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 1 The inadequate relief of postoperative pain has adverse phy-
siologic effects that can contribute to significant morbidity and 
mortality, resulting in the delay of patient recovery and return 
to daily activities.

 2 The pain pathway is not “hardwired” and nociceptive input is 
not passively transmitted from the periphery to the brain. Tissue 
injury tends to fuel neuroplastic changes within the nervous 
system, which results in both peripheral and central sensitization.

 3 In order for preventive analgesia to be successful, three critical 
principles must be adhered to: (1) The depth of analgesia must be 
adequate enough to block all nociceptive input during surgery, 
(2) the analgesic technique must be extensive enough to include 
the entire surgical field, and (3) the duration of analgesia must 
include both the surgical and postsurgical periods.

 4 The various opioid analgesics available today have distinct 
pharmacologic differences that we can credit to their intricate 
interaction with the three main opioid receptors mu, delta, 
and kappa. The opioid receptors are members of a G protein–
coupled (guanosine triphosphate regulatory proteins) receptor 
family, which signals via a second messenger such as cyclic 
adenosine monophosphate or an ion channel.

 5 The therapeutic benefit of nonsteroidal anti-inflammatory 
drugs is believed to be mediated through the inhibition of 
cyclooxygenase enzymes, types 1 and 2, which convert arachi-
donic acid to prostaglandins.

 6 Short-term use of parecoxib and valdecoxib in patients 
following coronary artery bypass surgery is associated with an 
increased risk of thromboembolic events. The authors, there-
fore, do not recommend prescribing a cyclooxygenase 2 inhibitor 
for patients with a known history of coronary artery disease or 
cerebrovascular disease.

 7 The five variables associated with all modes of patient-controlled 
analgesia include (1) bolus dose, (2) incremental (demand) 
dose, (3) lockout interval, (4) background infusion rate, and 
(5) 1- and 4-hour limits. A typical patient-controlled analgesia 
regimen in an otherwise healthy adult would be an incremental 
dose of 1 to 2 mg of morphine with an 8- to 10-minute lockout. 
The authors do not recommend a background infusion of 
opioid in the opioid-naive patient.

 8 Epidural analgesia is a critical component of multimodal peri-
operative pain management and improved patient outcome. 
Meta-analyses investigating the efficacy of epidural analgesia 
found epidural analgesia to be superior to systemically adminis-
tered opioids.

 9 Continuous peripheral nerve block has proven to be an 
effective technique for postoperative pain management, which 
is superior to opioid analgesia with fewer opioid-related side 
effects and rare neurologic and infectious complications.

 10 Should a perioperative nerve injury occur, it is incumbent on 
the physician to determine which combination of anesthetic, 
surgical, and patient risk factors are involved in any nerve injury 
and to not assume a priori that the regional anesthetic is the 
culprit.

 11 The opioid-dependent patient is often identified just moments 
prior to surgery and the anesthesia team needs to be innovative. 
The anesthesiologist needs to be flexible enough to tailor an 
individual anesthetic that incorporates a multimodal approach, 
combining regional anesthesia with general anesthesia and 
nonopioid coanalgesics with opioid analgesics. Opioids remain 
the mainstay of perioperative pain management, and an 
adequate dose of opioid needs to be maintained to avoid 
precipitating withdrawal symptoms.
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 12 The key components to establishing a successful perioperative 
pain management service begins with an institutional 
commitment to support the service. The team must be built 

around a physician leader with training and experience in pain 
medicine. There must be other anesthesiologists available to 
support the service.

Mult imedia
 1 Nociceptive Pathways 

 2 Pain Sensitization

 3 Pain Processing

 4 Universal Pain Assessment Tool

 5 Brachial Plexus

 6 Interscalene Block

 7 Supraclavicular Block

 8 Femoral Nerve Block

 9 Ultrasound Guided Saphenous Nerve 
Block

 10 Ultrasound Guided Poplietal Nerve 
Block

 11 TAP Block

INTRODUCTION

There are approximately 75 million surgical procedures performed 
each year in the United States and more than half are performed 
in the inpatient setting. Appropriate management of acute periop-
erative pain using multimodal or balanced analgesia is therefore 
crucial. In 1992 clinical practice guidelines were promulgated by 
the Agency for Health Care Policy and Research, which provided 
guidelines for physicians for the treatment of acute pain.1 Soon 
thereafter the American Society of Anesthesiologists developed 
treatment guidelines for acute postoperative pain, which have been 
updated and amended as of 2012.2 Despite significant advances in 
our knowledge and treatment of acute pain and dissemination of 
these guidelines, significant deficits continue to persist and the 
management of acute postoperative pain is still less than optimal.

The inadequate relief of postoperative pain has adverse physi-
ologic effects that can contribute to significant morbidity and mor-
tality, resulting in the delay of patient recovery and return to daily 
activities.3 In addition, poor postoperative pain control contributes 
to patient dissatisfaction with the surgical experience and may have 
adverse psychological consequences.4 Poorly managed postopera-
tive pain can also increase the incidence of persistent postoperative 
pain conditions. Because aggressive treatment of acute postopera-
tive pain is considered to be so beneficial, the Joint Commission on 
Accreditation of Healthcare Organizations has declared that “pain 
is the fifth vital sign” and all institutions seeking accreditation from 
this group must develop pain management programs.

ACUTE pAIN DEFINED

Acute pain has been defined as “the normal, predicted, physi-
ologic response to an adverse chemical, thermal, or mechani-
cal stimulus.”5 Generally, acute pain resolves within 1 month. 
However, poorly managed acute pain that might occur follow-
ing surgery can produce pathophysiologic processes in both the 
peripheral and central nervous systems that have the potential to 
produce chronicity.4 Acute pain-induced change in the central 
nervous system is known as neuronal plasticity. This can result 
in sensitization of the nervous system resulting in allodynia and 
hyperalgesia. Surgical procedures that can be associated with 
chronic painful conditions include amputation of a limb, lateral 
thoracotomy, inguinal herniorrhaphy, abdominal hysterectomy, 
saphenous vein stripping, open cholecystectomy, nephrectomy, 
and mastectomy.4

1

ANATOMY OF ACUTE pAIN

The nociceptive pathway is an afferent (Fig. 56-1) three-neuron 
dual ascending (e.g., anterolateral and dorsal column medial lem-
niscal pathways) system, with descending modulation (Fig. 56-2) 
from the cortex, thalamus, and brainstem.6 Nociceptors are free 
nerve endings located in skin, muscle, bone, and connective tissue 

1
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FIgURE 56-1. Afferent nociceptive pathway.
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FIgURE 56-2. Efferent pathways involved in nociceptive regulation.

with cell bodies located in the dorsal root ganglia. The first-order 
neurons that make up the dual ascending system have their origins 
in the periphery as A delta and polymodal C fibers (Table 56-1). 
A delta fibers transmit “first pain,” which is described as sharp or 
stinging in nature and is well localized. Polymodal C fibers trans-
mit “second pain,” which is more diffuse in nature and is associ-
ated with the affective and motivational aspects of pain. First-order 
neurons synapse on second-order neurons in the dorsal horn pri-
marily within laminas I, II, and V, where they release excitatory 

amino acids and neuropeptides (Figs. 56-3 and 56-4). Some fibers 
can ascend or descend in Lissauer’s tract prior to terminating on 
neurons that project to higher centers. Second-order neurons con-
sist of nociceptive-specific and wide dynamic-range (WDR) neu-
rons. Nociceptive-specific neurons are located primarily in lamina 
I, respond only to noxious stimuli, and are thought to be involved 
in the sensory-discriminative aspects of pain. WDR neurons are 
predominately located in laminae IV, V, and VI, respond to both 
nonnoxious and noxious input, and are involved with the affective– 
motivational component of pain. Axons of both nociceptive-spe-
cific and WDR neurons ascend the spinal cord via the dorsal col-
umn-medial lemniscus and the anterior lateral spinothalamic tract 
to synapse on third-order neurons in the contralateral thalamus, 
which then project to the somatosensory cortex where nociceptive 
input is perceived as pain (Fig. 56-1).

aAβ/Aδ/C is the Erlanger–Gasser classification and refers to axon size; II/III/IV 
is the Lloyd–Hunt classification and is defined on conduction velocity in muscle 
afferents. Because of the relationship between size and state of myelination with 
conduction velocity, these designations are often used interchangeably.
From: Warfield CA, Bajwa ZH, eds. Principles and Practice of Pain Medicine. 
2nd ed. New York, NY: McGraw Hill; 2004, p14.

TAbLE 56-1. Primary afferent nerves

Fiber Classa Velocity Effective Stimuli

Aβ (myelinated) 
(12–20 µ dia)

Group II  
(>40–50 m/s)

Low-threshold 
mechanoreceptors

Specialized nerve 
endings (pacinian 
corpuscles)

Aδ (myelinated) 
(1–4 µ dia)

Group III (10 < ×
< 40 m/s)

Low-threshold 
mechanical or 
thermal

High-threshold 
mechanical or 
thermal

Specialized nerve 
endings

C (unmyelinated)  
(0.5–1.5 µ dia)

Group IV  
(<2 m/s)

High-threshold 
thermal, 
mechanical, and 
chemical

Free nerve endings

Spinal lamination

A�

A�

C

Marginal layer
lam I

Subst gelatinosa
lam II

N. proprius
lam III, IV, V, VI

Motor horn
lam VII, VIII, IX

Central canal
lam X

FIgURE 56-3. Schematic on the right showing 
the Rexed lamination and the approximate orga-
nization of the approach of the afferent to the 
spinal cord as they enter at the dorsal root entry 
zone and then penetrate into the dorsal horn to 
terminate in laminae I and II (A/C) or penetrate 
more deeply to loop upward to terminate as 
high as the dorsum of lamina III (Aβ). Inset on 
the left shows histologic appearance of the left 
dorsal quadrant, and large, myelinated axons. 
(From: Warfield CA, Bajwa ZH, eds. Principles and 
Practice of Pain Medicine. 2nd ed. New York, NY: 
McGraw Hill Medical Publishing Division; 2004.)
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C fiber terminal

Glutamate
sP/CGRP

Glutamate

Astrocyte/Microglia

IL1�/TNFa

PG

NO

NOS

PKCCOX2

Ca��

Dorsal horn neur on

Receptors
NMDA Non-NMDA NK-1 EP �/�/K

FIgURE 56-4. Schematic summarizing the organization of dorsal 
horn systems that contribute to the processing of nociceptive informa-
tion. (1) Primary afferent C fibers release peptide (e.g., substance P [sP], 
calcitonin gene–related peptide [CGRP], and so on) and excitatory ami-
no acid (glutamate) products. Small dorsal root ganglion (DRG) cells, 
as well as some postsynaptic elements contain nitric oxide synthase 
(NOS) and are able, upon depolarization, to release NO (nitric oxide). (2) 
Peptides and excitatory amino acids evoke excitation in second-order 
neurons. For glutamate, direct monosynaptic excitation is mediated by 
non–N-methyl-D-aspartate (NMDA) receptors (i.e., acute primary affer-
ent excitation of WDR neurons is not mediated by the NMDA or neu-
rokinin 1 (NK-1) receptor). (3) Interneurons excited by afferent barrage 
induce excitation in second-order neurons via an NMDA receptor. This 
leads to a marked increase in intracellular Ca2+ and the activation of 
kinases and phosphorylating enzymes. Prostaglandins (PGs) generated 
by cyclooxygenase-2 (COX-2) and NO by NOS are formed and released. 
These agents diffuse extracellulary and facilitate transmitter release 
(retrograde transmission) from primary and nonprimary afferent termi-
nals, either by a direct cellular action (e.g., NO) or by an interaction with 
a specific class of receptors (e.g., EP receptors for prostanoids). (4) Non-
neuronal sources of prostaglandins may include activated astrocytes 
and microglia that are stimulated by circulating cytokines, which are re-
leased secondary to peripheral nerve injury and inflammation. Terminal 
excitability can be altered by activation of a variety of receptors located 
on the sensory terminal, including those for, µ, δ, and κ opioids. (From: 
Warfield CA, bajwa ZH, eds. Principles and Practice of Pain Medicine. 
2nd ed. New York, NY: McGraw Hill Medical Publishing Division; 2004.)
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FIgURE 56-5. Pain sensitization. (Obtained with permission from: 
Dave Klemm, http:www.georgetown.edu/dml/facs/graphics/index.htm.)

pain processing

A key development in our understanding of pain processing is 
that the pain pathway is not “hardwired” and nociceptive input 
is not passively transmitted from the periphery to the brain.7 Tis-
sue injury tends to fuel neuroplastic changes within the nervous 
system, which results in both peripheral and central sensitization. 
Clinically this can manifest as hyperalgesia, which is defined as 
an exaggerated pain response to a normally painful stimulus, and 
allodynia, which is defined as a painful response to a typically 
nonpainful stimulus7 (Fig. 56-5).

2

2

The four elements of pain processing include (1) transduction, 
(2) transmission, (3) modulation, and (4) perception (Fig. 56-6). 
Transduction is the event whereby noxious thermal, chemical, or 
mechanical stimuli are converted into an action potential. Trans-
mission occurs when the action potential is conducted through the 
nervous system via the first-, second-, and third-order neurons, 
which have cell bodies located in the dorsal root ganglion, dorsal 
horn, and thalamus, respectively. Modulation of pain transmission 
involves altering afferent neural transmission along the pain path-
way. The dorsal horn of the spinal cord is the most common site 
for modulation of the pain pathway, and modulation can involve 
either inhibition or augmentation of the pain signals.6 Examples 
of inhibitory spinal modulation include (1) release of inhibitory 
neurotransmitters such as γ-amino butyric acid (GABA) and gly-
cine by intrinsic spinal neurons, and (2) activation of descending 
efferent neuronal pathways from the motor cortex, hypothalamus, 
periaqueductal gray matter, and the nucleus raphe magnus, which 
results in the release of norepinephrine, serotonin, and endor-
phins in the dorsal horn. Spinal modulation, which results in aug-
mentation of pain pathways, is manifested as central sensitization, 
which is a consequence of neuronal plasticity. The phenomenon 
of “wind-up” is a specific example of central plasticity that results 
from repetitive C-fiber stimulation of WDR neurons in the dor-
sal horn. Perception of pain is the final common pathway, which 
results from the integration of painful input into the somatosen-
sory and limbic cortices. Generally speaking, traditional anal-
gesic therapies have only targeted pain perception. A multimodal 
approach to pain therapy should target all four elements of the pain 
processing pathway.

CHEMICAL MEDIATORS OF 

TRANSDUCTION AND TRANSMISSION

Tissue damage following surgical procedures leads to the activa-
tion of small nociceptive nerve endings and local inflammatory 
cells (e.g., macrophages, mast cells, lymphocytes, and platelets) in 
the periphery. Antidromic release of substance P and glutamate 
from small nociceptive afferents results in vasodilation, extravasa-
tion of plasma proteins, and stimulation of inflammatory cells to 
release numerous algogenic substances (Table 56-2 and Fig. 56-7). 
This chemical milieu will both directly produce pain transduction 
via nociceptor stimulation as well as facilitate pain transduction 

3

http://www.georgetown.edu/dml/facs/graphics/index.htm
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Perception
- Parenteral opioids
- �2 agonists
- General anesthetics

5HT
NE Enkephalin

Descending
inhibitory

fibers

Spinothalamic
tract

Dorsal horn

Modulation
Transduction

- Spinal opioids
- �2 agonists
- NMDA receptor antagonists 
- Anticholinesterases, NSAIDs,
  CCK antagonists, no inhibitors,
  potassium channel openers

- NSAIDs
- Antihistamines
- Membrane stabilizing agents 
- Local anesthetic cream
- Opioids
- Bradykinin and serotonin
  antagonists

Transmission
Local anesthetics—peripheral nerve,

plexus, epidural block

Data derived from: Dougherty PM, Raja SN. Neurochemistry of somatosensory and pain processing. In: Benzon HT, Raja SN, Molloy RE, et al., eds. Essentials of Pain 
Medicine and Regional Anesthesia. Elsevier, Churchill Livingstone; 2005:7.

TAbLE 56-2. algogeniC substanCes

Substance Source Effect

Bradykinin Macrophages and plasma kininogen Activates nociceptors

Serotonin Platelets Activates nociceptors

Histamine Platelets and mast cells Produces vasodilation, edema and pruritus

Potentiates the response of nociceptors to 
bradykinin

Prostaglandin Tissue injury and cyclooxygenase pathway Sensitize nociceptors

Leukotriene Tissue injury and lipooxygenase pathway Sensitize nociceptors

Excess H+ ions Tissue injury and ischemia Increases pain and hyperalgesia associated 
with inflammation

Cytokines (e.g., interleukins and  
tissue necrosis factor)

Macrophages Excite and sensitize nociceptors

Adenosine Tissue injury Pain and hyperalgesia

Neurotransmitters (e.g., glutamate  
and substance P)

Antidromic release by peripheral nerve 
terminals following tissue injury

Substance P activates macrophages and 
Mast cells

Glutamate activates nociceptors

Nerve growth factor Macrophages Stimulates mast cells to release histamine 
and serotonin

Induces heat hyperalgesia

Sensitizes nociceptors

by increasing the excitability of nociceptors. Peripheral sensitiza-
tion of polymodal C fibers and high-threshold mechanoreceptors 
by these chemicals leads to primary hyperalgesia, which by defini-
tion is an exaggerated response to pain at the site of injury.

As is the case in the periphery, the dorsal horn of the spinal 
cord contains numerous transmitters and receptors involved in 
pain processing. Three classes of transmitter compounds integral 

to pain transmission include (1) the excitatory amino acids glu-
tamate and aspartate, (2) the excitatory neuropeptides substance 
P and neurokinin A, and (3) the inhibitory amino acids glycine 
and GABA. The various pain receptors include (1) the NMDA 
(N-methyl-d-aspartate), (2) the AMPA (α-amino-3-hydroxy-5-
methylisoxazole-4-proprionic acid), (3) the kainate, and (4) the 
metabotropic (Fig. 56-8).

FIgURE 56-6. The four elements of 
pain processing: Transduction, transmis-
sion, modulation, and perception. 5HT, 
serotonin; NE, norepinephrine; NMDA, 
N-methyl-D-asparate; NSAIDs, nonsteroi-
dal anti-inflammatory drugs; CCK, chole-
cystokin; NO, nitric oxide.
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FIgURE 56-8. Schematic representation of peripheral and spinal mechanism involved in neuroplasticity. Primary hyperalgesia 
results from tissue release of toxic substances. These toxic substances spread to adjacent tissues, prolonging the hyperalgesic state 
(secondary hyperalgesia). As C fiber terminals increase in frequency of release of neurotransmitters, such as glutamate, substance 
P, tachykinins, brain-derived neurotrophic factor, and calcitonin gene–related peptide, the effects of these neurotransmitters are 
summated, resulting in prolonged depolarizations of second-order neurons (“wind-up”). Function changes at the second-order 
neuron occur as a result of neurotransmitter binding to postsynaptic receptors, which results in activity-dependent plasticity of the 
spinal cord. AMPA, α-amino-3-hydroxy-5-methyl-4-isoxazole propionic acid; NK, neurokinin; NMDA, N-methyl-D-asparate.
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FIgURE 56-7. Schematic of the 
neurochemistry of somatosensory pro-
cessing at peripheral sensory nerve 
endings. (From: benzon HT, Raja SN, 
Molloy RE, et al., eds. Essentials of Pain
Medicine and Regional Anesthesia. 
2nd ed. Elsevier, Churchill Livingstone; 
2005:8.)



 chapteR 56 Acute Pain Management 1617

P
E
R

IO
P
E
R

A
T
IV

E
 A

N
D

  

C
O

N
S
U

LT
A

T
IV

E
 S

E
R

V
IC

E
S

The AMPA and kainate receptors, which are sodium chan-
nel dependent, are essential for fast synaptic afferent input. On 
the other hand, the NMDA receptor, which is calcium chan-
nel dependent, is only activated following prolonged depolar-
ization of the cell membrane. Release of substance P into the 
spinal cord will remove the magnesium block on the channel  
of the NMDA receptor giving glutamate free access to the 
NMDA receptor. Repetitive C-fiber stimulation of WDR neu-
rons in the dorsal horn at intervals of 0.5 to 1 Hz can precipitate 
the occurrence of wind-up and central sensitization (Fig. 56-9). 
This leads to secondary hyperalgesia, which, by definition, is an 
increased pain response evoked by stimuli outside the area of 
injury.

THE SURgICAL STRESS RESpONSE

Although similar, postoperative pain and the surgical stress 
response are not the same. Surgical stress causes release of cyto-
kines (e.g., interleukin-1, interleukin-6, and tumor necrosis factor-
α) and precipitates adverse neuroendocrine and sympathoad-
renal responses, resulting in detrimental physiologic responses, 
particularly in high-risk patients.4

The increased secretion of the catabolic hormones such as 
cortisol, glucagon, growth hormone, and catecholamines and the 
decreased secretion of the anabolic hormones such as insulin and 
testosterone, characterize the neuroendocrine response. The end 
result of this is hyperglycemia and a negative nitrogen balance, 
the consequences of which include poor wound healing, muscle 
wasting, fatigue, and impaired immunocompetency.

The sympathoadrenal response has detrimental effects on 
numerous organ systems; these are listed in Table 56-3.8

pREVENTIVE ANALgESIA

Preventive analgesia includes any antinociceptive regimen delivered 
at any time during the perioperative period that will attenuate pain-
induced sensitization. The term “preventive analgesia” replaces the 
older terminology “preemptive analgesia”, which is defined as an 
analgesic regimen that is administered prior to surgical incision 
and is more effective at pain relief than the same regimen admin-
istered after surgery. Although use of the term preemptive analge-
sia has been popular in the past, evidence of its clinical benefit in 
humans has been mixed and the term should be considered obso-
lete. The goal of preventive analgesia is to block the development 
of sustained pain. Theoretically, this occurs by preventing NMDA 
receptor activation in the dorsal horn that is associated with wind-
up, facilitation, central sensitization expansion of receptive fields, 
and long-term potentiation, all of which can lead to a chronic pain 
state.7 In order for preventive analgesia to be successful, three criti-
cal principles must be adhered to: (1) The depth of analgesia must 
be adequate enough to block all nociceptive input during surgery, 
(2) the analgesic technique must be extensive enough to include 
the entire surgical field, and (3) the duration of analgesia must 
include both the surgical and postsurgical periods. Patients with 
pre-existing chronic pain may not respond as well to these tech-
niques because of pre-existing sensitization of the nervous system.

STRATEgIES FOR ACUTE  

pAIN MANAgEMENT

The majority of postoperative pain is nociceptive in character, 
but there are a small percentage of patients who can experience 
neuropathic pain postoperatively. It is critical to recognize this 

3

Primary afferent
neuron

Dorsal horn neuron

Hypersensitivity

�.�.

Activate

CGRPCGRP

AMPA

Glu

Glu

SP NK-1 Spinothalamic tract

Inhibiton

Nociception

NMDA Facilitate

FIgURE 56-9. Primary nociceptive transmission in the spinal cord. 
Primary afferent nociceptive input is transmitted via α-amino-3-
hydroxy-5-methyl-4-isoxazole propionic acid (AMPA), neurokinin-1 
(NK1), and calcitonin gene–related peptide (CGRP) synapses, whose 
signals work their way to the thalamus. Glutaminergic (N-methyl-D-
asparate [NMDA]) synapses do not participate significantly in primary 
nociceptive transmission, but instead play a crucial role in spinal sen-
sitization. Accordingly, even after complete NMDA blockade in the 
 spinal cord, primary afferent nociceptive information is transmitted 
to the thalamus. NMDA antagonists thus have an antihyperalgesic 
rather than an analgesic effect in the spinal cord. Glu, glutamate; SP, 
substance P. (Reprinted from: International Association for the Study  
of Pain: Pain Control Updates. IASP Newletter 2005;13(2):3, with 
permission.)

Data derived from: Joshi GP, Ogunnaike BO. Consequences of inadequate postop-
erative pain relief and chronic persistent postoperative pain. Anesthesiol Clin North 
America. 2005;23:21; Rowlingson JC. Update on acute pain management. Inter-
national Anesthesia Research Society Review Course Lectures. 2006:95; Kehlet H. 
Multimodal approach to control postoperative pathophysiology and rehabilitation. 
Br J Anaesth. 1997;78:606.

TAbLE 56-3.  ConsequenCes of Poorly 

managed aCute Pain

Cardiovascular Tachycardia, hypertension, and 
increase in cardiac work load

Pulmonary Respiratory muscle spasm 
(splinting), decrease in vital 
capacity, atelectasis, hypoxia, 
and increased risk of pulmonary 
infection

Gastrointestinal Postoperative ileus

Renal Increased risk of oliguria and 
urinary retention

Coagulation Increased risk of thromboemboli

Immunologic Impaired immune function

Muscular Muscle weakness and fatigue. 
Limited mobility can increase the 
risk of thromboembolism

Psychological Anxiety, fear, and frustration results 
in poor patient satisfaction
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fact because patients with neuropathic pain are at increased risk 
of progressing to a chronic pain state. Neuropathic pain is a result 
of accidental nerve injury secondary to cutting, traction compres-
sion, or entrapment.4 Clinical features may include continuous 
burning, paroxysmal shooting, or electric pain with associated 
allodynia, hyperalgesia, and dysesthesias. There can be a delay in 
the onset of the pain, and it can follow a nondermatomal distribu-
tion. Surgical procedures that are a relatively high risk for neuro-
pathic pain include limb amputations, breast surgery, gallbladder 
surgery, thoracic surgery, and inguinal hernia repair.4 Nociceptive 
pain responds best to opioids, nonsteroidal anti-inflammatory 
drugs (NSAIDs), para-aminophenol agents, and regional anesthe-
sia techniques.10 Neuropathic pain, on the other hand, may ben-
efit from the addition of the nonopioid analgesic adjuvants such 
as the NMDA receptor antagonists, α2-agonists, and the α2–δ 
subunit calcium channel ligands, which will be discussed in detail.

Strategies for acute pain management should also consider the 
sex of the patient as sex differences appear to exist for pain per-
ception as well as response to opioid analgesics. Evidence suggests 
that women experience more pain following surgery than men, 
and therefore require more morphine to achieve a similar level 
of pain relief.11

ASSESSMENT OF ACUTE pAIN

The need for assessment of the patient in pain is illustrated by the 
postoperative patient who is said to be relatively pain-free, but 

who, on inspection, is lying almost completely still in bed. Too 
often, such a patient has had a recent cursory evaluation that 
included the traditional verbal analog score (VAS) 0 to 10 scale 
(“on a scale of 0 to 10, with 0 being no pain and 10 being the worst 
pain you can imagine, how much pain are you in” from which the 
patient reported a low VAS score of 1/10) (Fig. 56-10). The treat-
ing team took that as reassuring information and moved along. 
No one asked the patient about pain with movement, breathing, 
moving bowels, and so forth, all potentially important functional 
goals for the postoperative course that may be undermined by 
untreated pain.

A variety of well-studied pain measurement scales exist that can 
be helpful yet are not definitive. Unidimensional instruments such 
as the familiar numerical pain scale already mentioned, the visual 
analog scale, and the “faces” (Fig. 56-10) pain rating scale can pro-
vide some degree of guidance about a patient’s experience of pain, 
but all of these are completely subjective and are open to wide 
variation between subjects and within subjects at different times.

Multidimensional instruments, such as the McGill Pain Ques-
tionnaire or the Brief Pain Inventory provide a broader picture 
of a patient’s experience, but are usually more cumbersome to 
administer and, in the end, suffer the same limitations as all other 
attempts to measure pain. A number of tools to assess cancer-
related and noncancer chronic pain have been advanced and 
 validated.12 Most of these focus on persistent background pain 
and do not help identify intermittent or breakthrough pain. Sev-
eral assessment scales specifically address breakthrough or epi-
sodic pain. The Breakthrough Pain Questionnaire was introduced 
by Portenoy and Hagen to assess breakthrough pain in cancer 

4

Universal pain assessment tool
This pain assessment tool is intended to help patient care providers assess pain according to individual patient needs.

Explain and use 0–10 scale for patient self-assessment. use the faces or behavioral observations to interpret expressed pain 
when patient cannot communicate his/her pain intensity.

Verbal
descriptor

scale
No pain

No pain
Can be
ignored

Interferes
with tasks

Interferes
with

concentration

Interferes with
basic needs

Bedrest
required

Furrowed brow
pursed lips

breath holding

Slow blink
open mouth

Eyes closed
moaning

crying

No humor
serious

flat

Alert
smiling

Mild pain
Moderate

pain
Moderate

pain
Severe

pain

Worst
pain

possible

Wong-Baker
facial

grimace scale

Activity
tolerance

scale

Spanish

Tagalog

Chinese

Korean

Persian
(Farsi)

Vietnamese

Japanese

Wrinkled nose
raised upper lips
rapid breathing

0 1 2 3 4 5 6 7 8 9 10

FIgURE 56-10. Linear verbal analog 
score and faces pain assessment tool.
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patients, and has also been studied in patients with acute noncan-
cer pain, for which it can offer a picture of both breakthrough and 
background pain states.13

Ultimately, we are left with a maxim first attributed to Dr. 
John Bonica, the father of pain medicine: “Pain is what a patient 
says it is.” The best way to begin assessing a patient’s pain is to ask 
about it and listen to the answers. Attempts to reduce the experi-
ence to finite details may lead to failure to ask the right questions, 
distance us from our patients, focus us away from the whole per-
son, and potentially miss golden diagnostic clues that could lead 
to effective interventions.

Effective treatment of acute pain requires assessment as well 
as vigilant reassessment to determine if the primary goals are met, 
adversity has occurred, or changes are necessary. Acute pain may 
be viewed as breakthrough, intermittent, or background in nature 
(Table 56-4). The assessment process for each of these is relatively 
similar and will help to resolve the related condition into broad 
pathophysiologic groups such as cancer versus noncancer, and noci-
ceptive versus neuropathic, or mixed pain states. Such an approach 
supports a rational process for developing a useful differential diag-
nosis and approaches. Table 56-5 lists the common features of pain 
that are usually reviewed during the assessment for acute pain. A 
thorough physical examination must also be performed with par-
ticular attention to the neurologic examination, which may offer 
clues to aberrant neural processing. Such neurologic findings may 
indicate nerve injury, alerting the astute clinician to a neuropathic 
rather than a nociceptive pain state that requires a different anal-
gesic approach.14 A provocative physical examination may include 

examination of the affected areas with maneuvers that may pro-
voke pain such as range of motion testing, walking, and cough. The 
benefits of provocative testing must outweigh the associated suffer-
ing incurred by the patient. Medical imaging is also a common part 
of the acute pain workup. Overemphasis on imaging data should, 
however, be avoided as this can potentially lead to misinterpreta-
tion of the patient’s underlying pain syndrome.

OpIOID ANALgESICS

Opioids are the mainstay for the treatment of acute postoperative 
pain, and morphine is the “gold-standard.” The various opioid 
analgesics available today have distinct pharmacologic differences 
that we can credit to their intricate interaction with the three main 
opioid receptors: mu, delta, and kappa. The opioid receptors are 
members of a G protein–coupled (guanosine triphosphate regula-
tory proteins) receptor family, which signals via a second messen-
ger such as cyclic adenosine monophosphate or an ion channel. In 
the ascending pain pathway opioid receptors are located in three 
areas that include (1) the periphery, following inflammation;  
(2) the spinal cord dorsal horn; and (3) supraspinally in the brain-
stem, thalamus, and cortex. Mu opioid receptors are also found 
in the periaqueductal grey, the nucleus raphe magnus, and the 
rostral ventral medulla, which constitutes the descending inhibi-
tory pain pathway. The three primary mechanisms of action for 
opioid analgesia at the level of the spinal cord, include (1) inhibi-
tion of calcium influx presynaptically, which results in depolar-
ization of the cell membrane and decreased release of neurotrans-
mitters and neuropeptides into the synaptic cleft; (2) enhancing 
potassium efflux from the cell postsynaptically, which results in 
hyperpolarization of the cell and a decrease in pain transmission, 
and (3) activation of a descending inhibitory pain circuit via inhi-
bition of GABAergic transmission in the brainstem. Peripheral 
opioid receptors, which mediate analgesia, are located on primary 
afferent neurons. Activation of these receptors inhibits the release 
of pronociceptive and proinflammatory substances like substance 
P, which accounts for the analgesic and anti-inflammatory effects. 
The “broad-spectrum” opioid, methadone, has NMDA receptor 
antagonist properties and inhibits the reuptake of serotonin and 
norepinephrine, which may make it useful in the treatment of 
neuropathic pain.

There is great diversity in the available routes of administra-
tion of opioid analgesics. Table 56-6 is a list of relevant pharma-
cokinetic data. Table 56-7 offers equianalgesic dosing guidelines 
for the various opioids. The reader is referred to the section “Peri-
operative Pain Management of the Opioid-dependent Patient” 
for a complete discussion of incomplete cross-tolerance between 
the different opioids and dosing considerations.

Common opioid-induced side effects include sedation, nausea 
and vomiting, respiratory depression, and constipation. Less com-
mon side effects include confusion, urinary retention, dizziness, 
and myoclonus. Tolerance rarely develops to the constipating 
effects of the opioids. Alvimopan, a peripherally acting mu recep-
tor antagonist that has negligible systemic absorption, attenuates 
opioid-induced constipation and shortens postoperative ileus and 
length of hospital stay.15 Opioid-induced hyperalgesia (OIH) is 
a relatively rare phenomenon whereby patients who are receiv-
ing opioids suddenly and paradoxically become more sensitive to 
pain despite continued treatment with opioids. Evidence suggests 
that OIH is more likely to develop following high doses of phen-
anthrene opioids such as morphine.16 Changing the opioid to a 
phenyl piperidine derivative such as fentanyl may thwart OIH. 
There is also evidence that coadministration of an NMDA receptor 

4

TAbLE 56-4. three Classes of aCute Pain

1. Breakthrough: Pain that escalates above a persistent 
background pain.

2. Transitory and Intermittant: Pain that is episodic in the 
absence of background pain.

3. Background: Pain that is persistent but may vary over time.

TAbLE 56-5.  features of Pain Commonly 

addressed during assessment

Onset of pain

Temporal pattern of pain

Site of pain

Radiation of pain

Quality (character) of pain

Intensity (severity) of pain

Exacerbating factors (what makes the pain start or get 
worse?)

Relieving factors (what prevents the pain or makes it 
better?)

Response to analgesics (including attitudes and concerns 
about opioids)

Response to other interventions

Associated physical symptoms

Associated psychological symptoms

Interference with activities of daily living



TAbLE 56-6. oPioid analgesiC PharmaCoKinetiCs

Drug Onset of Effect Peak Effect

Duration of 

Effect Elimination t½

VD  

(L/kg)

Protein 

Binding (%)

Metabolism 

Pathway

Active 

Metabolites

Major Excretion 

Pathway

Alfentanil Immediate 1.5–2 min <10 min 1.5–1.85 h 0.4–1 92% Liver — Urine

Codeine Oral: 10–30 min,  
IV: 15 min

0.5–1 h Oral: 4–6 h, 
IV: 5 h

2.5–3 h — — Liver Morphine Urine

Fentanyl injection IV: immediate, 
IM: 7–8 min

— IV: 0.5–1 h, 
IM: 1–2 h

3.65 h 4 Alters with 
increasing 
ionization

Liver — Urine

Fentanyl  
transdermal

— 24–72 h 72 h ≈17 h 6 Decreases 
with 
increasing 
ionization

Liver: CYP3A4 — Urine

Fentanyl  
transmucosal

— — — 7 h 4 80–85% Liver: CYP3A4 — Urine

Hydromorphone IM/Subcutaneous: 
15 min

0.5–1 h IR: 4–5 h, ER: 
24 h, IM/

IR: 2.3 h, ER: 18.6 h ≈4 8–20% Liver: 
Glucuronidation

— Urine

Oral: 30 min Subcutaneous: 
4–5 h

IM/Subcutaneous: 
2.6 h

Levorphanol IM: 15–30 min Oral: 1 h — IV: 11–16 h IV: 10–13 40% — — —

Meperidine — — 2–4 h 3–6 (parent), <20 h 
(normeperidine)

60–80% Liver Normeperidine —

Methadone Parenteral:  
10–20 min

— 4 h 8–59 h 2–6 85–90% Liver primarily 
CYP3A4 and 
to lesser extent 
CYP2D6

— Urine and fecal

Oral: 30–60 min

Morphine sulfate IM/Subcutaneous: 
10–30 min

Epidural:  
10–15 min, 
 Oral: 1 h

Subcutaneous/
IM: 4–5 h

1.5–2 h 1–6 20–35% Liver: 
glucuronidation

Morphine 6 
glucuronide

Urine

Oxycodone Within 60 min — IR: 3–4 h CRa: 
12 h

IR: 3.2 h, CR: 4.5 h 2.6 45% Liver: Somewhat 
involves 
CYP2D6

Noroxycodone 
and 
oxymorphone

Urine

Oxymorphone Parenteral:  
5–10 min

— Parenteral: 
3–6 h

1.3 h ≈3 — Liver — Urine

Propoxyphene* — 2–2.5 h — 6–12 h (parent), 
30–36 h 
(norpropoxyphene)

— 80% Liver Norpropoxyphene Urine

Remifentanil Rapid — — 10–20 min 0.35 70% Hydrolysis by 
esterases

— Urine

Sufentanil IV: immediate, 
Epidural: 10 
minb

— Epidural: 
1.7 h

2.7 h — 91–93%, 
79% in 
neonates

Liver and small 
intestine

— —

Tramadol — — 2 h (tramadol), 
3 h (M1, 
active 
metabolite)

6.3 h (tramadol), 
7.4 h (M1, active 
metabolite)

2.6–2.9 20% Liver: CYP2D6 and 
CYP3A4

O-desmethyl-
tramadol (M1) 
via CYP2D6

Urine

Removed from the US market in November 2010 secondary to increased risk of cardiogenic death.
IV, intravenous; CT, cytochrome; IR, immediate release; ER, extended release; IM, intramuscularly.
Adapted with permission from: Drug Facts and Comparisons, Wolter Kluwer Health.
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antagonist can abolish opioid-induced tolerance and OIH.16 
Finally, opioid analgesics have profound immunomodulatory 
effects, which include inhibition of cellular and humoral immune 
functions, depressed natural killer cell activity, promotion of 
angiogenesis and inhibition of apoptosis. Such effects can be ben-
eficial or deleterious depending upon the clinical situation.17,18

Morphine is the prototype opioid and is the “gold standard” 
to which all other analgesics are compared. Although the plasma 
half-life of the drug is approximately 2 hours its analgesic duration 
of action is closer to 4 to 5 hours. Morphine undergoes hepatic 
glucuronidation to morphine-6-glucuronide and morphine-3-
glucuronide, both of which are cleared by the kidney. Morphine-
6-glucuronide is an active metabolite of morphine and is thought 
to be responsible for most of the analgesia associated with chronic 
dosing of the drug. Morphine-3-glucuronide, on the other hand, 
is considered to be devoid of analgesic activity. With chronic 
dosing these metabolites can accumulate and can be particularly 
problematic in patients with renal failure. Dosing adjustment 
is therefore necessary and monitoring of side effects is impor-
tant. Morphine-6-glucuronide contributes to side effects such as 
drowsiness, nausea and vomiting, coma, and respiratory depres-
sion. Morphine-3-glucuronide, on the other hand, is thought to 
cause agitation, myoclonus, delirium, and hyperalgesia.

Hydromorphone is a semisynthetic opioid that has 4 to 6 times 
the potency of morphine. It is available for oral, rectal, parenteral, 
and neuraxial administration. Whereas the oral bioavailability of the 
drug is reported to be 20% to 50%, its bioavailability via the subcuta-
neous route is 78%, making it the ideal drug for long-term subcuta-
neous administration in the opioid-tolerant patient. Like morphine, 
hydromorphone is biotransformed in the liver. The active metabo-
lites are dihydromorphine and dihydroisomorphine and the inac-

tive metabolite is hydromorphone-3-glucuronide. Although hydro-
morphone has traditionally been the preferred opioid for patients 
with acute pain and impaired kidney function, evidence suggests 
that hydromorphone-3-glucuronide can accumulate in those with 
renal failure and may contribute to side effects such as neuroexcita-
tion and cognitive impairment. Opioid-related side effects such as 
nausea, vomiting, sedation, cognitive impairment, and pruritus are 
reported to be less intense with hydromorphone vis-à-vis morphine. 
In fact, the incidence of pruritus following neuraxial administration 
of hydromorphone is reported to be approximately 5% versus the 
11% to 77% range reported for neuraxial morphine.19

Fentanyl, a synthetic opioid chemically related to the phenyl-
piperidines, is a relatively selective mu receptor agonist, which 
is considered to be 80 times the potency of morphine following 
intravenous administration. It is extensively metabolized in the 
liver to norfentanyl and other inactive metabolites, which are 
excreted in the urine and bile. Fentanyl is therefore suitable for 
patients in renal failure. The drug is available for intravenous, 
subcutaneous, transdermal, transmucosal, and neuraxial admin-
istration. The transdermal administration of fentanyl using ion-
tophoresis (Ionsys, Janssen-Cilag LTD) is a novel on-demand 
drug delivery system that does not require venous access.

Sufentanil, alfentanil, and remifentanil are analogs of fentanyl 
that have analgesic effects similar to those of morphine and the 
other mu receptor agonists. Sufentanil is approximately 1,000 
times the potency of morphine and is primarily used in the oper-
ating room either intravenously or neuraxially.20 Like fentanyl, 
sufentanil is very lipophilic, and although their pharmacoki-
netic and pharmacodynamic profiles are similar, sufentanil has a 
smaller volume of distribution and shorter elimination half-life.20 
The high intrinsic potency of sufentanil makes it an excellent 
choice for epidural analgesia in the opioid-dependent patient.21 
Alfentanil is approximately 10 times the potency of morphine 
and, like sufentanil, is used primarily in the operating room either 
intravenously or neuraxially. Remifentanil is an ultra–short-acting 
synthetic opioid. The potency of the drug is approximately equal 
to that of fentanyl. Remifentanil is rapidly degraded by tissue and 
plasma esterases, which accounts for its incredibly short terminal 
elimination half-life of 10 to 20 minutes.20 Rapid clearance and 
lack of accumulation make this a very desirable opioid in the oper-
ative setting. One disadvantage, however, is that discontinuation 
of a remifentanil infusion results in rapid loss of analgesia. There is 
also evidence to suggest that remifentanil infusions may be associ-
ated with the development of opioid-induced hyperalgesia. Fur-
ther studies are clearly needed to better define this phenomenon.

Meperidine, a phenylpiperidine, is a synthetic mu opioid recep-
tor agonist with a short half-life. The drug is recommended for 
the short-term management of acute pain only and has absolutely 
no role in the management of chronic pain. The drug is biotrans-
formed by the liver to normeperidine, a potentially neurotoxic 
metabolite, which has a 12- to 16-hour half-life. Repetitive dosing 
of meperidine can cause accumulation of normeperidine, which 
may precipitate tremulousness, myoclonus, and seizures. It is 
therefore recommended that the total daily intravenous dose in an 
otherwise healthy adult without renal or central nervous system 
disease should not exceed 600 mg/day and should not be admin-
istered for longer than 48 hours.22 We do not recommend admin-
istration of meperidine as an intravenous patient–controlled 
analgesia (PCA). The drug is contraindicated in patients receiving 
monoamine oxidase inhibitors as this may precipitate a syndrome 
characterized by muscle rigidity, hyperpyrexia, and seizures.

Methadone is a relatively inexpensive synthetic opioid consid-
ered to be a broad-spectrum opioid because it is a (1) mu receptor 
agonist, (2) NMDA antagonist, and (3) inhibitor of monoamine 
transmitter reuptake, making it potentially useful for the treatment 

IV, intravenous; IM, intramuscular; SQ, subcutaneous; IR, immediate release; ER, 
extended release.
Data derived from: Carroll IR, Angst MS, Clark JD. Management of periop-
erative pain in patients chronically consuming opioids. Reg Anesth Pain Med. 
2004;29:576; Toombs JD, Kral LA. Methadone treatment for pain states. Am Fam 
Phys. 2005;71:1353; Hadi I, Morley-Forster PK, Dain S, et al. Brief review: Periop-
erative management of the patient with chronic non-cancer pain. Can J Anaesth. 
2006;53:1190.

TAbLE 56-7.  oPioid equianalgesiC dosing

Drug IV/IM/SQ Oral (mg)

Morphine (MS Contin) 10 mg 30

Hydromorphone 
(Dilaudid)

1.5–2 mg 6–8

Hydrocodone (Vicodin) NA 30–45

Oxymorphone  
(Opana IR and ER)

1 mg 10

Oxycodone (Percocet, 
Oxycontin)

10–15 mg 20

Levorphanol  
(Levo-Dromoran)

2 mg 4

Fentanyl 100 µg NA

Meperidine (Demerol) 100 mg 300

Codeine 100 mg 200

Methadone The conversion 
ratio for 
methadone is 
variable.

Please see  
Table 56-8.



1622 Section Viii Perioperative and Consultative Services

of neuropathic pain. The drug is well absorbed from the gastroin-
testinal tract with a reported bioavailability of approximating 80%. 
The drug is extensively metabolized in the liver by the cytochrome 
P450 (CYP450) system to inactive metabolites, which are cleared 
in the bile and urine; unlike morphine, it is generally not necessary 
to adjust the dosage of methadone in patients with renal insuffi-
ciency. Methadone has an elimination half-life of 22 hours, and 
following a single dose the duration of analgesia is approximately 3 
to 6 hours. With repetitive dosing, however, methadone can accu-
mulate and slow tissue release into the blood stream can result in a 
long elimination half-life of up to 128 hours and duration of anal-
gesia of 8 to 12 hours. This long half-life explains the potential risk 
for cumulative toxicity, and therefore the importance of monitor-
ing for side effects such as excessive sedation and confusion follow-
ing the initiation of an around-the-clock dosing regimen.

Finally, opioid rotation is a very useful technique to restore 
analgesic sensitivity in the highly tolerant patient, and methadone 
is a common choice for opioid rotation. Because cross-tolerance 
is incomplete, the calculated equianalgesic dose of any new opioid 
is always lower than expected. One must be particularly cautious, 
however, when converting from morphine to methadone as the 
morphine/methadone equianalgesic ratio appears to be curvilin-
ear; whereas the morphine-to-methadone conversion ratio is 3:1 
at morphine doses of <100 mg/day, the ratio is 20:1 at morphine 
doses of >1,001 mg/day (Table 56-8). Methadone is principally 
metabolized by the CYP3A4 subtype enzyme of the cytochrome 
P450 system and to a lesser extent by the CYP1A2 and CYP2D6 
subtypes. Consequently, there is the potential for numerous drug 
interactions with methadone, as shown in Table 56-9. Whereas 
inhibition of methadone metabolism will theoretically provoke 

TAbLE 56-8. Conversion ratios from morPhine to methadone

Daily Chronic Oral Morphine Dosea
Conversion Ratio Oral Morphine:  

Oral Methadone

<100 mg (e.g., 90 mg PO morphine)  3:1 (e.g., 30 mg PO methadone)

100–300 mg (e.g., 300 mg PO morphine)  5:1 (e.g., 60 mg PO methadone)

300–600 mg (e.g., 600 mg PO morphine) 10:1 (e.g., 60 mg PO methadone)

600–800 mg (e.g., 720 mg PO morphine) 12:1 (e.g., 60 mg PO methadone)

800–1,000 mg (e.g., 900 mg PO morphine) 15:1 (e.g., 60 mg PO methadone)

>1,000 mg (e.g., 1,200 mg PO morphine) 20:1 (e.g., 60 mg PO methadone)

PO, by mouth.
aWhen converting from morphine to methadone use the table with caution. There is considerable variation from one individual 
to another. It is recommended that a clinician well versed in chronic pain therapy perform this task.
Data derived from: Toombs JD, Kral LA. Methadone treatment for pain states. Am Fam Phys. 2005;71:1353; Drug, Facts and Com-
parisons. St. Louis, MO: Wolters Kluwer Health, 2008; Ayonrinde OT, Bridge DT. The rediscovery of methadone for cancer pain 
management. Med J Austr. 2000;173:536.

TAbLE 56-9. methadone drug interaCtions

Clinical Significance Increase Methadone Concentration/Effects Decrease Methadone Concentration/Effects

Documented clinical effects Ciprofloxacin (Cipro), diazepam (Valium), 
ethanol (acute use), fluconazole (Diflucan), 
urinary alkalinizers

Amprenavir (Agenerase), efavirenz (Sustiva), 
nelfinavir (Viracept), nevirapine (Viramune), 
phenobarbital, phenytoin (Dilantin), rifampin 
(Rifadin), ritonavir (Norvir), urinary acidifiers

Documented enzyme effects Cimetidine (Tagamet), fluoxetine (Prozac) Carbamazepine (Tegretol)

Clinical effects uncertain Omeprazole (Prilosec), quinidine, paroxetine 
(Paxil)

Predicted interaction Delavirdine (Rescriptor), grapefruit juice or 
fruit

Ethanol (chronic use)

No current clinical evidence Ketoconazole (Nizoral), macrolide antibiotics 
(erythromycin, clarithromycin [Biaxin], 
troleandomycin [TAO]), tricyclic 
antidepressants, verapamil (Calan)

Information derived from: Raja SN, Dougherty PM. Anatomy and physiology of somatosensory and pain processing, Essentials of Pain Medicine and Regional Anes-
thesia, 2nd ed. In: Benzon HT, Raja SN, Molloy RE, Liu S, Fishman SM, eds. Philadelphia, PA: Elsevier, Churchill Livingstone, 2005, 1; Rowlingson JC. Update on acute 
pain management. International Anesthesia Research Society Review Course Lectures. 2006:95; Power I. Recent advances in postoperative pain therapy. Br J Anaesth. 
2005;95:43; Weinbroum AA. A single small dose of postoperative ketamine provides rapid and sustained improvement in morphine analgesia in the presence of morphine- 
resistant pain. Anesth Analg. 2003;96:789; Sveticic G, Gentilini A, Eichenberger U, et al. Combinations of morphine with ketamine for patient-controlled analgesia: A new 
optimization method. Anesthesiology. 2003;98:1195.
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toxicity, induction of methadone metabolism could potentially 
precipitate inadequate analgesia or even withdrawal symptoms. 
Frequent adjustments of the methadone dosage may therefore be 
required if medications are added to or eliminated from a patient’s 
drug regimen. A rare side effect associated with methadone is a 
pause-dependent dysrhythmia associated with bradycardia, QT 
prolongation, and Torsades de point.

Buprenorphine is a potent semisynthetic opioid that is derived 
from thebaine. The drug is classified as a mixed agonist–antago-
nist and partial mu receptor agonist with an analgesic potency 25 
to 50 times greater than that of morphine. Buprenorphine is a 
lipophilic opioid with moderate intrinsic activity and a high affin-
ity for the mu opioid receptor, with a half-life for dissociation 
from the receptor of 166 minutes compared with 7 minutes for 
fentanyl. The drug is metabolized by the gut and the liver and 
has a half-life of about 3 hours, but this bears little connection to 
the rate of disappearance of its clinical effects because of its avid 
binding to the mu receptor, as previously noted. The drug can 
be delivered by various routes of administration include intra-
venous, intramuscular, neuraxial, subcutaneous, sublingual, and 
transdermal. Buprenorphine is also an excellent alternative for 
the treatment of acute pain in the patient who cannot tolerate 
morphine secondary to allergy or other sensitivity. In humans, 
buprenorphine is reported to have a ceiling effect for respiratory 
depression but not for analgesia. Buprenorphine is reported to 
have anti-inflammatory effects and therefore may be efficacious 
when administered intra-articularly. Investigators have demon-
strated that buprenorphine will significantly prolong the analge-
sic effects of a peripheral nerve block when 0.3 mg of the drug is 
combined with 40 mL of a local anesthetic mixture consisting of 
1% mepivacaine, 0.2% tetracaine, and epinephrine 1:200,000.23

NONOpIOID ANALgESIC ADjUNCTS

The NSAIDs are among the most commonly used drugs in the 
world because of their anti-inflammatory, analgesic, and anti-
pyretic effects (Table 56-10). The therapeutic benefit of NSAIDs 
is believed to be mediated through the inhibition of cyclooxygen-
ase (COX) enzymes (prostaglandin H2 synthetases), types 1 and 2, 
which convert arachidonic acid to prostaglandin H2 (PGH2). The 
COX enzyme consists of two active sites: (1) The cyclooxygenase 
site and (2) the peroxidase site. NSAIDs mediate their effects by 
binding to the cyclooxygenase site (Fig. 56-11)

5

COX-1 is the constitutive enzyme that produces prostaglan-
dins, which are important for general “house-keeping” functions 
such as gastric protection and hemostasis. COX-2, on the other 
hand, is the inducible form of the enzyme that produces prosta-
glandins that mediate pain, inflammation, fever, and carcinogen-
esis. Prostaglandin E2 is the key mediator of both peripheral and 
central pain sensitization. Peripherally, prostaglandins do not 
directly mediate pain; rather, they contribute to hyperalgesia by 
sensitizing nociceptors to other mediators of pain sensation such 
as histamine and bradykinin.24 Centrally, prostaglandins enhance 
pain transmission at the level of the dorsal horn by (1) increas-
ing the release of substance P and glutamate from first-order pain 
neurons, (2) increasing the sensitivity of second-order pain neu-
rons, and (3) inhibiting the release of neurotransmitters from the 
descending pain-modulating pathways.

NSAIDs have proved effective in the treatment of postopera-
tive pain. In addition, they are opioid-sparing and can signifi-
cantly decrease the incidence of opioid-related side effects such 
as postoperative nausea and vomiting and sedation.25 Unlike the 
opioids, NSAIDs exhibit a “ceiling effect” with respect to maxi-
mum analgesic effects. Parenteral NSAIDs such as ketorolac are 
commonly employed as part of a multimodal approach for acute 
perioperative pain management. The optimal dose of ketorolac 
for postoperative pain control is 15 to 30 mg intravenously every 
6 to 8 hours not to exceed 5 days. The dose should be decreased in 
patients with renal failure.

Despite the benefits of NSAIDs in the perioperative period they 
are not without some significant side effects. Platelet dysfunction, 
gastrointestinal ulceration, and an increased risk of nephrotox-
icity are several reasons why the nonselective NSAIDs may be 
avoided in the perioperative period. The risk of nephrotoxicity is 
increased in patients with hypovolemia, congestive heart failure, 
and chronic renal insufficiency.24 The COX-2–selective inhibitors 
were developed in an attempt to minimizing their side effects. The 
COX-2–specific inhibitor celecoxib (Celebrex) is available in the 
United States. Rofecoxib (Vioxx) and valdecoxib (Bextra) also 
released in the same period were recalled by the manufacturers 
because of concerns about adverse cardiovascular risks. Celecoxib 
is the only COX-2–specific inhibitor currently available in the 
United States for acute postoperative pain. The recommended 
oral loading dose is a 400 mg followed by 200 mg orally every 
12 hours for several days. Parecoxib (Dynastat) is an injectable 
COX-2–specific inhibitor that is available only in Europe for the 
treatment of moderate-to-severe postoperative pain. The rec-
ommended dose of the drug in Europe is 40 mg intravenously 
or intramuscularly initially followed by 20 to 40 mg every 4 to 6 
hours not to exceed 80 mg/day. Unlike the nonselective NSAIDs, 
however, COX-2–specific inhibitors offer the potential advan-
tages of a reduced incidence of gastrointestinal ulceration and 
they do not inhibit platelet function. Because prostaglandins play 
a crucial role in renal function through their effect on blood flow, 
natriuresis and glomerular filtration, traditional NSAIDs, and the 
COX-2 inhibitors can cause fluid retention and hypertension.

Short-term use of parecoxib and valdecoxib in patients follow-
ing coronary artery bypass surgery is associated with an increased 
risk of thromboembolic events.26

The authors, therefore, do not recommend prescribing a 
COX-2 inhibitor for patients with a known history of coro-
nary artery disease or cerebrovascular disease. Both COX-1 and 
COX-2 play significant roles in bone fusion following fracture, 
and the use of the traditional NSAIDs has been found to inhibit 
the healing process, particularly following lumbar spinal fusion 
surgery. The effect of COX-2 inhibitors on bone fusion follow-
ing orthopedic procedures continues to be controversial, and  
no  recommendations can be made at this time. NSAIDs and 
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FIgURE 56-11. From Kam, P.C.A., COX-3: Uncertainties and contro-
versies, Curr Anaesth Crit Care. 2009; (20) 50.
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TAbLE 56-10. nonoPioid analgesiCs (adult dosing guidelines)

Drug Route

Half-

Life (h) Dose (mg) Comments

Para-aminophenols

Acetaminophen PO and 
IV

2 500–1,000 mg q4–6h. Maximum 
daily dose (MDD) in the 
healthy adult is 4,000 mg.

Intravenous dosing guidelines:
Adult >50kg: 1 g q4–6h not to 

exceed 4 g/day
Adult <50kg: 15mg/kg q4–6h 

not to exceed 3 g/day.
Pedi >33 kg: 15 mg/kg q4–6h 

not to exceed 3 g/day.
Pedi 10–33 kg: 15mg/kg q4–6h 

not to exceed 2 g/day.

Hepatotoxicity can occur in chronic 
alcoholics receiving therapeutic doses.

Administer intravenous formulation over  
15 minutes.

salicylates

Acetylsalicylic acid PO 0.25 500–1,000 mg q4–6h MDD is 
4,000 mg in the healthy adult.

Salicylic acid has a T1/2 2–3 h at low doses 
and >20 h at higher doses.

Because of the risk of Reyes syndrome 
avoid the use of aspirin in children  
<12 years old.

Diflunisal PO 8–12 500 mg q8–12h Decrease the dose in the elderly to 
500–1,000 mg/day

Choline magnesium 
trisalicylate

PO 9–17 Loading dose (LD) = 1,000 mg 
1,000–1,500 mg q12h

Unlike aspirin does not increase bleeding 
time. MDD = 2,000–3,000 mg

nsaids Propionic acids

Ibuprofen
Intravenous formulation 

(Caldolor) available in 
the United States in 2009.

PO and IV 2 400 mg q4–6h Intravenous ibuprofen:
Infuse over 30 minutes to avoid phlebitis
Limit adult dose to 3,200 mg/day.

Naproxen PO 12–15 250 mg q6–8h LD = 500 mg. MDD = 1,500 mg

Ketoprofen PO 2.1 25–50 mg q6–8h MDD = 300 mg

Oxaprozin PO 42–50 600 mg q12–24h MDD = 1,200 mg

indolacetic acids

Indomethacin PO 2 25 mg q8–12h MDD = 200 mg

Sulindac PO 7.8 150 mg q12h MDD = 400 mg. Active metabolite has a 
half-life of 16 h

Etodolac PO 7.3 300–400 mg q8–12h MDD = 1,000 mg

Pyrrolacetic acids

Ketorolac IV 6 30 mg initially followed by 15–30 
mg q6–8h not to exceed 5 days.

MDD = 120 mg. Hypovolemia should be 
corrected prior to administration.

Decrease the dose in the elderly (>65 
years of age) and in renal failure.

Phenylacetic acids

Diclofenac potassium PO 2 50 mg q8h MDD = 150 mg

enolic acids (Oxicams)

Meloxicam PO 15–20 7.5–15 mg q24h COX-2 selectivity similar to celecoxib

Piroxicam PO 50 20–40 mg q24h

naphthylalkanone

Nabumetone PO 22.5 500–750 mg q8–12h LD = 1,000 mg.

MDD = 2,000 mg.

Active metabolite has half-life = 22.5 h

Cox-2 inhibitor

Celecoxib PO 11 100–200 mg q12h LD = 400 mg. MDD = 400 mg.

Avoid this drug in patients allergic to 
sulfonamides.

PO, by month; COX-2, cyclooxygenase.
Data derived from: Principles of Analgesic Use in the Treatment of Acute Pain and Cancer Pain. 5th ed. Glenview, IL: American Pain Society, 2003; Drug, Facts and 
Comparisons. St. Louis, MO: Wolters Kluwer Health, 2008.
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COX-2–selective inhibitors should not be administered to patients  
with known hypersensitivity to the drugs or to patients with 
Samters triad (aka aspirin triad), which is a medical condition 
consisting of asthma, aspirin insensitivity, and nasal polyposis. 
Finally, avoid celecoxib and valdecoxib in patients with allergic-
type reactions to sulfonamides.

The para-aminophenol derivative acetaminophen (aka 
paracetamol) has both analgesic and antipyretic properties, simi-
lar to aspirin, but is devoid of any anti-inflammatory effects. The 
drug is primarily a centrally acting inhibitor of the cyclooxygen-
ase enzyme with minimal peripheral effects. Acetaminophen nei-
ther enters the active site of the COX enzyme nor binds to the 
cyclooxygenase site, but instead it prevents COX activation by 
reducing heme at the peroxidase site of the enzyme (Fig. 56-11). 
In addition, there may be modulation of descending inhibitory 
serotoninergic pathways and the drug may act on the opioid, can-
nabinoid, and NMDA receptors.27 Acetaminophen is devoid of 
many of the side effects generally associated with the NSAIDs, 
such as gastrointestinal ulceration, impaired platelet function, 
adverse cardiorenal effects, and impairment of bone fusion fol-
lowing orthopedic procedures. Acetaminophen is opioid-sparing 
and can be used in conjunction with an NSAID as part of a multi-
modal analgesic program. In adults, 2 g of oral acetaminophen is 
equivalent to 200 mg of celecoxib.

Propacetamol is the intravenous prodrug formulation of 
paracetamol and is a popular adjuvant for perioperative pain 
control in Europe. The drug has the disadvantage that it must 
be reconstituted prior to administration. Two grams of propa-
cetamol is equivalent to 1 g of paracetamol. Fortunately, a ready-
to-use intravenous formulation of paracetamol (Perfalgan) has 
been released in Europe. Intravenous acetaminophen (Ofirmev) 
was released in the United States in November of 2010. The drug 
is available as a 1 g (1,000 mg/100 mL) infusion that does not 
require reconstitution and can be infused through a peripheral IV 
over 15 minutes. See Table 56-10 for dosing guidelines.

The NMDA receptor antagonists such as ketamine and dextro-
methorphan may be useful analgesic adjuncts. Excitatory neu-
rotransmitter stimulation of the NMDA receptor is believed to 
be involved in the development and maintenance of several phe-
nomena including (1) persistent postoperative pain, (2) hyper-
sensitivity, wind-up, and allodynia, (3) opioid-induced tolerance, 
and (4) OIH. Low-dose ketamine (0.25- to 0.5-mg intravenous 
bolus followed by an infusion of 2 to 4 µg/kg/min) can provide 
significant analgesia and is opioid-sparing. The mechanism of 
action of ketamine is NMDA receptor blockade, but in addition 
the drug interacts with opioidergic, cholinergic, and monoami-
nergic receptors and blocks sodium channels.28

NMDA receptor antagonists may act synergistically when 
combined with an opioid. The ideal intravenous PCA morphine–
ketamine combination ratio is 1:1 with an 8-minute lockout.29 A 
double-blind study, however, demonstrates that the combination 
of ketamine (1 mg/mL) with morphine (1 mg/mL) administered 
as an intravenous PCA to patients following major abdominal 
surgery does not significantly improve pain relief.30 In patients 
with morphine-resistant pain, however, the combination of 250 
µg/kg of ketamine plus 15 µg/kg of morphine has been reported 
to provide significant analgesia.28 Results are promising, but more 
studies will certainly be required to clearly define the role of ket-
amine for postoperative analgesia.

Dextromethorphan, the d-isomer of the codeine analog levor-
phanol, is a noncompetitive NMDA receptor antagonist that has 
been used for many years as an antitussive. Dextromethorphan 
does not have a direct analgesic effect; rather, analgesia is likely 
mediated by its NMDA receptor antagonism. The drug can be 
administered orally, intravenously, and intramuscularly. There 

is a sustained-release suspension available that contains dextro-
methorphan, 30 mg/5 mL, and is marketed as Delsym (Adams 
Respiratory Therapeutics). Following oral administration the 
drug is metabolized to dextrorphan, which is the metabolite that 
accounts for most of the side effects, the most common of which 
is nausea and vomiting. Because the intravenous administration 
of large doses can lead to hypotension and tachycardia, the intra-
muscular route may be the preferred route of delivery. Dextro-
methorphan has been shown to both inhibit secondary hyperal-
gesia following peripheral burn injury and cause a reduction in 
temporal summation of pain. The preoperative administration of 
150 mg of oral dextromethorphan can reduce the PCA morphine 
requirements of patients undergoing abdominal hysterectomy, 
and the preincisional administration of 120 mg of intramuscu-
lar dextromethorphan provides preemptive analgesia in patients 
undergoing elective upper abdominal surgery. Finally, a random-
ized double-blind placebo-controlled study has demonstrated 
that dextromethorphan dosed 200 mg orally every 8 hours (e.g.,  
2 hours prior to surgery, then 8 hours and 16 hours thereafter) can 
provide a modest reduction in morphine consumption following 
knee surgery.31

The α2-adrenergic agonists clonidine (half-life, 9 to 12 hours) 
and dexmedetomidine (half-life, 2 hours) may be administered 
perioperatively to provide analgesia, sedation, and anxiolysis. The 
presynaptic activation of α2-receptors that results in the decreased 
release of norepinephrine is believed to mediate analgesia. Whereas 
clonidine is a selective partial agonist for the α2-adrenoreceptor, 
dexmedetomidine is super selective for the receptor. Their respec-
tive α2/α1 binding ratios are 220:1 for clonidine versus 1,620:1 for 
dexmedetomidine. Analgesia is mediated supraspinally (locus coe-
ruleus), spinally (substantia gelatinosa), and peripherally. Dexme-
detomidine is reported to have greater affinity for the 2A subtype 
of the receptor, which may account for the drug’s superior analge-
sic properties vis-à-vis clonidine. Clonidine can be administered 
orally, transdermally, intravenously, perineurally, and neuraxially 
for perioperative pain management. Premedication with 5 µg/kg 
of oral clonidine in patients undergoing knee surgery can decrease 
the use of PCA morphine and decrease the incidence of postop-
erative nausea and vomiting. In addition, the combination of oral 
clonidine, 3 to 5 µg/kg with 0.2 mg/24 hours of transdermal cloni-
dine can decrease postoperative PCA morphine requirement by 
50% following prostatectomy surgery. In a double-blind placebo-
controlled study, investigators demonstrated that addition of 25 
µg of intrathecal clonidine to a bupivacaine (15 mg) morphine 
(250 µg) spinal anesthetic cocktail, for total knee arthroplasty 
(TKA), could reduce postoperative morphine use and improve 
VAS pain scores at 24 hours.32 Clonidine in doses of 0.5 to 1 µg/kg 
may enhance the efficacy and increase the duration of local anes-
thetics in peripheral nerve blockade. In addition, the intra-articu-
lar use of clonidine can be beneficial. Side effects include sedation, 
hypotension, and bradycardia if the dose exceeds 150 µg as part of 
a peripheral nerve block.

Dexmedetomidine is the D-enantiomer of medetomidine. 
It is a highly selective α2-agonist that does not interact with the 
GABA-mimetic system and therefore does not depress the respi-
ratory drive.33 Other advantages include analgesia, titratable seda-
tion (e.g., “cooperative sedation”), and anxiolysis. In addition, 
the centrally mediated reduction in sympathetic tone is reported 
to have a cardioprotective effect, particularly in high-risk patients 
undergoing vascular surgery. There is a low incidence of bra-
dycardia and hypotension, which can be treated with atropine, 
ephedrine, or volume infusion.33 Dexmedetomidine is a useful 
adjunct to both opioid and nonopioid analgesics as part of a mul-
timodal analgesic protocol. Combining the drug with ketamine 
and opioids can obviate the respiratory depressant effects of the 
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latter and the psychomimetic effects of the former.34 The recom-
mended dose of dexmedetomidine is a loading dose of 1 µg/kg 
intravenously over 10 minutes followed by an infusion of 0.2 to 
0.7 µg/kg/hr,33 A dexmedetomidine infusion (0.2 to 0.7 µg/kg/
hr) combined with peripheral nerve blockade can provide superb 
analgesia, anxiolysis, and sedation during prolonged procedures.

The gabapentinoids (α2–δ subunit calcium channel ligands), 
gabapentin (Neurontin) and pregabalin (Lyrica), are indicated 
for the treatment of partial onset seizures, neuropathic pain 
(e.g., postherpetic neuralgia), and other chronic pain states (e.g., 
fibromyalgia) but have been commonly prescribed for off-label 
use for acute perioperative pain relief. Numerous meta-analysis 
indicates that the perioperative administration of gabapentinoids 
improves postoperative pain (both at rest and with movement) 
and decreases postoperative opioid requirement. In addition, 
there is a decreased incidence of postoperative vomiting, pruritus 
and urinary retention probably secondary to the opioid-sparing 
effects of the drugs.35

Compared to traditional analgesics, which decrease afferent 
input from the site of tissue injury, the gabapentinoids decrease 
the hyperexcitability of dorsal horn neurons caused by tissue 
damage.36 Although structurally similar to GABA (gamma-
aminobutyric acid) these drugs are not GABAergic and do not 
bind GABAA GABAb GABAc radioligand sites or allosteric GABA 
receptor sites. The analgesic mechanism of action of the gabapen-
tinoids may involve 3 distinct processes: (1) Decreased release of 
neurotransmitter via presynaptic binding of the calcium receptor 
(Cav α2 δ), (2) redistribution of the calcium channel away from 
its functional membrane bound site to its nonfunctional cytosolic 
site, and (3) inhibition of activation of the transcription factor 
nuclear factor κB (NF- κB), which reduces gene transcription of 
COX-2 and interleukin-6 (IL-6).37

Gabapentin prevents the development of central excitability 
and is antihyperalgesic. Meta-analysis of the analgesic effects of 
gabapentin suggests that it should be part of any multimodal 
analgesic regimen for perioperative pain management.38 In a 
double-blinded, randomized, placebo-controlled study, gabap-
entin was administered as a 1,200-mg oral dose 1 to 2 hours prior 
to surgery in patients scheduled to undergo elective arthroscopic 
anterior cruciate ligament (ACL) repair.39 Advantages of this regi-
men included a 50% reduction in postoperative morphine con-
sumption and improved early knee flexion following surgery. In 
another double-blind placebo-controlled study,40 patients under-
going abdominal hysterectomy reported superior postoperative 
analgesia following the administration of gabapentin 1 to 2 hours 
preoperatively. The recommended adult dose of gabapentin as 
part of a multimodal pain regimen for postoperative pain man-
agement is 900 mg orally 1 to 2 hours prior to surgery.40 The gas-
trointestinal absorption of gabapentin occurs through a saturable 
transport system resulting in bioavailability that decreases with 
increasing doses. Therefore, increased doses of the drug result 
in incrementally smaller increases in plasma drug concentra-
tion (e.g., nonlinear pharmacokinetics).41 Common side effects 
include dizziness, drowsiness, and ataxia.

Pregabalin is a newer gabapentinoid with greater potency than 
gabapentin that may be useful for the treatment of acute periop-
erative pain. A recent meta-analysis suggests that pregabalin has 
significant opioid-sparing effects in the first 24 hours following 
surgery and postoperative vomiting is reduced.36 There is also 
strong evidence suggesting that the perioperative use of pregaba-
lin can reduce the incidence of chronic neuropathic pain follow-
ing TKA and can reduce the time necessary to achieve effective 
joint range of motion.42 Compared to gabapentin, pregabalin has 
a linear pharmacokinetic profile (dose-independent absorbtion), 
increased potency, and fewer side effects. Further investigation 

will be required to better define useful drug combinations and 
dosing regimens for gabapentin and pregabalin.

The local anesthetic lidocaine has been shown to be analge-
sic, antihyperalgesic, and anti-inflammatory following intrave-
nous administration.43 The perioperative infusion of lidocaine 
has been shown to not only improve postoperative analgesia in 
patients recovering from laparoscopic colectomy, but it also can 
decrease postoperative opioid requirements, attenuate postop-
erative ileus, and accelerate time to discharge from the hospital.43 
Further studies are certainly warranted to establish both the safety 
and efficacy of this novel approach.

The glucocorticoids are well known for their analgesic, anti-
inflammatory, and antiemetic effects. Inhibition of cytosolic 
phospholipase A2 upstream from the lipoxygenase and COX 
enzymes in the prostaglandin cascade most certainly accounts for 
both their anti-inflammatory and analgesic effects by inhibiting 
leukotriene and prostaglandin production. The mechanism of the 
antiemetic effect of the corticosteroids is less clearly understood 
but appears to be centrally mediated.44 Although corticosteroids 
are well recognized as effective analgesics following oral surgery, 
the analgesic benefits following general surgery, orthopedic sur-
gery, and back surgery have had mixed reviews. Results from a 
recent study suggest that the combination of dexamethasone  
(8 mg intravenously) and gabapentin (800 mg orally) administered 
1 hour prior to varicocele surgery improves postoperative anal-
gesia and decreases the incidence of postoperative nausea and 
vomiting.44 Side effects associated with the use of corticosteroids 
include gastrointestinal upset, impairment of the immune sys-
tem, and delayed wound healing; however, because of the small 
doses used perioperatively, corticosteroids are considered to be 
relatively safe. Future studies will better define the role of cortico-
steroids in perioperative pain management.

METHODS OF ANALgESIA

patient-controlled analgesia

PCA is any technique of pain management that allows the 
patients to administer their own analgesia on demand. We will 
highlight some important aspects of PCA as a complete review of 
PCA is beyond the scope of this chapter; we refer the reader to the 
comprehensive review by Macintyre on this topic.45 In the United 
States, the most commonly used drugs are morphine, hydromor-
phone, and fentanyl. Hydromorphone is recommended as an 
alternative in renal failure; however, fentanyl might be a better 
choice as it has no active metabolites. Meperidine is not recom-
mended for use in an intravenous PCA secondary to accumula-
tion of its potentially toxic metabolite normeperidine.

The five variables associated with all modes of PCA include 
(1) bolus dose, (2) incremental (demand) dose, (3) lockout inter-
val, (4) background infusion rate, and (5) 1- and 4-hour limits. 
A typical PCA regimen in an otherwise healthy adult would be an 
incremental dose of 1 to 2 mg of morphine with an 8- to 10-minute 
lockout (Table 56-11). The authors do not recommend a back-
ground infusion of opioid in the opioid-naive patient. A back-
ground infusion should be reserved for the patient with chronic 
malignant or nonmalignant pain who is opioid-tolerant or in 
patients with persistent pain who have failed a trial of incremen-
tal PCA dosing. In the elderly, the dose of the PCA should be 
decreased. The relative risk factors for use of an opioid PCA are 
listed in Table 56-12. If more than two risk factors exist, you may 
want to avoid using a PCA in the standard dosing regimen and 
administer opioids only as needed.

7
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Opioid-related side effects include nausea and vomiting, pru-
ritus, sedation, and confusion. Consensus guidelines for the treat-
ment of nausea and vomiting include prescribing various com-
binations of dopamine antagonists, serotonin antagonists, and 
glucocorticoids.46 Pruritus can be ameliorated with the use of 
diphenhydramine, hydroxyzine, or a low dose of an opioid antag-
onist (e.g., naloxone) or mixed agonist–antagonist (e.g., nalbu-
phine). Excessive sedation may respond to a change in the opioid; 
however, use of a multimodal analgesic technique, which incorpo-
rates the use of a regional anesthetic (e.g., epidural or peripheral 
nerve blockade), an NSAID, acetaminophen, or other nonopioid 
analgesics such as an NMDA receptor antagonist or an α2–δ sub-
unit calcium channel ligand, will have an opioid-sparing effect, 
which should attenuate opioid-induced sedation.

neuraxial analgesia

Although opioid analgesics have been prescribed to patients for 
many centuries, the exact mechanism of action was not com-
pletely understood until 1971 when the opioid receptor was 
discovered. Within 5 years time, Yaksh reported that morphine 
could produce spinally mediated analgesia in a rat model. Soon 
thereafter in 1979 and 1981, respectfully, Wang and then Onofrio 
reported significant pain relief following the neuraxial adminis-
tration of morphine in patients with severe cancer-related pain. 
Since these discoveries, the intrathecal administration of opioids 
and the epidural administration of opioids plus a local anesthetic 
has produced significant comfort for our patients.

Epidural analgesia is a critical component of multimodal 
perioperative pain management and improved patient outcome. 
Meta-analysis investigating the efficacy of epidural analgesia 
found epidural analgesia to be superior to systemically admin-
istered opioids.47 The efficacy of an epidural technique is deter-
mined by numerous factors that can include (1) catheter incision 
site congruency, (2) choice of analgesic drugs, (3) rates of infusion, 
(4) duration of epidural analgesia, and (5) type of pain assessment 
(rest vs. dynamic). Ideally, the epidural catheter is positioned con-
gruent with the surgical incision (Fig. 56-12). Thoracic epidural 
catheter placement is recommended for both thoracic and upper 
abdominal surgical procedures because of the observed improve-
ment in coronary artery blood flow, attenuation of pulmonary 
complications, and the reduction in the duration of postoperative 
ileus. Combining a local anesthetic plus an opioid in the epidural 
space is believed to have a synergistic effect.47 The optimal dura-
tion of epidural analgesia has not been determined, but recom-
mendations are that the infusion be continued for at least 2 to  
4 days. Other than analgesia, epidural infusions lasting <24 hours 
do not appear to offer any clear cardiovascular advantages.

Epidurally administered opioids have the distinct advantage 
of producing analgesia without causing significant sympatho-
lytic effect or motor blockade. Analgesia occurs by way of a spi-
nal mechanism and through a supraspinal mechanism following 
systemic adsorption. The spinal mechanism occurs following 
diffusion of the drug into the spinal fluid, and is determined by 
meningeal permeability. Opioids with intermediate lipophilicity 
(e.g., hydromorphone, alfentanil, meperidine) have the ability to 
easily move between the aqueous and lipid regions of the arach-
noid membrane and therefore have high meningeal permeability, 
which potentially confers higher bioavailability in the spinal cord. 
However, in a comprehensive review of the topic Bernards et al.48 
concluded that morphine has greater bioavailability in the spinal 
cord than alfentanil, fentanyl, and sufentanil.

In general, the epidural administration of hydrophilic opioids 
tends to have a slow onset, long duration, and a mechanism of 
action that is primarily spinal in nature. The epidural administra-
tion of lipophilic opioids, on the other hand, have a quick onset, 
short duration, and a mechanism of action that is primarily supra-
spinal, secondary to rapid systemic uptake. However, the data are 
controversial and the site of action of lipophilic opioids such as 
fentanyl may primarily be determined by the mode of administra-
tion. Bolus administration of fentanyl appears to have a segmental 
analgesic effect whereas epidural infusion of fentanyl appears to 
have a nonsegmental (systemic) effect. There are some data, how-
ever, that suggest that there can be significant spinal mechanisms 
of action of the lipophilic opioids, particularly with the thoracic 
epidural infusion of fentanyl. In the opioid-tolerant patient 

8

Data derived from: Macintyre PE. Safety and efficacy of patient-controlled analgesia. Br J Anaesth. 2001;87:36; Grass JA: Patient-
controlled analgesia. Anesth Analg. 2005;101(suppl):S44.

TAbLE 56-11.  usual intravenous oPioid Patient–Controlled 

analgesia regimens in the oPioid-naive adult Patient

Opioid Demand Dose Lockout (min) Basal Infusion

Morphine 1–2 mg 6–10 0–2 mg/h

Hydromorphone 0.2–0.4 mg 6–10 0–0.4 mg/h

Fentanyl 20–50 µg 5–10 0–60 µg/h

Sufentanil 4–6 µg 5–10 0–8 µg/h

Tramadol 10–20 mg 6–10 0–20 mg/h

TAbLE 56-12.  relative risK faCtors 

assoCiated with the use 

of Patient-Controlled 

analgesia

Pulmonary disease

Obstructive sleep apnea

Renal or hepatic dysfunction

Congestive heart failure

Closed head injury

Altered mental status

Lactating mothers
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taking >250 mg/day of oral morphine, sufentanil may be considered 
to be the epidural opioid of choice because of its high intrinsic 
activity.

As previously mentioned, local anesthetic–opioid combina-
tions are the most common form of epidural infusion because 
the combination is considered to be synergistic. Local anesthetics 
have the unique ability to block the stress response by blocking 
afferent input to the spinal cord. Although bupivacaine plus fen-
tanyl may be the most common combination, bupivacaine plus 
morphine makes more sense from a bioavailability point of view. 
Hydromorphone plus bupivacaine also makes very good sense as 
this combination has all the advantages of a hydrophilic opioid 
with excellent meningeal permeability but less risk of pruritus. 
Remember, epidural infusions may consist of just a hydrophilic 
opioid if the patient cannot tolerate side effects from the local 
anesthetic or if the epidural is incongruent with the surgical inci-
sion. Likewise, an epidural infusion may consist simply of a local 
anesthetic if the patient cannot tolerate opioid-related side effects, 
provided that the epidural is correctly placed and is congruent 
with the surgical incision. Table 56-13 contains epidural dosing 
guidelines.

Adjuvant medications, which may enhance analgesia, include 
clonidine and ketamine. Clonidine (2 µg/mL) can be combined 
with an opioid and a local anesthetic and is usually infused at a 

rate of 5 to 20 µg/hr. Side effects that limit its clinical usefulness 
include hypotension, bradycardia, and sedation. An epidural infu-
sion consisting of ropivacaine 0.2%, fentanyl 5 µg/mL, and cloni-
dine 2 µg/mL infused at a rate of 3 to 7 mL/hr following a TKA 
has been reported to cause no significant sedation in this dos-
age range.49 The safety of epidurally administered ketamine has 
not been determined, and routine use cannot be recommended 
at this time.

A novel approach to postoperative pain control is extended-
release epidural morphine (Depodur). The system consists of 
morphine encapsulated within a liposome delivery system, which 
provides controlled release of morphine for up to 48 hours. 
Double-blinded studies indicate that the epidural administration 
of liposomal morphine has proven to be efficacious in the treat-
ment of postoperative pain associated with total hip arthroplasty 
(THA), TKA, and cesarean section. Depodur is only approved for 
lumbar epidural administration.

Intrathecal analgesia with a variety of drugs is a widely accepted 
practice for the treatment of both acute and chronic pain. Rathmell 
et al.50 have thoroughly reviewed the role of intrathecal analgesia 
for acute pain. Opioid analgesics are the most commonly admin-
istered drugs for this purpose, including morphine, hydromor-
phone, meperidine, methadone, fentanyl, and sufentanil. Their 
distribution within the intrathecal space following administration 
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is complex. Hydrophilic opioids (e.g., morphine) penetrate the 
spinal cord and bind to specific pre- and postsynaptic receptors 
within the dorsal horn. They traverse the dura slowly, bind to 
epidural fat poorly, and slowly enter the plasma. They tend to 
have a slow onset of action, long duration, and provide a broad 
band of analgesia. Delayed respiratory depression is more com-
mon with hydrophilic opioids secondary to rostral spread.50 
Lipophilic opioids (e.g., fentanyl), on the other hand, tend to 
bind to nonspecific receptors in the white matter. They rapidly 
cross the dura and are quickly sequestered into epidural fat and 
swiftly enter the systemic circulation. As a general rule lipophilic 
opioids tend to have a rapid onset of action, short duration, and 
a narrow band of analgesia. Delayed respiratory depression is 
less of a problem with the lipophilic opioids. Other side effects 
associated with intrathecal opioids include nausea and vomiting, 
urinary retention, and pruritus. The incidence of pruritus with 
intrathecal hydromorphone is reported to be significantly less 
than with morphine (refer to Table 56-14 for dosing guidelines).

Other useful analgesic additives include the α2-agonists, NSAIDs,
NMDA receptor antagonists, acetylcholinesterase inhibitors, ade-
nosine, epinephrine, and benzodiazepines. The α2-agonists alter 
pain transmission by binding to pre- and postsynaptic receptors 
within the dorsal horn of the spinal cord. Evidence suggests that 
intrathecal clonidine is synergistic with spinal local anesthetics, 

prolongs sensory and motor blockades, and causes less urinary 
retention than intrathecal morphine.50 Intrathecal clonidine does 
not cause respiratory depression or pruritus. Intrathecal doses of 
150 µg, however, are reported to increase the incidence of hypo-
tension, bradycardia, and nausea50 (refer to Table 56-15 for addi-
tional dosing recommendations). Anecdotal reports suggest that 
the neuraxial administration of an NSAID, either accidentally 
or intentionally, is both safe and effective. Further investigation 
for the treatment of postoperative pain is required of the role of 
intrathecal NSAIDs as well as the acetylcholinesterase inhibitors, 
NMDA receptor antagonists, adenosine, and benzodiazepines.

peripheral nerve Blockade

Single-injection peripheral nerve blockade has been shown to 
provide pain control that is superior to opioids with fewer side 
effects.51 Single-injection techniques are limited in duration 
but continuous peripheral nerve block (CPNB) techniques can 
extend the benefits of peripheral nerve blockade well into the 
postoperative period. CPNB has proven to be an effective tech-
nique for postoperative pain management; it is superior to opioid 
analgesia with fewer opioid-related side effects and rare neuro-
logic and infectious complications.52,53 The benefits of CPNB in 

9

TAbLE 56-13. guidelines for adult ePidural Catheter dosing regimena

Catheter Placement Surgical Dermatome

Lumbar (e.g., total knee 
arthroplasty or lower 
extremity bypass surgery)

Low thoracic (e.g., exploratory 
laparotomy, xiphopubic 
incision)

Mid-to-high thoracic (e.g., 
thoracotomy, sternotomy)

Lumbar T12–caudal Catheter congruent with incision! Catheter/incision incongruency! Not Applicable

Bupivacaine 0.05–0.1% or cMay consider Bupivacaine or

Ropivacaine 0.1–0.2% with Ropivacaine with a hydrophilic 
opioid. This is not ideal!

Fentanyl 2–5 µg/mL or 
morphine 0.1 mg/mL or  
hydromorphone 0.02 mg/mL

dHydrophilic opioids are 
required!

Morphine 0.1 mg/mL or

Hydromorphone 0.02 mg/mL

Low thoracic T8–T12 Not applicable Catheter congruent with 
incision!

Bupivacaine 0.05–0.1% or
Ropivacaine 0.1–0.2% with

Fentanyl 2–5 µg/mL or 
morphine 0.1 mg/mL or 
hydromorphone 0.02 mg/mL

Catheter/incision incongruency! 
May consider Bupivacaine or
Ropivacaine with an opioid but this is 

not ideal!
Lipophilic
Fentanyl 2–5 µg/mL.

This is not the ideal opioid!
dHydrophilic opioids are a better choice!
1. Morphine 0.1 mg/mL or
2. Hydromorphone 0.02 mg/mL
Catheter
Congruent with incision!
Bupivacaine 0.05–0.1% or
Ropivacaine 0.1–0.2% with
Fentanyl 2–5 µg/mL or morphine 0.1 mg/

mL or hydromorphone 0.02 mg/mL

Mid-to-high  
thoracic T4–T8

Not applicable Not applicable

aRate of infusion, 2–10 mL/h. Recommended adult dose for epidural bupivacaine. Do not exceed 400 mg/24 h!
bMay consider Clonidine 1–2 µg/mL in the epidural. Remember hypotension, bradycardia, and sedation are common at doses greater than 14 µg/h.
cLocal anesthetic efficacy is diminished with catheter/incision incongruency!
dHydrophilic opioids provide a broad band of analgesia! Morphine is the gold-standard. Epidural hydromorphone may cause less pruritus.
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TAbLE 56-14.  intratheCal analgesia 

dosing guidelinesa

Surgical Procedure Intrathecal Drug Dose

Labor analgesia Sufentanil 2.5–5 µg

Cesarean section 
(C-section)

Morphine 100 µg. The addition 
of clonidine 60 µg is synergistic 
and can increase the duration 
of spinal analgesia after 
C-section but also increases 
intraoperative sedation.

Outpatient knee 
arthroscopy

Fentanyl 10–25 µg will improve 
intraoperative analgesia 
without prolonging 
postoperative motor blockade.

Total knee arthroscopy Morphine 200–300 µg

Total hip arthroplasty Morphine 100–200 µg

Thoracotomy and major 
abdominal surgery

Morphine 500 µg. The incidence 
of side effects such as nausea 
and vomiting, urinary 
retention, and pruritus 
increase significantly with 
doses >300 µg.

a50–100 µg of intrathecal hydromorphone approximates 100–200 µg of intrathe-
cal morphine.
Data derived from: Principles of Analgesic Use in the Treatment of Acute Pain and 
Cancer Pain. 5th ed. Glenview, IL, American Pain Society, 2003; Rathmell JP, Lair 
TR, Nauman B. The role of intrathecal drugs in the treatment of acute pain.  
Anesth Analg. 2005;101(5 suppl):S30.

Data derived from: Rathmell JP, Lair TR, Nauman B. The role of intrathecal drugs in the treatment of acute pain. Anesth Analg. 
2005;101(5 suppl):S30; Liu SS, McDonald SB. Current issues in spinal anesthesia. Anesthesiology. 2001;94:888.

TAbLE 56-15. intratheCal analgesia other dosing guidelines

Intrathecal Drug Dosing Comments

Clonidine 15–45 µg improves the quality of 
spinal blockade in outpatient 
surgery.

Side effects increase significantly at 
intrathecal doses >150 µg.

Epinephrine 0.1–0.6 mg

Dose-related increase Not recommended for outpatient surgery

1. Return of motor function
2. Return of micturition

Neostigmine 6.25–50 µg
Dose-related increase:
1. Motor blockade
2. Time for resolution of the block
3. Nausea and vomiting

Further studies of the appropriate 
intrathecal dose that optimizes 
analgesia while minimizing side 
effects are warranted.

the ambulatory setting include prolonged postoperative analge-
sia, facilitated discharge from the hospital, fewer opioid-related 
side effects, and greater patient satisfaction.54 Finally, CPNB has 
proven to be an extraordinarily useful technique in the austere 
and remote environment of the battlefield by providing site- 
specific and opioid-sparing analgesia for the wounded soldier. 
Tables 56-16 and 56-17 present indications and contraindica-
tions for specific peripheral nerve blocks. Table 56-18 has recom-
mended dosing regimen of CPNB.

the Brachial plexus

Above the Clavicle

The interscalene block is the ideal peripheral nerve block for 
painful orthopedic and vascular procedures performed on the 
shoulder and upper arm, but is a poor choice for forearm and 
hand surgery as the ulnar nerve is commonly spared. It is the 
most cephalad approach to the brachial plexus and was origi-
nally described by Winnie55 in 1970. In his now-classic descrip-
tion, the plexus is approached at the C6 level (cricoid cartilage) 
where the roots of the brachial plexus (C5 to T1) pass between 
the anterior and middle scalene muscles in the interscalene 
groove. The direction of the needle is medial, dorsal, and caudad 
with the needle entry approximately 60 degrees from the sagit-
tal plane. A motor response to the biceps, deltoid, or pectora-
lis major muscle has been shown to be an acceptable end point 
when performing an interscalene block with a neurostimulation. 
An important caveat is that if you produce a diaphragmatic or 
trapezius muscle contraction while performing the block, your 
block needle is either too anterior (phrenic nerve stimulation) or 
too posterior (spinal accessory nerve stimulation) to the inter-
scalene groove.

This block is easily performed using ultrasound guidance  
with a posterior in-plane approach and the transducer posi-
tioned in an axial oblique plane. The needle tip can be advanced 
under real time and positioned near the nerve roots between 
the middle and anterior scalene muscles. A recent study has  
confirmed that regardless of motor response, as long as the 
needle tip is positioned between the two most lateral nerve 
structures you will achieve a successful blockade of the plexus.56 
Your end point for injection of local anesthetic has now become  
real-time observation of hydrodissection and not motor stimu-
lation.

Single-injection interscalene blockade for shoulder surgery 
reduces postoperative VAS pain scores, total opioid consumption, 
postoperative nausea and vomiting, time for request of first dose 
of analgesic, time to discharge, and unplanned hospital admis-
sions.57 Interscalene blockade provides postoperative analgesia, 
which is superior to subacromial bursae blockade, suprascapu-
lar nerve blockade, infusion of intra-articular local anesthetic, 
and parenteral opioids. To extend the period of postoperative 
analgesia, continuous catheter techniques have been successfully 

5
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employed in both the inpatient and outpatient settings. In a ran-
domized placebo-controlled study of patients undergoing total 
shoulder arthroplasty, investigators concluded that continuous 
nerve blockade with 0.2% ropivacaine provided potent analgesia 
that improved postoperative shoulder mobility and shortened the 
time to discharge.58

The supraclavicular approach to the brachial plexus provides 
anesthesia to the entire upper extremity with a single injection of 
local anesthetic. The supraclavicular approach is carried out at a 
point where the plexus is reduced to its fewest component parts, 
the superior, middle, and inferior trunks, as they pass under the 
clavicle and over the first rib. An important landmark is the sub-
clavian artery, which is often palpable in the supraclavicular fossa. 
The nerves of the brachial plexus lie in a cephaloposterior relation-
ship to the artery at this level. When performing the block with 
a peripheral nerve stimulator, stimulation of the middle trunk 

(hand twitch) is reported to be associated with the highest success 
rates.

In the now “classic” Kulenkampff description,59 needle inser-
tion is 1 cm above the midpoint of the clavicle in a plane that is 
parallel to the patient’s head and neck. This approach requires 
the elicitation of multiple paresthesias and multiple injections. 
The incidence of pneumothorax has been reported to be as high 
as 0.5% to 5% with this technique. With the introduction of 
ultrasound-guided supraclavicular blockade, however, the safety 
of this approach has improved dramatically. Real-time imag-
ing of the needle tip in order to optimize its position not only 
decreases the risk of pneumothorax but increases the quality and 
shortens the onset time of the block.60 The optimal position of 
the needle tip when performing this block with ultrasound guid-
ance is reported to be in the corner bordered by the subclavian 
artery medially, the first rib inferiorly, and the divisions of the 

7

TAbLE 56-16. braChial Plexus bloCKade

Peripheral Nerve 

Block Indications Contraindications Comments

Interscalene Total shoulder arthroplasty and 
hemiarthroplasty

Open rotator cuff repair
Open anterior reconstruction
Open reduction, internal fixation 

(ORIF) and joint fusion.

Refusal by the patient, infection, 
or hematoma in the vicinity 
of the block, allergy to local 
anesthetics, and progressive 
neuropathy or lesion of 
unknown etiology.

Catheter techniques are useful for 
painful surgeries such as shoulder 
arthroplasty.

Ultrasound-guided regional anesthesia 
(UGRA) can shorten the onset  
time of the block and decrease  
the dose of local anesthetic 
required.

Low-volume UGRA of the brachial 
plexus can decrease the risk 
of hemidiaphragmatic paresis 
(HDP).

In the anticoagulated patient 
follow the recommendations 
set forth for neuraxial 
blockade until practice 
guidelines for peripheral 
nerve blocks are promulgated.

Pneumothorax (PTX) is a risk with the 
classic approach.

Winnie’s perivascular approach and the 
plumb bob approach can minimize 
but not totally eliminate the risk of 
PTX.

Ultrasound guidance has the potential 
of significantly decreasing the risk 
of PTX.

Low-volume UGRA can almost 
eliminate the risk of HDP.

Supraclavicular Provides anesthesia to the entire 
upper extremity with a single 
injection of local anesthetic.

See above Catheter techniques are beneficial and 
relatively easy to perform.

Infraclavicular This approach is ideally suited 
for surgery on the distal upper 
arm, the entire forearm, wrist, 
and hand.

Surgery distal to the elbow:
Arteriovenous fistula, Colles 

fracture, Dupytrens contracture 
release, wrist fusion and ORIF.

Surgery on the: forearm, wrist 
and hand

See above
Also chest deformities and 

healed but dislocated 
fractures of the clavicle.

Ultrasound guidance can significantly 
improve the safety and effectiveness 
of this block.

Separate blockade of the musculo-
cutaneous and intercostobrachial 
nerves are usually necessary.

Catheter techniques can be useful.
Consider ultrasound guidance.
When you need adequate blockade of 

the radial nerve (e.g., wrist surgery) 
consider this block over the axillary 
approach.

Axillary See above

Midhumeral See above

6
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TAbLE 56-17.  lumbar and saCral Plexus bloCKade

Peripheral 

Nerve Block Indications Contraindications Comments

Lumbar plexus Total knee reconstruction and joint 
replacement surgery.

Anterior and posterior cruciate 
ligament repair.

Patellar tendon or fracture repair.
May be combined with sciatic 

nerve block for hip surgery.

Refusal by the patient, infection, 
or hematoma in the vicinity 
of the block, allergy to local 
anesthetics, and progressive 
neuropathy or lesion of 
unknown etiology.

Catheter techniques may be useful for 
painful surgical procedures such as 
cruciate ligament grafting or joint 
replacement surgery.

In the anticoagulated patient 
follow the recommendations 
set forth for neuraxial 
blockade until practice 
guidelines for peripheral nerve 
blocks are promulgated.

Excellent blockade of femoral, obturator, 
and lateral femoral cutaneous nerves. 
A true 3-in-1 block.

Avoid this technique in the 
anticoagulated patient.

Femoral nerve Total knee arthroplasty (TKA) See above Good choice for TKA.

Antereior cruciate ligament repair, 
femoral neck fractures, and 
saphenous vein stripping.

May be combined with a sciatic nerve 
block for TKA.

Catheter techniques are useful.

Muscle biopsies involving the 
ventral, medial, or lateral thigh.

Ultrasound guidance confirms placement 
of the needle tip between the fascia 
iliaca and the iliopsoas muscle.

Sciatic nerve Above-the-knee amputation.
Combine with a lumbar plexus 

block.

See above Numerous approaches have been 
described. The parasacral approach is 
the most cephalad.

Ankle joint replacement. The infragluteal parabiceps

Ankle arthrodesis. approach is useful.

Calcaneal osteotomy.
Achilles tendon repair.

Catheter techniques are useful for 
prolonged analgesia.

Ultrasound guidance can confirm needle 
placement in the subgluteal space.

Popliteal fossa Below-the-knee amputation.
Combine with a saphenous nerve 

block.
Ankle surgery: Triple arthrodesis, 

arthroscopy, and Achilles tendon 
repair.

Foot surgery: Bunion surgery and 
transmetatarsal amputation.

See above Lateral and posterior approaches have 
been described.

Catheter insertion following 
ambulatory foot surgery can provide 
prolonged analgesia.

Ultrasound guidance is very useful. 
Use the “seesaw” sign to confirm 
identification of the common 
peroneal and tibial nerves.

PCA, patient-controlled analgesia.
Data derived from: Karmakar MK, Chui PT, Joynt GM, et al. Thoracic paravertebral block for management of pain associated with multiple fractured ribs in patients 
with concomitant lumbar spinal trauma. Reg Anesth Pain Med. 2001;26:169; Liu S: Update in use of continuous perineural catheters for postoperative analgesia. IARS 
2006 Review Course Lectures. Anesth Analg suppl. 2006: 64.

TAbLE 56-18.  reCommended dosing regimen of loCal anesthetiCs for Continuous 

PeriPheral nerve bloCKade

Catheter Agent Rate of Infusion PCA Bolus (mL) Lockout (min)

Interscalene Ropivacaine 0.2% or bupivacaine 0.15–0.2% 5–8 mL/h 2–4 15–20

Infraclavicular

Femoral Ropivacaine 0.2% or 5–10 mL/h — —

Popliteal bupivacaine 0.15–0.2% — 5–10 30–60

5–8 mL/h 2 15–20

Paravertebral Ropivacaine 0.2% 0.1–0.2 mL/kg/h — — 

Bupivacaine 0.25% with 0.1 mL/kg/h  
1:400,000 epinephrine

— —
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brachial plexus superiorly and laterally.61 Administration of local 
anesthetic at this location allows the brachial plexus to be dis-
placed superiorly (Fig. 56-13) and a dense block sets up within 
minutes.61 Although the supraclavicular approach is amenable to 
continuous catheter techniques, the literature on this subject is 
meager.

Below the Clavicle

The infraclavicular block is ideally suited for surgical proce-
dures below the midhumerus such as the hand, wrist, forearm, 
or elbow.62 The block targets the brachial plexus at the level of 
the cords where it is in close proximity to the axillary artery.63 
The popularity of this approach has been less than enthusiastic 
because of unreliable surface landmarks and the potential risks of 
pneumothorax and vascular puncture. Ultrasound guidance has 
dramatically improved both the safety and efficacy of the infra-
clavicular approach and success rates are reported to be in the 
90% to 100% range.64 Ideal positioning is reported to be with the 
arm abducted to 110 degrees, externally rotated, and the elbow 
flexed 90 degrees. With this positioning, the plexus lies closer to 
the surface, facilitating ultrasound visualization, and the block is 
performed with relative ease. The needle puncture is made at the 
apex of the deltopectoral groove in the sagittal plane. Because this 
is a deep block, visualization of individual cords may be challeng-
ing so that the axillary artery becomes an important landmark. 

FIgURE 56-13. Ultrasound-guided supraclavicular nerve block. SA, 
subclavian artery; LA, local anesthetic. (Reprinted from: Soares LG, Brull 
R, Lai J, et al. Eight ball, corner pocket: The optimal needle position for 
ultrasound-guided supraclavicular block. Reg Anesth Pain Med. 2007;
32:2, with permission.)

FIgURE 56-14. Ultrasound-guided infraclavicular nerve block. Ultra-
sonic anatomy, initial needle position, and desired U-shaped anesthetic 
distribution. Pec. Maj., pectoralis major muscle; Pec. Min., pectoralis mi-
nor muscle; Ax. Art., axillary artery. (Reused with permission from: Ding-
emans E, Williams SR, Arcand G et al. Neurostimulation in ultrasound 
guided infraclavicular block. Anesth Analg. 2007;104:1274.)

The optimal injection site is cranioposterior and adjacent to the 
axillary artery.65 This area is closest to all three cords and poten-
tially optimizes local anesthetic spread. A prospective random-
ized trial comparing ultrasound-guided infraclavicular block-
ade, with and without neurostimulation, has confirmed that the 
“U-shaped” distribution of local anesthetic around the posterior, 
medial, and lateral aspects of the axillary artery will reliably pro-
duce complete blockade of the brachial plexus (Fig. 56-14).63 The 
authors conclude that infraclavicular blockade is more rapidly 
performed and a block of better quality is achieved when you use 
local anesthetic spread as your end point for injection as opposed 
to neurostimulation.

A recent large-scale study documented the analgesic ben-
efit and favorable safety profile of single-injection infraclavicular 
nerve blockade.66 Placement of continuous infraclavicular nerve 
catheters has the advantage of providing prolonged analgesia for 
several days following surgery. Benefits include improved pain 
scores, decreased opioid requirements, less sedation, and less 
sleep disturbance with continuous infraclavicular nerve block-
ade.67 The block can be performed with the arm abducted or 
adducted position. This flexibility in positioning can be advanta-
geous particularly in the trauma patient who has significant pain 
and limited mobility. Placement of continuous infraclavicular 
catheters provides the advantage of a secure point of insertion 
that will not dislodge easily with patient movement. It is also rela-
tively easy to keep clean and sterile particularly if the patient is to 
be discharged home with the catheter in situ to be removed at a 
latter date.

the lumbar plexus

Posterior Approach (Psoas Compartment Block)

The lumbar plexus is formed from the ventral rami of the L1 
to L4 spinal nerve roots, with a small contribution from T12 
in some patients. The plexus lies within the substance of the psoas 
muscle in between the anterior and posterior masses and gives rise 
to the femoral (saphenous), obturator, lateral femoral cutaneous, 
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ilioinguinal, iliohypogastric, and genitofemoral nerves. The nerves 
provide sensory innervation to the abdomen and groin, the ante-
rior, lateral, and medial aspects of the thigh, the knee joint, and 
the medial part of the calf. Motor innervation is supplied to the 
abdominal muscles, the hip flexors, thigh adductors, and the quad-
riceps muscles. Numerous posterior and anterior approaches for 
lumbar plexus blockade (LPB) have been described68 and the block 
is indicated for major surgeries of the hip and knee.

The posterior approach to the lumbar plexus reliably blocks 
the femoral, lateral femoral, and obturator nerves.69 The block is 
performed with the patient in the lateral decubitus position usu-
ally with the operative side in the uppermost (independent) posi-
tion. The advantage of this position is that the block can be com-
bined with a sciatic nerve block. The disadvantage, however, is 
the increased risk of epidural spread. When combined with sciatic 
nerve blockade, virtually any surgical procedure can be performed 
on the lower extremity. Although ultrasound-guided LPB has been 
described in the literature, it has not been studied extensively. The 
depth of the plexus in adults may make ultrasound guidance both 
difficult and unreliable and preclude its use; however, in children 
ultrasound-guided LPB may prove to be efficacious.70

LPB alone and combined with sciatic nerve blockade has 
been safely and effectively used in the outpatient setting for knee 
arthroscopy. For more painful and invasive procedures such as 
TKA, THA, and ACL repair, however, the benefit of LBP for post-
operative pain management becomes even more evident. When 
compared with epidural analgesia there is a reduced requirement 
for urinary catheter insertion, and the risk of epidural hematoma 
formation secondary to postoperative anticoagulation is nearly 
eliminated. Continuous LPB with a catheter technique is reported 
to provide optimal analgesia both at rest and during physiother-
apy following THA and may provide opioid-free analgesia follow-
ing both TKA and THA.71

Complications are associated with the placement of sciatic 
and psoas compartment blocks. Therefore, extreme care should 
be exercised if you choose to place these blocks. The incidence 
of sciatic nerve injury following TKA, unrelated to regional anes-
thesia technique, is reported to be in the range of 0.2% to 2.4%.72 
Risk factors include valgus deformity (≥10 degrees), tourniquet 
time ≥120 minutes, pre-existing neuropathy, and postoperative 
bleeding.73 Sciatic nerve blockade can mask these complications. 
Intermittent bolusing of the sciatic catheter (e.g., discontinu-
ous catheter technique) allows neurologic examination between 
boluses. Complications associated with the placement of a psoas 
compartment block includes epidural spread, spinal anesthesia, 
systemic toxicity, unilateral sympathectomy, renal subscapular 
hematoma, and neurologic injury.73 Psoas compartment block-
ade should be avoided in the anticoagulated patient.

Anterior Approach (Femoral Nerve Block)

The femoral nerve is formed from the posterior divisions of the 
ventral rami of L2 to L4 and is the largest terminal branch of the 
lumbar plexus. The nerve emerges from the lower lateral border 
of the psoas muscle and passes beneath the inguinal ligament in 
the groove between the iliacus and psoas muscles. In the inguinal 
region the nerve is covered by two fascial layers, the fascia lata and 
fascia iliaca, and whereas the fascia lata separates the subcutane-
ous tissue from the muscle and vessels, the fascia iliaca completely 
envelopes both the iliopsoas muscle and the femoral nerve, physi-
cally separating the nerve from the femoral artery and vein.74 
Although the nerve can be visualized with ultrasound, both above 
and below the inguinal ligament it is ideally visualized at the level 
of the inguinal crease, and at this level, the nerve is positioned 
approximately 0.5 cm lateral to the femoral artery. The nerve pro-

vides motor innervation to the quadriceps femoris, sartorius, and 
pectineus muscles as well as sensory innervation to the anterior 
thigh, knee and the medial aspect of the lower extremity termi-
nating as the saphenous nerve. Recent ultrasound-guided evi-
dence indicates that the topographic relationship of the femoral 
nerve at the inguinal crease is medial and lateral to each other 
rather than anterior and posterior and both divisions are in close 
proximity to each other under the fascia iliaca.75

In 1973, Winnie and colleagues76 described a paravascular 
approach to femoral nerve blockade as a “3-in-1” technique sug-
gesting that the fascial sheath that surrounds the femoral nerve 
acts as a conduit to reliably anesthetize the femoral, obturator, 
and lateral femoral cutaneous nerves. In reality, the obturator 
nerve is commonly spared.

Since the original description several anterior approaches 
to femoral nerve blockade have been described and the needle 
insertion site varies considerably. Needle insertion at the inguinal 
(femoral) crease (2 to 4 cm below the inguinal ligament) imme-
diately lateral to the femoral pulse results in a 100% success rate 
for surgical anesthesia when using a peripheral nerve stimula-
tor technique. With the patient in the supine position, a 2-inch 
(50-mm) insulated short bevel needle is advanced at a 60-degree 
angle in posterior and cephalad directions. Although a quadriceps 
“twitch” has been described as the appropriate muscle stimula-
tion using a peripheral nerve stimulation technique, recent evi-
dence supports either a quadriceps or sartorius evoked muscle 
twitch as an acceptable stimulation end point associated with 
equivalent degrees of femoral nerve blockade.77 Eliciting a motor 
response at 0.3 to 0.5 mA confirms the ideal needle position, and 
local anesthetic can be incrementally injected with periodic aspi-
ration to avoid intravascular injection.

Another very successful approach to femoral nerve blockade is 
the fascia iliaca compartment block. The injection site is distant 
from any neurovascular structures and therefore does not require 
neurostimulation to be successful.73 The block has been described 
in both children and adults and is reported to be more success-
ful than the 3-in-1 block. Continuous peripheral nerve catheter 
placement is reported to be faster with the fascia iliaca approach.73

Femoral nerve blockade is tremendously effective for postop-
erative pain control following arthroscopic reconstruction of the 
ACL with patellar tendon autograft. Single-injection femoral nerve 
blockade improves postoperative pain control, delays the time to 
first request for an analgesic, and provides analgesia superior to 
intra-articular ropivacaine. Femoral nerve blockade alone is an 
inadequate block for ACL reconstruction with hamstring autograft 
because of postoperative pain in the sciatic nerve distribution. A 
combination of femoral nerve blockade and sciatic nerve blockade 
is necessary in this case. In addition, continuous catheter tech-
niques can prolong analgesia well into the postoperative period. 
Femoral nerve blockade alone or in combination with sciatic 
nerve blockade provides superior pain control and a reduction in 
unanticipated hospital admissions when used for more invasive 
and complex outpatient knee surgeries such as high osteotomy, 
multiple ligament reconstruction, and meniscal reconstruction. A 
meta-analysis concludes that femoral nerve blockade is as effective 
as epidural analgesia following TKA.78 Femoral nerve blockade 
provides site-specific analgesia and is an integral part of any mul-
timodal analgesic regimen following major knee or hip surgery.79

Ultrasound-guided femoral nerve blockade has also been 
described.74 Care must be taken to place the tip of the needle 
within the space between the fascia iliaca and the iliopsoas muscle 
lateral to the femoral artery (Fig. 56-15). Local anesthetic can then 
be injected under real time and hydrodissection can be directly 
observed near the medial and lateral divisions of the femoral 
nerve. Placement of a continuous femoral nerve block catheter is 
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highly recommended as part of a multimodal analgesic regimen 
for both TKA and THA. Ultrasound-guided placement of the 
catheter perpendicular to or parallel to the femoral nerve has been 
described and as long as the tip of the catheter is in close proxim-
ity to the femoral nerve both techniques are equally effective.80 In 
combination with ultrasound guidance, the fascia iliaca approach 
has also been successfully used for the placement of continuous 
peripheral nerve catheters in the outpatient setting.54 Advantages 
of ultrasound guidance for femoral nerve blockade versus guid-
ance by peripheral nerve stimulation include (1) decreased time 
for onset of complete sensory blockade, (2) reduction in local 
anesthetic volume, and (3) an increased success of sensory block.

Saphenous nerve blockade is frequently combined with a lateral 
popliteal block or sciatic block for procedures involving the lower 
leg. The saphenous nerve is the only branch of the lumbar plexus 
below the knee and is the largest sensory terminal branch of the 
femoral nerve. The nerve provides sensory innervation to the 
medial, anteromedial, and posteromedial parts of the knee, leg, 
and medial malleolus and, in some people, the medial aspect of 
the large toe. Several approaches have been described at the level 
of the patella and medial malleolus. The paravenous approach is 
based on the close relationship of the saphenous vein and nerve 
at the level of the tibial tuberosity. Ultrasound-guided saphenous 
nerve blockade deep to the sartorius muscle near the adductor 
canal has also been described in the literature and this may prove 
to be a useful approach.81

Sacral plexus

The sciatic nerve originates from the sacral plexus and is derived 
from the ventral rami of the fourth lumbar to the third sacral nerve 
roots. The three major components of the sciatic nerve include 
the tibial and common peroneal nerves and the posterior femoral 
cutaneous nerve to the thigh. The sciatic nerve provides sensory, 
motor, and some sympathetic innervation to the lower extremity 
and, its blockade in combination with an LPB, can provide com-
plete anesthesia and postoperative analgesia for lower extremity 
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surgery. Numerous proximal and distal techniques, using ante-
rior, posterior, and lateral approaches to the sciatic nerve with the 
patient in the supine, prone lateral, and lithotomy positions, have 
been described. Patient comfort is a key factor in determining the 
preferred approach. Proximal sciatic nerve blockade is often com-
bined with a psoas compartment block or a femoral nerve block 
for procedures on the lower extremity including THA, TKA, and 
ACL repair, as previously discussed. In addition, the combination 
of a femoral and a sciatic nerve block is also indicated for complex 
outpatient knee surgeries, above- and below-the-knee amputa-
tions, and ankle and foot surgery.

Following foot and ankle surgery, sciatic nerve blockade pro-
vides safe, effective, and long-lasting postoperative analgesia. The 
infragluteal parabiceps approach offers distinct advantages over 
the more traditional approaches as the approach relies on eas-
ily palpable soft-tissue landmarks. Inversion of the foot follow-
ing nerve stimulation at <0.4 mA is the preferred evoked motor 
response because inversion is found to be associated with a more 
rapid onset and complete blockade. Unfortunately, single-shot 
proximal sciatic nerve blockade with a long-acting local anesthetic 
can only provide analgesia for 10 to 20 hours. Continuous proxi-
mal sciatic nerve blockade has been successfully applied for foot 
and ankle surgery and below-the-knee amputation. Continuous 
parasacral sciatic nerve blockade has been described in patients 
undergoing complex lower extremity surgery including TKA, 
osteotomy, above-the-knee amputation, osteosarcoma resection, 
and other procedures on the leg. The advantage of this approach 
is complete anesthesia of all three branches of the sciatic nerve.

Ultrasound guidance provides real-time visualization and 
high-quality images of the sciatic nerve. Using a curved 2- to 
5-MHz (megahertz) transducer, very good quality images of the 
sciatic nerve have been described in the gluteal, infragluteal, and 
proximal thigh locations82 (Figs. 56-16 and 56-17). Successful 
ultrasound-guided blockade of the sciatic nerve within the sub-
gluteal has also been described with the hyperechoic nerve being 
easily imaged with a 2- to 5-MHz transducer at the level of the 
greater trochanter and ischial tuberosity.83 Ultrasound-guided 
subgluteal blockade with a stimulating catheter has also been 

FIgURE 56-15. Ultrasound-guided femoral nerve blockade: Short 
axis ultrasound image of the infrainguinal structures. Femoral nerve 
blockade can be performed with a needle approach that is either in-
plane or out-of-plane. The needle tip must be positioned within the 
space between the fascia iliaca and the iliopsoas muscle before local 
anesthetic is injected in order to achieve a successful block of the femo-
ral nerve.

FIgURE 56-16. Ultrasound-guided sciatic nerve blockade. Ultrasound 
transducer positioned transverse in the infragluteal region. GT, greater 
trochanter; IT, ischial tuberosity. (Reprinted from: Chan VW, Nova H, 
Abbas S, et al. Ultrasound examination and localization of the sciatic 
nerve. Anesthesiology. 2006;104:310, with permission.)
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described in children undergoing various lower extremity sur-
gical procedures.84 The authors describe excellent postoperative 
analgesia and patient satisfaction.

Distal sciatic nerve blockade is typically performed in the popli-
teal fossa using a lateral or posterior approach. In the adult patient, 
the block is preferably performed at least 100 mm superior to the 
popliteal crease cephalad to the bifurcation of the sciatic nerve into 
the tibial and common peroneal nerves. When using neurostimu-
lation as the end point for injection of local anesthetic, inversion 
of the foot is the ideal motor response that best predicts complete 
sensory blockade. The popliteal approach to sciatic nerve blockade 
typically spares the posterior cutaneous nerve to the thigh, thus pre-
serving hamstring function. This approach therefore has the added 
benefit of being less restrictive on ambulation, which is useful fol-
lowing ambulatory surgery. The block provides superior analgesia 
for foot and ankle surgery and is often paired with a saphenous 
nerve block for surgeries involving the medial aspect of the leg 
and foot. Compared with subcutaneous local anesthetic infiltra-
tion and ankle blockade, popliteal sciatic nerve blockade provides 
significantly longer postoperative analgesia and has a high degree 
of patient satisfaction. Ultrasound guidance significantly improves 
the accuracy of needle placement through real-time imaging of the 
nerve and potentially improves efficacy.85 The image of the sci-
atic nerve in the popliteal space will vary depending on the type 
of transducer used, but the linear 5- to 12-MHz transducer pro-
vides the highest resolution image.85 With the posterior approach 
and a short-axis (transverse cross-sectional) view, active or passive 
dorsiflexion of the foot can produce external rotation of the sciatic 
nerve, which facilitates its identification. Real-time visualization of 
circumferential spread of local anesthetic around the nerve with 
ultrasound guidance will not only decrease the failure rate but it 
will expedite block onset compared with conventional techniques, 
reduce complications, and provide greater patient satisfaction.85

Continuous popliteal sciatic nerve blockade can significantly 
extend the duration of superb postoperative analgesia and has 
been successfully implemented in both the inpatient and outpa-
tient settings. Pain-related sleep disruption is less, and hospital 
length of stay is shorter, which can potentially lead to a reduction 
in healthcare costs.86 Risks associated with at-home perineural 
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infusions of local anesthetic include catheter site infection, nerve 
injury, and catheter migration with subsequent local anesthetic 
toxicity. Complications are relatively rare.54,87

Paravertebral blockade (PVB) can provide segmental analgesia 
for numerous surgical procedures including thoracotomy, mas-
tectomy, nephrectomy, cholecystectomy and rib fractures, spinal 
surgery, and video-assisted thorascopic surgery, as well as ingui-
nal and abdominal procedures. The paravertebral space (PVS) 
does not actually exist but is considered to be a potential space 
created by fluid distention of the tissues.88 The PVS is defined 
anteriorly by the parietal pleura, posteriorly by the costotrans-
verse ligament, superiorly by the occiput, inferiorly by the alar 
of the sacrum, and medially by the vertebral body, intervertebral 
disc, and the intervertebral foramen. Laterally, the PVS is con-
tiguous with the intercostal space.88 The PVS contains the ante-
rior and posterior ramus of the spinal nerve root and the white 
and grey rami communicantes. Injection of local anesthetic into 
this potential space will therefore produce a dense sensory and 
sympathetic block resulting in unilateral segmental analgesia.2 
Generally speaking, PVB is performed at the thoracic level. When 
performed in the lumbar region it is better known as a psoas 
compartment block and when performed at the cervical level it is 
referred to as a deep cervical plexus block.88

Blind percutaneous PVB can be performed with the patient in 
the seated, prone, or lateral decubitus position. The block is admin-
istered with either a spinal needle or a Tuohy needle and multiple- 
and single-injection and catheter techniques have been described. 
Needle insertion is 2.5 cm lateral to the superior aspect of the spi-
nous process (paramedial line) and advanced perpendicular to the 
skin in all planes until it contacts the transverse process, which is 
at a depth of about 2 to 5 cm in the adult. The needle is “walked” 
off the transverse process superiorly or inferiorly and advanced no 
more than 1 to 1.5 cm into the PVS. Loss of resistance to air or 
saline may be used but it has an indistinct end point. However, 
nerve stimulation and ultrasound both have the potential to facili-
tate needle placement. Although single-level (T4) and multilevel 
(C7 to T6) blocks can be performed, four injections can provide a 
more reliable loss of sensation than a single injection.89 The recom-
mended bolus dose of bupivacaine, to be distributed over single or 
multiple levels, is 1.5 mg/kg (0.3 mL/kg of 0.5% bupivacaine) not 
to exceed 150 mg total dose. The addition of epinephrine 1:400,000 
to 1:200,000 can prolong the blockade and serves to facilitate detec-
tion of intravascular injection. Ropivacaine 0.5% may be a safer 
alternative to bupivacaine, and besides it has been shown to have 
a more rapid onset, a broader initial spread, and a longer duration 
of action. The recommended dose for an infusion is 0.1 mL/kg/hr 
of 0.25% bupivacaine or 0.1 to 0.2 mL/kg/hr of 0.2% ropivacaine.90 
Complications include hypotension, vascular puncture, pleural 
puncture, pneumothorax, and epidural or intrathecal trespass. 
The risk of pleural puncture can be decreased with the assistance of 
sonographic guidance to identify the transverse process. Likewise, 
the risk of pleural puncture can be decreased when the paraverte-
bral catheter is placed percutaneously under direct visualization of 
the parietal pleura by the surgeon or the anesthesiologist prior to 
closure of a thoracotomy incision.

The advantages of PVB include lower postoperative VAS pain 
scores, a reduction in postoperative opioid consumption, and, 
therefore, less opioid-induced postoperative nausea and vomit-
ing, less pain with movement, and shorter hospital stays. Con-
tinuous PVB compares favorably with thoracic epidurals for post-
thoracotomy analgesia. Continuous PVB provides analgesia that 
is equivalent to thoracic epidural blockade but without the side 
effects of hypotension, postoperative nausea and vomiting, and 
urinary retention91 and may therefore be a reasonable alternative 
to a thoracic epidural catheter for postoperative analgesia.

FIgURE 56-17. Ultrasound image of the sciatic nerve. The arrow 
points to the sciatic nerve. GT, greater trochanter; GMM, gluteus maxi-
mus muscle; IT, ischial tuberosity. (Reprinted from: Chan VW, Nova H, 
Abbas S, et al. Ultrasound examination and localization of the sciatic 
nerve. Anesthesiology. 2006;104:311, with permission.)
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miscellaneous Regional anesthesia techniques

The rectus sheath block (RSB) is a regional anesthetic technique for 
use in adults to provide relaxation of the anterior abdominal wall 
during laparotomy. The RSB has been described in both adults and 
children and can provide effective postoperative analgesia for both 
umbilical and midline surgical incisions. The block is performed 
by depositing local anesthetic in the potential space between the 
rectus abdominis muscle and the posterior rectus sheath. Tradi-
tionally, the RSB has relied on a “blind” technique using a short 
bevel needle with an end point for injection defined as a loss of 
resistance or an audible “pop.” Complications associated with the 
block include intraperitoneal injection of local anesthetic, perfora-
tion of the bowel, and puncture of a mesenteric vessel. Ultrasound-
guided RSB has been described in both the pediatric and adult 
populations and real-time imaging of the optimal needle position 
will eliminate or at least minimize the uncertainty and potential 
complications associated with the “blind” technique.

The transversus abdominis plane block is very similar to the 
RSB in that it anesthetizes neural afferents that supply the ante-
rior abdominal wall. This block can provide adequate postopera-
tive analgesia in patients undergoing major abdominal surgery. 
It is performed by injecting local anesthetic into the transversus 
abdominis plane via the triangle of Petit, which is defined by the 
latissimus dorsi muscle posteriorly, the external oblique muscle 
anteriorly, and the iliac crest caudally. This is a blind approach 
that uses a “double-pop” technique to advance the needle into the 
appropriate fascial plane. Fortunately, the transversus abdominis 
plane block can be performed using ultrasound guidance92 and, 
as is the case with the RSB, potentially increasing the success rate 
of the block while decreasing complications.

Placement of a continuous wound catheter is a relatively simple 
and sometimes effective technique in which the surgeon places a 
catheter into the wound at the end of surgery and a local anes-
thetic infusion is begun. Appropriate placement of the catheter 
in the preperitoneal space, rather than the subcutaneous space, is 
required for adequate analgesia. Local anesthetics may inhibit the 
first and second stages of wound healing, so routine use may not 
be recommended.93 Further study of this promising modality is 
recommended.

Recently, there has been an interest in continuous intra-articu-
lar and periarticular infiltration of local anesthetic with or without 
opioid for TKA. The advantage of the approach is that quadriceps 
strength can be maintained thus facilitating ambulation and pos-
sibly earlier discharge from the hospital. A major disadvantange of 
this approach relates to reports of chondrolysis that may limit its 
usage. Other major disadvantages include the potential for large 
wound effusions and an increased risk for infection with a cath-
eter in place, The periarticular soft-tissue injection of local anes-
thetic combined with an NSAID (e.g., ropivacaine and ketorolac) 
combined with an intra-articular catheter for 24 hours has been 
described.94 This technique appears to be safe and effective, and 
the risk of infection is minimized by removing the catheter on 
postoperative day 1. A single-injection technique referred to as 
local iniltration analgesia (LIA), following TKA, has also been 
described in the literature. Although injection of local anesthetic 
in the soft tissue around the knee joint is of proven efficacy, there 
are concerns about local anesthetic systemic toxicity. Likewise, 
there are reports of major complications including deep infection 
and wound dehiscence in the LIA groups.95

continuous peripheral nerve Blockade caveats

Interest in CPNB increased following the Food and Drug Admin-
istration warning in 1997 on the risk of spinal hematoma in 
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patients who received epidural placement and low-molecular-
weight heparin concurrently.96 Although bleeding complications 
can be associated with the placement of CPNB catheters, the 
actual risks related to this technique are not well defined. Hem-
orrhagic complications, rather than neurologic deficits, appear 
to be the predominant risk associated with the performance of 
peripheral nerve blockade in the anticoagulated patient.97 Major 
hemorrhage can occur following performance of psoas compart-
ment blockade (e.g., LPB) and lumbar sympathetic blockade.97 
Special risk seems likely in any patient who may be anticoagulated 
perioperatively.

Practice-based guidelines for the performance of neuraxial 
techniques in the anticoagulated patient are available online at 
the American Society of Regional Anesthesia (ASRA) Web site at 
http://www.asra.com/consensus-statements and are based on the 
recommendations set forth in the consensus statement by Hor-
locker et al.97 At the time of this publication, however, no consensus 
statement has been promulgated by the society outlining practice 
guidelines for the performance of peripheral nerve blocks in anti-
coagulated patients. Until guidelines are developed for the perfor-
mance of peripheral nerve blockade in the anticoagulated patient, 
Horlocker et al.97 recommend a conservative approach by adapting 
the guidelines set forth by ASRA for the performance of neuraxial 
blockade, which they acknowledge may be overly restrictive.

Despite the fact that a sustained-release morphine is currently 
available for epidural use, the routine application of timed-release 
formulations of local anesthetic and opioids for both neuraxial 
and peripheral analgesia is remote. The argument for their use is 
simplicity and prolonged analgesia; however, once administered, 
there is no turning back and the dose cannot be titrated to effect 
nor can it be turned off so a neurovascular check of the patient 
can be performed. Continuous catheter systems may be cumber-
some and potentially more expensive but they are titratable and 
they can be turned on and off as appropriate and they can be 
intermittently bolused when indicated.

COMpLICATIONS FROM 

REgIONAL ANESTHESIA

The opinion of some that regional anesthesia is safer than gen-
eral anesthesia may be based on the fact that regional anesthe-
sia has been associated with reduced postoperative mortality 
secondary to thromboembolic phenomenon and myocardial 
infarction.98,99 Nonetheless, data from the American Society of 
Anesthesiologists Closed Claims Project database suggests that 
the comparative safety of regional anesthesia in comparison to 
general anesthesia cannot be accurately determined. In a review 
of Closed Claims data, however, death is more common with 
claims involving general anesthesia and permanent-disabling 
and nondisabling temporary injuries are more often associated 
with regional anesthesia.100 Serious complications associated 
with regional anesthesia include cardiac arrest, radiculopa-
thy, cauda equina syndrome, and paraplegia. Fortunately, the 
incidence of severe anesthesia-related complications are rare 
(<0.1%); however, the incidence of cardiac arrest and neurologic 
complications are higher following spinal anesthesia than after 
all other types of regional procedures. The incidence of cardiac 
arrest following spinal anesthesia is 6.4 ± 1.2/10,000 versus 1.0 ± 
0.4/10,000 for other forms of regional anesthesia. The incidence 
of neurologic injury after spinal anesthesia (6 ± 1/10,000 cases) is 
greater than all other regional techniques (e.g., epidural, periph-
eral nerve block and intravenous regional anesthesia) combined 
(1.6 ± 0.5/10,000 cases).

http://www.asra.com/consensus-statements
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Should a perioperative nerve injury occur, it is incumbent on 
the physician to determine which combination of anesthetic, sur-
gical, and patient risk factors are involved in any nerve injury and 
not assume a priori that the regional anesthetic is the culprit. The 
risk factors for nerve injury are listed in Table 56-19. Patient risk 
factors for perioperative nerve injury may include any pre-existing 
systemic neuropathy (e.g., diabetes mellitus) or drug-induced neu-
ropathy (e.g., vincristine or cis-platin). Risk factors for ulnar nerve 
injury include male sex, prolonged hospitalization, increasing age, 
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Data derived from: Neal JM, Hebl JR, Gerancher JC, et al. Brachial plexus anesthe-
sia: Essentials of our current understanding. Reg Anesth Pain Med. 2002;27:402; 
Horlocker TT: Complications of regional anesthesia. IARS 2004 Review Course 
Lectures. Anesth Analg Suppl. 2004:56; Ben-David B. Complications of peripheral 
blockade. Anesthesiol Clin North America. 2002;20:457; Hebl JR, Horlocker TT, 
Pritchard DJ. Diffuse brachial plexopathy after interscalene blockade in a patient 
receiving cisplatin chemotherapy: The pharmacologic double crush syndrome. 
Anesth Analg. 2001;92:249.

TAbLE 56-19.  risK faCtors for nerve injury 

during the PerformanCe of 

regional anesthesia

Variables Risk Factors

Patient Body habitus

Pre-existing neurologic disorder  
(e.g., diabetes mellitus or patients 
who have received chemotherapy in 
the recent past)

Male gender

Advanced age

Surgical Direct surgical trauma or stretch

Prolonged tourniquet time

Hematoma

Infection

Tightly applied casts or surgical dressings

Patient positioning

Regional 
anesthesia

Mechanical injury from the needle or 
catheter

Chemical neurotoxicity from the local 
anesthetic

Ischemic injury to the nerve

Liu SS, Ngeow JE, YaDeau JT. Ultrasound-guided regional anesthesia and analgesia: 
A qualitative review, Reg Anesth Pain Med. 2009;34(1):47–59.

TAbLE 56-20.  advantages of ultrasound-

guided regional anesthesia

1. Hastenened block performance.
2. Fewer needle passes resulting in less patient discomfort 

and potentially a decreased risk of vascular puncture and 
hematoma formation in the anticoagulated patient.

3. Faster initial onset of the block.
4. Decreased dose of local anesthetic.
5. Preprocedural scanning can reveal anticipated as well as 

unanticipated structures such as hemodialysis catheters, 
ventriculoperitoneal shunts, vascular and neurologic 
anomalies.

extremes of body habitus, and diabetes. Diabetics, for example, 
have a decreased requirement for local anesthetic yet an increased 
risk for local anesthetic-induced nerve injury. This phenomenon 
has been described as the “double-crush” syndrome and proposes 
that axons injured at one site have an increased susceptibility to 
injury distally. Interestingly enough, in spite of this risk, regional 
anesthesia has been safely performed on patients with pre-existing 
ulnar neuropathy who underwent ulnar nerve transposition.101

Ultrasound guidance technology for the performance of 
peripheral nerve blockde has become very popular over the past 
decade. Direct visualization of the needle and the associated ana-
tomic structures and real-time hydrodissection of local anesthetic 
around target nerves should theoretically increase the safety and 
decrease complications associated with peripheral nerve block-
ade. However, ultrasound-guided regional anesthesia (UGRA) 
does not completely eliminate all the risks associated with the 
performance of peripheral nerve blockade. Advantages associ-
ated with the use of UGRA are listed in Table 56-20. Relevant 
patient safety issues are listed in Table 56-21. See Chapters 21 
(Local Anesthetics), 34 (Epidural and Spinal Anesthesia), and 35 
(Peripheral Nerve Blockade) for additional details on the reported 
complications of regional anesthesia.

pERIOpERATIVE pAIN MANAgEMENT 

OF THE OpIOID-DEpENDENT pATIENT

Although this discussion focuses on the patient with chronic 
pain syndromes, these strategies for perioperative pain manage-
ment are easily adaptable to other opioid-dependent populations. 
Chronic pain is defined as “pain without apparent biologic value 
that has persisted beyond the normal tissue healing time usu-
ally taken to be three months” (International Association for the 
Study of Pain) and “pain of a duration or intensity that adversely 

Neal, JM. Ultrasound-guided regional anesthesia and patient safety: An evidence-
based analysis. Reg Anesth Pain Med. 2010;35(2 suppl):S59–67.

TAbLE 56-21.  ultrasound-guided 

regional anesthesia  

(ugra) and Patient safety

1. Peripheral nerve injury
The incidence of peripheral nerve injury with UGRA is 

similar to reports of nerve injury following the use of 
peripheral nerve stimulation (PNS).

2. Local anesthetic systemic toxicity (LAST)
Compared to PNS, UGRA decreases the risk of 

unintended vascular puncture but does not necessarily 
decrease the risk of local anesthetic toxicity.

3. Hemidiaphragmatic paresis (HDP)
Low-volume UGRA of the brachial plexus can decrease 

the risk of HDP following an interscalene approach 
and almost eliminate it following a supraclavicular 
approach.

4. Pneumothorax (PTX)
Since UGRA allows the anesthesiologist to directly 

visualize the pleura this should decrease the risk of 
PTX; however, PTX has been reported following the 
performance of UGRA.
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affects the function or well-being of the patient” (American Soci-
ety of Anesthesiologists). Chronic pain is often associated with 
anxiety and depression, which may require treatment with vari-
ous anxiolytics, antidepressants, anticonvulsants, antiarrhyth-
mics, and skeletal muscle relaxants in addition to opioids. Symp-
toms unique to chronic pain include tight musculature, limited 
range of motion, and lack of energy, sleep disturbance, irritabil-
ity, and social withdrawal. Associated psychiatric diagnoses may 
include hypochondriasis and psychosis.

Over the past decade, the percentage of patients with chronic 
pain for whom chronic opioids have been prescribed has increased 
dramatically. Although the goal of opioid therapy for chronic pain 
is improvement of pain, function, and quality of life, unaccept-
able opioid side effects and concerns about adverse hormonal 
effects and immune modulation from long-term exposure can 
cause patients to abandon therapy. In addition, long-term opioid 
use results in physical dependence, the potential for withdrawal 
symptoms on abrupt discontinuation of the opioid, and the devel-
opment of tolerance and OIH.

Physical dependence is a “physiologic state of adaptation to a 
specific psychoactive substance characterized by the emergence of 
a withdrawal syndrome during abstinence, which may be relieved 
in total or in part by readministration of the substance.” Opi-
oid withdrawal is characterized by an increased sympathetic and 
parasympathetic response that results in hypertension, tachy-
cardia, diaphoresis, abdominal cramping, and diarrhea. Clinical 
experience suggests that patients are considered to be physically 
dependent on an opioid if they have been receiving the equivalent 
of 30 mg of intravenous morphine daily for a period of at least 
2 to 4 weeks, and therefore failure to provide adequate amounts 
of opioids perioperatively will precipitate withdrawal symptoms. 
Tolerance is a rightward shift of the dose–response curve and by 
definition is “a state in which an increased dosage of a psychoac-
tive substance is needed to produce a desired effect.” Escalating 
doses of opioid may also be explained by an underlying progres-
sion of the disease state or by the development of OIH. Toler-
ance can be innate or acquired. Innate tolerance is a genetically 
predetermined sensitivity to a drug, whereas acquired tolerance 
can have a pharmacokinetic, learned, or pharmacodynamic basis. 
Pharmacokinetic tolerance involves a diminution in the effects of 
a drug because of changes in distribution and metabolism usu-
ally secondary to enzyme induction of the cytochrome 450 sys-
tem, which results in accelerated metabolism. Learned tolerance 
refers to compensatory behavior that masks intoxication. Phar-
macodynamic tolerance refers to neuroadaptive changes that 
occur following chronic exposure to opioids, which may involve 
receptor desensitization secondary to receptor down-regulation, 
internalization, and uncoupling of opioid receptors from G pro-
teins. Opioids exhibit cross-tolerance to each other but the degree 
of cross-tolerance varies widely and is often incomplete.102 Clini-
cians use incomplete cross-tolerance to their advantage to restore 
analgesic sensitivity in highly tolerant patients through opioid 
rotation.102 Because cross-tolerance is incomplete, analgesia is 
restored with the new opioid at >50% below the predicted equi-
analgesic dose.102 It must be stressed that the development of tol-
erance or physical dependence in no way implies that the patient 
is addicted to an opioid. Addiction is a biopsychosocial disease 
characterized by dysfunctional behavior that involves craving, 
compulsive use, loss of control, and the continued use of a drug 
in spite of adverse consequences. Finally, addiction should not 
be confused with pseudoaddiction, which, by definition, describes 
the patient who has behavioral features of addiction secondary to 
undertreatment of the pain syndrome. Pseudoaddiction is usu-
ally diagnosed retrospectively because once the dose of opioid is 
increased, pain resolves and aberrant behavior abates.

TAbLE 56-22.  suggested guidelines 

for PerioPerative Pain 

management in the oPioid-

tolerant Patient

Preoperative

1. Evaluation: Evaluation should include early recognition 
and high index of suspicion.

2. Identification: Identify factors such as total opioid dose 
requirement and previous surgery/trauma resulting in 
undermedication, inadequate analgesia, or relapse episodes.

3. Consultation: Meet with addiction specialists and pain 
specialists with regard to perioperative planning.

4. Reassurance: Discuss patient concerns related to pain 
control, anxiety, and risk of relapse.

5. Medication: Calculate opioid dose requirement and 
modes of administration; provide anxiolytics or other 
medications as clinically indicated.

intraoperative

1. Maintain baseline opioids (oral, transdermal, intravenous).
2. Increase intraoperative and postoperative opioid dose to 

compensate for tolerance.
3. Provide peripheral neural or plexus blockade; consider 

neuraxial analgesic techniques when clinically indicated.
4. Use nonopioids as analgesic adjuncts.

Postoperative

1. Plan preoperatively for postoperative analgesia; formulate 
primary strategy as well as suitable alternatives.

2. Maintain baseline opioids.
3. Use multimodal analgesic techniques.
4. Patient-controlled analgesia: Use as primary therapy or 

as supplementation for epidural or regional techniques.
5. Continue neuraxial opioids: Intrathecal or epidural 

analgesia.
6. Continue continuous neural blockade.

after discharge

7. If surgery provides complete pain relief, opioids should 
be slowly tapered, rather than abruptly discontinued.

8. Develop a pain management plan before hospital 
discharge. Provide adequate doses of opioid and 
nonopioid analgesics.

9. Arrange for a timely outpatient pain clinic follow-up or a 
visit with the patient’s addictionologist.

Data derived from: Mitra S, Sinatra RS. Perioperative management of acute pain 
in the opioid-dependent patient. Anesthesiology. 2004;101:212.

The onus for the identification of the opioid-dependent 
patient rests with the patient’s surgical team, preoperative evalu-
ation staff, and the anesthesia team.103 Ideally the patient and the 
healthcare teams will formulate a perioperative pain manage-
ment plan prior to surgery, and the chronic pain service, if avail-
able, should be consulted. Often, however, the opioid-dependent 
patient is identified just moments prior to surgery and the anes-
thesia team needs to be innovative. The anesthesiologist needs to 
be flexible enough to tailor an individual anesthetic that incorpo-
rates a multimodal approach, combining regional anesthesia with 
general anesthesia and nonopioid coanalgesics with opioid anal-
gesics. Opioids remain the mainstay of perioperative pain man-
agement, and an adequate dose of opioid needs to be maintained 
to avoid precipitating withdrawal symptoms (Table 56-22).

11
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Preoperative management of the patient involves determin-
ing the patients “baseline” opioid requirement, and on the day 
of surgery the patient should be instructed to take the normal 
opioid dose. If for some reason the patient neglects to take the 
opioid on the day of surgery, the anesthesiologist can adminis-
ter an equivalent dose preoperatively. During the preinduc-
tion period the dose of fentanyl, morphine, or hydromorphone 
administered for sedation can be 25% to 50% higher than the dose 
used in the opioid-naive patient. Patients prescribed transdermal 
fentanyl patches are usually instructed to maintain their fentanyl 
patch into the operating room and this can serve as their baseline 
opioid requirement. Occasionally, however, in the case of major 
surgery, in which the risk of major blood loss or sepsis is signifi-
cant, patients may be instructed to discontinue their transdermal 
patch, and an intravenous fentanyl infusion can be initiated to 
maintain adequate plasma concentrations. Patients maintained 
on methadone should continue their baseline dose throughout 
the perioperative period. In the United States, methadone is avail-
able for both oral and intravenous administration. The reader is 
reminded that patients receiving >200 mg of methadone per day 
can develop a prolonged QT interval, which places them at risk for 
Torsades de pointe. It is therefore recommended that a baseline 
electrocardiogram be obtained for comparison. Patients who are 
maintained on the partial opioid agonist buprenorphine may con-
tinue to receive the drug for postoperative pain control, and either 
morphine or methadone may be administered to supplement 
analgesia if required. Full antagonists (e.g., naloxone and naltrex-
one) and the partial agonists–antagonists (e.g., nalbuphine, pen-
tazocine, and butorphanol) should be avoided because they will 
precipitate withdrawal symptoms in opioid-dependent patients.

Intraoperative management of the opioid-dependent patient 
requires the prudent use of fentanyl, morphine, or hydromorphone 
in order to provide effective intraoperative anesthesia, postopera-
tive analgesia, and to prevent opioid withdrawal. This requires the 
administration of the patients’ baseline opioid requirement plus 
their intraoperative requirements secondary to surgical stimula-
tion. Exact opioid dosing guidelines do not exist but because of 
receptor down-regulation secondary to chronic opioid adminis-
tration, opioid doses may need to be increased 30% to 100% vis-à-
vis the opioid-naive patient. Because of receptor down-regulation 
an alternative opioid may be useful in this setting. Opioid rotation 
takes advantage of the fact that the new opioid will bind a different 
opioid receptor subtype and be metabolized differently. Follow-
ing the cancer pain model, the dose of the new opioid is <50% 
of the calculated equianalgesic dose because of incomplete cross-
tolerance.102 Although the alternative opioid may be administered 
for several days postoperatively, prudence dictates that a physi-
cian or pharmacist well versed in pain management convert the 
patient to the appropriate oral opioid regimen for discharge from 
the hospital.

The optimal intraoperative dose of opioid varies considerably 
from patient to patient; therefore, monitoring intraoperative vital 
signs such as heart rate, pupil size, and respiratory rate can be 
useful and allows the clinician to avoid the negative consequences 
of overdosing or underdosing the patient with opioid. Reversing 
neuromuscular blockade toward the end of a general anesthetic 
and allowing the patient to breathe spontaneously can be a pru-
dent technique. Patients with a respiratory rate >20 breaths per 
minute and significantly dilated pupils require additional opioid. 
Titrating fentanyl, morphine, or hydromorphone to a respira-
tory rate of 12 to 14 breaths per minute and a moderately miotic 
pupil is recommended. It is also recommend that patients who 
are receiving chronic methadone therapy may receive an addi-
tional intraoperative dose of 0.1 mg/kg intravenously, which can 
be titrated to hemodynamic effect and pupillary response.

Postoperative management of the opioid-dependent patient 
can be very challenging. Ideally, the optimal amount of opioid has 
been administered to the patient during the intraoperative period, 
allowing them to emerge from anesthesia comfortably sedated 
and pain-free. On arrival to the recovery room, intravenous opi-
oids may be administered on an “as-needed” basis; however, ini-
tiation of an intravenous PCA opioid with both a basal and an 
incremental (bolus) dose will minimize the risk of breakthrough 
pain. The recommended basal infusion should equate to the 
patient’s hourly preoperative oral opioid dose requirement as this 
will avoid precipitating withdrawal symptoms, and the bolus dose, 
as calculated from the background infusion, is the 1-hour dose of 
the background infusion. For example, a patient taking 90 mg of 
oral morphine per day equates to 30 mg of intravenous morphine 
per day, which can be administered as a basal morphine infusion 
of 1.25 mg/hr. The bolus dose would be equivalent to 1.25 mg 
with a lockout interval of 6 to 10 minutes. Basal infusions are 
not required for patients who are maintained on their transder-
mal fentanyl patches as these provide adequate basal analgesia. 
Therefore, a fentanyl PCA with a bolus dose and an appropriate 
lockout interval is all that is required. Patients recovering from 
same-day surgery will be initially treated with intravenous doses 
of opioids in the recovery room; however, they can be quickly 
transitioned to an oral regimen consisting of their baseline opi-
oid requirement plus an appropriate amount of short-acting opi-
oid for breakthrough pain consistent with the invasiveness of the 
surgery.

Nonopioid coanalgesics are opioid-sparing and should be part 
and parcel of any multimodal perioperative pain management 
regimen in the opioid-dependent patient. Low-dose ketamine is 
highly recommended. A bolus dose of 0.25 to 0.5 mg/kg followed 
by an infusion of 2 to 4 µg/kg/min is reported to enhance anal-
gesia in this population of patients. The preoperative adminis-
tration of acetaminophen, a COX-2 inhibitor, an α2–δ subunit 
calcium channel ligand (e.g., gababentin), and α2-agonists (e.g., 
clonidine) may also be particularly beneficial in the perioperative 
pain management of these patients.

Regional anesthesia is highly recommended in this patient 
population. Peripheral nerve blockade as a single-injection tech-
nique or as a continuous catheter can be very useful. Likewise, 
if indicated epidural analgesia should be part and parcel of the 
multimodal pain regimen for these patients. During the periop-
erative period, however, the epidural and systemic requirements 
for morphine have been reported to increase three- to fourfold. 
Epidural infusions that have been recommended include a com-
bination of either fentanyl (2 to 5 µg/mL), morphine (0.1 to 
0.2 mg/mL), or hydromorphone (0.02 to 0.04 mg/mL) combined 
with a local anesthetic such as bupivacaine (0.05% to 0.2%) or 
ropivacaine (0.1% to 0.2%). Switching to an opioid with high 
intrinsic efficacy may be useful. A combination of sufentanil  
(2 µg/mL) with 0.1% bupivacaine has been shown to be quite 
efficacious in an opioid-tolerant patient refractory to the anal-
gesic effects of epidural morphine. The neuraxial administration 
of opioid is usually a very small fraction of the patient’s base-
line opioid requirement. Notwithstanding the fact that patients 
obtain excellent analgesia from the epidural, opioid serum levels 
and supraspinal receptor binding may not be totally adequate 
at preventing opioid withdrawal symptoms. It may therefore be 
necessary for the patient to receive at least part of their baseline 
opioid dose either orally or intravenously (PCA) to prevent opi-
oid withdrawal symptoms. A physician well versed in chronic 
pain management and comfortable in the equianalgesic dosing 
of opioids via different routes of administration should ideally be 
involved in the care of the patient. Careful monitoring of the patient 
for excessive sedation or respiratory depression is mandatory, and 
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caregivers in the recovery room and on the postsurgical units 
should be alerted to the potential risk for respiratory depression 
when parenteral and neuraxial opioids are combined.

ORgANIzATION OF pERIOpERATIVE 

pAIN MANAgEMENT SERVICES

There is a growing recognition in the healthcare industry that the 
undertreatment of pain is a widespread problem that cuts across 
all phases of patient care. The effective management of pain is a 
crucial component of good perioperative care and recovery from 
surgery. Unrelieved pain and inadequate pain relief have detri-
mental physiologic and psychological effects on patients by slow-
ing recovery and creating burdens for patients and their families, 
and by increasing costs to the healthcare system. Although the 
acute postoperative pain service plays an integral role in the pain 
management of the surgical patients, there are considerable barri-
ers that challenge the establishment and/or effectiveness of acute 
pain teams in managing patients across the continuum of care. 
There is good evidence that the overall incidence of moderate-
to-severe pain in surgical patients is about 25% to 40% despite 
the availability of pain treatment.104 A major obstacle to the 
establishment of postoperative pain services is its cost in a priva-
tized health system wherein limited reimbursement for postop-
erative care discourages the establishment of a service. The value 
of an acute pain service apart from its benefit for patient care 
also comes from the added value of reducing hospital costs by 
improving surgical outcome and by facilitating patient recovery 
and early discharge.105 While providing direct patient care along 
previous lines such as the management of continuous epidural 
and regional catheter infusions and other modalities, the periop-
erative pain management service must also play a leading role in 
patient education and the education of other physicians, nurses, 
and caregivers to ensure their competence in effectively assessing, 
managing, and meeting a patient’s needs. The success of a periop-
erative pain management team can be established not only in the 
context of the direct patient care that the team provides, but also 
through its role in educating other healthcare professionals and 
service as physician leaders responsible for setting clinical stan-
dards and practice guidelines in the healthcare system.

The key components to establishing a successful perioperative 
pain management service begins with an institutional commit-
ment to support the service. The team must be built around a 
physician leader with training and experience in pain medicine. 
There must be other anesthesiologists available to support the 
service. The institutional must support the service, which may 
be manifest through support of a nurse coordinator or the avail-
ability of a pharmacist to consult on the many pharmaceutical 
issues that arise in patients on preoperative medications that may 
conflict with the perioperative pain management plan. The peri-
operative pain management chief is responsible for the develop-
ment and implementation of clinical pathways and protocols that 
are effective across the continuum. These protocols must include 
pain assessment tools that are adopted across the continuum of 
care by all caregivers.

Although it is convenient to regard postoperative pain pri-
marily as acute pain caused by tissue injury associated with sur-
gery, this may exclude other important factors that contribute to 
a patient’s suffering following surgery. Acute postsurgical pain 
can also be caused by prolonged patient positioning or pressure 
effects from prolonged immobility. Many patients presenting for 
elective surgery may also suffer chronic pain from underlying ill-
ness or injury (e.g., degenerative diseases or malignancy) that may 
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contribute significantly to the intensity of the postoperative pain 
experienced by the patient. Postoperative pain remains a sub-
stantial problem that is often masked by a patient’s acceptance of 
pain as a natural consequence of surgery. Other common patient 
barriers include cultural and language barriers, stoicism and/or 
opiophobia, and personal experience or the experiences of friends 
and relatives. For these reasons, postoperative pain management 
begins preoperatively with patient education to alleviate the atten-
dant anxiety, apprehension, and fear of surgery, to understand the 
patient’s fears and concerns, and to come to an agreement with 
the patient that pain control is an expected goal of care. Education 
is also the key to changing attitudes of other caregivers to more 
effectively treat their patient’s pain. In developing a perioperative 
pain service it is important to bear in mind that the importance of 
effective perioperative pain management extends well beyond the 
mere establishment of dedicated personnel but must also encom-
pass a leadership role in transforming the institutional culture to 
elevate the relief of pain and suffering to its place as a primary goal 
of patient care.106

SpECIAL CONSIDERATIONS IN THE 

pERIOpERATIVE pAIN MANAgEMENT 

OF CHILDREN

Acute pain management in children undergoing surgery or inva-
sive procedures offers several specific and unique challenges for 
the anesthesiologist. The challenges include the importance of the 
child’s parents and siblings support, preoperative fear and anxiety 
in the child, developmental and communication issues, difficul-
ties in evaluating pain and the effectiveness of treatment, and the 
child’s reaction to pain, surgery, and the environment includ-
ing crying and resistance to care. These problems all summate to 
emphasize the importance of a holistic approach to pain manage-
ment that focuses on family-centered care wherein significant 
efforts are made to reduce preoperative stress and anxiety and 
to engage the parents in gaining the cooperation of the child.107 
There is also good evidence that the level of preoperative anxi-
ety and stress adversely impacts postoperative pain and recovery 
from surgery. A number of methods can be used to reduce pre-
operative anxiety in children. They include preoperative paren-
tal education and counseling about the operative experience,108 
distraction techniques including videos and music, hand-held 
video games, game-playing with the support of the family and/or 
child life specialists, and parental presence coupled with oral mid-
azolam (0.5 mg/kg) administration to ease anxiety associated with 
the transition to the induction of anesthesia. As parental behavior 
and attitudes can be major determinants of a child’s behavior dur-
ing the inhalational induction of anesthesia, the anesthesiologist 
is obliged to counsel and inform parents as to the importance of 
modulating their fear and anxiety should they want to be present 
during anesthetic induction.

Effective pain management in the postoperative period depends 
on effective assessment and the precision of the evaluation tools 
used to measure pain intensity.109 A child’s responses to pain may 
be variable and unpredictable because of their age and develop-
ment, verbal communication skills, fear and anxiety, withdrawal, 
prior experiences, parental presence or absence, and the parent’s 
reactions to the care.110 A comprehensive approach to assess-
ment that employs multiple assessment tools including behav-
ioral responses offers the best option for success. The use of visual 
analog “faces” pain scales referenced to the appropriate cultural 
identity of the patient can be useful in assessing postoperative pain 
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severity. There is some question as to the value of parental or prac-
titioner evaluation of a child’s pain intensity relative to the visual 
analog scale, but parents can play a key role in the assessment and 
management of their child’s pain in the postoperative period, par-
ticularly when their child is reluctant to communicate or suffers 
from a cognitive disorder.111

nonparenteral analgesics

nonopioid analgesics

The use of nonopioid analgesics administered orally or by rectal 
suppository are important adjuvant analgesic therapies under a 
wide variety of circumstances. The release of intravenous acet-
aminophen (Ofirmev) in November 2011 has progressively 
replaced nonparenteral administration of acetaminophen in 
pediatric perioperative practice. See Table 56-10 for dosing guide-
lines in children. Intravenous acetaminophen can be used across 
a wide spectrum of surgical procedures and may be sufficient for 
outpatient procedures. Nonparenteral administration of acet-
aminophen either by oral administration (10 to 20 mg/kg) or by 
rectal suppository (20 to 40 mg/kg) after induction of anesthesia 
remains an acceptable alternative to parenteral administration. 
Although the short-term use of the NSAIDs (e.g., ibuprofen and 
ketorolac) are equipotent with acetaminophen and can be used with 
safety, the overall convenience and fewer side effects of acetamino-
phen have favored its use in children. Oral clonidine (4 µg/kg) given 
as a preoperative medication has also been used with good effect 
for sedation and postoperative pain management in children 
undergoing adenotonsillectomy. The greater degree of postopera-
tive sedation with clonidine relative to other analgesics may limit 
its universal acceptance.

opioid analgesics

Codeine in combination with acetaminophen is commonly used 
with good effect for the management of moderate postoperative 
pain in the ambulatory patient.112 The atypical opioid tramadol 
(3 mg/kg) has also been used as an oral preparation, usually in com-
bination with midazolam (0.5 mg/kg) prior to the induction of anes-
thesia in children undergoing adenotonsillectomy. Oral tramadol can 
also be used for postoperative analgesia in children undergoing oral 
or dental procedures.113 Intranasal sufentanil (0.2 µg/k) can also be 
used to manage preoperative anxiety and postoperative analgesia in 
children and may be more effective than oral tramadol.113

patient-controlled analgesia

PCA is established as an important postoperative pain manage-
ment tool in adults and is increasingly used in older children to 
good effect.114,115 There are safety concerns with the use of PCA in 
children that mandate a high level of surveillance with respect to 
the functioning of the equipment and careful patient monitoring 
that may be a limitation to its use in infants. PCA by proxy is a 
safety risk as there is no complete assurance that parents will be 
competent in assessing the intensity of their child’s pain or be able 
to regulate the bolus dosages in order to avoid opioid overdosage.116

epidural neuraxial analgesia

The use of epidural neuraxial analgesia either as a single-shot 
technique or a continuous catheter technique has become a 

key component of the perioperative pain management plan for 
infants and young children undergoing abdominal, urologic, or 
orthopedic procedures.117 The use of a single-shot “kiddy” cau-
dal using a local anesthetic with morphine is effective in relieving 
pain associated with minor procedures in the outpatient setting. 
Although the overall morbidity is low, there is serious risk associ-
ated with epidural analgesia in children related to the systemic 
toxicity of the local anesthetic and the need to place the epidural 
under general anesthesia. The risk of irreversible cardiac toxic-
ity, although primarily associated with the use of bupivacaine, 
can also occur with the ropivacaine and levobupivacaine at an 
incidence of about 30% to 50% relative to bupivacaine. The risks 
are increased in children with hepatic dysfunction or when large 
volumes of local anesthetic are injected into the epidural space 
through a small, sharp, immobile needle. In the rare event that 
cardiac toxicity occurs, the anesthesiologist must be prepared to 
initiate chest compressions and lung ventilation to minimize the 
risk of anoxic injury and immediately start an intravenous bolus 
infusion of 20% intralipid (1 to 2 mL/kg) followed by a con-
tinuous infusion (0.25 to 0.5 mL/kg/min) until normal cardiac 
rhythm and the circulation is restored.118 Although the use of 
lipid emulsions can be successful in reversing cardiac arrest, their 
immediate availability does not excuse the anesthesiologist from 
taking all precautions to prevent systemic injection or absorption 
when performing the procedure.

peripheral nerve Blocks in children

The introduction of small stimulating needles and ultrasound 
imaging along with long-acting local anesthetics and continuous 
catheter techniques in selected cases has resulted in an increase in 
the use of peripheral nerve blocks in children undergoing orthope-
dic extremity procedures.119 The use of stimulating needles permits 
the anesthesiologist to place the injection after the child is anes-
thetized.120 As the child is unresponsive, it is important that the 
initial injection meets no resistance in order to avoid intraneural 
injection. Combined ilioinguinal and iliohypogastric nerve blocks 
performed under ultrasound guidance to reduce the volume of the 
injection have gained increasing interest for effective pain manage-
ment in children undergoing inguinal herniorrhaphy.121

CONCLUSION

In October 2000, the U.S. Congress designated the decade begin-
ning January 1, 2001, as the Decade of Pain Control and Research. 
The onus is on dedicated healthcare professionals to provide 
our patients with the best care possible when it comes to pain 
and suffering, which applies directly to the perioperative state. 
Accomplishing this requires integration of information and sys-
tems from disparate disciplines within medicine. It challenges 
physicians to acquire a patient-focused perspective that spans the 
mind–body spectrum of the perioperative experience. In doing 
so, clinicians will be challenged to construct systems within hos-
pitals to support such endeavors but will be able to show objective 
and meaningful outcomes with positive benefits to patients and to 
healthcare organizations. The cost of ignoring pain and suffering 
has been widely cited to be in the billions of dollars each, but the 
cost in suffering is immeasurable. Anesthesiology has led the way 
in improving the overall pain care of the surgical patient and is 
positioned to lead medicine into a new era in which perioperative 
pain management is better, safer, more assured, and consistently 
available at the highest levels to all.

tahir99-VRG & vip.persianss.irtahir99-VRG & vip.persianss.ir
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