0.06-2.08), and the rates of complica-
tions and hospital readmissions were unchanged.

Hughes meta-analysis of studies including patients undergoing open surgery on
an ERAS pathway found that epidurals did not shorten LOS. One observational
study of 231 patients undergoing open colorectal surgery on an ERP found than
epidurals were associated with prolonged LOS, but also found that patients that had
an epidural infusion for <24 h post-operatively were more likely to go have a shorter
LOS than those whose epidurals were run for longer than 48 h [123] and an epidural
infusion run for 2 days after hepatectomy allowed a shorter LOS than infusions run
for 4 days [122].
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What does this mean for clinicians designing peri-operative pathways for abdom-
inal surgery? It is likely that for most patients undergoing laparoscopic surgery, the
disadvantages of TEA outweigh the benefits, and outside of special circumstances,
other modalities of effective analgesia that allow earlier rehabilitation should be
sought. In patients undergoing open surgery it appears that TEA may have some
benefits, chiefly analgesia and enhancing return of bowel function, and may have
respiratory and cardiac benefits in the right patients. Which patient groups will ben-
efit is still a matter of debate, although healthy patients undergoing uncomplicated
open surgery on an ERP may well be ideally managed with multimodal analgesia
including less invasive trunk blocks or intravenous lidocaine. In more complex
patients and surgery, TEA may be beneficial but must be used in such a way that
allows early mobilization and physiotherapy, and must involve acute pain teams
who can troubleshoot and manage the patient’s pain where necessary. Running the
epidural for 48-72 h is probably ideal—any shorter means the patient is unlikely to
see the intended outcome benefit, and routinely running epidurals for longer will
undoubtedly prolong hospital stay.

Conclusion

Although the role of TEA in laparoscopic surgery is unclear, it remains the single
most effective modality of analgesia for open abdominal surgery, and reduces the
time to return of bowel function. It may also limit post-operative morbidity and
possibly mortality in the right patients. The recent popularity of ERAS has led to
the development of standardized anaesthetic pathways, where the focus has been
to standardise the analgesic regimen so that every patient receives the same anal-
gesia for every operation subtype. However, there is a great deal of difference
between a healthy 50-year-old patient undergoing a laparoscopic right hemi-
colectomy, where an epidural may slow down mobilisation, and an elderly
patient with multiple co-morbidities undergoing an open anterior resection of the
rectum, where an epidural may have tangible benefits. Additionally, there are
patient-specific or surgery-specific factors which may make TEA an ideal option
for analgesia, such as the patient with chronic pain or opioid intolerance, or
patients undergoing painful procedures such as oesophagogastrectomy. We now
have many analgesic modalities at our fingertips, and the indications for each
will be different, depending on the patient and the operation. In a peri-operative
pathway, our goal should be for excellent analgesia while avoiding high dose
systemic opiates, rather than the blanket use of a single analgesic technique.
Epidural analgesia still has a role in post-operative analgesia, with the proviso of
appropriate patient selection and epidural management.
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Truncal Blocks: Thoracic Paravertebral 9
Blocks

Kevin King

Key Points

1. Paravertebral blocks have regained popularity due to the increased safety of
ultrasound assisted or live-time needle guided paravertebral blockade with or
without catheter placement.

2. Efficacious for both thoraco-abdominal and abdominal surgery, and may have
the same potency as thoracic epidural analgesia with greater haemodynamic
stability.

3. It can be unilaterally or bilaterally inserted; single-shot or continuously adminis-
tered. Bilateral continuous blocks are required for open abdominal surgery.

4. Pneumothoax and potential vascular injury are the most serious potential
complications.

5. Limiting catheter insertion to less than 3 cm within the paravertebral space
reduces misplacement.

Introduction and Historical Perspective

The history of regional and neuraxial anaesthesia is characterized by the search for
the safest and most effective methods to relieve pain during and after surgical proce-
dures. As a regional and paraneuraxial technique, paravertebral blockade (PVB) has,
for over 110 years since its initial description, gone through cycles of frequent use
and obscurity depending on the perceived balance of risk and benefit. The initial and
subsequent descriptions of PVB for surgical anaesthesia of the thoraco-abdominal
region have been revisited recently in peer-reviewed journals and well-known trade
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journals [1-3]. PVB was first described in the early part of the twentieth century
primarily as surgical anaesthetic while needle and syringe technology was in its
infancy. PVB was utilized due to its relative safety (hemodynamic stability and less
narcosis) compared to spinal and general anesthesia in those years which predated
advanced monitoring, resuscitation by intravenous (IV) fluid therapy and safe
human-to-human transfusion, the latter of which was developed during World War
I. Plastic over-the-needle IV catheters, without which our practices of medicine
would be very different, were not introduced until the 1950s [4]. As increased moni-
toring and airway instrumentation capabilities made spinal and general anesthesia
safer, the likely perception was that risks associated with PVB for surgical anesthesia
were unnecessary, leading to decreased utilization of the technique.

One of the early mid-twentieth century practitioners of PVB for abdominal surgery
recognized both the risks and the broad utility of PVB; “if a true paravertebral block is
performed in the manner originally suggested by Sellheim in 1905 and perfected by
Labat (1922) then the rami communicantes and the sympathetic nerves are blocked as
well as the intercostal nerves” [4]. He realized the risks of injecting relatively high vol-
umes, unwittingly, into the “prolongations of the subarachnoid space” when the needle
insertion point was medial and close to the vertebral body. Indeed, PVB was regarded as
requiring a significant amount of skill. In order to avoid the risk of a high spinal block-
ade, as well as the alternative of general anesthesia, in high-risk patients presenting with
an acute abdomen, he advised a modified multiple-injection technique. This consisted of
bilateral injections of ribs six through twelve, 6 cm from the midline (intercostal) instead
of a more medial PVB location [5]. Interestingly, he advocated 8 ml of local anaesthetic
(LA) (1% Novocaine with adrenaline) at each level along with a 3040 ml splanchnic
block bilaterally, using up to 200 ml in total. This technique likely traded the risk of high
dose intrathecal injection (leading to high/total spinal anesthesia) for the risk of LA
systemic toxicity (LAST), which was not well recognized until the 1970s.

Due to the increased safety of modern general anesthesia, the purpose of per-
forming PVB has largely shifted from surgical anesthesia to post-operative analge-
sia. When Eason and Wyatt reintroduced thoracic PVB into medical literature after
decades of barely being mentioned, they presented case reports of continuous and
single-shot use primarily as a modality for post-operative analgesia and post-
traumatic analgesia (rib fractures) [6]. Though risk cannot be eliminated, the high
level of training and the medical advances of the twenty-first century should lead to
consideration of PVB as a relatively safe and extremely effective modality to relieve
post-operative pain [7-11].

Evidence for Efficacy
Abdominal Surgery
Although the majority of recent literature on PVB focuses on thoracic surgery and

comparisons to epidural analgesia, there is some evidence for PVB in abdominal
surgery. When this is considered within the context of the total body of scientific
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knowledge on the topic, it is a reasonable conclusion that PVB is advantageous for
all types surgery from the apex of the thoracic cage to the pelvic floor. Of additional
interest in historic literature, PVB was even used to relieve chronic angina pectoris
and to reverse ischemic electrocardiographic changes in a time that predated our
current era of percutaneous coronary interventions [12]. Indeed, the reduction in
sympatholytic activity that in turn decreased myocardial strain in the previously
mentioned case exemplifies the breadth of the utility of paravertebral LA injection.

Recently, PVB has been validated as a safe and effective analgesic for abdomi-
noplasty, hepatectomy, hepatic radiofrequency ablation (RFA), gynaecological sur-
gery and urological surgery. Bilateral thoracic PVB has been described in a case
series as an excellent post-operative analgesic modality for in-patient and out-
patient abdominoplasty procedures, wherein no patients experienced PONV and
none required post-operative opioid administration [13]. Pre-operatively placed,
right unilateral single shot thoracic PVB at T6-10 have proven to be effective for
anaesthesia and post-operative analgesia for patients undergoing percutaneous RFA
[14]. PVB performed at T10 level has also been compared to transversus abdominis
plane (TAP) block recently and found to be marginally superior for analgesia fol-
lowing midline laparotomy for gynaecological cancer [15]. While single shot PVB
are useful for less invasive surgeries such as RFA, patients undergoing more inva-
sive surgeries like right-lobe hepatectomy, which involve a subcostal incision, will
benefit from better pain control with a continuous PVB technique [16].

Oesophagectomy

Perhaps the most difficult post-operative recovery of all abdominal or thoraco-abdominal
surgeries is that following Ivor-Lewis Oesophagectomy (ILO) due to the thoracic and
abdominal incisions. ILO is a debilitating open surgical approach for oesophagectomy
but is slowly becoming less common due to the emergence of minimally invasive
oesophagectomy (MIO). Length of stay (LOS) for ILO patients was shortened from 13
to 10 days in an enhanced recovery after surgery (ERAS) clinical pathway, which uti-
lized PVB as the cornerstone of the multi-modal acute pain regimen [17].

Though, MIO does not involve the invasiveness of a large open technique, includ-
ing extensive cutting of respiratory/abdominal muscle, it is the combination of a
video-assisted thoracic surgery with the addition of abdominal laparoscopy. VATS
is typically performed on the right side, and a right-sided chest tube is left in place
for several days after surgery. Another name for one of the MIO approaches in sur-
gical literature is combined thoracoscopic-laparoscopic oesophagectomy (TLO).
Recently, it was found that even single shot PVB performed pre-operatively had a
significant beneficial effect during and after surgery. Specifically, less opioid was
administered intra-operatively and post-operative patient-controlled analgesia
(PCA) demands were reduced. Also, patient reported pain scores were lower, and
post-operative pulmonary function tests were better when measured at the third
post-operative day. Additionally, patients undergoing TLO who received PVB had
earlier hospital discharge [18].
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Anatomy

That anatomical target for PVB and also catheter placement is the small triangular-
shaped PVS (Figs. 9.1 and 9.2). The PVS in the thoracic region is contiguous
between vertebral levels and is bounded posteriorly by the anterior surface of the
transverse processes, rib head and neck, and the superior costo-transverse ligaments
and innermost intercostal membrane complex. The antero-lateral border is the pari-
etal pleura, and the medial boundary contacts the lateral intervertebral neuroforam-
ina, intervertebral discs, and the vertebral bodies. The anatomic contents of the
paravertebral space (PVS) consist of loose adipose and connective tissue, including
the endothoracic fascia, which divides the PVS into an anterior and posterior com-
partment. The anterior compartment of the PVS communicates with the preverte-
bral fascia and prevertebral space [10]. At the neuroforamen, the dorsal and ventral
rami combine to form each spinal nerve entering the PVS. The spinal nerve
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Needle

Superior Costo-Transverse Ligaments

Fig. 9.2 Typical sonographic image when orienting the curvilinear probe in a parasaggital plane
(parallel to the longitudinal axis of the spinal column). This image can be obtained with patient
positioned in either the classic sitting pisition or the lateral recumbent position

immediately branches into somatic nerves and sympathetic nerves, and it is this
anatomic fact that accounts for the higher quality blockade with PVB compared to
intercostal block (ICB). However, many experts believe that the superior analgesic
quality of PVB is due, at least partially, to segmental epidural spread through inter-
vertebral foramina, which has been shown in cadaveric dye studies to occur in as
much as 40% of injections with volumes of 20 ml (single injections) and even dual
injections of 10 ml [11]. Additionally PVB catheter tips may be located in either the
epidural space, the PVS or the intercostal space.

Ultrasound-Guided Paravertebral Block Techniques

Assess the following factors in order to determine the optimal USG PVB technique
(Fig. 9.2) to employ:

1. Determine the type of PVB: single shot versus continuous and unilateral versus
bilateral.

2. Optimize patient positioning: sitting, lateral decubitus or prone (Figs. 9.3, 9.4,
9.5, and 9.6).
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Fig. 9.3 (a) Classic sitting position with parasaggital probe orientation. (b) Needle cephalic to
probe approach and Probe midline guide used to ensure a needle in-plane approach. (¢) Needle
caudad to Probe with parasaggital orientation
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‘AR

Fig. 9.4 (a) Lateral patient positioning with a parasaggital probe orientation. (b) Typical sono-
graphic image when orienting the curvilinear probe in a parasaggital plane (parallel to the longitu-
dinal axis of the spinal column). This image can be obtained with patient in the classical sitting
position or in the lateral recumbent position

PARASPINAL M.

ICM

PLEURA

Fig. 9.5 (a) Lateral patient positioning (a common PVB position for ipsilateral rib fractures,
unilateral surgery e.g. inguinal herniorrhaphy, or for post-operative PVB). (b) Correlating sono-
graphic image of the PVS using a horizontal probe orientation

3. Perform a pre-procedural scan to determine optimum probe position: parasagit-
tal (parallel to spine, see Figs. 9.2, 9.3, and 9.4), horizontal/transverse (perpen-
dicular to spine, see Fig. 9.5) or oblique/diagonal.

4. Choose Live-time needle USG versus Ultrasound Assisted [UA] method (see
below).
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Fig. 9.6 Prone patient
positioning for PVB (may
reduce the frequency of
vagal induced hypotensive
episodes during block
performance)

5. In-plane (long-axis, see Fig. 9.3) versus Out of plane (short axis) for live-time nee-
dle guidance. (Note: Most fellowships and the American Society of Regional
Anesthesia recommends using In-plane live time guidance whenever possible [19].)

The decision whether to administer a single shot or a continuous technique
should be based on the patient’s analgesic needs and the invasiveness of the surgery
as well as whether bilateral PVBs will be necessary. Typically, bilateral blocks are
advised for abdominal surgery, and unilateral blocks are advised for thoracotomy,
VATS, and the treatment of pain secondary to unilateral rib fractures.

The decisions about these factors will then influence the position in which the
patient is placed for optimal comfort, stability, and ease of performance of the
procedure.

Pre-procedural US scanning of the relevant bony anatomy and soft tissues near
the target PVS(s) is recommended prior to creating the aseptic field. This aids deter-
mination of the best needle trajectory. For example, scanning may reveal the trans-
verse processes to be relatively close as is common in children and small stature
adults. Generally the upper and mid-thoracic intervertebral spaces and inter-
transverse spaces are smaller than in the lower thoracic and lumbar levels as those
lower, weight-bearing vertebrae, are subsequently larger in the caudal direction. In
smaller patients and in the upper or mid-thoracic spaces, the horizontal probe orien-
tation and in-plane needle advancement can usually be performed with less techni-
cal difficulty than a parasagittal approach.
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Although parasagittal and horizontal probe positions are the most often utilized,
other modifications have been developed which enable the placement of the needle
tip and thereby, the catheter, into the PVS. Regional anaesthetists often place the
target PVS in the middle of the viewing screen and attempt to approach the PVS
with an in-plane technique using a low angle of insonation (<35°). One recently
published modification of the parasagittal probe placement technique is to move
the probe caudad so that the inferior transverse process (TP) moves out of the US
image thus no longer presenting an obstruction to the needle path. By moving the
probe caudally the target PVS moves closer to the needle-insertion side of the
viewing screen. This overcomes what is called the “double fulcrum” effect often
noted in the USG parasagittal approach. Transducer pressure is used to upwardly
deflect the needle tip when the needle is passing over a TP. The TP creates the
second fulcrum [20].

The benefit of such parasagittal probe positions is that the needle is not directed
medially toward the neuraxial structures and should thereby reduce the risk of epi-
dural spread of injectate, epidural hematoma, and cord injury. However, when the
optimal techniques are not working, a slight oblique position of the probe or an out-
of-plane technique may also move an obstructing bony structure out of the needle
trajectory.

Out-of-plane techniques have been described and may also be safe in skilled
hands. Such techniques have been studied in cadavers and have shown to reliably
deposit local anesthetic in the PVS, as long as the needle tip is advanced deep to the
articular processes near the intervertebral foramen and the antero-medial surface of
the parietal pleura [21].

An oblique probe positioning with in-plane needle insertion at the caudal end of
the probe introduces a slight medial needle direction, but it accomplishes two tasks;
it avoids the bony obstruction on the inferior end of the viewing screen and it keeps
the targeted PVS at the mid-superior end of the screen, thus allowing continuous
in-plane needle advancement with the desired low angle of insonation. To obtain
this view, first visualize the PVS using a parasagittal probe position with a planned
needle insertion site inferior to the probe (Fig. 9.3c). Afterward, the operator rotates
the caudal end of the probe counter-clockwise, keeping the superior end of the
probe at a fixed point in order to move the inferior TP out of the needle trajectory.

The UA technique enhances the ability of the physician to determine the underly-
ing anatomical characteristics prior to needle insertion so that fewer needle passes
or re-directions are necessary to enter the PVS. A possible advantage is that it may
aid the physician in the performance of a PVB by allowing direction of the needle
with two hands instead of one. The proceduralist can focus on needle advancement
and controlling the depth of insertion using both hands while focusing on the
patient’s back instead of the ultrasound image. The pre-procedural scanning process
allows the determination of skin-to-target depths for the TP, the costo-transverse
ligament (CTL), and the parietal and visceral pleura so that close attention can be
paid to the depth markings on the needle as the needle is inferiorly “walked off” the
transverse process and advanced a predetermined distance (Figs. 9.3 and 9.4).
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The approximate vertebral level is chosen and marked on the skin by the physi-
cian based upon the surgeon’s planned or reported approach to the abdomen and/or
thorax. The ultrasound can be used to precisely triangulate the location of the lateral
tip of the TP correlating to the vertebral level planned for insertion of the PVB. This
triangulation is accomplished by marking the location of the lateral extent of the
underlying TP on the skin with the probe in two different positions. With the probe
in parasagittal orientation and placed slightly lateral to the palpated midline spinous
processes (Figs. 9.3 and 9.4), the superficial lamina and facet joints can be appreci-
ated (represented by a wavy line of continuous hyper-echoic bone), after which, the
probe is slowly moved more laterally (Figs. 9.3 and 9.4), revealing interrupted soft
tissue and bone. The bone cortices with underlying acoustic shadows represent the
TPs. It is at this position that marks are made just superior and inferior to the probe
to denote that the needle should not be placed any more medial than the line con-
necting these dots. Adjusting the probe in this same plane, the preferred target TP
should be placed in the middle of the ultrasound image and a correlating mark made
immediately lateral to the midpoint of the probe, denoting the location of the under-
lying TP. Then the TP may be confirmed by turning the probe 90° to find the classic
horizontal or transverse image of the TP, and again position the lateral edge of the
TP in the middle of the ultrasound image to denote the lateral tip of the underlying
TP. The practitioner should then have two dots on the skin in close proximity along
the long horizontal axis of the underlying TP.

Ultrasound-Guided Paravertebral Catheter Placement

A recently published review of USG PVBs with PVS catheterization confirmed the
efficacy and safety of USG techniques, and that US should afford similar benefits as
US studied in other regional anaesthesia blocks. Some of those benefits are faster
onset, longer duration of single shot blockade, improved block quality, fewer needle
passes through tissue and fewer complications [21].

Within the last decade, several descriptions of USG PVB techniques have been
validated with cadaver injection and subsequent dissection or radiologic evaluation,
then clinically applied to live patients [11, 22]. A study in 2009 showed that even
when the needle is visualized clearly in-plane to enter the thoracic PVS, a catheter
advanced 5 cm past the tip of the needle will often not remain in the PVS [23]. In a
cadaver study, only 11 of 20 paravertebral catheters yielded a paravertebral spread
with contrast dye. The other nine (45%) were either in the epidural space (6), intra-
pleural (1), or prevertebral (2). The same author showed that USG single shot PVBs
in cadavers displayed no pleural punctures via contrast spread evaluated under CT
scan.

As mentioned earlier, a 20 ml single injection PVB has been compared with
10 ml dual-injections (two-level) technique. The single and dual injection tech-
niques were compared in a cadaver study counting the number of paravertebral/
intercostal segments covered with dye after USG injection and anatomic dissection.
Transverse probe orientation with in-plane needle advancement was used.
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Interestingly, this study used a 4 cm insertion distance past the Touhy needle tip.
The results showed that single injection covers a mean of 4.5 vertebral levels,
whereas dual injection covers six levels with the same total volume. Additionally,
the study showed that the catheters and dye injections are located in non-ideal loca-
tions (epidural, intercostal, and pre-vertebral) [11]. The authors of that study con-
cluded that the PVS is in continuity with the epidural space and PVB should have
the same indications and contraindications as epidural analgesia.

In contrast to those studies with catheter insertion depths of 4 or 5 cm, a 2010
study using a transverse/oblique, in-plane technique (parallel to the ribs) threaded
the catheters only 2 cm past the needle and had remarkably different results. There
were 36 patients and 100% had correct placement confirmed by dye injection and
antero-posterior chest radiograph [24]. Considering this evidence, one might con-
clude that the orientation of the probe and entry point of the needle in USG continu-
ous PVB are not as important to success as the distance the catheter is inserted past
the needle tip. It is intuitive that a catheter inserted a greater distance than the
dimensions of the paravertebral space width or depth encourages misplacement into
unintended locations.

Safety Considerations

Similar to all regional anaesthesia techniques, PVB carries the relatively low-
incidence risks of skin infection, bleeding, nerve injury, and LAST secondary to
intravascular injection or absorption. However, PVB has some unique risks due to
the close proximity of vital structures to the anatomic target (see anatomy section
and Fig. 9.2).

Of all the possible complications, the most feared is a pneumothorax. The risks
involved with needle advancement with or without ultrasound guidance (USG)
include puncture of the parietal pleura or worse, injury of the visceral pleura. While
a visceral pleura injury would release inspired air into the sub-atmospheric pleural
space, resulting in clinical or subclinical pneumothorax, a puncture of the parietal
pleura may only cause an uncomfortable sensation, and is unlikely to be trans-
formed into a pneumothorax if the practitioner is taking precautions to avoid allow-
ing the communication of ambient pressure with the typically sub-atmospheric
intra-thoracic pressure. This author recommends using a continuous circuit consist-
ing of Touhy needle, extension tubing, and a syringe containing the LA agent, while
advancing the needle under live-time guidance with ultrasound to minimize the
incidence of pneumothorax.

The vascular structures at risk include the vessels contained in the paraspinal
muscles, the segmental intercostal artery and vein, and the azygous vein anteriorly
on the right side.

At the author’s institution, we have occasionally noted blood in the 27 g catheter
after advancing it through the Touhy needle and into the PVS. This flow of blood
may be due to capillary action as the tip of the catheter enters a haematoma caused
by the advancing needle or by the pressure present in a vessel, which the catheter
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Fig. 9.7 Perineural catheters have the potential to damage intrathoracic vascular structures—a
video thoracoscopic view of an over-inserted PVB catheter resulting in a bruised aorta

may inadvertently enter. If this occurs, it is prudent to remove the catheter and place
it at another vertebral level. Otherwise, a bolus of LA delivered through the catheter
could theoretically lead to symptoms of LAST.

Although, there are no major vascular injuries reported in the literature due to
PVB, there is a theoretical risk to major vascular structures including the aorta. This
is possible if a stiff catheter tip were to be unintentionally inserted through struc-
tures such as vessel walls or the parietal pleura. In a recent case report a surgeon
observed the uncommon finding of bruising to the adventitial lining of the aorta
along with the presence of an intrathoracic perineural catheter while placing a tho-
racoscope through the chest (Fig. 9.7). Presumably either the Touhy needle tip was
unknowingly advanced through the pleura into the intrathoracic space or the para-
vertebral catheter itself pierced the parietal pleura. Though there was no harm to the
patient, we presume that the stiff perineural catheter caused this minor vascular
injury [7]. Furthermore, the catheter may have pierced the pleura and then made
contact with the aorta upon advancing. At the author’s institution, the acute pain and
regional anaesthesia service has recognized that the few intra-pleural catheters
which have been verified by thoracoscope, and the few cases of unintentional epi-
dural extension have occurred when the perineural catheter was inserted more than
5 cm past the needle tip. Just as epidural catheters can puncture a weak spot in the
dura mater when the Touhy needle is correctly placed within the epidural space, it
is likely that these semi-rigid catheters may also puncture parietal pleura when the
needle is correctly placed. Avoiding advancement of the catheter more than 3 cm
past the needle tip is now the author’s recommendation.

Conclusions

As ultrasound technology continues to improve, clinicians will endeavor to make
improvements in the performance and efficacy of PVB. This is likely the case
because those who regularly employ PVB experientially know that there is no
other block that has the same high efficacy and low side-effect profile. Indeed, a
recent study also supports this assertion, reporting better hemodynamic stability
and equivalent pain control when compared to thoracic epidural analgesia (TEA)
[25]. PVB has the potency of epidural anesthesia yet may likely avoid many of
the potential problems associated with epidural/extradural catheterization. A
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para-laminar USG approach has recently been described which advocated a live
time view of walking the needle off the lateral edge or “cliff” of the lamina
between TPs [26].

The posterior approach to the transversus abdominus plane (TAP) (see Chap.
11), now typically called a quadratus lumborum block or QL block (see Chap.
10), which has been more recently described as an alternative regional anaesthe-
sia technique for abdominal surgery, seems to owe its efficacy and extended
duration to the fact that retrograde or posterior flow of local anaesthetic occurs,
and blocks nerves found in the paravertebral space [27, 28].

Finally, it is worth mentioning a few other positive findings for the use of PVB
in abdominal surgery. First, an extensive review of the evidence for truncal (tho-
racic and abdominal) blocks from 2009 to 2015 revealed that PVB continues to
be a high interest area for clinical researchers, and only the TAP block has been
studied with the same frequency. The review summarized that USG may increase
success rates of single-injection PVB, but there is currently no evidence that
USG improves success of continuous PVB [29]. Newer studies have also con-
firmed USG PVB as more hemodynamically stable than TEA [30]. Additionally,
a surgical journal has published a study that compared intra-operative surgeon-
administered intercostal blocks for thoracic surgery to USG PVBs administered
by anesthesiologists pre-operatively, and the answer is clear: Pre-operative USG
PVBs are superior for post-operative analgesia, and the objective findings of
improved pulmonary function were also quantified. Forced expiratory volume at
1 sec and forced expiratory flow 25-75% were significantly higher in the PVB
group [31]. Just as the para-neuraxial PVB is superior to the more distally placed
intercostal blocks in thoracic surgery, it is likely that PVB is also superior to
more distal or peripheral blocks for the abdomen.
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Rafael Blanco and Jens Bgrglum

Key Points

1. The Quadratus Lumborum Block (QLB) involves deposition of local anaesthetic
(LA) at various points around the quadratus lumborum (QL) muscle.

2. This leads to spread of LA to the paravertebral space analagous to the landmark
based and the USG posterior TAP blocks.

3. There are three common approaches: QLB type 1 (antero-lateral), QLB type 2
(posterior) and the transmuscular approach.

4. Spread to the paravertebral space results in both somatic nerve block as well as
the sympathetic nerves, which provide visceral innervation, thereby eliminating
the need for any additional opiate analgesia.

5. Due to the complete blockade of the abdominal wall and viscera any abdominal
surgery can be undertaken with this technique.

6. To date there have been no adverse events reported.

Introduction

The ultrasonography-guided quadratus lumborum block (QLB) was first reported
in 2007 by Blanco and presented at the ESRA (GB and I) Annual Scientific
Meeting in Exeter, UK, when we described the infiltration of local anaesthetic
(LA) solution adjacent to the anterolateral aspect of the quadratus lumborum (QL)
muscle [1]. This location is close to the final position of the needle tip for the
landmark based TAP block. In fact, the original concept for the QLB arose from
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the observation that, due to the spread of LA to the paravertebral space, the dura-
tion of analgesia is prolonged with more posterior approaches to the TAP block
(see Chap. 11). This technique has been constantly refined in parallel with the
successful development of the transversus abdominis plane block (TAP block) as
part of the multimodal approach to pain relief for abdominal operations [2]. In
2011 Carney et al. showed that the spread of the LA after QLB could reach the
thoracic paravertebral space. In contrast, anterior spread of the LA solution into
the TAP plane was observed after mid-axillary and anterior subcostal ultrasonog-
raphy-guided approaches (see Chap. 11) [3]. In a recent double blind clinical trial,
Telnes et al. compared TAP block to wound infiltration with LA. In that study,
TAP blocks did not reduce cumulative morphine consumption following caesar-
ean section, compared to the control group, and were associated with more pro-
nounced sedation [4]. This suggests that blocking somatic fibres alone is
insufficient, and including blockade of the visceral fibres may be more likely to
provide adequate analgesia [5].

The objective of the QLB is to reach the paravertebral space with different opti-
mal points of injection and locations around the quadratus lumborum (QL) muscle.
Since it’s original description, various approaches have been described and the
three most popular are: the QLB type 1 in the anterolateral side of the QL muscle
in the space formed by the internal oblique (IO), the transversus abdominis (TA)
and QL muscles; the QLB type 2 in the posterior side of the QL muscle (between
latissimus dorsi, QL and erector spinae) [6] and the transmuscular approach (TQL
block) described by Bgrglum (between the QL and the psoas muscles) [7]. The
idea for the transmuscular approach (the TQL block) was formulated when inves-
tigating a new ultrasound-guided approach to block the lumbar plexus with the
Shamrock technique [8]. This approach allows for optimal visualization of the QL
muscle and the psoas muscle. The three approaches are depicted in Fig. 10.1.

We performed contrast enhanced MRI studies (unpublished data) of QLB type 1
at the anterolateral side of the QL muscle (Fig. 10.2) and QLB type 2, at the poste-
rior aspect of the muscle (Fig. 10.3) and examined the spread of contrast within the
fascial planes. The MRI images showed that moving the point of injection to the
posterior border of the QL muscle might provide a more predictable spread of LA
into the paravertebral space, although the mechanism for the rapid and long-lasting
analgesia now appears to be due to the blockade of sympathetic fibres in the thora-
columbar fascia. The advantage of using a more superficial point of injection is that
we obtain a better ultrasonographic resolution and a potentially safer injection.
When injecting posterior to the QL muscle (QLB type 2) the needle tip position is
separated from the peritoneum, thus reducing the risk of intraperitoneal injection
and bowel injury. This is a characteristic that the TAP block is unable to fulfill. In
fact the distance to puncture intra-abdominal contents with TAP blocks is on aver-
age only five millimetres. We describe this QLB point of injection as the “six air-
bags approach” because it is surrounded by the following muscles: external oblique,
internal oblique, psoas, QL, latissimus dorsi and the erector spinae muscles.
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Fig. 10.1 Cross section of anatomical references together with different optimal points of injec-
tion for the QLB. Point of injection for the QLB I (1), QLBII (2) and the transmuscular QLB (3).
Muscular references: multifidus (M), erector spine (ES), quadratus lumborum (QL), psoas (P),
latissimus dorsi (LD), external oblique (EO), internal oblique (I0), transversus abdominis (TA)
and rectus abdominis muscles (RA). There is a triangular connective tissue reinforcement called
lumbar interfacial triangle (L). It is also called LIFT. (image with permission of Maria Fernandez
Rojas)

Fig. 10.2 MRI reconstructions of the spread of LA when the point of injection is anterolateral to
the QL muscle (QLB type 1)
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Fig. 10.3 MRI reconstructions of the spread of LA when the point of injection is behind the QL
muscle (QLB II)

Evidence for Efficacy

Several case reports have shown that LA injection around the QL is effective in
providing pain relief after various abdominal operations and in patients with
chronic pain [9—-12]. Abdallah et al. reported their meta-analysis of twelve RCTs,
including 641 patients, in 2013 [13]. Four studies examined the posterior TAP
block technique (which we can consider analogous to the QLB) and eight assessed
the lateral TAP block technique (this is the widely recognized ultrasound-guided
TAP block with injection between internal oblique and transversus abdominus
muscles). Compared with the control groups, the posterior TAP block reduced the
post-operative morphine consumption during the 12- to 24-h and 24- to 48-h
intervals by 9.1 mg (95% CI, —16.83, —1.45; P =0.02) and 5 mg (95% CI, —9.54,
—0.52; P =0.03), respectively. The conclusion of this meta-analysis recommended
a RCT comparing the two techniques to confirm these findings. In 2015 we pub-
lished the first randomized, controlled, double-blinded study to evaluate the anal-
gesic efficacy of QLB after caesarean section. The results demonstrated statistically
better morphine consumption and morphine demands in the QLB group compared
to the control group [14]. In the same year we conducted a second RCT compar-
ing QLB to TAP blocks [15]. We found that the QLB obtains a statistically more
prolonged effect up to 48 h, reinforcing the message that this is a valuable block
to perform for abdominal wall operations.
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Mechanisms of Action

Recent evidence suggests that blockade of autonomic transmission as a result of the
QLB may enhance the quality of analgesia of this technique by providing analgesia
for visceral, as well as somatic pain [5, 13]. In their MRI studies, Carney et al. com-
pared various ultrasound (USG) approaches with their original landmark-based
technique at the triangle of Petit [3]. These studies illustrated that anterior subcostal
and mid-axillary USG techniques result in a predominantly anterior spread of the
injected solution within the TAP, whereas more posterior approaches result in pre-
dominantly posterior spread of the injected solution around the QL muscle extend-
ing to the paravertebral space. Carney and McDonnell found that there was a
non-contiguous paravertebral, epidural and lymphatic contrast enhancement at T5—
T10 in one subject, and similarly contrast at T6-T10 in two other subjects with the
posterior US approach.

The QLB anaesthetizes both the lateral and anterior cutaneous branches from T7
to L1 but, in addition, also appears to result in cranial spread of LA into the thoracic
paravertebral space. Injection of LA between the psoas muscle and QL muscle (as it
is described with the so-called Transmuscular Quadratus Lumborum (TQL) block)
leads to cranial spread into the thoracic paravertebral space as recently described for
the first time by Dam et al. [16]. This study also describes the pathways involved and
which nerves are directly affected. This is due to both muscles having their embry-
onic origin and insertion within the thoracic cage. This paravertebral extension of LA
agent after the TQL block may be responsible for the extent of analgesia and pro-
longed duration of pain relief after the various quadratus lumborum block techniques
in comparison with the more anterior approach [13]. As a result, the QLB may be
seen as a lumbar approach to the thoracic paravertebral space [16-18].

Indications

Any unilateral or bilateral surgery for upper and lower abdominal procedures e.g. lapa-
roscopic cholecystectomies, gastric sleeves, nephrectomies, colostomies, Hartmann’s
procedures, myomectomies, hysterectomies, caesarean sections, inguinal and peri-
umbilical hernias (including chronic pain post-herniorrhaphy) and hip surgery.

Anatomy

The QL muscle is found lateral to the lumbar spine and connects the ilium to the
12th rib and to the lumbar vertebrae. Phillips et al. [19] studied the anatomy of QL
by dissection of six cadavers. They reported the following principal types of QL
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fascicles as defined by their osseus attachments: iliocostal, iliolumbar, iliotho-
racic, and lumbocostal. The QL originates from the iliac crest and inserts into the
transverse processes of L1 to L4 and the inferior surface of the 12th rib.
Occasionally, fascicles arise from the iliolumbar ligament instead of the iliac
crest.

The QL muscle is lateral to the transverse processes of T12-L5. The TA muscle
provides the lateral border and the psoas major muscle overlaps it medially. It thick-
ens inferiorly and so is visualized best on ultrasound at the L4 transverse process.
At this level it is related to the psoas muscle anteriorly, the erector spinaec muscle
posteriorly and the transverse process of L4 medially.

One anatomical model describes the QL muscle being invested by the thora-
columbar fascia (three-layer model), which is a continuation of the common apo-
neurosis formed by the continuation of the fascia surrounding the internal oblique
(IO) and the TA muscles after these muscles taper off [18, 19]. Another anatomi-
cal model (two-layer model) describes that the anterior layer of the thoracolum-
bar fascia separates the QL muscle from the erector spinae muscles (Willard
et al.), and that the transversalis fascia covers the investing fascias of the QL
muscle and the psoas major muscle [20]. What is clear though, is the fact that the
thoracolumbar fascia is a complex of several layers that separate the paraspinal
muscles from the muscles of the posterior abdominal wall, i.e. the QL muscle
and the psoas major muscle. At the level of the diaphragm, the transversalis fas-
cia splits in two. One sheet becomes the inferior diaphragmatic fascia. The sec-
ond passes superior to the diaphragm to blend with the endothoracic fascia. This
creates a potential route for spread of LA to the thoracic paravertebral space
following the TQL block, although current thinking is that this spread may
instead be to the thoracolumbar fascia resulting in blockade of sympathetic fibres
in this space [20].

The anterolateral abdominal wall is supplied by the somatic nervous system via
the branches of the anterior rami of the thoracolumbar spinal nerves T6—-L1; namely
the intercostal nerves (T6-T11), the subcostal nerve (T12), the IHN and IIN (L1)
[18-20]. In addition, the T6—~T12 nerves provide motor innervation to the pyramida-
lis and rectus muscles in the anterior abdomen, and the T6-L1 nerves innervate the
intercostal muscles, the external oblique (EO) and IO muscles, the TA muscles and
the parietal peritoneum [18-20]. The thoracolumbar nerves with their accompany-
ing blood vessels branch and communicate within the neurovascular plane called
the transversus abdominis plane, forming nerve plexuses [18-20]. The intercostal
plexus (T6-T9) in the epigastric area travels antero-laterally, the lower TAP plexus
(T10-L1) in the hypogastric area accompanies the deep circumflex iliac artery and
the rectus sheath plexus (T6-L1) accompanies the deep inferior epigastric artery.
Segmental nerves T6-T9 emerge from the costal margin to enter the TAP between
the midline and the anterior axillary line. T6 enters the TAP immediately lateral to
the linea alba, while T7-T9 emerge from the costal margin at increasingly lateral
positions. T9 emerges from the costal margin either medial or lateral to the anterior
axillary line [18-20].
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In addition to somatic innervation, the parasympathetic nervous system, via the
vagus nerve, and the sympathetic system via the splanchnic nerves, contribute to the
nerve supply of the viscera. The splanchnic nerves carry both visceral efferent and
afferent nerve fibres.

Thus the QLB aims to act at two different levels: a direct effect over the thoraco-
lumbar fascia by spreading cranio/caudally thereby blocking the sympathetic fibres
that cover the entire fascia, and an indirect effect by communicating with the para-
vertebral space thereby reaching the sympathetic chain [18-20].

Insertion Technique

There are three different approaches to consider depending on patient position and
the type of ultrasound probe used i.e. anterior, lateral or posterior.

Anterior Approach

With the patient supine a low frequency probe is placed at the level of the anterior
superior iliac spine and moved cranially until the three abdominal wall muscles can
be clearly identified. The EO muscle is followed postero-laterally until its posterior
border is visualised (“hook sign”), leaving the IO muscle underneath, like a roof
over the QL muscle. The probe is tilted down to identify a bright hyperechoic line
that corresponds with the thoracolumbar fascia (Fig. 10.4). The needle (a 21-G
100 mm) is inserted in plane from anteromedial to posterolateral. The optimal point
of injection is determined using hydrodissection (QLB 2).

It is advisable to tilt the probe upwards to visualise the lower pole of the kidney
as a reference, and also to identify the QL muscle, if it is not clear. This muscle is
found behind the kidney, at the level of the lower pole of the kidney, and can be
tracked up and down. It is not advisable to use the vertebral body as a reference
with the anterior approach unless the patients are thin or small. The latissimus

( . Cranial

Fig. 10.4 Probe position for an anterior approach for the QLB type 2 with a convex probe
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dorsi fascial planes are seen as bright lines posterior and anterior. With the anterior
approach the optimal point of injection is in the anterior fascial plane of the latis-
simus dorsi, as close as possible to the “hook sign” made by the EO folding
anteriorly.

Lateral Approach

The lateral approach is commonly used when the patient is able to lie on their
side. A slight wedge of the body facilitates the probe position and the needle ori-
entation. In this approach a linear probe is sufficient, but with larger patients a
convex probe will demonstrate all the muscular and bony sono landmarks. For a
QLB type 1 the aim is for the spread of LA to the anterolateral side of the QL
muscle (Figs. 10.5 and 10.6).

For a QLB type 2 the aim is for the spread of LA to the posterior side of the QL
muscle (Fig. 10.7). This technique is a modification of the QLB type 1 in which the
needle is passed through the latissimus dorsi muscle. LA is injected posterior to the
QL muscle outside the fascia. As the injection point is more superficial, the ultra-
sound images obtained are of higher quality, which may make the QLB type 2 safer
and more reliable than the QLB type 1.

The use of a convex probe will allow use of the vertebrae and the aorta as refer-
ences. The sequence can start from the abdominal muscles postero-laterally, until
the transverse process and vertebral body can be seen (Fig. 10.8).

Fig. 10.5 Sonogram for an anterior approach for the QLB type 2 with a convex probe. The
“six airbags” sign (eo, i0, ql, p, es, Id) and the “hook sign” (the external oblique folding over
the quadratus lumborum) can be seen. The sequence 1-6 shows the infiltration of LA at the
level of the thoracolumbar fascia. External oblique (eo), internal oblique (io), quadratus lum-
borum (ql), psoas (p), erector spine (es) and latissimus dorsi (1d) muscles. Tranversus abdomi-
nis (ta)
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Fig.10.6 Sonogram for a lateral approach for the QLB type 1 with a linear probe. The needle path
is easily seen (top right quadrant)

Fig.10.7 Sonogram for a
lateral approach for the
QLB type 2 with a linear
probe. The LA clearly
distributes along the
posterior border of the QL
muscle

Posterior Approach

This is termed the transmuscular quadratus lumborum (TQL) block and was
described by Bgrglum et al. [7]. LA is deposited anterior to the QL muscle in the
plane between the QL and the psoas major muscles. The patient is placed in the lat-
eral position, and a curvilinear probe is placed transversely on the flank just superior
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Fig. 10.8 Sonogram for a lateral approach with a convex probe. The sequence 1-6 shows the
muscles variation at the level of the second vertebrae. External oblique (eo, internal oblique (io),
tranversus abdominis (ta), quadratus lumborum (ql), psoas (p), erector spine (es), latissimus dorsi
(1d) muscles and vertebrae (V)

22 Feb 2017 1 11:47

Fig. 10.9 The transmuscular quadratus lumborum (TQL) block. (a) Patient is in the lateral posi-
tion. The curved arrary transducer is positioned transversely in the posterior axillary line just above
the iliac crest. The needle is inserted in plane to the transducer. (b) The end-point of the injection
is in the plane between the quadratus lumborum (QL) and psoas major (PM) muscles. EO external
oblique, /0 internal oblique, TA transversus abdominis, 7P transverse process, ES erector spinae
muscles, L4 vertebral body of L4

to the iliac crest (Fig. 10.9a). The probe is moved posteriorly until the QL muscle is
identified with its attachment to the L4 transverse process. At this point the
‘Shamrock’ sign can be identified [8]. The L4 transverse process is the stem of the
clover, while the psoas muscle anteriorly, erector spinae muscle posteriorly and the
QL muscles attached to the transverse process are the leaves. The needle is advanced
in-plane from the lateral aspect of the probe (which is placed approximately over the



10 Truncal Blocks: Quadratus Lumborum Blocks 173

mid-axillary line) through the QL muscle. The ventral fascia of the QL muscle is
pierced and LA is injected in the plane between the QL and the psoas muscle
(Fig. 10.9b). The TQL block does not result in redundant antero-lateral spread of the
injectate as can occur with other techniques [16, 17]. Futhermore, by utilizing the
posterior approach the TQL block is considered a somewhat safer block by some.
This is because the tip of the needle is kept separated from the peritoneal recess that
is often visualised lateral to the QL and psoas muscles [7, 8].

Local Anaesthetic

The QLB is a field block with a mechanism based on the spread and distribution of
LA over the posterior abdominal wall reaching the paravertebral space. The use of
0.2 mL/kg of 0.125% Laevobupivacaine is the volume and concentration of choice
regarding the QLB 1 and 2 blocks. With the TQL block the preferred volume is
30 mL of 0.375% ropivacaine for a unilateral block.

Practical Considerations

e With the anterior approach displace the abdomen to the contralateral side if
distended.

» Tense the skin to facilitate an easier puncture.

¢ Identify kidney and liver and try to make them disappear from the sonographic
image.

e Always use low concentrations and high volumes of LA.

e Do not look at the sonographic image until you have punctured the skin and
dropped your needle to the shallowest angle.

e Aspirate before injecting LA, there are blood vessels in the fascial planes.

Role Within ERAS

The original QLBs (and the TQL block variation) are retroperitoneal fascial
plane blocks. The spread of LA posteriorly and cranially into the thoracic para-
vertebral space provides visceral analgesia in addition to the somatic analgesia
seen with more traditional anterior approaches to the abdominal wall blocks. It
provides analgesia along lower thoracic and upper lumbar dermatomes. It may
become an important part of multimodal analgesic strategies for selected
abdominal surgeries due to the long duration of effect from a single injection
[21]. This allows avoidance of pumps and attachments, as well as the absence of
hypotension seen with epidural blockade, and the need for systemic opiate seen
with other truncal blocks. All of these hamper early mobilization in ERAS and
therefore the QLB may be well suited to abdominal surgery in the context of
ERAS.
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However, more randomized controlled studies are required to further elucidate
the spread of LA beyond the anterior border of the QL muscle into thoracic and
lumbar paravertebral spaces, as well as its efficacy and potential complications.
Recent studies have begun to look at the potential of this block outside the scope of
the abdominal wall. In Dr. Blanco’s most recent publication, the QLB was demon-
strated to have beneficial effects in patients with fractured neck of femurs [15].
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Plane Blocks and Derivatives
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Key Points

1. Transversus Abdominis Plane (TAP) block, Transversalis Fascia Plane (TFP)
block and Iliiohypogastric/Ilioinguinal blocks are discussed.

2. There are landmark-based and ultrasound-based insertion techniques described
for each block with differences in efficacy and duration of effect.

3. TAP approaches include subcostal oblique (anaesthesia above the umbilicus),
mid-axillary (anaesthesia below the umbilicus), posterior (anaesthesia below the
umbilicus) and the bilateral dual (complete abdominal wall anaesthesia).

4. The TFP block provide anaesthesia of the L1 and L2 distribution and can provide
analgesia for iliac crest bone grafting, open inguinal hernia repair and open
appendicectomy. The subcostal nerve T12 will also be anaesthetized. Thus, the
TFP block can also be used to anaesthetize the lateral cutaneous branches inner-
vating the skin area from the iliac crest distal to the major trochanter and can be
used for analgesia following hip repair.

5. Iliohypogastric/ilioinguinal nerve blocks are primarily used for inguinal hernia
repair surgery and can be landmark based as well as ultrasound guided.
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Introduction

Post-operative somatic pain following abdominal wall incision and distention of the
abdominal wall with laparoscopic surgery can cause substantial distress and impede
patient recovery. Abdominal wall blocks have long been included in the armamen-
tarium of the regional anaesthetist but it is only more recently that their application
and clinical utility has been appreciated. When used appropriately, they can contrib-
ute significantly to post-operative analgesia, reduction in opioid consumption, early
ambulation and discharge from hospital.

In this chapter, we provide an overview of the transversus abdominis plane (TAP)
block, its derivative the transversalis fascia plane block, and the Ilioinguinal/
Iliohypogastric block. Thoracic paravertebral blocks, quadratus lumborum (QLB)
blocks (including the variant of this initial block called the transmuscular quadratus
lumborum [TQL] block) and rectus sheath blocks are covered in separate dedicated
chapters. For each we will describe the anatomy, sonoanatomy and the method for
performing the block, including both landmark and ultrasound guided techniques.
We will also discuss the efficacy and clinical outcomes of each, along with pharma-
cological considerations and safety concerns to be aware of for the various blocks.

Anatomy of the Anterior Abdominal Wall

The anterior abdominal wall is bounded by the costal margin and xiphoid process of
the sternum superiorly, the inguinal ligament and pelvic bone inferiorly, and the
mid-axillary line laterally [1]. It is made up of skin, adipose tissue and a musculo-
aponeurotic layer in which each muscle is enveloped by an anterior and posterior
fascia. These give support to the trunk and abdominal contents.

Musculature

Within the abdominal wall there are three muscle layers. From superficial to deep
these are the external oblique (EO), internal oblique (I0) and transversus abdominis
(TA). Each is invested in its own fascial sheath. A fourth muscle, the paired rectus
abdomini, form a layer either side of the midline. It is separated in the midline by
the linea alba and enclosed in the rectus sheath. This sheath is deficient posteriorly
in the lower abdomen from a point located one third of the way from the umbilicus
to the pubic crest. This is known as the arcuate line [1].

Innervation
The abdominal wall is supplied by the lower six thoracic and upper two lumbar

sensory nerves [2]. The anterior rami of these nerves are contained within a neuro-
vascular plane that traverses between IO and TA muscles. The thoracic nerves
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T6-T11 enter this plane at the costal margin and traverse it to eventually pierce the
posterior wall of the rectus sheath as anterior cutaneous branches supplying the
over-lying skin. The T7-T9 nerves emerge to supply the skin superior to the umbi-
licus, T10 supplies the umbilicus, while T11, the cutaneous branch of the subcostal
T12, the iliohypogastric nerve (IHN) and the ilioinguinal nerve (IIN) supply the
skin inferior to the umbilicus.

The IIN and IHN are both derived from the L1 nerve root and are the first two
branches of the lumbar plexus. On emerging from the psoas muscle, they cross
anterolaterally over the quadratus lumborum (QL) muscle towards the iliac crest.
The IIN is found inferior to the IHN and it runs medially in a plane deep to the
IHN. The nerves then follow a path between the transversalis fascia and TA for a
variable distance until above the iliac crest, and close to the anterior superior iliac
spine (ASIS), they pierce the TA muscle to run between it and the IO in the neuro-
vascular (TAP) plane. After a variable distance, at a point below the ASIS the nerves
pierce the IO to course between it and the EO. They continue anteromedially and
become superficial as they terminate in branches to skin and muscles of the inguinal
region.

The IIN provides innervation to the upper medial thigh, anterior scrotum, labia
majora and root of the penis. The genito-femoral nerve is also found in this area
with its origins from the L1-2 segments of the lumbar plexus [3].

Blood Supply

Knowledge of the vasculature of the anterior abdominal wall is also essential for
safe performance of truncal blocks. The primary blood vessels of the abdominal
wall are the superior and inferior epigastric arteries. The superior epigastric artery
enters the posterior aspect of the rectus abdominus (RA) superiorly to run inferiorly
and anastomose with the inferior epigastric artery. This vessel originates from the
external iliac artery, and initially runs upwards in the transversalis fascia before
entering the RA at the arcuate line. A second branch of the external iliac artery, the
deep cirumflex, runs parallel to the inguinal ligament between the 10 and TA mus-
cles. The superficial circumflex iliac artery, a branch of the femoral, loops up from
below the inguinal ligament to run towards the umbilicus and can also be encoun-
tered in blocks of the abdominal wall [1].

Transversus Abdominis Plane Block
Introduction

The transversus abdominis plane (TAP) block, first described by Rafi in 2001 [4], is
a relatively new abdominal wall block. The aim of the technique is to deposit local
anaesthetic (LA) in the plane between the IO and TA muscles to block the somatic
nerves supplying the anterior and lateral abdominal wall. It does not provide
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analgesia for visceral pain. Originally performed as a landmark based technique, a
number of ultrasound-guided approaches have now been described. Both will be
discussed below. The TAP block can be considered as part of a multimodal approach
to analgesia following colorectal, urological, gynaecological and obstetric proce-
dures. Bilateral TAP blocks may also be an option in those for whom epidural anal-
gesia is not an option.

Historical Perspective

The original landmark technique for the TAP block involved identifying the triangle
of ‘Petit’, and injecting through this site. The concept was a development of a simi-
lar block by Prof. B. Dalens, who was injecting LA agents into the TAP between the
umbilicus and the anterior superior iliac spine in a pediatric population undergoing
appendicectomy. The original approach involved inserting a blunted regional anaes-
thesia needle through the lumbar triangle of ‘Petit’, which resulted in a ‘pop’ sensa-
tion as it passed through what was supposed to be the fascial extensions of both EO
and IO muscles to leave the needle tip within the TAP. The initial concept was that
the LA solution instilled would bathe the extensions of the intercostal nerves that
coursed through the TAP. The lumbar triangle of Petit was decided as the entry point
into the TAP, as firstly, it was posterior to the mid-axillary line and therefore would
also block the lateral cutaneous branches of the nerves that emerge from the TAP at
the level of the mid-axillary line theoretically providing enhanced analgesic efficacy
as compared to Prof. B. Dalens approach. Secondly, it was conjectured that the
lumbar triangle of ‘Petit’ was a constant feature that was easily palpated allowing
this technique to be a readily reproducible and predicable block. However, the land-
mark based block has a significant learning curve [5] and so with the advent of
ultrasound, the ability to visualize the muscle layers has superseded the requirement
to palpate the triangle of petit. Indeed, the ultrasonic appearance of this area can be
quite confusing and difficult to interpret. Because of this the probe position on the
abdominal wall was dramatically altered resulting in the mid-axillary and sub-costal
approaches being adopted as the de facto techniques and optimal end points of
needle-tip placement. These new approaches altered the dynamics of the block and
the analgesic profile differs from that produced with the original landmark based
approach, both in reported extent and duration.

The randomized controlled trials using the landmark based technique report sta-
tistically significant analgesic benefits up to 48 h post-operatively, when used as part
of a multi-modal analgesic technique. Randomized controlled trials investigating
the landmark-based technique have shown benefits in terms of duration and quality
of analgesia [6, 7]. The change in dynamics of the block most probably relate to the
distribution of the LA solution, with the original and newer posterior approaches
resulting in spread of LA solution to the thoracic paravertebral space [8]. The ante-
rior abdominal wall blocks are constrained to the duration of somatic nerve block-
ade by the specific LA agents [9].
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Landmark-Based Technique

With the patient in the supine position, the lumbar triangle of Petit is identified. This
is the area bounded by the posterior border of the EO anteriorly, anterior border of
latissimus dorsi posteriorly, and the iliac crest inferiorly (see Figs. 11.3b and 11.4b for
sonoanatomy depiction of the likely needle endpoint). Using a blunt regional anaes-
thesia needle the skin is pierced towards the apex of the triangle. The needle is
advanced at right angles to the skin in the coronal plane through the subcutaneous
tissue. With gentle advancement a pop or loss of resistance is appreciated indicating
that the needle tip has entered the plane between the EO and IO muscles. Further
advancement results in a second pop as the needle advances into the TAP. After care-
ful aspiration to exclude vascular puncture, LA solution is injected with repeated aspi-
rations. The technique is repeated on the contralateral side for incisions encompassing
the mid-line. This block requires large volumes of LA solution in order for the exten-
sion to the paravertebral space to be achieved. It is recommended that approximately
0.4 mL/kg be used each side. With this in mind, care must be exercised to ensure that
the dosage of drug administered does not approach or exceed recommended doses.

Ultrasound-Guided Technique

There are four main approaches to the TAP block with ultrasound [10-13]. These
are the mid-axillary, anterior oblique subcostal, posterior and bilateral dual TAP
approach. The transducer position for each is as follows:

¢ Anterior Oblique Subcostal (Fig. 11.1): the probe is placed under the costal
margin close to the midline. Here the TA muscle is seen deep to RA. The needle
is inserted from the medial side of the transducer and final location of the tip is
between the posterior rectus sheath and TA.

e Mid-Axillary (Figs. 11.2 and 11.3): in the mid-axillary line, the ultrasound
probe is placed in a transverse orientation to the lateral abdominal wall between
the lower costal margin and iliac crest (see Fig. 11.1).

e Posterior (Fig. 11.4): place the probe transversely on the anterior abdominal
wall between the costal margin and iliac crest. Identify the three muscle layers
and the slide the probe laterally/posteriorly to the point where the TA begins to
tail off (see Fig. 11.2).

¢ Bilateral dual (BD) TAP: a four-point single shot approach is taken to target
nerves of both the upper (T6-9) and lower (T10-12) abdominal wall. This is a
combination of the Mid-axillary and Anterior Oblique Subcostal approaches
described above. The probe is first placed between the costal margin and iliac
crest with the needle insertion point at the anterior axillary line. This is repeated
on the opposite side to target the lower abdominal nerves using the classic mid-
axillary TAP block. For the upper abdominal nerves, the probe is placed caudad
to the xiphoid process identifying the linea alba. The probe is then moved later-
ally following the costal margin until the TA muscle is identified below the rectus
sheath. The local anaesthetic is deposited between these two structures
bilaterally.
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Fig. 11.1 (a) Upper intercostal TAP block in the epigastric area (model photo). The patient is
placed in the supine position. The linear transducer is positioned along the costal cuvature (close
to the subcostal angle). The needle can be inserted in plane to the probes lateral edge (as shown)
or at the medial edge (depending on preference). The end-point is in the neurovascular plane
between the rectus abdominis (RA) and transversus abdominis (TA) muscles. (b) Sonoanatomy.
The linea alba (LA) is identified at the most medial position of the ultrasound probe. Lateral to
the LA the RA and TA muscles are identified. White arrow indicates needle trajectory. (c)
Sonoanatomy. The transducer can be alligned gradually more lateral along the costal cuverture if
necessary. White arrow indicates needle trajectory. (d) Sonoanatomy. If necessary, the transducer
can be aligned even more lateral to identify the linea semilunaris (LS). Lateral to the LS the three
abdominal wall muscles of the hypogastric area can be visualized; i.e. EO external oblique, /E
internal oblique and TA
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Fig. 11.2 (a) Ultrasound-guided midaxillary approach to the TAP block (supine position). In the
hypogastric area, a linear placed is placed in a transverse plane in the mid axillary position. (b)
Sonoanatomy. The needle is inserted in plane to the transducer with the endpoint in the neurovas-
cular plane between the internal oblique (I0) and transversus abdominis (TA) muscles. EO exter-
nal oblique, PAF pararenal fat, QL quadratus lumborum muscle

These approaches require the identification of the three abdominal muscles (see
Figs. 11.1, 11.2, 11.3, and 11.4): the EO and IO and the TA muscles. The TAP is
approached using an in-plane technique. The needle is visualised as it passes
through the subcutaneous tissue and the body of both IO and EO muscles. On pass-
ing through the deep aspect of the IO muscles, the needle tip passes into the TAP. The
space is hydro-dissected with 10 mL of 0.9% saline. After aspiration to exclude
vascular puncture, LA solution is injected with repeated aspirations. The use of
ultrasound allows visualization of correct needle placement and allows the operator
to observe the expansion of LA solution within the TAP.

Evidence for Efficacy

Thanks to a multitude of recent studies much is known of this block in terms of its
distribution, sensory anaesthesia and clinical efficacy for specific procedures. The orig-
inal landmark based approach to the TAP block has being shown in randomized, con-
trolled trials to offer analgesic benefit in patients undergoing abdominal and pelvic
surgery when compared to placebo in both adult and paediatric populations [14—16].
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Fig. 11.3 (a) Ultrasound-guided midaxillary approach to the TAP block (lateral position). This image
has the patient in a right lateral position. The probe is placed in the axial plane. The needle is introduced
in an anterior to posterior manner with an in-plane technique. Should only require identification of the
internal, external oblique and the transversus abdominis muscles. (b) Midaxillary approach sonoanatomy
(including depiction of landmark technique target). With the patient in the lateral position or with the
pelvis tilted with the aid of a wedge the image can be generated with a linear array probe in the axial
plane. The relevant lateral abdominal muscles can be readily identified and their relationship to the qua-
dratus lumborum appreciated. The needle is introduced in an anterior to posterior manner and passes
through the substance of skin, subcutaneous tissue, the external and internal oblique muscles. As it passes
into the plane between the internal oblique and the transversus abdominis muscles, the anterograde-lat-
eral aspect of the quadratus lumborum muscle provides a safety mechanism to prevent intra-peritoneal
injection. The close relationship between this approach and the original landmark based approach show
how the landmark based technique was most probably a quadratus lumborum block for outset

Recent reviews [17, 18] have reported trending towards more prolonged analgesia with
landmark based approaches compared with ultrasound guided TAP blocks. This pro-
longed analgesia is likely due to spread of LA into the paravertebral space as described
in distribution studies [19]. There have been numerous studies [6, 15, 20-25] demon-
strating analgesic benefit in patients who received ultrasound guided TAP blocks in
both upper and lower abdominal surgery. Aveline et al. [24] reported that ultrasound
guided TAP blocks conferred superior analgesia as compared with the IIN and IHN
blocks for day-case open inguinal hernia repair, which has resulted in increased appli-
cation for this surgery. Tanggaard et al. demonstrated reduced pain scores using the BD
TAP following laparoscopic appendicectomy as compared to saline injection [13].
When compared to epidural analgesia [26] the TAP block demonstrated equivalent
analgesia but the TAP block group used significantly more opioid, presumably to man-
age visceral pain. With all these studies it is important to note the site of LA deposition,
as the more posterior the block is performed the better the analgesic effect.
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Fig. 11.4 (a) Posterior approach to the TAP block. The patient is placed in the lateral position
with the ultrasound machine on the contralateral side to the anaesthetist. The probe is placed in the
axial plane above the iliac crest. The relevant lateral abdominal musculature is identified prior to
needle introduction in an anterior to posterior manner. For midline incisions the block needs to be
repeated on the opposite side. (b) Posterior approach to the TAP block. Image obtained with a
curved array probe in the axial plane above the iliac crest. The probe is moved in a craniocephalad
manner to determine the L4 transverse process. This is the largest lumbar transverse process. Using
the transverse process as a starting point the related musculature is delineated. The triangle of Petit
is designated as the posterior aspect of the external oblique muscle and the point of needle entry
for the landmark-based TAP block. The other lateral abdominal wall muscles can be clearly defined
and their relationship to the quadratus lumborum muscle is the target area for the posterior
approach to the TAP block

Derivation of the Tap Block: Transversalis Fascia Plane Block
Introduction

The TFP Block is a derivation of the TAP Block that specifically targets the
branches of the L1 nerve root, that is to say the IHN and IIN. Superior spread of
LA frequently covers the subcostal (T12) nerve. Hebbard et al. [27] and Chin
et al. [28] have both described techniques for the TFP block that reliably blocks
these nerves. The TFP Block differs from the TAP in that LA is deposited poste-
rior to the TA muscle, it does not provide analgesia above the T12 dermatome
and it more reliably covers the distribution of the L1 branches. It is indicated for
analgesia following iliac crest bone grafting (ICBG) and can be considered for
procedures on the lower abdominal wall such as inguinal hernia repair and open
appendicectomy.
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Technique

The TFP block has only being described using ultrasound guidance. The IHN and
IIN are targeted for the TFP block at the point where they course between the fascia
of the TA and the transversalis fascia. The TLF is a complex of several layers that
separates the paraspinal muscles from the muscles of the posterior abdominal wall,
the quadratus lumborum (QL) muscle and psoas major muscle. The oblique, trans-
versus abdominis, QL and psoas major muscles originate from the hypaxial muscle
compartment; and the erector spinae muscles from the epaxial myofascial compart-
ments. The TLF contains the epaxial muscles and separates the two myofascial
compartments [29].

With the patient in the supine or lateral decubitus position, an ultrasound probe
is placed transversely over the abdomen between the iliac crest and the costal mar-
gin in the midaxillary line. The EO, IO, and TA muscles are identified and traced
back to the point where the TA muscle and IO muscle taper into their common
aponeurosis. The needle is then introduced in plane and the tip is positioned through
the deep surface of the TA muscle. LA is then injected to separate the transversalis
fascia from the TA muscle. If required, further LA can be injected into the TAP on
withdrawal to achieve a more extensive block of the anterior branches of nerves
above T12.

Evidence for Efficacy

The TFP block has as of yet little evidence to support its use. There is a lack of
randomized controlled trials investigating the TFP block but preliminary evidence
from smaller studies is encouraging. Most information stems from isolated case
reports. An early pilot study by Chin et al. [28] demonstrated significant analgesic
benefit with this block for ICBG. We are likely to see further clinical trials in the
near future examining the clinical effectiveness of this block. Its use may be super-
ceded by the development of newer blocks such as the quadratus lumborum block

(QLB).

llio-Inguinal/llio-Hypogastric Nerve Blocks
Introduction

Blockade of the 1IN and IHN provides analgesia to the inguinal region. This block
has long been used as part of a multimodal analgesic approach to inguinal hernia
repair. In some instances, IIN and IHN block has also been used to provide anaes-
thesia for this procedure with the caveat that supplemental LA must be infiltrated
within the peritoneal sac by the surgeons as this has visceral innervation. Other
indications include orchidopexy, varicocele or hydrocele repair and obstetric or
gynaecological surgery.
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Technique

The IIN/THN block can be performed using either a landmark based or ultrasound
guided technique.

Landmark-Based Technique

The patient lies in the supine position. The skin puncture point is 2 cm medial and
2 cm superior to the ASIS. A 35 mm 21 G needle is advanced at right angles to the
skin in all planes. A characteristic “click” is felt on penetrating the EO at which
point LA is injected to anaesthetize the IHN. Further advancement of the needle will
result in a second characteristic “click” as the needle penetrates the 10. Further LA
is injected at this point to anaesthetize the IIN. Redirection of the needle towards the
ilium will permit subcutaneous injection of LA to block the lateral cutaneous branch
of the subcostal nerve. A similar subcutaneous injection can be made towards the
midline to block other branches of the subcostal nerve.

Ultrasound-Guided Technique

With the patient in the supine position, a linear transducer is placed along an oblique
line between the ASIS and umbilicus. The nerves appear as hypoechoic fascicular
structures with hyperechoic rims sandwiched between the TA and 1O. The needle
entry site is at the caudad border of the linear transducer. The needle is inserted in-
plane and visualized along its entire path to the IIN and IHN. Accurate needle place-
ment is indicated by fluid expansion in a space bounded by the hyperechoic fascial
sheath of the IO and TA muscle layers (hydrodissection).

Caution needs to be exercised with this block for a number of reasons. Too deep
an injection may result in an inadequate block and risks both inadvertent femoral
nerve block and bowel perforation. The inferior epigastric vessels course close to
the injection point and puncture of these has previously been described. Use of
ultrasound may reduce the occurrence of these complications.

Evidence for Efficacy

IIN and IHN blocks have a long history of proven benefit to patients undergoing
inguinal hernia repair in both the adult and paediatric populations. Early studies
showed benefit to using this block in patients undergoing inguinal herniorrhaphy
[29-32] with reduced opioid requirements and earlier mobilization. Previous stud-
ies also looked at its potential use after Caesarean delivery and although some ben-
efit was demonstrated with this block for use with the Pfannenstiel incision, it has
since, been superseded by newer blocks such as the TAP block. Using a landmark
based approach the reported success rate with this block remains variable even in
experienced hands, most probably due to anatomical variation and the operator not
knowing the exact position of the needle tip [33]. When this block was performed
using landmark techniques, only 14% of the LA solution was correctly placed in
proximity to the nerves; the remaining 86% was administered into surrounding
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muscular structures [34]. The introduction of ultrasound has led to increased suc-
cess rates for this particular block. Recent studies have looked at the ultrasound-
guided approach to this block and its analgesic effect. Bgrglum et al. [35] recently
conducted a randomized, controlled, double blind study of ultrasound guided 1IN
and IHN block in patients undergoing inguinal hernia repair. Their study concluded
that ultrasound-guided blocks of the IIN and IHN resulted in a statistically signifi-
cant and clinically relevant reduction in post-operative pain in the PACU, both at
mobilization and at rest.

Pharmacological Considerations

Despite much research to help our understanding of truncal blocks in terms of land-
mark versus ultrasound guided blocks and optimal needle position for various
blocks, there has being very little research into the pharmacokinetics and pharma-
codynamics of the LA used. Regarding techniques that aim to block specific nerves,
such as the Ilioinguinal and Iliohypogastric block, it is clear that enough LA is
needed to bathe the nerves in order to produce optimal analgesia. There has been no
research to date on using different volumes or substances with this block. Volume
seems to be of critical importance for blocks involving multiple nerves. Many insti-
tutions that routinely perform truncal blocks will use between 0.3 mL/kg to 0.6 mL/
kg of LA, in concentrations that do not exceed maximum allowable dose for that
patient. In the case of the TAP block and QLB which have centrally mediated
effects, the appropriate volume seems to be of importance in ensuring spread of LA
into the paravertebral space. The results of a recent pilot study from Forero et al.
[36] seems to suggest that increasing the volume of LA while maintaining the over-
all dose does not increase block height and may reduce duration of action when
lower concentrations of LA are used. Further larger trials are awaited to confirm
these findings.

With regards to adjuvants to LA used in truncal blocks there is very little evi-
dence to support their use. One would assume adjuvants would confer beneficial
effects to block quality and duration, as has been demonstrated in other regional
anaesthetic techniques [37, 38]. Two recent small studies investigated the addition
of dexamethasone [39] and dexmedetomidine [40] to the LA mixture. The authors
found improved block quality and duration with the addition of dexamethasone. A
separate study found that the addition of dexamethasone to the LA mixture pro-
longed block duration. Further larger, adequately powered randomized trials will be
required before the addition of adjuvants to the LA mixture is routinely advocated.

Safety Considerations

Although truncal blocks are regarded as relatively safe, we must not become com-
placent about performing them due to the potential to cause harm. The introduction
of ultrasound into routine clinical practice has reduced the incidence of
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complications, but even with the ability to visualize the needle complications still
arise. The more technically advanced blocks, for example the QLB, should only be
performed by those with adequate experience.

Along with the general complications associated with carrying out any invasive pro-
cedure such as introduction of infection, bleeding and patient discomfort, each block
has its own associated complications specific to that block. A major complication asso-
ciated with all truncal blocks is peritoneal and visceral puncture. This complication has
been reported in the literature for all of the major truncal blocks, both landmark and
ultrasound guided. Intraperitoneal injection has been reported in both adults and paedi-
atric patients undergoing ilioinguinal and TAP block [41, 42]. Weintraud et al. [43]
demonstrated a 2% incidence of intraperitoneal injection during ultrasound guided ilio-
inguinal block. Other rarely reported complications may include colonic or small
bowel puncture and pelvic haematoma. Liver trauma has also being reported in the
literature after TAP block [44]. Regarding rectus sheath blocks, peritoneal and visceral
puncture have also being reported, as has inadvertent puncture of the inferior epigastric
vessels, resulting in significant haemorrhage. Despite the use of ultrasound practitio-
ners performing these blocks must be diligent, use an in-plane technique as much as
possible, and visualize the needle through the entirety of performing the block.

Transient inadvertent femoral nerve block is another complication associated
with truncal blocks, especially ilioinguinal blocks, TFP blocks and even TAP blocks.
Transient femoral nerve block is a potential cause of delayed mobilisation and
patient discharge, both of which are undesirable, and may have actually being the
reason for avoiding neuraxial blockade in the first instance. If the nerve block is not
recognised this may lead to further trauma to the patient if they fall.

LA toxicity must also be recognised as a potential complication while perform-
ing truncal blocks. Large volumes are generally used when performing these blocks
to achieve optimal analgesia and clinicians must always be mindful of maximum
allowable doses of LA while performing these procedures. Studies investigating
plasma concentrations of LA after injection have been conducted in blocks where
high volumes are used. Griffiths et al. [41] demonstrated toxic levels of plasma ropi-
vacaine one hour after injection of 2.5 mg/kg of ropivacaine in 40% of subjects.
With this in mind we must always be mindful of maximum allowable doses of LA
when employing such blocks. Addition of epinephrine containing solutions has
being shown to slow absorption following TAP block, but not with RSB [24].

Role Within Enhanced Recovery After Intestinal
Surgery Program

TAP blocks are ideally suited to Enhanced Recovery After Intestinal Surgery, with
the absence of motor block and hypotension easing early mobilization and the
opiate sparing effect advantageous for early nutrition. The combination of differ-
ent approaches allows selective blockade of just the lower abdominal wall, upper
abdominal wall or the entire abdominal wall depending on the nature of the
incision.
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Anton Krige and Mark Daugherty

Key Points

1. Rectus sheath catheters (RSC) provide selective dermatomal blockade of the
abdominal wall to ensure good somatic analgesia for open major abdominal sur-
gery requiring a median or paramedian incision.

2. RSC has minimal side effects, few contra-indications and a low failure rate. No
motor block enables early mobilisation a key component of enhanced recovery
programmes.

3. RSC blocks the abdominal wall component of pain so there is a requirement of
additional analgesia (such as opiates) to manage the early visceral pain. This can
be minimised by the use of transdermal fentanyl patches.

4. RSC can be placed under ultrasound guidance after induction of general anaes-
thesia and prior to the start of surgery, or surgically placed at the end of surgery.
These techniques are easy to learn.

5. The block can be maintained by administering a manual or portable pump deliv-
ered bolus of local anaesthetic via both catheters every four to six hours.
Alternatively, portable elastomeric pumps can be used to deliver a continuous
infusion of local anaesthetic.
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Introduction

The concept of fast track surgery promoted by Wilmore and Kehlet, using newer
approaches to pain control and minimally invasive surgery [l], emerged from
Denmark in 2001, and has evolved into Enhanced Recovery After Surgery (ERAS)
protocols. Kehlet had originally developed the concept of using multimodal
approaches to ameliorate the pathophysiological consequences of the surgical stress
response in the 1990s, thus modifying the undesirable sequelae of major surgery.
These combine various techniques to accelerate patient rehabilitation following sur-
gery of which the provision of effective pain relief, alongside the use of minimally
invasive surgery, is an essential pre-requisite [1].

Thoracic epidural analgesia (TEA) has been the commonest of several analgesic
techniques used in clinical practice, and for some time considered the gold standard,
particularly for major abdominal surgery. However, epidural analgesia is not with-
out problems and risks and in recent years there has been a move to seek
alternatives.

This chapter will explore in detail the re-emergence of bilateral rectus sheath
blocks (RSB) maintained via rectus sheath catheters (RSC) as a novel analgesic
approach and a viable alternative to thoracic epidural analgesia for midline open
abdominal surgery.

The technique aims to block the ventral rami of the thoracolumbar spinal nerves
T6-L1, that supply the rectus abdomini muscles and overlying skin. It is a compart-
ment block achieved by injecting local anaesthetic into the potential space that
exists between the rectus abdominus muscle and the posterior rectus sheath. By
leaving a catheter in situ within this space, the block can be topped-up at regular
intervals.

Historical Perspective

The RSB, which is an abdominal field block, was first described by Schleich in
1899, with the primary aim of providing muscle relaxation of the abdominal wall to
assist surgery and also served as an analgesic adjunct [2]. The advent of neuromus-
cular blockers in the 1940s led to the decline in the use of RSB until a landmark
study by Smith et al. in the late 1980s [3]. They established bilateral RSBs using a
blind landmark technique, which significantly reduced post-operative pain and
delayed the requirement for intramuscular analgesia for at least 10 h following diag-
nostic laparoscopy [3]. Initially RSB was largely confined to paediatric umbilical
hernia repair and gynaecological laparoscopic surgery as it remained limited to
single bolus injection, with limited duration of action, using a blind landmark tech-
nique, as described by Ferguson [4], which had a limited success rate and potential
for complications [4-8]. It was not until 2006 that Willschkhe et al. [9] described
ultrasound-guided placement of RSB. Shortly thereafter a Glasgow group [10] dem-
onstrated the superiority of the ultrasound-guided approach over the landmark
approach with novices achieving an 89% versus a 45% success rate.
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Eventually descriptions emanated from Australasia [11, 12] of catheter place-
ment in the rectus sheath space (RSS), thus providing the ability to prolong the
block indefinitely. Surgical RSC placement, credited to Cornish and Deacon in
2007 [11], preceded ultrasound guided (USG) RSC placement, which was reported
by Sandeman and Dilley in 2008 [12].

Subsequently blind landmark RSB has fallen away with all single shot RSB
ultra-sound guided and RSC placement either surgically or ultra-sound guided.

Interestingly the positive trial reported by Watson et al. back in 1991 [13] utilis-
ing RSC for midline laparotomy seems to have gone unnoticed. It lacks any detailed
description of how catheters were placed but as ultrasound RSB had not yet been
reported it is assumed to been surgical placement.

Thus, the history of RSC is less than 10 years old and due to the widespread
availability of small portable ultrasound machines coupled to disillusionment with
alternatives implementation of these techniques is spreading in parallel with the
spread in the enhanced recovery after surgery paradigm.

Evidence for Efficacy

Several blinded RCT comparing the efficacy (pain scores and opiate consumption)
of single shot RSB injections using either LA or placebo following paediatric hernia
repair or adult laparoscopic surgery have been published. The studies by Smith [3],
Yentis [5] and Azemati [6] reporting in favour of RSB whilst the study by Isaac [7]
reported no difference. Notably this latter study of paediatric hernia repair utilised
landmark placed RSB, for which Dolan measured success rates as low as 48% [10].
Surprisingly Bashandy [14] reported benefit following single shot RSB following
midline laparotomy compared to placebo for 48 h post-operatively, which is counter
to the widely agreed maximum clinical duration of eight hours for a RSB.

Analgesia for major abdominal surgery, and in particular open midline (median
or para-median incisions) surgery, is the niche of interest for RSC and where
research is now focussed.

Several proof of concept RCT, where both groups receive a RSC, and then LA
injection is compared to saline injection, following open midline abdominal surgery
have been published. The outcomes are generally pain scores, opiate consumption
(typically both groups will receive the same rescue analgesia, most commonly as
morphine PCA), after the recovery profile and adverse events. These RCT have
been contradictory, with the study by Watson [13] reporting efficacy for RSC whilst
those by Su [8] and Padmanabhan [15] reported no efficacy. Importantly all three of
these studies incorporated surgically placed RSC at the end of surgery and the study
by Su did not include an adequate LA bolus at the outset and only a low dose con-
tinuous infusion. Observational data suggests a greater efficacy when the RSB is
operational before the onset of surgery and that the failure rate of surgically placed
RSC is greater than with ultrasound placement [16, 17].

Several case reports and case series have reported good quality analgesia follow-
ing midline incisions with ultrasound-guided RSC [18-21].
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There is acceptance that RSC, whether surgically placed or ultrasound-guided,
provide good quality analgesia following midline laparotomy. Research is appropri-
ately shifting to comparisons against thoracic epidural analgesia (TEA) and other
techniques, for example TAP blocks and continuous wound infusion catheters
(CWICO).

Several non-randomised comparisons of RSC to thoracic epidural analgesia have
originated from the South West of England where this technique is very popular and
implementation has been widespread. One of this chapter’s authors works in one of
these hospitals. The first was Parsons et al. [22] who compared ten patients who
received USG RSC with ten patients who received TEA for open radical cystectomy
surgery and found the analgesia to be equivalent with a lower rate of ileus and a
shorter length of stay in the RSC group. Godden et al. [23] again compared RSC to
TEA but this time for open midline colorectal surgery involving 85 in the TEA
group and 24 in the RSC group. Again there was no difference in pain relief or com-
plications but a higher incidence of hypotension in the TEA group. Two similar
studies compared surgically placed RSC to TEA. Finch et al. [24] assessed 45
patients who had undergone open midline gynaecological oncological surgery and
found low pain scores in both groups with better analgesia within the RSC group
when placement was at the start of surgery compared to at the end. When Tudor
et al. [25] compared 73 RSC cases to 22 TEA cases the analgesia was again equiva-
lent, however the RSC group mobilised earlier with less hypotension. Finally,
Dutton et al. [17] published a cohort study of 200 consecutive major urological
surgery cases (106 radical prostatectomies and 94 open radical cystectomies) receiv-
ing RSC analgesia with a 100% success rate and no complications. Pain scores were
universally low with half the patients requiring morphine PCA in the cystectomy
group and none in the prostatectomy group after the first day. The total opiate con-
sumed was modest and became minimal after 24 h. The RSC were used for an aver-
age of 3.6 days in the cystectomy group and only 6% were removed early. The mean
length of stay for the cystectomy group over the course of 5 years from implementa-
tion of enhanced recovery, of which the introduction of RSC was a key feature,
dropped from 17 to 10 days.

There has been a paucity of RCT comparing RSC to TEA but encouragingly all
of the non-randomised and cohort studies above have reported equivalent analgesia
but with other outcomes relating to hypotension and hospital stay in favour of
RSC. In June 2017 Yassin et al. [26] published their RCT comparing the safety and
efficacy of ultrasound guided RSC to TEA for midline upper abdominal surgery in
60 patients. The RSC group had greater opioid consumption and an earlier opioid
requirement (resulting a greater early sedation), which is to be expected for visceral
analgesia, whilst pain intensity at rest and coughing was similar, as was patient
satisfaction. RSC had the advantage of earlier ambulation hence they concluded that
RSC could be considered as an effective alternative to TEA for upper abdominal
midline surgery.

Seidel et al. [27] published new data regarding RSC insertion technique to
achieve optimal rectus sheath sensory blockage in July 2017, which will change this
authors approach and can be considered an alternative to the insertion technique
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discussed later in this chapter. They performed six in-plane ultrasound guided dye
injections to the rectus sheath space of three unfixed cadavers. All injections were
with the linear transducer in the transverse plane with half the injections at the
medial (in a lateral direction) and half at the lateral (in a medial direction) edge of
the rectus abdominis muscle. They found that the dye injection at the medial edge
did not reliably reach the target nerves and recommended that local anaesthetic
should be injected at the lateral edge of the rectus sheath to achieve sufficient cra-
niocaudal spread. This is probably because the anterior cutaneous branches of the
thoracolumbar spinal nerves enter the rectus sheath at the lateral border and then
leave the muscle after traversing a short distance ventrally.

Implementation of this new knowledge may change the outcome of future ran-
domized trial comparisons with other techniques.

One of the authors of this chapter’s team has completed, but not yet reported, a
pilot RCT of RSC versus TEA for open abdominopelvic surgery, and the Dr. Krige
is completing a similar study, the TERSC study, comprising 132 patients undergoing
open midline surgery [28], which will be published in 2018. The TERSC study will
also compare the relative magnitude of surgical stress response between ten patients
in each group. This will add to our understanding of the relative impact on the surgi-
cal pathophysiology of these regional techniques, if any.

Recently Dowidar et al. [29] randomised sixty patients undergoing open midline
colorectal surgery to RSC or continuous wound infusion catheters (CWIC). The
RSC group had better pain scores at rest and on movement, required less rescue
analgesia (6.6% vs 26%), lower opiate consumption and better patient satisfaction.
There were no serious complications in either group. This was an important study
as CWIC are being considered as the other major alternative to TEA for midline
surgery.

A further interesting area of research regards the nature of the LA solutions.
Shabana et al. [30] produced a blinded RCT whereby 50 patients for open midline
colorectal surgery were randomised to receive either 0.25% bupivacaine only, or the
same along with the addition of 100 pg/mL of morphine. The latter resulted in sig-
nificantly better pain scores at multiple time points at both rest and on movement.
Thus local anaesthetic/fentanyl mixtures, which are typically used for epidural infu-
sions, could be considered for RSC to further increase efficacy.

Thus evidence is emerging which suggests that RSC can provide effective pain
relief for all midline incisions, thus reducing post-operative opioids and allowing
earlier mobilisation without complications.

Anatomy

Chapter 1 covers in detail the anatomy of the abdominal wall and cavity and the
motor and sensory supply of nerves. Sensorimotor innervation of the anterior
abdominal wall arises from the ventral rami of the thoracolumbar spinal nerves
T7-L1. All the nerves innervating the anterior abdominal wall travel as multiple
mixed segmental nerves, which branch and communicate widely within the
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l H M
Fig. 12.1 Sensory innervation of the abdomen blocked by rectus sheath blockade. (a) Sensory
dermatomes covered by rectus sheath blockade. (b) Comparative dermatomal cover of Subcostal

TAP vs Posterolateral TAP vs RSB and associated Ultrasound images SCTAP above and RSB
below [36]

transversus abdominal plane (TAP). These communications occur at multiple loca-
tions, including communications anterolaterally (intercostal plexus), and in plex-
uses that run with the deep circumflex artery (TAP plexus) and the deep inferior
epigastric artery (rectus sheath plexus). Segments T7-T12 and L1 innervate the
rectus abdominis muscle (Fig. 12.1a, b illustrate the dermatomes blocked by a
RSB). A branch of T10 always innervates the umbilicus [31].

The thoracolumbar nerves course along the anterolateral wall within the TAP before
entering the lateral aspect of the rectus sheath, where they enter the lateral aspect of the
rectus muscle. Here they form a nerve plexus that runs cranio-caudally within the mus-
cle in close relation to the lateral branch of the deep epigastric artery [31]. These nerves
typically pierce the posterior border of the rectus muscle within 1.6-2.6 cm from the
lateral edge. They provide muscular and cutaneous branches to innervate muscle fibres
of the rectus muscle and the overlying skin. The branches do not cross the midline.

The skin and fascia of the anterior abdominal wall overlie the four muscles (rec-
tus abdominis, external oblique, internal oblique and transversus abdominis). The
rectus sheath is formed from the aponeuroses of the fascial sheaths of all three lat-
eral abdominal muscles. The sheaths converge to form the lateral border of the rec-
tus muscle, termed the linea semilunaris. The anterior and posterior sheaths of
external oblique and the anterior sheath of internal oblique fuse together and con-
tinue medially over the anterior surface of rectus muscle to form the anterior rectus
sheath. The posterior rectus sheath is formed by a combination of the posterior
sheath of the internal oblique muscle, and the anterior and posterior sheaths of
transversus abdominis muscle. At the medial border of the rectus muscle, the ante-
rior and posterior rectus sheaths fuse with the fibres from the medial border of the
contralateral rectus muscle forming the midline linea alba.
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The anterior rectus sheath extends along the entire vertical length of the rectus
muscle. In contrast the posterior rectus sheath extends only along the upper two
thirds of the rectus muscle. In the lower one third the posterior rectus sheath stops
midway between the umbilicus and the symphisis pubis. This transition point is
known as the arcuate line and it is where the posterior rectus sheath aponeuroses
courses over the anterior surface of the rectus muscle with the anterior rectus sheath.
Below the arcuate line, only the transversalis fascia, a thin layer of connective tissue
located deep to the posterior sheath, and the parietal peritoneum, lie posterior to the
rectus muscle.

Anatomy and Landmarks Using Ultrasound

The following layers of the anterior abdominal wall, from superficial to deep, can
be identified by positioning a high frequency linear array probe above, and lateral
too, the umbilicus in a transverse plane (see Fig. 12.2a—c):

e Subcutaneous and adipose tissue layers that vary in depth depending on body
habitus.

e The anterior rectus sheath, a bright hyperechoic linear structure extending from
lateral to medial.

e The rectus abdominis muscle, which is relatively hypoechoic.

e The posterior rectus sheath, which also a bright hyperechoic structure.

e The deep superior (above the umbilicus) and inferior epigastric arteries may be
seen in the deepest aspect of the rectus muscle, accentuated by colour flow
doppler.

e The transversalis fascia is a hyperechoic linear structure found deep to the poste-
rior rectus sheath and together they have the appearance of tramlines.

e Deep to posterior rectus sheath and transversalis fascia is the peritoneal cavity,
identified by peristaltic movements of bowel loops.

The target site for LA solution is deep to the rectus muscle but superficial to the
posterior rectus sheath. The ventral rami of the thoracoabdominal nerves are too
small to be visualised as discrete structures, so the Rectus sheath block is actually a
compartment block.

Placing the transducer in the midline above the umbilicus but below the
Xiphisternum in a transverse position, allows visualisation of the Linea Alba. As
the probe is moved laterally the bulk of the rectus muscle is observed covered by the
anterior and posterior rectus sheaths, as well as the transversalis fascia, producing
the tramlines. Moving more laterally the Linea Semiluminaris comes into view fol-
lowed by the three lateral abdominal muscles (external oblique, internal oblique and
transversus abdominis).
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Fig. 12.2 Cross-sectional
diagram of abdominal wall
with needle and catheter
placements. (a) Diagram of
RSB needle target. (b)
Transverse section of the
anterior abdominal wall,
with depiction of Tuohy
needle position and
location of local
anaesthetic injectate for
rectus sheath block
Webster K (2010). (¢)
Schematic diagram rectus
sheath catheter placement b
[15]

Tuohy needle
correctly positioned
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injectate \ surrounding each
Rectus ) rectus muscle
muscle . Skin
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Transversus
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Catheter Insertion Techniques

The anaesthetist obtains consent from the patient during the pre-operative visit after
explaining the procedure along with the risks and benefits. Specific risks of RSC
placement discussed with the patient are failure of catheter placement, catheter
related infection, iatrogenic haematoma, and the need for additional analgesia.

Figure 12.3 illustrates the positioning of needle insertion points immediately
below each costal margin (the xiphisternum, costal margin above insertion point
and umbilicus are marked for orientation) and the exit points of the tunnelled cath-
eters above each costal margin.
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Fig.12.3 Landmarks for
needle insertion and exit
points for tunneled
catheters

Fig. 12.4 Preparation of
aseptic field

Rectus sheath blocks are usually performed after induction of general anaesthe-
sia and intubation of the patient, in the anaesthetic room under strict aseptic condi-
tions, using large sterile drapes with a large aperture for adequate ultrasound access
to the upper abdomen (Fig. 12.4). The necessary equipment is placed on the sterile
drape over the patient’s chest in preparation for insertion. This will include the 16 G
Tuohy needle, 10 mL of 0.9% saline, 20 mL of LA, catheter and the catheter clamp
(Fig. 12.5).

Ultrasound-Guided Catheter Insertion

Using a portable ultrasound machine with a high frequency sheathed linear trans-
ducer probe, under real time direct ultrasound guidance, the Linea Alba is visualised
in the middle of the epigastrium (Fig. 12.6). Still in the transverse plane, the probe
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Fig. 12.5 Preparation of
equipment

Fig. 12.6 Visualizing the linea alba. (a) Sonoanatomy of the linea alba. (b) Position of ultrasound
probe position to identify the linea alba

is moved laterally to visualise the main body of the rectus abdominis muscle. The
posterior rectus sheath and transversalis fascia are clearly visible as a set of tram-
lines posterior to the muscle. Within the potential space between the posterior aspect
of the rectus muscle and the tramlines pass the ventral rami of the thoracolumbar
spinal nerves, which supply the anterior abdominal wall. The ultrasound probe is
then rotated 90 degrees in to the sagittal or longitudinal plane, approximately
3-5 cm from the midline. This allows an in-plane approach for the insertion of a
16 or 18 G Tuohy needle as high as possible in the abdomen, just below the costal
margin (Fig. 12.7). The Tuohy needle is advanced in a caudal direction at approxi-
mately 45° until the tip lies on top or just anterior to the tramlines but posterior to
the rectus muscle (Fig. 12.8a—c). The correct position is confirmed by injecting a
bolus of normal saline to separate the planes and achieve hydro-dissection, indi-
cated by the appearance of an anechoic fluid collection (Fig. 12.9a—c). A further
20 mL of LA is injected down the Tuohy needle which further opens up the poten-
tial space between posterior rectus sheath and rectus abdominis muscle and allows
the epidural or rectus sheath catheters to be inserted relatively easily (Fig. 12.10a—e).
The hydro-dissected space and catheters are easily visible on ultrasound and must
be visualised to confirm correct position (Fig. 12.11a—b). The Tuohy needle is
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Fig. 12.7 Insertion Tuohy needle position. (a) Tuohy needle insertion point. (b) Sonoanatomy
Tuohy needle insertion

Fig. 12.8 Sonoanatomy of Tuohy needle advancement to target position. (a) Tuohy needle
breaching anterior rectus sheath. (b) Tuohy needle reaching posterior rectus abdominus muscle. (¢)
Tuohy needle at interface between rectus muscle and posterior rectus sheath (tram lines visible are
posterior rectus sheath followed by the peritoneum)

removed and the catheters can be tunnelled subcutaneously in a lateral-cephalad
direction to above the costal margin and xiphisternum, keeping them clear of the
surgical field (Fig. 12.12a—f). The procedure is repeated on the opposite side and it
is best to secure the catheters at the skin with a dedicated catheter fixation device
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Fig. 12.9 (a—c) Hydro-dissection with progressive separation of rectus muscle from the posterior
rectus sheath

(Fig. 12.13). The catheters are capped with luer lock filters and caps, and a clear
sterile dressing is placed over each catheter (Fig. 12.14a—c). Approximately 6-8 cm
of catheter is left in the rectus sheath compartment, thus following tunnelling the
catheter reaches the skin at the 15 cm marking. The above technique is used as
described at the authors’ respective institutions for all major abdominal surgery
where a midline or paramedian incision is used.

In urology the incisions are usually infra-umbilical extending above the umbili-
cus. In general surgery the incision may extend from pubis to xiphisternum particu-
larly in emergency laparotomies, hence our technique in placing the RSC as high in
the abdomen as possible allowing tunnelling to above the costal margins and out of
the surgical field.

An alternative technique for ultrasound guided RSC placement has been
described in which the probe is placed lateral to the rectus abdominis muscle and
the needle advanced in plane from lateral to medial, penetrating through the lateral
aspect of the linea semilunaris and entering the lateral aspect of the rectus muscle.
The needle is advanced until it is positioned deep to the potential space between the
posterior border of rectus muscle, but superficial to the posterior rectus sheath
(tramlines), termed the posterior rectus sheath compartment. At this point injecting
saline for hydro-dissection of rectus muscle away from posterior rectus sheath, indi-
cated by an anechoic fluid collection, will confirm correct position of the needle tip.
Further injection of 15-20 mL of local anaesthetic opens up the posterior rectus
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Fig. 12.10 (a—e) Initial bolus injection of local anaesthetic via the Tuohy needle and catheter
insertion

Fig. 12.11 (a, b) Ultrasound confirmation of catheter position
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Fig. 12.12 (a—f) Tunneling of catheters from insertion point to the anterior chest wall

Fig.12.13 Catheter
fixation at the skin
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Fig. 12.14 (a—c) Covering and protection of catheters on the chest wall

sheath compartment allowing easier insertion of an epidural catheter leaving 4—6 cm
in the compartment. Catheter tip is confirmed, the Tuohy needle is withdrawn and
the catheter secured to the skin over the lateral abdomen. This lateral to medial
technique follows the original description of a RSB for umbilical hernia repair and
sites the catheter at approximately T10 or at the midpoint of an extended midline
incision for laparotomy. The position of the catheters in the antero-lateral abdomen
may encroach on the sterile surgical field.

Surgical Catheter Insertion

Some of the first descriptions of using RSCs were those placed under direct vision
by a surgeon. In our institutions these are placed by our gynaecologists when per-
forming radical open cancer surgery and by any surgeon operating via a midline
incision when RSC placement under ultrasound guidance by the anaesthetist is not
possible. These catheters can be placed at the start or end of the laparotomy and
have been found to be safe and efficient. However, in urological pelvic surgery
using an infra-umbilical incision, it is difficult for the surgeon to place the catheters
above the umbilicus, so in all cases it is best for the anaesthetist to place them under
ultrasound guidance before the start of surgery.

A description of surgically placed RSC was first published in 2007 [11], in which
the surgeon makes a small incision in the posterior rectus sheath above the
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Fig.12.15 Surgeon
inserting Tuohy needle
through the skin and fascia
with one hand whilst
palpating from inside the
abdomen with the other
hand

Fig. 12.16 Surgeon
palpating needle tip once
just superficial to the
peritoneum—rectus muscle
interface

umbilicus which is at their fingertips and then introduces the catheter clamped in
small forceps between the sheath and the rectus muscle belly.

This technique has been adapted by the surgeons in the one author’s institution
whereby they place catheters bilaterally at the superior end of the laparotomy wound
at the beginning of surgery after the peritoneum is first opened, or at the end of surgery
just prior to closure [24]. The surgeon places one hand inside the abdomen and with
the other hand inserts the Tuohy needle through the skin and fascia (Fig. 12.15). The
surgeon palpates the needle tip when it is just superficial to the interface between the
peritoneum and muscle layer (Fig. 12.16). As the inferior epigastric artery is palpable
it can be avoided. The stylet is removed from the needle and the epidural catheter
introduced until a 5 cm length is left in the peritoneum-muscle interface (Fig. 12.17).
The surgeon holds on to the catheter tip while the needle is removed (Fig. 12.18). The
catheter is secured at this point to avoid accidental removal. One can use an adhesive
epidural catheter dressing or a suture. After connecting a bacterial filter the catheter is
flushed with 20 mL of LA, which initiates a RSB. The procedure is repeated on the
contralateral side. This initial bolus will block the thoracolumbar spinal nerves aug-
menting analgesia until the block is topped up by the next bolus 4-6 h later [32].
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Fig.12.17 Surgeon
introducing catheter into
the target space

Fig. 12.18 Catheter tip
being held intra-
abdominally while
removing the Tuohy needle

Management of the Rectus Sheath Catheter Block

A single shot RSB will last for 610 h. The advantage of inserting RSCs is that the
block can be topped up, prolonging the use and benefits of the block to cover the
somatic pain related to major midline abdominal surgery for up to 5 days.

When RSC were introduced at one of the authors’ institutions, the standard oper-
ating procedures for their management received all the required clinical governance
approvals allowing Nurses to be trained, assessed and authorised as competent to
prepare the local anaesthetic (Levo-Bupivacaine) and then inject the prescribed
amount into each rectus sheath catheter. Strict protocols were implemented regarding
timing for each of these top ups, appropriate questions to ask the patient in order to
detect signs of toxicity, and the minimum monitoring required during the top up and
for 30 min afterwards. This has limited the introduction of RSC at other institutions
across the UK, where these governance hurdles have been difficult to overcome.

To circumvent this problem, other methods have been tried and shown to be
effective and safe. Ambulatory infusion pumps, of which there are several available,
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have been connected to the RSCs via a ‘Y-connector’ with settings to deliver
30-40 mL LA boluses every 4-6 h, with or without a background infusion.

Dr Krige employs such a technique in his institution. The RSC portable elasto-
meric pumps in a light-weight bag slung over the patient’s shoulder is combined
with transdermal fentanyl patches to treat the visceral pain component. Oral opiate
is used for any further break though pain. This combination further eases mobility
with the absence of an additional morphine PCA pump while avoiding any potential
infection risk (although none have been reported) of repeated breaks in the line
when employing manual RSC boluses.

Elastomeric infusion pumps have also been used to deliver Smls/hr to each RSC,
with good effect.

Safety

The placement and use of RSC are a relatively safe technique as compared to tho-
racic epidural analgesia with no reported serious critical incidents in the literature.

The theoretical risks during placement are needle injury to the superior epigas-
tric vessels with an abdominal wall haematoma as a consequence or visceral organ
puncture. The anatomical corridor for encountering the superior epigastric vessels
is between 4 and 8 cm from the midline. The USG approach will allow visualisation
of any vessels thereby avoiding them during needle insertion. USG will also allow
accurate needle placement between rectus muscle and posterior rectus sheath while
avoiding penetration of the peritoneum, which is clearly visible. During surgical
placement as described the superior epigastric vessels are palpable by the surgeons
guiding fingers against the peritoneum and easily avoided.

Possible problems during management are technique failure. The rate quoted in
one large series is 6%, which is significantly lower than epidural failure rates (26).
This may in turn lead to larger opiate requirements, as will cases with excessive
visceral pain, with the concomitant opiate related side effects.

Catheter related wound infection is a possible late complication but none have
been reported and neither author of this chapter has encountered any in their exten-
sive RSC experience.

The catheters can become trapped within the wound closure sutures resulting in
difficult removal. This has occurred in the institution of one of the chapter authors
but only with surgically placed catheters and due to placement being too medial.

Systemic local anaesthetic toxicity is the potential complication with the gravest
consequences.

There is little published literature regarding local anaesthetic toxicity and
abdominal wall blocks with only one dose comparison study involving single bolus
Rectus Sheath Blocks without catheter placement by Wada et al. [33] and two stud-
ies [26, 34] where local anaesthetic plasma concentrations were measured during
use of TAP (transversus abdominis plane) catheters. The former was a dose com-
parison study and the latter two studies involved patients undergoing caesarean sec-
tion and gynaecological surgery respectively. Although subcostal TAP catheters are
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also abdominal wall blocks placed in an adjacent location to RSC it is nevertheless
a different anatomical space and results cannot be directly extrapolated. Therefore,
there is no previously published data on the plasma levels of ropivacaine or bupiva-
caine during prolonged RSC use.

One of this chapter’s authors has performed a yet unpublished sub-study of
their comparison of RSC to thoracic epidural analgesia following radical cystec-
tomy pilot RCT, in which they assessed plasma concentrations of laevobupiva-
caine in six patients following each dose. The protocol for their pilot RCT
involved an initial bolus dose of 20 mL 0.375% levobupivacaine via each cathe-
ter at the end of surgery. This was followed by top up doses of 20 mL 0.25%
levobupivacaine via each catheter every 4 h for the first 24 h whilst on ICU and
then every 6 h on the ward. Levobupivacaine concentration levels increased with
each top-up, never reached a plateau, and exceeded the toxic level of 2.5 pg/mL
in all cases [26, 27, 33-35]. Although more than 2000 RSC had been performed
in their hospital prior to this research without a single case of suspected LA tox-
icity in any patient, the prescription was altered by necessity following these
results and further studies were delayed. The updated prescription is 20 mL of
0.25% levobubivacaine via each catheter on initial insertion of the catheters to
establish the block, followed by top-ups of 20 mL of 0.125% levobupivacaine via
each catheter every 6 h. They have not found a reduction in efficacy of the blocks,
and their acute pain team continues to report excellent RSC analgesia using this
dosing modification.

The other author of this chapter is undertaking a similar twenty patient sub-study
of their main study, which compares RSC to epidural analgesia following midline
laparotomy [28], to determine plasma concentrations of ropivacaine in the RSC
group as well as plasma concentrations of bupivacaine in the epidural group. The
dosing protocol for the RSC are 20 mL 0.2% ropivacaine via each catheter every
four hours with this dosage halved for any patients less than 50 kg. This study will
completed in January 2017.

Practical Considerations

It is important to remember that RSC blocks only provide somatic analgesia related
to major abdominal surgery via a mid-line incision, and not the visceral pain related
to the intra-peritoneal nociceptive insult. The RSB is part of a multimodal analgesia
package, with visceral pain requiring some opiate analgesia. The visceral pain is
shortin duration (12-24 h) with opiate usually only required for 24—36 h. Multimodal
analgesia is used for as long as required with the RSC being used for up to 7 days
depending on the type of surgery.

Multimodal analgesia includes paracetamol, an NSAID (a COX2 or Ibuprofen),
Tramadol or Codeine and a gabapentinoid (see Chap. 2). Opiates can be given orally,
via a transdermal patch or using a PCA, depending on the extent of the abdominal
surgery (see Chap. 3). An intra-operative bolus of ketamine is an additional non-
opioid adjuvant to consider as part of this analgesic package (see Chap. 13).
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As opiate is required for managing the early visceral pain component patients
who are opiate tolerant, due to chronic pain treatment, are not well suited to this
technique, or any other truncal block approach. Epidural analgesia would remain
the ideal option for this group.

Extensive midline abdominal scarring may prevent spread of LA and establish-
ment of a RSB and thus presents a relative contra-indication.

Typically a remifentanyl infusion or repeated boluses of other opiate are used
intra-operatively as part of the GA technique, with morphine administered towards
the end of the operation, in order to manage the visceral pain. An alternative
approach would be to administer intrathecal opiate (see Chap. 3) prior to GA to
provide the visceral analgesia intra-operatively and for the first 12-24 h post-
operatively. Although no research exists regarding this hybrid alternative, based on
evidence of the effectiveness of intrathecal opiate for managing the largely visceral
pain from laparoscopic major abdominal surgery, this combination is likely to pro-
vide excellent analgesia, whilst maintaining all the mobility advantages and obviat-
ing the need for any other parenteral opiate post-operatively.

Audit data from the institution of one of this chapter’s authors as well as the
study by Finch et al. [24] suggests superior analgesia and reduced opiate require-
ments when the RSB is established prior to the surgical incision (USG insertion)
compared to at the end of surgery. Possible reasons are the effect of pre-emptive
analgesia and the nature of the different surgical placement techniques. Some
describe incising the sheath and then introducing the catheter from the inside with
forceps. This has the potential for leakage of LA and other techniques whereby the
catheter placement may end up between posterior rectus sheath and the peritoneum
rather than between the rectus muscle and the posterior rectus sheath. The former is
essentially a continuous wound infusion and will not provide a RSB.

Rectus Sheath Catheters and Their Role
in Enhanced Recovery Pathways

Rectus Sheath Catheters are an ideal analgesic component within an enhanced
recovery pathway for major abdominal surgery requiring an open median or para-
median incision.

The combination of adequate analgesic efficacy allied to an absence of the other
factors, which complicate early mobilisation and feeding. These are opiate sparing
(minimises the side effects of high dose systemic opiate) hypotension, motor block,
urinary catheters and large cumbersome infusion pumps attached to drip stands. The
local anaesthesia to maintain the RSB can be administered by manual boluses or
infused by portable pumps slung over the patient’s shoulder.

A key aspect of successful Enhanced Recovery Programmes is standardisation of
practice including analgesic techniques. The insertion technique needs to be easy to
learn and the management easy to implement at large scale. RSC certainly fulfil
these criteria with portable ultrasound present and ultrasound skills ubiquitous in
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modern anaesthetic departments. Where the ultrasound skill set or equipment is
absent the surgical placement is an easy alternative.

In order to implement at scale the technique must be cost-effective. RSC con-
sumables are only marginally more expensive than a single epidural set but will
likely involve less healthcare worker management time and less time in higher care
areas due to the difference in failure rates and side effects. RSC consumables are
roughly half the cost of a continuous wound infusions wound soaker set—the other
common alternative for these incisions.

Contra-indications are few and those that prevent neuraxial blockade do not
apply. These neuraxial contraindications are particularly common during emer-
gency abdominal surgery. RSC are particularly useful in this scenario and can even
be inserted on the ICU before waking those patients kept ventilated and sedated
following emergency laparotomy.

Finally as RSC are placed once the patient is already under GA their experience
during insertion will be superior to neuraxial blocks as the latter are usually inserted
awake.
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Continuous Wound Infiltration 1 3

Nicholas T. Ventham

Key Points

1. Local anaesthetic (LA) administered continuously to the operative site in the
immediate post-operative period has demonstrable analgesic and opioid-sparing
effects.

2. Sterile multi-holed fine bore catheters placed in the surgical wound site and con-
nected to elastomeric pumps delivering a constant infusion for 24-48 h have
extended the beneficial effects of LA beyond the first post-operative day.

3. Current evidence suggests an improved overall quality of recovery with earlier
return of gut function and shorter hospital stay, probably due to the opioid spar-
ing effect.

4. Several techniques have been described to enable use of continuous wound infu-
sion (CWI) in a range of operative settings using different incisions. Wound cath-
eters should be positioned pre-peritoneally in the subfascial or transversus
abdominis plane to provide effective analgesia following abdominal surgery.
Long acting LA with an adequate flow-rate is advocated to maintain adequate
dispersion across the subfascial plane.

5. CWI s generally safe, and when used as part of a multimodal analgesic regimen
can facilitate enhanced recovery after major abdominal surgery.
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Introduction

Subcutaneous infiltration of a short acting local anaesthetic (LA) around a surgical
wound is widely performed despite little evidence supporting this practice [1]. Over
the last two decades, novel LA techniques have been developed to improve either
the efficacy and/or duration of action of LA [1, 2]. However the limited duration of
action of ‘single-shot’ LA restricts the analgesic benefit to the first 24 h post-
operatively. Placement of wound catheters can provide continuous or intermittent
bolus administration of LA, thereby prolonging the duration of action beyond that
of ‘single-shot’ administration of LA. The relative simplicity of placement under
ultrasound guidance or under direct vision at the time of closure of the operative
wound is an advantage, and may avoid some of the incumbent risks of landmark-
guided placement of neuraxial techniques and nerve blocks.

Historical Perspective

The relatively simple technique of insertion of a multi-holed catheter (Figs. 13.1
and 13.2) into the surgical wound is not new. There are several reports of the
post-operative infusion of LA via polythene tubes placed into abdominal surgical
wounds at the time of operation from as early as the 1950s [4—6]. There were a
number of randomised controlled trials (RCT) published in the 1980s [7, 8] and
towards the end of that decade there was increased use of continuous infusion using
syringe pumps [9]. From the 1990s onwards, single-use elastomeric pumps were
increasingly used for the purposes of continuous wound infusion (see list of opera-
tions studied below). At the turn of the millennium, significant progress in demon-
strating the efficacy of CWI of LA was made, with improved RCT trial design
including sham catheter placement, placebo infusion of saline and appropriate
blinding of participants and assessors. Some of the most notable trials used CWI in
gynaecological surgery [10-15], the results of which have been extrapolated to
other forms of abdominal surgery, and catalysed further RCTs in the context of elec-
tive ambulatory [16—19] and emergency [20] general surgical operations.

Continuous wound infusion of LA has also been used for non-abdominal surgi-
cal procedures including thoracic surgery [21-27] and orthopaedic surgery
[28-30].

Mechanism of Action

The mechanism of action of local anaesthetic CWI is debated. The predominant
analgesic effect is derived from sodium channel blockade of peripheral afferent pain
fibres [31]. There is mounting evidence to suggest that LA may have significant
anti-inflammatory properties [32]. Incision of the parietal peritoneum leads to a
neural stress response via vagal and spinal afferents [33, 34]. It is thought that inhi-
bition of these spinal afferents may be responsible for beneficial stress-response
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Fig. 13.1 An example of an elastomeric pump. Reprinted with permission from the original arti-
cle Baig et al. Use of the ON-Q pain management system is associated with decreased post-
operative analgesic requirement: double blind randomized placebo pilot study. Journal of the
American College of Surgeons 2006:202(2):297-305 (Licence number 3750700323232) [3]

reduction following epidural anaesthesia. CWI may have the additional benefit of
inhibiting both spinal and vagal afferents [35]. LA may also reduce ‘hyperalgesia’
following surgery as a result of LA acting on nociceptive afferents thereby reducing
spinal dorsal horn sensitisation (‘wind up’) [36]. There is some evidence to suggest
that at least some of the beneficial action of CWI may result from systemic absorp-
tion of LA [37-39]. This is especially pertinent given the increasing use of intrave-
nous lidocaine [40] (see Chap. 6) in the peri-operative setting. CWI is unlikely to
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Fig. 13.2 Wound catheter placement according to incision type. A pre-peritoneal, B transversus
abdominis plane, C pre-peritoneal for lower abdominal incisions. A horizontal dotted line approxi-
mately demarcates the arcuate line where the layers of fascia change from enveloping the recti to
passing in front of the rectus muscles

provide complete analgesia following major abdominal surgery through the mecha-
nisms described above, but as part of a multimodal analgesia regimen may help to
reduce the overall pain stimulus.

Efficacy and Evidence Base

There is a strong evidence base that demonstrates the efficacy of CWI in the context
of major abdominal surgery. CWI is known to reduce opioid requirements, often
used as a surrogate marker for pain, and numerical pain rating scores when com-
pared with placebo or routine treatment usually including morphine patient con-
trolled analgesia (PCA) [35, 41, 42].

Two systematic reviews of RCTs have demonstrated a benefit of CWI over mor-
phine PCA for pain on movement following colorectal surgery, suggesting a
dynamic analgesic effect [42, 43]. The benefit of opioid reduction may extend up to
24 h after CWI catheter removal [41], perhaps as a result of reduced spinal dorsal
horn sensitisation [36].

The effect of CWI on other indices of recovery including post-operative gastro-
intestinal function is less clear. CWI may reduce the time until resumption of oral
diet and time until passage of first flatus and stool when compared to placebo. This
is a clear benefit in colorectal and other major abdominal surgery where ileus is
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often a major barrier to enhanced recovery and early discharge [41-43]. This effect
is likely to arise from an opioid reduction, and a subsequent reduction in opioid
related side effects [44]. Systematic reviews also indicate that CWI as part of a
multimodal analgesia programme and enhanced recovery may reduce the length of
stay, [41-43, 45] although studying this outcome in meta-analyses is fraught due to
the skewed nature of this type of data.

A significant test of any new method is in direct head-to-head comparison with
the current ‘gold standard’; thoracic epidural in the case of major abdominal surgery
[46]. A systematic review of nine RCTs [12, 47-54] (505 patients) comparing CWI
with thoracic epidural analgesia demonstrated no significant difference in pain
scores at movement or rest at any time point after surgery [55]. This finding comes
with the caveat that CWI was often supplemented with other forms of analgesia and
comparisons demonstrated high statistical heterogeneity. A recent study has simi-
larly demonstrated not only no difference in pain scores, but also no difference in
biochemical markers of inflammatory response (Interleukins 6810, HMGB1 and
tumour necrosis factor-at) between CWI and epidural in the context of liver surgery
[45]. Common issues resulting from the sympathetic block that often accompanies
neuraxial block including hypotension with resulting increased intravenous fluid
and need of vasopressor administration [45] may be avoided with CWI. Patients
receiving CWI have a significantly lower incidence of urinary retention, a known
complication of epidural analgesia [54, 56, 57]. (Figs. 13.3 and 13.4).

CWI may allow earlier mobilisation when compared with epidural. This is likely
to be multifactorial; less postural hypotension, a shorter time with urinary catheter
in-situ, and the light elastomeric pumps used for CWI are less cumbersome than the
equipment required for epidural (+/— intravenous fluid and/or vasopressor) infu-
sion. The extremely rare, but potentially disastrous complications of epidural (epi-
dural haematoma/abscess) are also avoided.

The use of epidural analgesia following major abdominal surgery is established;
epidural provides excellent analgesia and may be cardioprotective in high-risk cases
[58]. Whilst further evidence is required to demonstrate non-inferiority of CWI
compared with epidural, wound catheters together with other analgesic adjuncts can
be recommended as an alternative in those whom epidural is contra-indicated.

Operations Studied Using CWI

e Aortic aneurysm surgery [50]

e Colorectal resection [3, 35, 41, 48, 59, 60] (laparoscopic [49, 61, 62])
* Hepatic resection [45, 47, 54]

e (Caesarean [12, 14, 53]

e Prostatectomy [51, 63]

e Other major abdominal surgery [52]
e Open Hernia [16-18]

e Appendectomy [20]

e Obesity surgery [64]

e Open nephrectomy [65]

e Hysterectomy [11]
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Fig. 13.3 Subcostal transversus abdominis plane under ultrasound visualisation. Reproduced
with permission from Niraj G. et al. Comparison of analgesic efficacy of subcostal transversus
abdominis plane blocks with epidural analgesia following upper abdominal surgery. Anaesthesia
2011:66(6);465-471. License number 3738370618406 [54]
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Fig. 13.4 Subcostal transversus abdominis plane undergoing hydrodissection. Reproduced with
permission from Niraj G. et al. Comparison of analgesic efficacy of subcostal transversus abdomi-
nis plane blocks with epidural analgesia following upper abdominal surgery. Anaesthesia
2011:66(6);465-471. License number 3738370618406 [54]
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Anatomical Considerations for CWI Placement

Wound catheters have been placed in several different locations within the abdomi-
nal wall. Early trials failed to show a clear therapeutic benefit for wound catheters
in major abdominal surgery. Critically wound catheter placement in these trials was
within the subcutaneous layers, thereby only providing LA to the most superficial
layers of the abdomen [3, 10, 59, 60, 66]. Given that the anterior divisions of T6—11
thoracoabdominal intercostal nerves carrying pain afferent fibres targeted by CWI
course through the subfascial/TAP plane intuitively this should be the most effica-
cious anatomical layer for wound catheters. In major abdominal surgery a large
component of post-operative pain experienced is likely to derive from division of
the parietal peritoneum and deep fascial layers. An early trial directly compared
subfascial positioning of catheters compared to subcutaneous placement, and con-
cluded the subfascial placement is more efficacious in terms of analgesic effect [67].
Later RCTs and subsequently meta-analyses have also demonstrated subfascial
wound catheter placement to be consistently effective in reducing pain scores and
morphine requirement compared to placebo/routine treatment [35, 43, 68, 69].
Figure 13.2 demonstrates the anatomical layers of the abdominal wall, and place-
ment positions of catheters in various studies.

Safety Considerations

Meta-analyses of RCTs demonstrate CWI to be safe with a very low incidence of
complications [43, 55, 70]. One of the main benefits of surgically placed CWI cath-
eters is the avoidance of risks of some of the percutaneous transabdominal
approaches, including neurovascular injury and inadvertent peritoneal entry where
there is a possibility of visceral injury [71-73]. Initial concerns regarding an
increased risk of wound infection have not been borne out by subsequent studies
[74] or indeed meta-analyses [43]. One early report of cellulitis and tissue necrosis
was related to the use of LA with adrenaline, and as such is not recommended for
use in CWI [75].

A serious consideration should however be the risk of systemic toxicity from
absorption of local anaesthetic into the blood stream. This has been studied in a
number of trials as a secondary analysis. Beaussier used 0.2% Ropivacaine as CWI,
delivered at a rate of 10 ml/h for 48 h and measured total plasma concentrations
at 24, 48 and 60 h [41]. There was a decrease in plasma concentration between 23
and 48 h demonstrating a lack of accumulation. The maximum unbound concentra-
tion was 0.12 pg/ml at which one would expect mild CNS toxicity, although no
patients in the trial demonstrated signs or symptoms of toxicity. Another study used
0.2% ropivacaine infusion for 96 h and measured levels at regular intervals [76].
Again the maximum unbound ropivacaine concentration was well below the toxic-
ity threshold [76]. Chan et al. studied Ropivacaine levels following liver surgery
[77]. Ropivacaine levels continued to rise whilst the infusion was on going (until
68 h). The authors advocated CWI use for up to 48 h following liver resection
with a maximum concentration of 0.25% ropivacaine [77]. A study using 0.25%
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laevobupivacaine at 15 ml/h reported safe levels throughout [11]. Clearly in prac-
tice, when using CWI, clinicians should be aware of the neurological and cardiac
side effects of LA toxicity and have a low index of suspicion should the patient be
demonstrating any such symptoms.

Surgically Placed Catheters

Surgically placed CWI catheters can be performed easily during closure of the
abdominal incision. As this technique is performed under direct vision the possibil-
ity of iatrogenic injury (see safety considerations) are reduced and no specialised
ultrasonography equipment is required. Multi-holed catheters with trocars/intro-
ducer needles are usually used for this technique. When the correct plane is identi-
fied (see Fig. 13.2) and developed as required, the trocar can be introduced with one
hand from inside the abdominal wound and one hand bracing the skin (with care
taken not to lance oneself). The trocar is used to penetrate the abdominal wall from
inside the abdominal wound externally through the skin. Wound catheters should be
tunnelled and externalised >3 cm away from the incision itself (they should not exit
through the incision). Once the trocar has breached the skin it is important not to
retract the ‘external’ part of the tubing back into the abdominal wall to limit the
translocation of skin floral bacteria into the abdominal wall. The trocar can be
removed and the internal part of the catheter can be adjusted so that >5 cm of the
multi-holed section of the catheter lies in the appropriate plane. It is often helpful to
lie the catheter along the length of the wound to ensure a wide and even spread of
local anaesthetic. It is important to ensure the multi-holed component of the catheter
is completely within the abdominal wall to stop leakage of local anaesthetic out-
with the correct plane. There are several methods to fix the catheter tubing to the
skin including using adhesive dressings with a locking system for the tubing or
alternatively silk suture can be used, which can be removed at the same time as
catheter removal. The catheter should be fitted with a bacterial filter and flushed to
ensure patent tubing and correct placement. The catheter should be tested with
10 ml of 0.9% saline prior, followed by a loading dose of 10 ml of LA solution,
before starting the elastomeric pump.

Midline Laparotomy Incision

Wound catheters should be placed in the pre-peritoneal plane following closure of
the parietal peritoneum, and before closure of the fascia. The catheter therefore lies
superior to the peritoneum and deep to the fascia. Catheters can be placed along the
full length of the midline incision and be externalised inferiorly, [41] superiorly [35]
and/or laterally to the skin incision. The rectus sheath is then closed with care taken
not to include the catheter tubing into the closure (sliding the tube gently in-and-out
1-2 cm to ensure it is not caught). An alternative includes placement between the
posterior rectus sheath and the rectus muscle itself. Care must be taken for the sur-
geon to identify the inferior epigastric artery to avoid damage to this structure. See
also Chap. 12 on rectus sheath catheters.
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Transverse Incision

The transvserse incision is ideal for the placement of CWI catheters as the transver-
sus abdominis plane can be easily identified and developed by the surgeon by blunt
dissection. The catheter can be placed in this plane under direct vision, and using a
trocar, be brought out either superiorly or inferiorly to the wound. Several studies
have used this method to good effect for subcostal wounds [47, 50, 77]. A similar
musculofascial plane has also been used to good effect for the lumbar approach to
open nephrectomy [65].

Lower Abdominal Incisions

Much of the research into CWI has been generated in the context of obstetrics and
gynaecology [12, 53]. Below the arcuate line the fascia of the obliques and transver-
sus abdominis muscle fuses and passes anteriorly to the rectus muscles. As a result
the catheter should be sited between the fascial sheath and peritoneum.

Laparoscopic Surgery

CWTI has also been used in laparoscopic surgery. Clearly when laparoscopic surgery
is performed entirely through 5 and 10 mm ports CWI is unlikely to be the most
appropriate form of analgesia. Several of the RCTs reporting this technique in lapa-
roscopic colorectal surgery adopt similar principals to open surgery within the CWI
catheter placed at the specimen extraction site [49, 61, 62]. In this context there has
been limited benefit for CWI demonstrated, perhaps as a result of the reduced pain
experienced overall in laparoscopic compared with open procedures or the smaller
size and placement of the extraction site transversely below the umbilicus [62].

Intra-peritoneal Wound Catheter

Kahokehr et al. have published a RCT detailing the used of intra-peritoneal CWI
following major open colorectal surgery [78]. The technique as described by the
authors involves bathing the abdominal viscera in 50 ml of 0.9% saline containing
75 mg of ropivacaine following entry into the peritoneal cavity, but prior to the start
of intra-abdominal dissection. Following completion of the abdominal dissection,
two multi-holed catheters are placed in the respective paracolic gutters, and passed
trans-abdominally laterally and distant from the midline wound. Following comple-
tion, 0.2% ropivacaine was infused for 68 h post-operatively using an elastomeric
pump. Using this technique in an RCT including sixty patients, intraperitoneal CW1I
was associated with lower pain scores and opioid consumption, and lower levels of
measured systemic cytokines compared with a placebo group. Intraperitoneal
wound catheters have also been used in ambulatory procedures such as laparoscopic
cholecystectomy, however given the low pain profile of these operations the value
of CWI may be called into question [79].
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Methods of Continuous Delivery of LA

Elastomeric pumps (Fig. 13.1) provide a continuous infusion simply by the sus-
tained internal pressure of elastic recoil of an elastomeric reservoir containing the
infusion LA solution. Such devices eliminate the need for an electrical pump thus
allowing patients to be ambulatory [80]. Elastomeric pumps allow continuous infu-
sion at a fixed rate over a period of between 24 h to 4 days. Alternatively spring
powered pumps provide a similar effect. A study comparing pump types found that
electric pumps remained the most accurate whilst both elastomeric and spring oper-
ated pumps initially infuse a higher rate than anticipated, and the rate gradually
decreases over time [81].

Wound Catheters

Early examples of wound catheters involved the use of simple epidural catheters to
deliver LA to the operative site [82]. More recently purpose designed flexible multi-
channelled perforated ‘soaker’ catheters (Fig. 13.1) have been developed to provide
a more even spread of LA throughout the length of the operative wound [65]. Both
types of catheter allow delivery of LA over large incisions [46]. Catheters are avail-
able in various sizes to suit different wound lengths and can be trimmed if required.
Some catheters have a silver antimicrobial coating however there is little evidence
to suggest that this type of catheter prevents infection.

Choice of Local Anaesthetic and Required Flow Rates

The optimum choice of LA and flow rate is currently not known. 0.25% [3, 10, 59]
and 0.5% [59] Bupivacaine, 0.25% Levobupivicaine [11, 12, 35], 0.2% [41, 60, 64,
76] and 0.5% Ropivacaine [61, 65] have all been used for CWI. The maximum daily
dose should be calculated according to the patients weight and not exceeded.
Ropivacaine has been advocated by some authors due to a shorter elimination half
life, thereby reducing the chance of systemic toxicity from accumulation of the drug
[41]. Following hysterectomy, there was no difference in morphine rescue-analgesia
when comparing 0.1% and 0.2% ropivacaine, however the wound catheter was sited
in the less efficacious supra-fascial plane [83]. As previously mentioned compound
solutions containing adrenaline should be avoided.

Flow rate of LA is important with rates of around 10 ml/h (infusion pres-
sure = 10 psi/517 mmHg) [41] required to provide adequate volume to spread out
along the desired plane to provide an analgesic effect [84]. Publications of lower flow
rates (2 ml/h 0.5% bupivacaine) have been associated with negative results [63].

In the absence of a detailed head-to-head trial comparing LA types, pharmacoki-
netics, both 0.2% ropivacaine or 0.25% bupivacaine at a flow rate of 10 ml/h appears
to be a reasonable starting point for centres wishing to establish CWI. Most com-
mercially available CWI kits will have predetermined flow rates.
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Post Procedure Care

Dedicated pain specialists are ideally placed to manage CWI, however all staff
should be trained to recognise insufficient analgesia and be able institute alterna-
tives and/or complementary analgesic modalities. Clear protocols should be widely
available to instruct staff less familiar with managing CWI with alternatives in the
event of failure and emergency procedures in the event of complications. Although
CWI does not necessitate high level nursing care (unlike epidural in some centres),
attending medical and nursing staff should be aware of the signs and symptoms of
LA toxicity.

Ideally transparent dressings should be used to allow regular monitoring by
healthcare staff. Checks of catheter sites and infusion volumes should take place
regularly post-operatively. Wound catheters have been kept in situ for varying
lengths of time in the literature including up to 4 days post-operatively [76].
Depending on the operative procedure performed, recovery time may be signifi-
cantly less than this and usually 48—72 h post-operatively is sufficient for CWI to
alleviate the period of most severe acute post-operative pain. CWI should not delay
full mobilisation or any other part of an enhanced recovery programme.

Wound catheters should be carefully secured to the skin whilst still under gen-
eral anaesthesia and following completion of the primary operative procedure.
Data from a systemic review suggest a catheter displacement rate and/or pump
mechanical failure of around 1.1% [85], although outside of the formal well-super-
vised RCT setting this figure is likely to be higher. Leakages around the catheter
site are common and can lead to loosening of dressings. Precautions should be
taken in order to limit the chance of accidental displacement. These include patient
education (ideally pre-operatively), avoiding tension on tubing by supporting elas-
tomeric pumps in drain bags or slings, and by using surgical tape and epidural-type
dressings. In the event of displacement no attempt should be made to reintroduce
the wound catheters. Alternative methods of analgesia should be employed in this
eventuality.

Top-Tips

* Avoid passing catheters directly through surgical incisions. Tunnelling distant to
the wound is recommended.

e Avoid LA with adrenaline in CWI.

» Subfascial/pre-peritoneal placement should be used.

* Flow rate appropriate to the size of the wound (usually 10 ml/h) to allow ade-
quate volume for dispersion along the appropriate plane.

* Pre-operative patient education/awareness is critical to avoid inadvertent cathe-
ter dislodgement.

e CWTI is unlikely to provide adequate analgesia in isolation, and should be com-
plemented with other analgesic (this is usually multimodal analgesia including
morphine PCA for visceral analgesia).
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Cost Effectiveness

Few studies have assessed the health economic impact of CWI. One trial demon-
strated a €15 cost reduction when using CWI compared with epidural as a result of
lower medication costs [35]. A further secondary analysis in open nephrectomy
demonstrated an approximate €273 saving associated with CWI, again as a result of
a shorter hospital stay [65]. A US based study using CWI in bariatric surgery failed
to show any cost benefit [64].

Tileul et al. evaluated the cost effectiveness (calculated taking into account pro-
cedural disposables costs, cost of time for insertion and maintenance and critical
care/hospital length of stay) of CWI compared to epidural analgesia and morphine
PCA after open abdominal surgery. They found the CWI to be equivalent to epi-
dural, with both superior to morphine PCA, regarding analgesia whilst the CWI was
more cost-effective than both (CWI arm €6460, Epidural analgesia €7500 and PCA
€7273). This was largely due to the CWI group patients requiring less healthcare
worker time to manage the intervention compared to the epidural group [83].

Conclusions

CWI extends the analgesic benefit of LA in a controlled way well into the post-
operative period. When used in conjunction with other analgesic modalities it
can reduce opioid requirements following major abdominal surgery. This
opioid-sparing effect and reduction in related side effects is the likely reason for
the improved quality of recovery after surgery. Current evidence clearly indi-
cates that the position of the catheter is critical, with data suggesting TAP or
subfascial plane placement to be optimal. CWI appears to be safe, although
more research is required to better understand pharmacodynamics/kinetics and
to avoid LA toxicity from systemic absorption. As elective major abdominal
surgery moves towards fast-track enhanced recovery and less invasive
approaches, further research is required to understand the position of CWI in
this specific context.
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Key Points

1. Effects on pain after abdominal surgery are inferred from experimental pain
models and various forms of surgery, particularly arthroplasty, which may
involve differing mechanisms.

2. The perception of acute pain is a complex biopsychosocial phenomenon and
may not be in proportion to the physiological nociceptive stimulus.

3. In order to assess the impact of non-pharmacological interventions, acute pain
should be ideally measured using multivariate scales. As a minimum, two scales
could be employed, one assessing intensity (sensory-discriminative) and one
unpleasantness (affective-emotional). Psychological interventions tend to reduce
the affective component more than the sensory component of pain thus making
pain less unpleasant, but not necessarily less intense.

4. It seems likely that at least some psychological interventions act by increasing
activity in descending inhibitory pathways.

5. Psychological disorders (anxiety or depression) or non-pathological psychologi-
cal traits (related to ethnicity and culture, patient beliefs and attributions or
expectation) may influence pain perception. Some characteristics of the noxious
stimulus itself may impact on pain perception via psychological mechanisms.

6. There is evidence for the role of psychological factors in predicting the severity
of pain after abdominal surgery.
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7. Psychological interventions for acute pain may be divided into five broad catego-
ries. These are: information giving and expectation manipulation; anxiety reduc-
tion and relaxation; hypnosis and guided imagery; distraction or attentional
focus; and cognitive-behavioural approaches. Combination approaches seem to
be most effective.

Introduction

This chapter reviews the evidence for the psychological management of acute pain,
outlining potential mechanisms. Much of the evidence presented is based on either
experimental pain or pain in mixed surgical settings. Effects on pain after abdomi-
nal surgery must therefore be inferred. The majority of systematic reviews are based
on studies of varied surgical populations and much of the clinical work in this field
has focused on arthroplasty surgery. Although psychological interventions can be
applied to pain of all types, it is clear that the characteristics and implications of
pain after major abdominal surgery will be different to that of total knee replace-
ment, for example. After abdominal surgery, coughing and deep breathing often
exacerbates pain, whereas pain following arthroplasty relates to weight-bearing and
mobilization. Patients expect joint surgery to be painful, and it is likely that this pain
will have a relatively neutral or positive attribution, compared to continuous abdom-
inal pain following a non-curative laparotomy for malignant disease.

When considering the impact of psychological interventions on acute pain, it is
important to remember that it is a complex biopsychosocial phenomenon. This com-
plexity is reflected in the 1994 International Association for the Study of Pain (IASP)
definition: “Pain is an unpleasant sensory and emotional experience associated with
actual or potential tissue damage, or described in terms of such damage” [1].

It is important not to confuse pain with nociception, which is the transduction of
noxious stimuli into action potentials in the somatosensory nervous system. Without
a thorough understanding of the psychological component of pain, it is difficult to
predict or understand why a proportion of patients do not respond in the expected
manner to pharmacological analgesic techniques.

Our understanding of the biological substrate for these psychological processes
has leapt forward in the last few decades thanks largely to techniques such as func-
tional magnetic resonance imaging (fMRI) [2]. The impact of psychological factors
such as anxiety, depression and expectation on acute pain perception is now known
to be mediated via cortical areas influencing descending inhibitory and excitatory
pathways, originating in the midbrain and brainstem, and having a profound effect
on nociceptive transmission at the spinal cord level [3].

The Neurobiology of Pain Originating in Abdominal Structures
Following abdominal surgery, nociceptive input reaches the spinal cord from mul-

tiple segmental levels and via two types of primary afferent fibres—visceral and
somatic.
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Nociceptive information from visceral structures is carried mostly in unmyelin-
ated C fibres, running with visceral sympathetic nerves [4]. The majority of visceral
afferents are peptidergic and respond to physiological as well as noxious stimuli.
Visceral nociceptors respond to stretch, pressure and chemical stimuli such as
inflammatory mediators. Inflammation results in peripheral sensitization and
recruitment of silent nociceptors—greatly augmenting noxious input to the central
nervous system after surgery. Pain from visceral structures tends to be diffuse, dull,
and referred to somatic structures sharing the same segmental input. Visceral pain is
also associated with autonomic reflexes such as nausea or sweating.

Both Ad and C fibres innervate somatic abdominal wall structures. Somatic pain
is by contrast well localized. Fibres from abdominal structures synapse in Rexed’s
laminae within the dorsal horn. Neurons synapsing in the superficial dorsal horn are
largely peptidergic in nature and ascend via the spinoparabrachial tract to the para-
brachial area. From here, connections are made with cortical areas such as the insula
and anterior cingulate—thought to represent affective aspects of pain. Fibres from
deeper laminae in the dorsal horn (lamina V) receive some input from superficial
laminae and ascend via the spinothalamic tract, synapsing in the thalamus before
terminating in the somatosensory and motor cortices—representing somatosensory
aspects of pain. Somatic abdominal wall structures therefore transmit most of their
nociceptive information via the spinothalamic pathway, whereas visceral pain is
transmitted via the parabrachial pathway.

Functional imaging studies have revealed that large areas of the cortex are acti-
vated during noxious stimulation. The primary (S1) and secondary (S2) somatosen-
sory cortex, the posterior insula and the thalamus are associated with
sensory-discriminative processing. The anterior cingulate cortex (ACC), the amyg-
dala, periaqueductal gray area, the anterior insula, and the nucleus accumbens are
associated with affective-emotional processing. Frontal areas, including the ACC,
are involved in the cognitive appraisal of pain [5].

These anatomically distinct pathways represent the affective-emotional and
sensory-discriminative components of pain respectively. It would seem appropriate
therefore to measure these components independently [6]. The concept of measur-
ing pain using two scales; one for intensity (sensory-discriminative) and one for
unpleasantness (affective-emotional), are relatively underused in acute pain medi-
cine, but is well established in the psychological literature [7]. The importance of
this is that psychological interventions tend to impact upon the affective component
of pain more than the sensory component. In other words, they make pain less
unpleasant, but not necessarily less intense. We could term the beneficial effects of
psychological interventions on pain “psychoanalgesia”.

The Modulation of Pain: Descending Inhibitory
and Facilitatory Pathways

Cortical areas involved in pain perception are linked to descending pathways, which
have a potent effect on nociceptive transmission from the spinal cord to brainstem
and cortical structures. The major descending pathway begins in the hypothalamus
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and amygdala, passing to the rostroventromedial medulla and midbrain periaque-
ductal grey (PAG) [8]. The inhibitory pathway is continuously active, providing
tonic inhibition of transmission of information from noxious stimulation.
Endogenous analgesia may be increased by prior exposure to noxious stimuli
(termed conditioned pain modulation), and the evidence suggests that patients with
ineffective descending inhibition are more likely to suffer acute and chronic post-
surgical pain [9]. It seems likely that at least some psychological interventions act
by increasing activity in descending inhibitory pathways.

The excitatory descending pathway originates in the entorhinal cortex of the hip-
pocampal formation. When anxiety was evoked in an experimental setting, pain
intensity from a standardized stimulus was increased, associated with an increase in
activity in the hippocampus, cingulate and mid-insula areas [10]. In contrast, the
induction of a depressed state increased pain unpleasantness in response to a stan-
dard noxious stimulus. Activation in the inferior frontal gyrus and amygdala corre-
lated with the degree of unpleasantness [11].

Despite our improved understanding of the neural substrates of pain and emo-
tion, the concept that patterns of activity within certain brain areas, detected by
functional neuroimaging, reflect the activity of a pain specific “neuromatrix” is now
being challenged. Current evidence suggests that widespread cortical activation
occurs in response to any stimulus which is of high salience, potentially challenging
the integrity of the organism, pain being only one of several such stimuli [12, 13].

Psychological Concepts Relevant to Acute Pain

An individual’s psychological state may influence their perception of pain in two
main ways: via psychological disorders or via non-pathological psychological traits.
Examples of the former include clinical anxiety or depression, which may co-exist
with and impact upon pain perception. Psychological traits may be related to ethnic-
ity and culture, patient beliefs and attributions or expectation [14]. It is also clear
that some characteristics of the noxious stimulus itself may impact on pain percep-
tion via psychological mechanisms. The context of pain is a key example of this
effect. It may be possible to manipulate some of these factors in the peri-operative
period and improve pain outcomes.

Anxiety and Depression

Both anxiety and depression appear to be common in surgical in-patients. Surveys
of hospital in-patients have revealed that 30-38% had clinically significant scores
on the hospital anxiety and depression scale [15]. Up to 50% of patients demon-
strated significant anxiety prior to major gynaecological surgery, but the prevalence
of depression mirrored that of the general population. Patients who were anxious
before surgery, tended to remain anxious after surgery and this correlated with
higher pain scores. High levels of pain and anxiety occurred in roughly one third of
patients, and this reached a peak on post-operative day four [16].
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Post surgical pain tends to reduce day by day. If pain scores are plotted on the Y
axis against time on the X axis, a pain trajectory with a gradient and intercept can be
seen [17]. Interestingly, both depression and anxiety impact on this trajectory.
Anxious patients report higher pain scores immediately after surgery, but this
resolves more rapidly (steeper gradient). Contrastingly, patients with depression
had lower initial pain scores, but pain resolved more slowly (shallower gradient).
Both anxiety and depression were associated with increased rates of chronic post
surgical pain at 6 months after surgery [18]. The majority of systematic reviews
have demonstrated a link between depression and long-term pain and anxiety and
acute pain after surgery [19-21].

The Interruptive Nature of Pain

Pain grabs attention, and interrupts other thought processes. The degree to which
pain interrupts activity depends upon multiple factors including the emotional sig-
nificance of the pain and patient factors such as catastrophic thinking [22]. The
more patients attend to pain, the worse the interruptions [23]. Repeated pain inter-
ruptions may lead to a downward spiral of reduced activity and result in chronic
pain (the fear-avoidance model) [24].

Abnormal Thoughts and Beliefs

Incorrect thoughts and beliefs about pain can have a marked effect on perception. In
the clinical setting this results in increased post-operative acute and chronic pain.
Some patients make unrealistic negative appraisals of internal and external stimuli
and expect the worst possible outcome in all situations where pain may occur. This
is termed pain catastrophizing and may result in hypervigilance to afferent input—
wrongly interpreting innocuous sensations as pain. In addition to increasing per-
ceived acute pain, persistent catastrophic thinking and fear-avoidance results in an
increased incidence of chronic pain after surgery and trauma. Meta analysis of out-
comes after mixed surgical procedures revealed that both anxiety and catastrophiz-
ing resulted in increased chronic post surgical pain [25].

Pain Learning and Memory

Memory for pain and learning from prior pain experiences also impact on the
post-operative period. The effect of prior pain experience is dependent upon its
context and meaning for the patient. Pain experienced in a positive situation,
such as childbirth, is likely to be recalled as less severe than it was reported at
the time. Equally, prior pain with a negative connotation, such as surgery for
cancer, is recalled as more severe and may have a negative effect on current pain
perception [26].

Maladaptive Behaviour

Learned mal-adaptive responses to acute pain, such as avoidance of certain situa-
tions due to fear of further pain, result in reduced activity, physical de-conditioning
and potentially chronic pain. This is known as fear avoidance [24, 27]. For example:
fear-avoidance of movement in the early post-operative period predicted worse
functional outcome after spinal surgery six months later [28].
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The Context of Pain

That the context of a painful stimulus affects its interpretation is intuitively sensible.
However, this concept has not been thoroughly investigated. In an experimental
pain study in 2007, the concept of the context of pain was divided into three com-
ponents [29]. The perceived importance of a noxious stimulus, in terms of its ability
to damage tissue, is the evaluative context (or meaning). The temporal context
relates to the degree of warning before a stimulus is applied and finally, the atten-
tional focus of the subject to the stimulus is taken into consideration. The noxious
stimulus was standardized in all conditions.

When meaning was manipulated, the higher tissue injury condition resulted in
pain being perceived as more intense and more unpleasant. For this condition, the
pain was also more unpleasant when warning was given. Also, attention to the
stimulus increased the intensity of the pain but not unpleasantness.

It would seem, therefore that different aspects of the context of a noxious stimu-
lus have differential effects on the sensory/discriminative and affective/emotional
aspects of pain. Some contextual aspects of pain perception, such as attention to
pain, may be manipulated in a clinical setting.

Do Psychological Factors Predict Acute Pain After Surgery?

It might be expected that psychological factors will impact on acute and chronic
pain after surgery, but the size of any effect is not immediately clear.

There is evidence for the role of psychological factors in predicting the severity
of pain after abdominal surgery and, despite large numbers of patients included in
meta-analyses, individual studies are often small and of variable quality. In a small
sample of patients, both pain catastrophizing and anxiety score predicted acute pain
and analgesic use after elective abdominal surgery [30].

The strongest predictors of pain on day 0—4 after mixed day case surgery was the
presence of pain before surgery, and the prediction of the clinician for pain after
surgery. However, patient expectation of significant pain after surgery and fear of
the short-term consequences of the operation were also significant [31].

A systematic review of 48 studies (including 11 of gastrointestinal surgery),
involving 23,000 patients revealed a number of significant risk factors for pain and
analgesic consumption after surgery. Pre-operative pain, anxiety, age, and type of
surgery were the key factors in determining post-operative pain. Post-operative opi-
oid consumption correlated with age, type of surgery and psychological distress
(anxiety or depression). Abdominal surgery was correlated with the highest pain
scores and the highest opioid intake. However, when used to generate a predictive
model, these factors explained only 45% of the variance in pain experience after
surgery [21].

A more recent prospective study of 1500 patients undergoing mixed surgical
procedures, revealed similar risk factors for moderate to severe pain up to 5 days
post-operatively. The most important predictors of pain were pre-operative pain,
expected pain, fear of surgery and pain catastrophizing [32].
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It would seem that some psychological factors consistently predict moderate or
severe acute pain after surgery. However, it is clear that these factors only account
for a proportion of the variance in pain experience. Some psychological factors such
as anxiety or incorrect expectation of pain may be addressed in the peri-operative
period and appropriate management could reduce severe post-operative pain.

Psychological Strategies for Reducing Acute Pain After
Abdominal Surgery

Psychological interventions for acute pain may be divided into five broad catego-
ries. These are: information giving and expectation manipulation; anxiety reduction
and relaxation; hypnosis and guided imagery; distraction or attentional focus; and
cognitive-behavioural approaches. In order for any of these approaches to be suc-
cessful, the patient needs to have confidence in the credibility of the proposed inter-
vention and therapist or mode of delivery [33]. Multiple strategies may be used
together as part of a prehabilitation programme including exercise and lifestyle
modification [34]. As might be expected in a mixed cohort of patients with differing
coping strategies, combination approaches seem to be most effective. For example,
a study of pain relief in children after scoliosis surgery (n = 109) found that teaching
coping strategies plus information giving was more effective than each strategy
alone, and resulted in a mean analgesic effect of 35% [35].

Information and Expectation Manipulation

It is clear that fear of surgery or unrealistic expectations for pain outcomes, correlate
with worse post-surgical pain [32]. Prior experience of painful stimuli tends to
increase perception of repeated painful stimuli [36]. However, memory for previous
painful events depends on the context of that pain, with positive emotional experi-
ences being remembered as less painful [26].

Providing accurate information about the procedure and the recovery period may
help to correct abnormal expectations. Providing information about a surgical pro-
cedure (procedural information) reduces pre-operative anxiety on average, but
seems to have little effect on pain or functional outcome [37].

It is also possible to provide information explaining how the patient may feel
after surgery—this could be termed sensory information. A meta-analysis of the
impact of several types of psychological intervention, including information giving,
found little overall effect for sensory information, but positive effects on pain and
analgesia use for procedural information and behavioural instruction [38].
Combining both types of information seems to have the most consistent positive
effect, based on a meta analysis of 21 papers, conducted in 1989 [39].

The impact of expectation of treatment effect on pain and analgesia has been nicely
demonstrated by a study using a concealed analgesic paradigm. Noxious stimuli were
delivered to volunteers who were connected to a concealed infusion of opioid
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analgesic (remifentanil). Expectancy was controlled by telling the subject that the
infusion was either on or off. In the positive expectancy condition, the analgesic infu-
sion was on and the patient was informed that it was on. In the negative expectancy
condition, the analgesic infusion was on but the subjects were informed that it was off.

Interestingly, in the positive expectancy condition, the analgesic effect of the
infusion was doubled, and contemporaneous fMRI scanning revealed increased
activity in the brain areas linked to the descending inhibitory pathway. Similar
changes in cortical activity have been found in studies of placebo analgesia. In the
negative expectancy condition, the analgesic effect of the infusion was abolished,
with fMRI revealing increased activity in the hippocampal area [40].

The ability of endogenous analgesic mechanisms to either double or completely
abolish the analgesic effect of a remifentanil infusion serves to highlight the poten-
tial impact of expectancy on pain outcomes after abdominal surgery.

Anxiety Reduction and Relaxation

Since anxiety, and in particular anxiety sensitivity, seem to be strongly correlated
with severe acute pain and disability after surgery, it would seem likely that anxiety
management might prove useful in reducing acute post-surgical pain [21, 41, 42].
Anxiety is defined as a feeling of worry, nervousness, or unease about something
with an uncertain outcome. This varies from a normal response to a clinically rele-
vant anxiety disorder. Several tools have been used to assess anxiety; from simple
verbal or numerical rating scales to complex questionnaires. There are brief screen-
ing questionnaires, such as the GAD-7, for the commonest anxiety disorder (gener-
alized anxiety disorder) [43]. These screening tools may be used clinically to
identify patients suffering from significant anxiety.

There may be a concern that pre-operative education or relaxation training may
worsen anxiety in anxious patients. However, there is evidence that relaxation train-
ing works for patients with different coping styles and therefore may be appropriate
for patients with varying degrees of background anxiety [44].

Multiple pharmacological and non-pharmacological methods are available to
reduce anxiety, all of which have demonstrated some efficacy in reducing pain
unpleasantness (affective component) and/or pain intensity (sensory component), in
the post-operative setting.

Pharmacological methods of reducing anxiety in the acute peri-operative period
have been evaluated in a number of settings. Gabapentin as a single large pre-
operative dose had no effect prior to hip joint replacement, but was effective in
reducing anxiety and pain catastrophizing in anxious patients undergoing major
surgery [45, 46]. These findings question our current practice of avoiding sedative
premedication in almost all patients. It is not clear whether gabapentinoid drugs are
uniquely effective in this role, or whether alternatives such as benzodiazepines
would work equally well.

Relaxation training is designed to induce a state of reduced muscle tension and
anxiety. This may include focus on breathing or progressive muscle relaxation.
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It may also include the use of relaxing imagery, music and elements of self-hypnosis
or meditation [47]. Training may be administered face-to-face or using recorded or
written materials. Web-based or application-based tools are ideally suited to this
purpose in appropriate patient populations. Whatever techniques are used, they
must be practiced by patients prior to surgery, to maximize any effect.

Evidence for the efficacy of relaxation techniques for post-operative pain is
patchy and meta analysis limited by methodological shortcomings in many of the
studies. There is no clear dose-response relationship for the analgesic effect of
relaxation and it is not clear which patients might benefit most from these interven-
tions. Systematic review in 2006 revealed 15 studies (n = 1269), eight of which
found some positive results for relaxation. The most frequently effective techniques
for post-operative pain were jaw relaxation and systematic relaxation. Progressive
muscle relaxation also demonstrated some benefit [47].

The use of music during or after abdominal surgery has demonstrated a reduction
in anxiety and/or pain. This effect was found in about 50% of 42 randomised con-
trolled studies in a 2008 systematic review, although the quality of individual stud-
ies was poor [48]. Cochrane review and meta-analysis of 51 studies (n = 3663)
showed some positive results for pain reduction after surgery using music [49]. Pain
scores were 0.5 points lower in patients listening to music than in controls (0-10
scale). Additionally, participants listening to music had a 70% better chance of
receiving 50% pain relief than controls, with an NNT of 5 (CI 95% [4; 13], four
studies). Opioid requirements in the first 24 h post-operatively were also reduced in
the music group (15.4% less morphine, four studies).

Hypnosis and Guided Imagery

When using hypnosis to reduce pain perception, the subject is guided by the hypno-
tist to respond to suggestions for changes in their subjective experience of pain.
Self-hypnosis is also possible where a state of increased response to hypnotic sug-
gestions is induced by the subject alone. It is unclear whether the hypnotic state
represents a uniquely altered state of consciousness.

As with many psychological interventions, hypnosis may overlap with other
treatments such as suggestion. The following meta-analysis restricted studies to
those administering hypnosis pre- and/or post-operatively or during the procedure.
Hypnosis had to be provided face to face or via a recording. This 2013 meta-analysis
of hypnotic interventions for patients undergoing surgery or medical procedures
included 34 RCTs, involving 2597 patients. Effect sizes were measured using
Hedges’ g parameter, which determines the number of standard deviations between
two sample means. An effect size of 0.5 is a medium effect and an effect size of 0.8
is a large effect. Small to medium sized effects were seen for pain (g = 0.44, C1 95%
[0.26; 0.61]), emotional distress (g = 0.53, CI 95% [0.37; 0.69]) and medication
consumption (g = 0.38, CI1 95% [0.2; 0.56]) [50].

Guided imagery in the peri-operative period involves directing the patient’s
imagination to focus on positive aspects of care. They might visualize the healing
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process or think positively about the skills of their healthcare team. It is designed to
increase the patients’ feelings of safety, confidence and empowerment [51].

In a randomized controlled study of patients undergoing elective colorectal sur-
gery, the intervention group received guided imagery prior to surgery and the con-
trol group was usual care. Prior to surgery, anxiety scores increased in the control
group but decreased in the imagery group. Post-operatively, worst pain, least pain,
opioid use and time to bowel function were all significantly lower in the treatment
group [52, 53].

Even brief guided imagery interventions seem to have some effect. In a study of
day case surgery patients, the intervention was a half-hour CD of guided imagery
listened to once prior to surgery. The control group received no guidance. This sin-
gle blind study revealed lower anxiety and pain scores in the hours after surgery
than the control group [54].

Distraction and Attentional Focus

Attention is largely a singular process—a little like a spotlight. We struggle to divide
our attention between two tasks (although there is some cultural variation in this abil-
ity). Only items which are clearly illuminated by our attentional spotlight enter con-
scious perception. Pain grabs our attention, and interrupts us from carrying out other
simultaneous tasks. It is a stimulus with high salience to the overall integrity of our
bodies [12]. If we believe a noxious stimulus is highly salient and harmful, we per-
ceive it as more painful. This process appears to be mediated by structures such as
the anterior insula and midcingulate cortex, which are increasingly activated in high
threat situations, when subjects are more likely to perceive stimuli as painful [13].
The degree to which painful stimuli monopolize our attention depends upon a num-
ber of factors, some related to the stimulus and some related to patient factors. The
intensity of pain, its novelty and unpredictability are key stimulus factors. The degree
to which we attend to bodily sensations, emotional arousal, pain catastrophizing, the
emotional significance of the pain and the presence of distracting tasks are all patient
factors which will impact on our attention to, and perception of, noxious stimuli.

If we are able to distract our attention away from a painful stimulus, it is per-
ceived as less severe. Experimental pain studies have demonstrated that a more
complex distracting task is more effective at reducing pain perception than a simple
neutral task [55]. Virtual reality (VR) provides an interesting new option as a signifi-
cant distracting stimulus. VR has demonstrated reductions in pain unpleasantness
and an additive effect with opioid analgesia in an experimental heat pain model
[56]. This approach has also shown analgesic effects in patients suffering from
burns [57].

As an alternative to distracting away from pain, some techniques involve shifting
attentional focus to the pain, but in a neutral non-judgmental way. This form of
observation of sensation in the present moment without judgement is termed mind-
fulness. Mindfulness meditation involves neutral observation of sensations combined
with breathing exercises [58]. Mindfulness and acceptance are currently popular
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therapies in chronic pain, but may also be applied to acute post-surgical pain [59].
Meta-analysis of mindfulness and acceptance strategies demonstrated superior
effects on pain tolerance, but not pain intensity, than other psychological approaches
for acute experimental pain (30 RCTs, n = 2085) [60].

Direct comparisons have been made between acceptance-based strategies, dis-
traction and cognitive restructuring in an experimental acute pain study (n = 109)
[33]. The variables measured were pain tolerance and pain intensity to a thermal
noxious stimulus. Acceptance increased pain tolerance more than cognitive restruc-
turing. Distraction reduced pain intensity more than acceptance. Cognitive restruc-
turing did not differ from acceptance or distraction in its effect on pain intensity.

The mechanism of the analgesic effect of mindfulness is not yet clear but may
involve increased sensory processing rather than activation of descending inhibitory
pathways [61]. The lack of clinical trials of mindfulness or acceptance in patients
undergoing abdominal surgery means we can only extrapolate the findings of exper-
imental pain studies.

Cognitive-Behavioural Approaches

Cognitive-behavioural approaches to pain management are intended to change
unhelpful thoughts and behaviours to improve coping with pain. The aim is to
reduce the threat value of pain, reduce pain catastrophizing and therefore increase
the patient’s ability to cope with pain. It is unlikely that these approaches will dra-
matically reduce pain intensity but may impact upon unpleasantness and reduce
pain-related disability in the acute setting.

We are familiar with the use of cognitive behavioural therapy (CBT) in chronic
pain management. For chronic pain, CBT has a weak effect on pain severity. It has
minimal effects on disability associated with chronic pain but is effective in altering
mood outcomes, and there is some evidence that these changes are maintained long
term [62]. Generally, CBT for chronic pain involves relatively lengthy sessions over
several weeks. To date, no trials of longer term CBT interventions prior to surgery
have been completed. However, at least two trials were underway in 2015 in patients
prior tojointreplacement ISRCTN 80222865 and clinical trials.gov NCT01772329).

For acute pain management, an ideal CBT intervention could be provided by
non-specialists in a brief time-frame. Evidence exists for the efficacy of such inter-
ventions in an experimental pain paradigm (heat pain). Subjects received a 5 min
training session, when they were taught about the relationship between the sensory,
cognitive and emotional responses to pain. They were trained to reduce their stress
response to pain by reappraising their situation and focusing on the positive effects
of their training. In this small study, pain unpleasantness to the noxious thermal
stimulus reduced by 58% and intensity by 38% after CBT training as opposed to
31% and 28% in controls with no training (unpleasantness: p < 0.05, severity: non-
significant) [63].

This study also provides insight into the potential mechanism of CBT induced
analgesia. In the CBT group, secondary mechanical hyperalgesia (due to central
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sensitization) was reduced by 38% versus an 8% increase in the control group
(p < 0.05). This finding suggests that central sensitization occurs to a lesser extent
following CBT, possibly mediated by an altered balance in descending inhibition
and excitation.

Conclusion

It is clear that psychological factors play a role in the perception of post-operative
pain. Psychological illnesses, such as anxiety or depression, have an impact on
acute pain and the development of chronic pain after surgery. Coping styles also
modulate pain perception—in particular patients with high levels of pain cata-
strophizing are vulnerable to both severe acute and chronic pain after surgery and
trauma.

Psychological interventions seem to have a positive effect on both intensity
and unpleasantness components of post-surgical pain. However, the evidence is
inconsistent despite some studies demonstrating large effect sizes. The use of the
mean reduction in pain score as an outcome measure may not provide us with the
most useful indicator of efficacy for these interventions. It is likely that some
patients will respond to psycho-analgesic techniques and others will not [64].
More research is needed to highlight which patients will benefit most from these
approaches. Future research should focus on specific surgical groups and opera-
tions, as the psychological impact of different interventions varies greatly.

If the behavioral changes brought about by psychological interventions con-
tinue into the post-operative period, it is possible that the development of mal-
adaptive coping strategies such as fear-avoidance will be curtailed, reducing the
prevalence of chronic pain after abdominal surgery [24, 65]. This important
potential effect of psychological intervention requires further study.

With the growth in interest in peri-operative medicine and streamlining patient
journeys through their surgery, pre-operative optimization is becoming standard
practice in many centres. Pre-operative psychological assessment and the intro-
duction of an appropriate combination of pain coping strategies including infor-
mation giving, relaxation and possibly hypnosis and suggestion could be
relatively easily integrated into prehabilitation programmes including exercise
and lifestyle modification.
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Key Points

1. Although the diagnostic criteria are not standardised the incidence of development
of chronic postsurgical pain following abdominal surgery can be relatively high.

2. Itis a serious complication with significant effects on quality of life and develops
at variable time after surgery, often more than 6 months.

3. Management is aimed at preventing the development of new chronic postsurgi-
cal pain (correlated with the intensity of acute pain) by optimizing multimodal
analgesia and optimally managing acute post-operative pain in existing chronic
pain patients.

4. For the latter group this requires careful pre-operative planning between clini-
cians and acute pain teams to prevent withdrawal from any chronic opiate medi-
cation and effectively monitor and manage their acute post-operative pain.

5. Although evidence is lacking regarding the optimal analgesic techniques in this
patient group it seems sensible to maximise the use of non-opioid analgesics and
regional techniques due to their opiate tolerance.

Introduction

Chronic postsurgical pain is increasingly recognised as one of the most common
and serious complications after surgery with significant impact for patients regard-
ing their medication use, functional status, quality of life and healthcare utilization.
Patients who undergo abdominal surgery are at risk of developing chronic pain as a
result of surgery. Whilst it is often assumed the risk of developing chronic pain is
restricted to those undergoing major procedures, it can be a problem even after
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minor surgery. Chronic pain has been described as “the most serious long term
problem after repair of an inguinal hernia” [1].

There is no universally agreed definition of chronic postsurgical pain, however
the working definition proposed by Macrae and adopted by the International
Association of the Study of Pain (IASP) has been commonly used [2, 3]. This
defined chronic postsurgical pain as pain developing after a surgical procedure, of
at least 2 months duration, and where other causes of pain have been excluded (such
as on-going infection, malignancy or pain continuing from a pre-existing cause).

More recently, following improvements in the understanding of the pathophysi-
ology and presentation of chronic postsurgical pain, an updated definition has been
proposed [4].

Proposed Diagnostic Criteria for Chronic Postsurgical Pain [4]

* Pain develops after a surgical procedure or increases in intensity after the surgi-
cal procedure.

e Pain should be of at least 3-6 months duration and significantly affect the
HR-QOL.

e Pain is either a continuation of acute post-surgical pain, or develops after an
asymptomatic period.

e The pain is either localised to the surgical field, projected to the innervation ter-
ritory of a nerve situated in a surgical field, or referred to a dermatome (after
surgery in deep or visceral tissues).

e Other causes of the pain should be excluded (such as infection or malignancy).

Although it is likely that there will be a move towards more standardised out-
come measures, it is important to realise that a lack of clarity in the definition of
chronic postsurgical pain is likely to have contributed to the wide variations in the
reported incidence of these problems. The incidence of chronic postsurgical pain
following abdominal surgery is presented in Table 15.1 [5-10].

In one of the largest epidemiological studies of chronic postsurgical pain so far,
using population based data from Norway, researchers found that the overall preva-
lence of postsurgical pain from abdominal and pelvic surgery was 20.3% [11]. The
results for specific types of surgery were: Intestinal surgery 25%, Inguinal hernia
repair 30% and gallbladder surgery 41%.

Table 15.1 The incidence of Incidence of chronic

chronic postsurgical pain Type of surgery pain

following abdominal surgery Inguinal hernia repair 0-53% (5)
Cholecystectomy 5-50% (6)
Laparotomy 18-25% (7, 8)

Laparoscopic colorectal surgery | 17% (9)
Donor nephrectomy 21% (10)
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The natural history of chronic postsurgical pain following abdominal surgery is
not well studied. There is some evidence that the natural course of chronic postsur-
gical pain improves with time, however it can take many years [12]. In one study of
inguinal hernia repair, 65% of patients with chronic pain at 6 months were pain free
after 5 years [13]. However, the study also found that a significant proportion (69%)
of patients with pain at 5 years did not have pain at 6 months. This suggests that
while for some patients chronic postsurgical pain represents a continuum of pain
symptoms from the acute surgical insult into the chronic period, for others chronic
pain develops after an initial pain free postsurgical period of 6 months or longer.

Risk Factors and Predictors for Chronic Postsurgical Pain
After Abdominal Surgery

A number of risk factors and associations have been identified for the development
of chronic postsurgical pain, and they can broadly be divided into pre-operative,
intra-operative and post-operative factors.

Age has a variable effect on chronic pain after hernia surgery. In adults, increasing
age reduces the risk of chronic pain, whereas children seem to have a lower incidence
than adults [14-16]. Similar age related patterns are evident in other types of surgery
(such as thoracic surgery). Female gender is another demographic factor associated with
the development of chronic pain after abdominal surgery [7]. Pre-operative pain at the
surgical site seems to be a significant independent risk factor for some forms of abdomi-
nal surgery such as hernia repair [17]. Psychological traits seem to be important risk
factors for some types of surgery, but not for others. Chronic pain after cholecystectomy
is associated with premorbid depression, psychological vulnerability and anxiety, but
these seem less important for procedures such as inguinal hernia repair [17, 18].
However, results are likely to be affected by factors such as the timing of the adminis-
tered questionnaires and the implications of the surgery (e.g. cancer surgery compared
to non-cancer procedures). Certainly there seems to be a pattern whereby psychological
factors play a more important role when surgery is performed for more complex health
problems. It may however be more helpful to consider an individuals typical emotional
reaction to adversity rather than their immediate pre-operative emotional status. So, if an
individual is prone to catastrophizing this may be more relevant than feelings of anxiety
prior to an operation. Interestingly, for children, parent catastrophizing appears to be a
risk factor for the development of chronic postsurgical pain [19].

Genetic factors almost certainly play a role in the development of chronic postsur-
gical pain although the picture is far from clear. There is some evidence that opioid
receptor genotype is associated with the development of chronic pain after abdomi-
nal surgery, and that genetic polymorphism in some enzymes (such as catechol-O-
methyltransferase) may influence the development of chronic pain states in other
parts of the body, but not after abdominal surgery [20, 21]. However, disappointingly,
attempts to identify reliable predictors for the development of chronic postsurgical
pain in a cohort of hernia repair, hysterectomy and thoracotomy patients by studying
90 genetic markers failed to identify a genetic predisposition [22].
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Whilst reliable genetic risk factors have yet to be fully identified, there are aspects
of individual’s pain phenotype that show some predictive qualities. We know that cen-
tral nervous system descending pain pathways are important in modulating pain signals
in the spinal cord. Some individuals seem to have more effective descending inhibitory
pain pathways than others, and this can be tested in a laboratory setting using a Diffuse
Noxious Inhibitory Control (DNIC) paradigm. Briefly, this tests pain thresholds (such
as a heat stimulus to the forearm) before and after a conditioning painful stimulus to the
other hand. The heat stimulus is applied to the forearm and pain intensity measured.
This is then repeated following the conditioning stimulus. In patients with a well func-
tioning descending inhibitory pathway, the painful conditioning stimulus triggers mod-
ulation of ascending pain pathways such that when the heat stimulus is reapplied to the
forearm, the pain intensity generated is less. This is described as conditioned pain
modulation, and there is evidence of a correlation between this innate ability to modu-
late pain signals and the development of chronic postsurgical pain. Yarnitsky et al. [23]
showed that for each 10/100 reduction in test pain scores due to conditioning, the
chance of acquiring chronic pain after thoracic surgery were halved.

Whilst testing the effectiveness of individuals pain physiology may not be practi-
cal in a clinical setting, if an individuals physiological make up means they are
prone to developing pain problems, the presence of other chronic pain conditions
may be a risk factor for the development of chronic postsurgical pain. Wylde et al.
[24] showed that if patients had one or two pre-existing chronic pain problems, their
odds of developing chronic postsurgical pain were raised (OR 2.6). If they had five
or more chronic pain problems they were even more likely to develop chronic post-
surgical pain (OR 14.8) [24].

Intra-operative surgical factors understandably influence the development of
chronic postsurgical pain. As shown in Table 15.1, different types of surgery have
different rates of persistent postsurgical pain. Surgery where there is a high risk of
damaging major nerves appears to have a higher incidence of chronic pain. Examples
include thoracic surgery (intercostal nerves), breast surgery (intercostobrachial
nerves) and inguinal hernia repair (inguinal nerves). Nerves can become damaged
both at the time of operation and also later in the healing process, either as part of
an inflammatory mediated neuropathy or as part of the mechanical or fibrotic
response to scar tissue formation. Surgical approaches that minimise trauma, such
as laparoscopic techniques used for cholecystectomy and hernia repair may there-
fore reduce the risk of chronic pain developing [17]. Other surgical factors that may
influence the development of chronic pain include the duration of operation (with
longer operations having more risk) and the expertise of the surgeon [25]. The indi-
cation for surgery may also influence outcomes, with redo surgery for post-operative
peritonitis and inflammatory bowel disease both identified as risk factors for the
development of chronic pain after laparoscopic colorectal surgery [9].

Post-operative predictors of the development of chronic pain mainly seem to be
related to the acute pain experience in the immediate post-operative period. The
intensity of acute post-operative pain is consistently associated with the develop-
ment of chronic pain problems. Patients who experience poorly controlled post-
operative pain are more likely to develop chronic pain following a number of
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different types of surgery, including surgery on the abdomen [17]. It is likely that
sensitization of both peripheral and central nervous system nociceptive pathways
can be triggered by an intense and prolonged painful stimulus, such as poorly con-
trolled post-operative pain. Acute pain descriptors have also been shown to be of
some value in predicting those at risk of developing chronic pain. In particular,
acute pain with features suggestive of a neuropathic element has been shown to be
arisk factor for developing chronic pain from a number of different types of surgery,
with positive scores from neuropathic screening tools such as the LANSS and DN4
having some predictive value [26, 27]. It might be assumed that as neuropathic pain
descriptors in the post-operative period are predictive of chronic postsurgical pain,
objective evidence of nerve damage may also be of value. However, quantitative
sensory testing (QST) in the post-operative period does not appear to be as helpful.
Indeed in the chronic pain setting, sensory changes elicited by QST are common,
but in both those with chronic pain and those who are pain free.

Prevention of Chronic Pain After Abdominal Surgery

Having identified the extent to which chronic pain after surgery is a problem, atten-
tion has turned to developing interventions that prevent or reduce the risk of this
problem occurring. Sadly, the only definitive way of preventing chronic pain devel-
oping is to not have surgery. Whilst this may not be an option for some, for those
having surgery for non-life threatening conditions, or conditions that may be treated
by other means, declining surgery is a possibility. For either group, the consent
process should include a discussion of the risks and benefits of surgery, including
the possibility of developing chronic pain and the impact this may have on quality
of life. This may be particularly relevant for those elderly patients undergoing
arthroplasty surgery for pain relief as opposed to poor function.

A variety of peri-operative interventions have been studied with the aim of pre-
venting the development of chronic postsurgical pain, but in general, the evidence is
conflicting, with small sample sizes and heterogenous study design making firm
conclusions difficult.

In theory, regional anaesthetic techniques should offer the best hope of preventing
some of the central nervous system changes thought to be involved in the development
of chronic pain after surgery, such as wind-up and central sensitisation. Indeed, there
is some evidence that both epidural and spinal anaesthetic techniques may help pre-
vent chronic pain after abdominal surgery, although the picture is by no means con-
clusive. One study showed that patients undergoing colonic resection (for cancer) who
received intra-operative epidural analgesia had less chronic postsurgical pain than
those receiving either intravenous analgesia or post-operative epidural treatment [28].
Other studies of patients undergoing open abdominal surgery have shown that when
compared to GA alone, GA and epidural analgesia roughly halved the incidence of
post-operative pain at 6 months [29]. Spinal anaesthesia for patients having gynaeco-
logical surgery or Caesarean section also seems to reduce the risk of developing
chronic postsurgical abdominal pain, when compared to general anaesthesia [30, 31].
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Another avenue of investigation into preventing chronic postsurgical pain has
been pharmacotherapy. Types of analgesic and anaesthetics have both been exam-
ined, with some evidence that both may influence the development of chronic pain.

Intense, repeated or sustained nociceptive input (such as one might expect with
poorly controlled post-operative pain) results in activity dependent central nervous
system sensitisation via the activation of NMDA receptors, which in turn contribute to
the maintenance of this sensitised pain state. Therefore, NMDA receptor antagonists
have been the target of chronic postsurgical pain investigation focused on prevention.
The results of a meta-analysis of 14 studies evaluating ketamine given for a variety of
surgical procedures suggests that it may have a preventive effect, although most stud-
ies were of small sample size, with differing doses and duration of treatment [32].
Nevertheless, the authors concluded that peri-operative ketamine, if given for more
than 24 h, reduced the incidence of pain at 3 and 6 months following surgery, with a
NNT of about 10 for preventing moderate to severe chronic pain at 6 months [32].

Nitrous Oxide is also an NMDA receptor antagonist, and a single centre sub-group
analysis of patients recruited to the ENIGMA study found that the incidence of
chronic pain in the group randomised to 70% intra-operative nitrous oxide was about
half that of the nitrous oxide free group (a median of 4.5 years after surgery) [33]. Of
note in this study was that the surgery performed was mainly abdominal. In contrast,
the intra-operative use of remifentanil has demonstrated a dose dependent relationship
with the development of chronic pain 1 year after sternotomy surgery where the risk
of chronic pain was increased in proportion to the dose of remifentanil given [34].

The gabapentinoids, pregabalin and gabapentin, have also been widely studied.
Although the mechanism of action is not completely understood for these drugs,
they appear to bind to a subunit of voltage gated calcium channels in the central
nervous system. These channels modulate the release of excitatory neurotransmit-
ters involved in nociception and may also block new synaptic formation.
Theoretically this might be one mechanism by which the incidence of chronic post-
surgical pain is reduced. Despite these theoretical reasons why the gabapentinoids
might be helpful, and positive results from some studies, metanalysis of available
studies have failed to demonstrate clear effects on the development of chronic post-
surgical pain [32, 35, 36]. Part of the difficulty in analysing the data is that different
doses, timing and duration of therapy are used in studies, and investigations with
negative outcomes have not always been published [35, 37].

As psychological factors are thought to be risk factors in developing chronic pain
after surgery, interventions to modify anxiety, catastrophizing or other unhelpful
psychological conditions pre-operatively may have a role in preventing chronic
pain. There is a lack of research to support this, although studies investigating inter-
ventions such as mindfulness have been registered [38].

Peri-operative Management of Patients with Chronic Pain
Acute post-operative pain is multifactorial and due to activation of nociceptors from

tissue injury, leading to inflammation and ischaemia of these tissues as part of an
inflammatory cascade [39]. This means that if a patient has abdominal surgery then



15 Chronic Pain: The Peri-operative Management of Chronic Pain Patients 255

a multimodal approach to analgesia is required to treat the anatomical and physio-
logical disturbance cause by surgery. Ensuring and choosing the most appropriate
pain relief can be challenging, especially when there are a multitude of options
available. This is especially challenging when treating those patients who already
have chronic pain, and who may be having surgery as a result of their chronic pain
complaint, or due to a separate pathology.

Additional Acute Pain Challenges in Chronic Pain Patients

Analgesic control after abdominal surgery presents extra challenges in chronic pain
patients, who are not opiate naive, may be on a large list of medications, and have
established psychological and emotional responses to painful stimuli. In the acute
pain setting four main groups of opioid tolerant patients are encountered [40].

e Patients who have prescribed opiates for cancer pain. These patients may be in
palliation, remission or receiving active treatment (for example abdominal
surgery).

 Patients who have prescribed opiates for chronic non-cancer pain (CNCP).

 Patients with a substance use disorder. This can be illicit drug use or those on an
opioid maintenance treatment programme.

e Patients who have developed acute or subacute opioid tolerance due to peri-
operative or post-operative opioid administration.

Patients who are on long term opioids usually have significantly higher post-
operative requirements than those who are opioid naive [41]. This is in part due to
tolerance, where the dose response curve for opioids has shifted to the right, with
increased doses needed to achieve a desired response or effect. There is also evidence
for a phenomenon known as opioid-induced hyperalgesia (OIH) [42], where there is
an amplified response to normal painful stimulus as a result of taking opioids. This
has also been described as a state of nociceptive sensitization caused by exposure to
opioids. The evidence for clinical OIH is limited, one reason being that increases in
pain in patients on long term opioids, for example those with cancer, could be due to
disease progression or indeed tolerance. There is evidence that OIH can develop
acutely due to high dose intra-operative fentanyl or remifentanil [42]; however, it is
often difficult to tease apart whether the results indicate OIH, or tolerance, or a com-
bination of both. The contribution played by tolerance and OIH to increased pain
experienced by this group of patients is unknown. However, it is clear that opioid
tolerant patients will often not respond to intra-operative opioids as expected. This
may lead to the situation where it is challenging for a health care professional to
decide whether a patient needs increased doses of opioids (tolerance) or will actually
respond better to dose reductions (OIH).

Opioid tolerant patients not only require higher doses of opioids but they report
higher pain scores and require input from acute pain teams for longer [41]. Post-
operative pain takes longer to resolve and they have longer lengths of stay in hospi-
tal and higher rates of readmission [43].
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Principles

Management of patients with chronic pain having abdominal surgery should begin
as early as possible in the surgical pathway. Ideally they should be identified at a
pre-operative assessment clinic followed by a collaborative approach involving the
acute pain, anaesthesia and surgical teams ensuring continuity of care. The goals of
peri-operative management are to aim for adequate peri-operative analgesia, pre-
vent drug withdrawal syndromes and support any social, psychiatric and behavioral
issues the patient may present with. In-patient admissions can be challenging for
both the patient and staff, and the wider pain team can offer reassurance and set
realistic treatment goals and expectations for patients that may be on a complicated
combination of pain relieving medication.

Pre-operative Management

It is vital to carry out a full pre-operative assessment paying particular attention
to the correct doses of current medication, previous operations and their pain
management, as well as the patient’s current expectations. Occasionally it may
only become apparent that a patient is opioid tolerant in the post-operative
period when surgical pain is difficult to manage. It may be difficult to verify the
doses of particular drugs but if possible the GP or pharmacist should be con-
tacted or a prescription visualised. Occasionally medication may be prescribed
by a third party (homeless shelter with GP access or drug treatment centre) and
contacting them may not be easy, especially if information is needed out of
hours. If a patient presents out of hours, or as an emergency, it is important to
give enough opioid to avoid the risk of withdrawal (the dose required to prevent
this is normally 25% of their daily dose and is known as the detoxification dose)
[44]. If the dose is not known one method is to give the reported daily dose in
up to four divided doses whilst monitoring the patients conscious level and
respiratory rate [40].

In order to prevent withdrawal after elective or routine surgery it is important
that regular opioids and other pain medication are prescribed and given on the day
of surgery. Alternatively substitution of one opioid with another, or the same opi-
oid by an alternative route of administration, should be prescribed. There may be
reasons why certain drugs are omitted but this should be the exception and not the
rule. Those patients on opioid replacement programmes may need to be given
their daily dose prior to surgery so that they can take it pre-operatively in hospital.
Those patients on opioid replacement programmes (methadone or buprenorphine)
pose particular challenges, where the choice of management may depend on the
dose of medication the patient is taking, the proposed surgery and period of nil by
mouth [45].
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Methadone Management

Methadone is a long acting opioid agonist, usually prescribed once daily with a dose
range of 50-120 mg. It is used in patients with opioid addiction and in the doses
described is sufficient to suppress the symptoms of opioid withdrawal. The drug
does have an analgesic action, however, this effect is much shorter than that of with-
drawal suppression [45]. Therefore, if given in divided doses (twice or three times a
day) there may be a better analgesic effect.

If a patient admitted for surgery is taking methadone then this should be contin-
ued if possible. When the surgery precludes taking the methadone orally then con-
version to parenteral methadone or another opioid will be required. Parenteral
methadone doses have been calculated to be 0.7 of the oral dose [46]. Dosing
regimes are also available for SC, IM and continuous infusions [45, 47].

Buprenorphine Management

Buprenorphine is a partial opioid agonist. It is usually prescribed in sublingual
doses of 8-32 mg for the treatment of opioid addiction [48]. With a terminal half-
life of 28 h it is sufficient to give once a day, or even every second day, to prevent
the symptoms of withdrawal. It is also prescribed (as patches) in the treatment of
chronic pain conditions.

Pharmacologically there are two approaches that could be taken in the peri-
operative management of those taking buprenoprhine. Taking into account the neu-
ropharmacology and the dose that the patient is taking, the first is to stop the drug,
and the second is to continue it [49].

Patients taking low dose buprenorphine (200—400 pg) for the management of
chronic pain has some opioid receptors that are not occupied, therefore, higher
doses of full agonists could be used for analgesia.

In those taking high dose buprenorphine (16-32 mg) for substitution therapy
there will be full receptor occupancy, and full agonists will not be able to easily
achieve analgesia. In this situation, if elective surgery were planned, then it would
seem appropriate that the buprenorphine should be withheld and substituted with an
alternative opioid (e.g. methadone). However, recent evidence supports continuing
the drug and managing as any other opioid tolerant patient [50].

Intra-operative Management
The appropriate amount of intra-operative opioid may be very difficult to judge but it is

likely that requirements will be much higher than anticipated [41]. The same approach of
titrating opioids to respiratory rate that is used in opioid naive patients for spontaneously
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breathing techniques can still be used. Likewise when a patient has required paralysis for
ventilation aiming for a respiratory rate of 8—10 at the end of the operation is a good start-
ing point. The use of multimodal techniques (adjuvant drugs and regional techniques)
should be considered where appropriate and these will be discussed later [47].

Post-operative Management

Treatment of acute pain in the post-operative period is often the most challenging
time for opioid tolerant patients. It requires a structured approach and reassurance
of both the patient and staff. Standard drug protocols may not be sufficient, and
multimodal strategies and polypharmacy may be required to establish adequate pain
management. This may lead to the need for higher levels of monitoring than antici-
pated. Post-operative pain scores are likely to be higher and difficult to interpret,
therefore, assessment of dynamic measures of pain (coughing, deep inspiration)
become even more important [51]. Priority should be given to those analgesic tech-
niques that are known to be opioid sparing.

Non-opioid Adjuvants

The following selection of drugs have been used in acute pain and studied in many
different types of operations. This heterogeneity and the fact that few studies have
been carried out in the chronic pain population makes drawing conclusions difficult.
However, many of the drugs have shown benefit in certain patient groups and show
promise for future research and further development.

* Simple analgesics: regular simple analgesics (paracetamol, NSAIDS) should be
prescribed unless contra-indicated.

» Ketamine (see Chap. 5) is an NMDA antagonist that is known to improve pain relief
after surgery in opioid tolerant patients [52]. It has benefits in both the intra- and post-
operative periods. The NMDA receptor is thought to have a role in tolerance and OIH
and a reduction in the incidence, associated with intra-operative remifentanil use, has
been shown [53]. Intra-operative boluses (up to 0.5 mg/kg) followed by low dose infu-
sions of 0.1 mg/kg/h seem to offer opioid sparing effects with a reduction in hallucina-
tions and dysphoria. The effect of ketamine in opioid tolerant patients undergoing a
variety of surgeries has been studied, concluding that particular benefit was observed
in painful procedures, including upper abdominal, thoracic, and major orthopaedic
surgeries [54]. A Cochrane review (that has subsequently been withdrawn due to
being outdated) concluded that peri-operative ketamine reduced 24-h morphine con-
sumption and PONV [55]. However, a new review with the objectives to evaluate the
efficacy and tolerability of ketamine administered intravenously during general anaes-
thesia or peri-operatively for the treatment or prevention of acute post-operative pain
in adult patients is underway. One study showed that intra-operative ketamine (bolus
plus infusion) reduced pain scores and opioid requirements in the first 48 h and at
6 weeks. Ketamine related adverse effects were mild or absent [56].
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The general conclusion is that peri-operative ketamine use in opioid tolerant

patients results in a reduction in pain scores. This may or may not lead to a reduction
in opioid requirements.

Gabapentinoids (see Chap. 4) are commonly used in chronic pain clinics in
the treatment of neuropathic pain. The rationale for their peri-operative use
includes possible anti-hyperalgesic, anti-allodynic and anti-tolerance effects
[47]. Some studies have also shown that they can reduce post-operative opioid
consumption and improve pain relief in opioid naive patients [57]. These
drugs can lead to sedation, therefore the drugs are often given as tolerated,
and titrated to effect. They may have an opioid sparing effect but dosing
regimes vary widely and there is little consensus on appropriate dosing, and
therefore establishing the correct dose can be challenging. The use of gaba-
pentinoids in opioid tolerant patients undergoing abdominal surgery has not
been studied.

IV Lidocaine (see Chap. 6): Lidocaine has analgesic, anti-inflammatory and
anti-hyperalgesic properties. Analgesic effects are due to inhibition of Na
channels, NMDA and G-protein linked receptors, causing suppression of
impulses from injured nerve fibres and the proximal dorsal root ganglion.
The use of IV lidocaine has been studied in open and laparoscopic abdomi-
nal surgery, tonsillectomy, orthopaedic, cardiac and ambulatory surgery.
The peri-operative administration of IV lidocaine seems to have particular
benefits in abdominal surgery (but not specifically in opioid tolerant
patients) and this may be because IV lidocaine confers specific benefit to
visceral pain. McCarthy, Marret, Sun and Vigneault have all conducted
meta-analyses that have suggested benefit, with research showing that it sig-
nificantly reduced anaesthetic and opioid requirements intra-operatively
[58—61]. Studies have shown that it reduces rest and dynamic pain intensity
as well as the duration of post-operative ileus. There is no clear consensus
on what dose should be given and when, but some studies have used a bolus
of 100 mg or 1.5-2 mg/kg half an hour before surgical incision. This is then
followed by infusions ranging in dose from 1.5 to 3 mg/kg/h, which in some
cases are continued for up to 24 h post-operatively. The studies have not
reported complications due to local anaesthetic toxicity but patients would
need monitoring in a level 1 area for the duration of the infusion and further
studies are required to establish the safety of IV lidocaine. Some studies
have shown continued analgesic effect once the infusion has stopped, and
one study found a preventative effect on post-operative pain after abdominal
surgery for up to 72 h.

Alpha-2 adrenoreceptor antagonists: De Kock et al. compared intra-operative
administration of IV clonidine to control in patients undergoing major abdomi-
nal surgery [62]. A clonidine dose of 4 pg/kg was given over 30 min followed by
an infusion of 2 pg/kg/h until the peritoneum was closed. Clonidine reduced pain
scores and morphine consumption in the 12 h following surgery. The study also
compared intravenous to epidural administration of clonidine and found that epi-
dural administration had more benefit.
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Opioid Analgesia (See Chap. 3)

It is widely accepted that the post-operative doses of opioid required for those
patients that are opioid tolerant will be substantially higher than in opioid naive
patients [47, 63]. Research has shown that PCA usage can be up to three times
greater in the opioid tolerant group. This is an important consideration for those
clinicians that take part in acute pain ward rounds [41]. Use of PCAs should be
encouraged, whilst ensuring that sufficient background requirements are provided
(if normal route of administration is not possible), as well as larger bolus doses. This
group are also likely to report higher pain scores and remain in hospital longer
under the observation from an acute pain team [43], due to the fact that post-
operative pain takes longer to resolve than in opioid naive patients.

Epidural Analgesia (See Chap. 8)

For many years epidural anaesthesia was seen as gold standard management for
abdominal surgery. One meta-analysis found that overall mortality was reduced
by about a third and reduced the odds of deep vein thrombosis by 44%, pulmo-
nary embolus by 55%, transfusion requirements by 50%, pneumonia by 39% and
respiratory depression by 59% [64]. The study concluded that these findings sup-
ported more widespread use of neuraxial blockade, and for the early part of this
century epidural use was commonplace. These findings were challenged by the
MASTER trial which concluded that adverse outcomes in high risk patients
undergoing major abdominal surgery were not reduced by the use of combined
epidural and general anaesthesia and post-operative epidural anaesthesia [65].
There were, however, improvements in analgesia and a reduction in respiratory
failure in the epidural group. Editorials followed in 2012 adding to the debate.
Rawal agreed that newer, evidence-based outcome data cast doubt over the ben-
efits of epidural anaesthesia that had previously been claimed and that the num-
ber of indications for their use was on the decline [66]. Another editorial by
Wildsmith cautioned on the weaknesses of the earlier studies, stating that ‘the
implication is that good patient outcome is as much about quality of care as it is
the method of care [67].

A recent meta-analysis by Popping et al. has swung the debate in favour of epi-
durals once again, finding that epidurals reduce mortality (3.1% versus 4.9%) and
significantly decreased the risk of supra ventricular tachycardia, atrial fibrillation,
deep vein thrombosis, respiratory depression, atelectasis, pneumonia, ileus and
post-operative nausea and vomiting [68]. The study was designed to look at out-
comes other than analgesia. There are multiple meta-analyses that show, despite
different level of epidural, analgesic agent used or type of pain assessment, that
epidurals provide superior analgesia to that of parenteral opioids. Despite all this
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controversy the evidence suggests that epidurals do offer better pain relief in the
immediate post-operative period, and in chronic pain patients this may mean that an
epidural should still be considered.

No discussions about epidurals can occur without considering the risk they pose.
These range from relatively minor such as hypotension, incomplete pain relief and
pruritis through to epidural abscess and haematoma potentially leading to cord isch-
aemia. The third National audit project (NAP 3) performed by the Royal College of
Anaesthetists involved a year long survey to capture all major complications of
central neuraxial blockade (CNB) in the UK National Health Service [69]. The
complications included vertebral canal abscess or haematoma, meningitis, nerve
injury, spinal cord ischaemia, fatal cardiovascular collapse and wrong route errors.
The survey established a denominator (via a 2 week national census) of 707,455
CNB with 84 major complications reported over a 1 year period. After being
reviewed, 52 of these met the inclusion criteria for the survey. They reported that the
incidence of permanent nerve injury was pessimistically 4.2 per 100,000 cases and
optimistically 2.0 per 100,000 cases. The conclusion they drew was that the data
was reassuring and the CNB had a low incidence of major complications, many of
which resolve within 6 months. Although the survey was not looking at pain relief
as an outcome, the data is important as it allows the clinician and patient to have an
informed discussion about the risks posed by CNB in a group of patients that are
very likely to benefit from it.

Currently there are no randomised controlled trials comparing epidurals to other
forms of pain relief in chronic pain patients undergoing abdominal surgery, so draw-
ing peer-reviewed conclusions is not possible. There has been recent interest in other
regional anaesthetic techniques that include transverse abdominus plane blocks and
rectus sheaths blocks and catheters. The interest in these blocks has in part been
growing due to the discussion of the risk-benefit of epidurals. These alternatives are
now widely used but an evidence base in opioid tolerant patients does not exist, and
in fact the evidence in opioid naive patients is similarly lacking. However, there is a
study in progress comparing rectus sheath catheters to epidurals for abdominal sur-
gery, which may help to support the use of this promising technique [70].

Laparoscopic Versus Open Colonic Resection

Laparoscopic colonic resection has been shown to have less complications, improved
pain scores and reduced length of stay when compared with open surgery. There is
evidence that intrathecal morphine in combination with bupivacaine in patients hav-
ing laparoscopic bowel resections, leads to improved pain scores and less post-
operative opioid consumption when compared to morphine PCA [71]. This research
is not specific to chronic pain patients; however, this finding should be considered
when planning surgery in opioid tolerant patients.
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Conclusions

The research on this specific group of patients is limited and much of the discus-
sion has focused on the general principles of treating acute pain in the opioid
tolerant population. The advice that exists for these patients remains based on
case series, case reports, expert opinion and personal experience [40]. It is impor-
tant to identify opioid tolerant patients prior to having surgery so that options and
expectations can be discussed, as well as having a strategy to avoid a withdrawal
syndrome. Epidurals have been shown to have improved pain scores in the gen-
eral surgical population and it seems a pragmatic approach to consider offering
one to appropriately selected patients who do not have any contraindications.
The use of a multimodal analgesic strategy should be considered in all patients,
and consideration as to what combination of drugs would be best suited to a
particular individual. It is also important to accept that treating pain in these
individuals can be immensely challenging and multi-disciplinary discussions
and repeated patient consultations may be required, over a longer than normal
time frame, to reach an acceptable level of pain management.
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